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Low energy demand pathways may be essential for the transition to net zero. However, to date, the distributional
impacts of these futures have been neglected, leaving open crucial questions about living standards and
inequality. Using the lens of ‘decent living energy’, this article begins to piece together the puzzle by providing a
distributional analysis of a recent low-energy-demand, net-zero scenario for the UK. We find that if the UK
succeeded in following a low-energy pathway, but income and energy inequality continued increasing at the
current rate, 9 million people could lack sufficient energy for meeting decent living standards in 2050. Theo-
retically, this can be mitigated either by achieving considerable reductions in income inequality, or by ensuring
highly energy-efficient technologies are available at all income levels as this reduces the energy required to meet
decent living standards. Reviewing various specific policies that could forge a low-energy-demand future, we find
some are inherently equitable and others can easily be designed to be so. However, policies could also prove
regressive in numerous ways. We thus argue that an equitable, socially-just, low-energy-demand policy pathway
would need to be responsive and dynamic, bold and targeted, and joined-up with respect to both policy
implementation and assessment.

1. Introduction

In recent years, low energy demand scenarios have been proposed as
alternative mitigation pathways [1,2]. These have been developed in
response to both the inadequate pace of carbon mitigation to date [3]
and the heavy reliance of 2-degree-consistent climate scenarios on
negative emission technologies; technologies suggested to be infeasible
at large scale [4,5]. Low energy demand scenarios go beyond tradition
technological energy efficiency measures to challenge patterns of energy
and material consumption [6]. This includes shifting consumption to-
wards less intensive forms — e.g. shifting travel from domestic aviation to
high-speed rail - or entirely avoiding consumption where feasible — e.g.
reducing the need to travel by increasing homeworking. The research
also adds weight to the broader message emerging from environmental
sciences that climate change and other ecological challenges cannot be
addressed without fundamental changes to the global economy, and the
growth-dependency and mass inequality that underpin it [7-9].

A low energy demand scenario developed as part of the Positive Low
Energy Futures work in the UK has suggested a ~50 % reduction in
energy demand is possible while improving social outcomes, which
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compares to the essentially flat UK energy demand seen over the past 50
years [2]. Moreover, Barrett et al. [2] found that at least a 40 % energy
demand reduction is needed to meet the 2050 net-zero target committed
to by the government, without relying upon mass deployment of un-
proven negative emissions technologies such as BECCS. Previous work at
the global level found that a ~60 % reduction on current final energy
use would be possible by 2050 while also providing decent living stan-
dards for all [10]. However, even moderately large inequalities could
double the required energy use if decent living energy of ~15 GJ cap™*
year! were retained as the minimum consumption for the lowest con-
sumers [11].

Returning to the UK, assuming the net-zero commitment survives the
pressure of escalating energy prices, looming recession, and changing
national and international political landscapes, the obvious question is:
how can the country move towards this climate-safe, low-energy future?
By providing detailed sectoral pathways describing the required changes
in terms of technological deployment and activity levels, Barrett et al.
[2] offer the vital first step. The challenge is how to deliver these
changes - politically, economically and socially — and here the issue of
inequality is crucial. Government statistics indicated 13 % of the UK
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population were in fuel poverty in 2020,' and in reality the situation
may be much worse [12]. Given that income inequality is a strong
predictor of the prevalence of fuel poverty at the national level [13,14],
it is imperative that these relationships are explored in future scenarios.

Low energy demand futures do not assume that any kind of depri-
vation exists, as the activity levels they presuppose are defined to exceed
the decent living standards that underpin decent living energy [1].
However, these scenarios have so far focused upon regionally-averaged
activity levels and energy consumption, and hence they are, in a sense,
blind to inequality. Moving from the assumption that average con-
sumption exceeds decent living, to the assumption that these standards
are available to all, implicitly assumes a certain degree of equality [15].
But it remains unclear how much inequality could be ‘permitted” within
low energy demand futures before deprivation occurred, despite some
valuable early work at the European level [15]. This issue is certainly
not exclusive to low energy demand work — mitigation pathways
frequently overlook questions of inequality, especially those relying on
Integrated Assessment Models [16]. However, distributional impacts are
particularly pertinent to scenarios that explore radical reductions in
energy consumption. Overall then, while low-energy-demand scenarios
describe specific pathways from today's high, inefficient energy use to
low-energy futures, they do not describe pathways from today's high
inequalities to the lower levels necessary to eliminate deprivation. A
low-energy-demand future where a significant number of people lacked
decent living standards would thus be a low-energy-demand future gone
astray, but it's a possible future nonetheless.

These gaps are the motivation for our current work, where we
explore interactions between low-energy-demand futures, living stan-
dards, and income & energy inequality in the UK. We ask four key
questions: If the UK succeeded in following a low-energy-demand
pathway but failed to reduce income inequality, how many could lack
access to decent living energy? Could this be mitigated by decoupling
energy inequalities from income inequalities? How much equality in
income & energy use is needed to ensure decent living energy is available
for all within a low-energy-demand future? Are low-energy-demand
policies likely to alleviate or exacerbate income & energy inequalities?

2. Background
2.1. A low energy demand future in the UK

The global work of Grubler et al. [1] set the agenda for low energy
demand (LED) work, and the recent UK study of Barrett et al. [2] pre-
sented the first comprehensive national-level analysis. Barrett et al.
develop four scenarios — progressively more ambitious — from a baseline
drawing upon current and planned policies to one assuming funda-
mental technological, social, infrastructural and institutional changes
aimed at both reducing energy demand and fostering social and envi-
ronmental co-benefits (Transform). We focus here upon the Transform
scenario, which reduces UK final energy demand to 2.9 EJ in 2050 - a
52 % reduction on the 1990 level of 6.2 EJ. This is a per-capita reduction
from 108 to 41 GJ (62 %). Notably, the Transform scenario is the only
one that manages to achieve net-zero in 2050 without substantial carbon
capture in the electricity generation sector. The scenario data are shown
in Fig. 1 and 2050 values listed in Table 1.

The basis of the UK LED model is a sectoral, bottom-up assessment of
pathways for activity levels (e.g. passenger kilometres cap!; food keal
cap™!) derived after applying demand-side strategies. These activity
levels are then input into an integrated modelling framework to explore
the implications on both energy supply and carbon capture & removal
technologies. Here, the TIMES modelling framework is used [17], which
optimises supply-side energy systems in order to meet at the lowest-cost
the (exogenous) energy service demands previously defined. The model

1 See: www.gov.uk/government/collections/fuel-poverty-statistics.
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takes a territorial perspective on energy use, thus omitting embodied/
imported energy.

Finally it should be noted that, like the decent living energy models
described below, the LED models of Grubler et al. [1] and Barrett et al.
[2] consider final, rather than primary energy demand. For analysing
the relationship between energy use and human well-being — and hence
for the current work - final energy is a much more appropriate measure,
as it's a step closer to useful energy services [18].

2.2. Decent living energy estimates

Conceptually, LED scenarios present technically feasible pathways
for reducing energy demand to aid meeting mitigation targets. In
contrast, decent living energy (DLE) models are more theoretical, and they
estimate the minimum energy required to provide a material basis suf-
ficient to support human well-being. Consumption in LED scenarios thus
remains above sufficiency levels, while DLE models fix activity levels at
decent living standards. The standards used are assumed to be a prereq-
uisite for fulfilling basic human needs — thus are built upon needs the-
ories [19] — and they are specified as an inventory of culturally-universal
material requirements [20,21]; prerequisite, as they do not themselves
guarantee social and physical well-being. Similarly to LED work, exist-
ing DLE models utilise bottom-up modelling built upon activity-levels
and energy intensities.

Two DLE model estimates are available that are appropriate for the
current UK work. The global model of Millward-Hopkins et al. [10] of-
fers a UK-specific estimate. However, it should be noted that the model
was developed primarily to make high-level estimates of the global
energy required for decent living, so the national data comes with un-
certainties. Kikstra et al. [22] developed another global model and
offered regional estimates, including for Western Europe. This WEU data
is relatively well suited to estimating decent living energy requirements
for the UK, but the imperfect geographical match, along with some
necessarily simplified assumptions in the model itself, leads to a degree
of uncertainty here as well. Values are summarised in Table 1.

Both DLE models are conceptually similar, in that they propose
consumption-based, final energy thresholds for providing decent living
standards for all by 2050, with activity levels across the full population
fixed to these living standards. Both also provide high and low estimates.
The Millward-Hopkins et al. model offers an estimate that assumes state-
of-the-art technologies based upon a mix of the most highly efficient
available today and improvements that may be expected in the coming
decades (referred to herein as MH-low). It offers another using less
advanced, but still efficient, technologies (MH-high). The Kikstra et al.
model assumes current technological efficiencies, thus is more compa-
rable with the MH-high model. But it also provides two scenarios: one
with an increased share of public transport and one without (referred to
herein as Kikstra-low and Kikstra-high, with low & high referring to en-
ergy use, not the public transport share). The Kikstra-low threshold thus
forms a better comparison herein, as the LED transform scenario assumes
high levels of public transport. A more crucial point — one returned to
below — is that the efficiency of energy services assumed in the MH-low
model is most similar to the Transform LED model, while the MH-high
and both Kikstra models assume negligible efficiency improvements
relative to today.

3. Methods
3.1. Modelling energy inequality and decent living energy shortfalls

The energy demand outputs from Barrett et al. [2] are nationally
averaged, but in reality energy use — like income and wealth — varies
substantially across populations. In the UK, Owen and Barrett [23]
report that the energy footprint of the (income-based) top 5 % is nearly
five times that of the lowest consumers. Footprints of the highest
consuming subset of this top 5 % will be much higher, but data for the
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Fig. 1. Historical final energy consumption in the UK and the scenarios of Barrett et al. [2] (left). The parameterisation of current income inequality used in the
current work (right), indexed to that of the first decile, and with the data-bar widths scaled to the size of the quantiles considered.

Table 1

Summary of the final energy values proposed by two Decent Living Energy
studies, and that estimated in the highest- and lowest-energy scenarios of Barrett
et al. [2]. The original names of the Decent Living Energy models are listed, with
the names used in the current work in brackets.

Study Model Scenario name Region 2050 data
type (cap™! yr'™)
Millward-Hopkins DLE DLE (MH-low) UK 15.3 GJ
et al. (2020) LAT (MH-high) 26.0 GJ

Kikstra et al. (2021) Moblnc (Kikstra- WEU 279GJ
low)
MobCon 29.9GJ
(Kikstra-high)

Barrett et al. (2022) LED Ignore UK 81.7 GJ
Transform 41.2GJ

super-rich is extremely poor [24]. Here we aim to estimate how the
proportion of people at risk of falling below decent living energy varies
with the magnitude of income — and hence energy — inequality, in a low-
energy-demand future.

Following previous work on income redistribution and climate
mitigation [25], our approach involves first parameterising current in-
come inequality — measured as disposable (post-tax) income — using a
lognormal distribution indexed to the lowest income group. We calcu-
late the lognormal distribution for which the income of the top 10 % is
ten times that of the bottom 10 % — approximately matching the ratio of
the 2016 income data reported in Owen and Barrett [23]. From this
lognormal, we extract income for population deciles up to the top 10 %,
which we split further into three groups: the 90-95 %, 95-99 %, and top
1 %. The result is the curve shown in Fig. 1, where the indexed income of
the top 1 % is now 19.2 and the income Gini coefficient 0.37. This Gini
matches the current values reported in the World Inequality Database
and officially by the UK government. The advantages of using a
lognormal model, rather than the raw income data, is that it allows for
this further disaggregation of the highest decile and associated estimate
for the top 1 %, and it makes modifying the level of inequality a simple
process. Note, however, that checking the accuracy of our model for the
top 1 % is not possible given a severe lack of data [24].

Second, we convert this income distribution into an energy distri-
bution using income-energy elasticities (detailed in the following sub-
section). These describe the percentage increase in energy use for every
1 % increase in income. Here we consider six key sectors from the LED
scenario — domestic buildings, non-domestic buildings, materials &
products, and mobility split into air travel, surface travel, and freight.

After elasticities have been combined with the income inequality curve
of Fig. 1 to calculate sectoral energy distributions, the energy distribu-
tions are rescaled so that average consumption matches the sectoral
values of the LED scenario. Summing across sectors thus gives a total
energy use distribution consistent with both current energy inequality
and the future (reduced) energy demand of the LED scenario. Finally,
from these quantiles, we estimate energy use for each percentile via a
simple interpolation (interpl in Matlab), which gives an approximately
linear slope between each quantile. Note that the ratios of the energy use
of low consumers relative to the mean are close to the empirical data of
Owen and Barrett [23], confirming the validity of our approach; energy
use of the lowest percentile (quintile) in our model is 41 % (54 %) of the
mean, while data from Owen and Barrett puts the lowest ventile
(quintile) at 45 % (55 %) of the mean. Nonetheless, our focus only upon
lognormal energy consumption distributions rules out the possibility of
different future distributions [26], which could, for example provide a
firmer ‘floor’ on energy use while demanding more reductions from
those are the very top. Note also that the energy use data for materials &
products is upscaled to include embodied emissions, thus making the
LED scenario comparable with the consumption-based perspective of
DLE models. The calculation, political and ethical questions this raises,
and results without the adjustment are included in Section 4 of the
Supplementary materials.

Third, we calculate the population consuming below decent living
energy, using different thresholds from the DLE models. This involves a
simple count of how many percentiles are below each threshold. What
this implies for living standards is discussed in Section 3.3 below.

Finally, we repeat these steps across a reasonable range of income
inequality while ensuring average energy use matches the LED trans-
form scenario. We vary income inequality so the Gini ranges from 0.1 to
0.45, recalculate energy use distributions, and then estimate the popu-
lation below DLE.

3.2. Modelling technological (in)equality

Our quantitative analysis is reported in two parts, both of which
follow the four steps described above to produce a high-level picture of
how much of the UK population could fall under decent living energy in
a low-energy-demand future.

The first part (Section 4.1) assumes that current relationships be-
tween income and energy inequality remain unchanged. Elasticities are
thus used that capture current inequalities in both activity-levels and
technological access. These are derived from Owen and Barrett [23], as
summarised in Table 2 and described in the Supplementary information.
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Table 2

Summary of energy & activity-level elasticities. Energy-income elasticities are
derived from the data of Owen and Barrett [23], while activity-income elastic-
ities are derived from the data shown in Fig. 3. Values in the energy-income
column are used in part 1 of the quantitative analysis, and those in bold used
in part 2.

Consumption Energy-income Comparable Activity-income
sector elasticity activity-level elasticity
Domestic

buildings

Gas & electricity ~ 0.21 Space per person 1.09

Non-domestic
buildings
All direct energy  0.58 - -

Mobility
Air travel 1.01
Non-air travel 0.77

Car travel -

Flights per person 1.00
km per person 0.56
km per person 0.57
Rail travel - km per person 1.13
Bus travel - km per person —0.43
Freight travel 0.68 - -
Materials &
products
Consumer goods  0.68 - -
Nutrition

All food 0.56 Meat consumption ~0

For example, the elasticity of domestic energy use is low (0.21; Table 2),
because although wealthier households are larger they also tend to be
better quality, thus requiring less energy for thermal comfort [12,27]. A
similar phenomena is evident for household appliances [28]. In contrast,
the elasticity of energy use for surface travel is high (0.77) because
wealthier people tend to travel more, via more intensive modes, and
using larger cars [29].

For part two (Section 4.2), we adjust the elasticities in order to
remove technological inequalities and hence consider technological
equality — where equally efficient technologies are available to all irre-
spective of income level. We do this to explore how income inequality
may influence access to decent living energy when efficient technologies
are available to all. Elasticities are thus adjusted so they describe the
relationship between activity-levels and income only (Fig. 3). This is
done for domestic and mobility energy only, as for non-domestic
buildings, materials & products, and freight, it is not clear how to
implement technological equality. Indeed, there may already be a de-
gree of equality: the efficiency of thermal comfort and appliances in
budget and high-end supermarkets may be similar; luxury and basic
goods may be transported in the same freight vehicles. For domestic
energy the elasticity changes dramatically (Table 2), as energy
inequality is much smaller than inequality in floor space (Fig. 3, top-
left). The top 10 % use only twice as much domestic gas and elec-
tricity as the bottom 10 % (in final energy), but house size is nearly 7
times larger and roughly proportional to income. Therefore, if housing
were of the same quality across income levels, so energy use per m? of
floor-space were equal, inequality in domestic energy use may be much
higher than today. Note that existing data on housing space inequality is
specified as rooms per person [30], and in Fig. 3 this is converted to m?%/
person using average dwelling size from the 2020-2021 English Housing
Survey.

For air travel the elasticity changes only negligibly, as inequality in
energy use is almost identical to the inequality in annual number of
flights per person (Fig. 3; bottom-left) [31]. However, neither the
models used to estimate energy inequality, nor the survey data recording
number of flights, account for different classes of business flights
(economy, business, first, etc.). There are thus some uncertainties here,
but digging further is beyond our scope.

For surface mobility, the change in elasticity is smaller and in the
opposite direction with respect to domestic energy, as inequality in
energy use is larger than inequality in activity-levels (Fig. 3; top-right).
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Energy use of the top 20 % is 4.3 times that of the bottom 20 %, but the
former travel only 2.2 times as far. This is due largely to those on higher
incomes travelling more by car and in larger cars. However, there is
more inequality in rail than car transport, with the top 20 % travelling 5
times more distance by rail than the bottom 20 %, but only 2.3 times
more distance by car (Fig. 3; middle- and bottom-right). Bus travel, in
contrast, reduces with income, thus leading to the only negative elas-
ticity in Table 2. Consequently, by modifying the elasticity of surface
travel to simply describe inequality in total distance travelled, we
effectively assume that technologies and mode share are the same across
the income distribution. Only the total distance travelled increases with
income, which we consider an appropriate assumption for the high-level
analysis we aim to undertake.

Finally, note that food is listed in Table 2, but due to the negligible
contribution of the sector to total energy use (~1 %) it is not included in
the quantitative analysis. Food is, however, included in the qualitative
analysis of Section 4.3, as it would be a focus of carbon mitigation policy
and thus the implications for inequality are important to consider; these
elasticities are hence referred to there. The sources and assumptions
underlying Fig. 2 are fully described in the Supplementary materials.

3.3. Interpreting decent living energy shortfalls

It's important to understand what we can and can't say about the
deprivation of those that fall below decent living energy in our analysis.
The inventory of material requirements that form decent living stan-
dards, which themselves underpin DLE models, are specified precisely
across eight dimensions. These include nutrition, shelter, mobility,
healthcare, education, hygiene, clothing, and communication & infor-
mation [10]. Because we compare total energy consumption at different
income levels to DLE thresholds, we can't say anything about shortfalls
in each sector. So when we estimate that a certain share of the UK
population is below DLE, we can't say specifically that these people's
homes are too small, or too cold, or they don't have sufficient mobility.
What our results do say is that — given the efficiency of technologies
available to them - these people can't access sufficient energy to pro-
vision all the things they need for a decent life. This may mean they have
sufficiently large homes but lack the energy to heat them; or they have
sufficiently warm homes but they're overcrowded; or they're not able to
travel sufficiently much to reach necessary services; or some combina-
tion of the above along with other shortfalls in decent living.

We abstain from an assessment of decent living shortfalls in specific
sectors for a number of reasons. First, any transition to an unequal low-
energy-demand future would likely be non-uniform: regressive home-
energy policies could increase inequality in home energy use while
higher aviation taxes decreased mobility inequalities; highly-efficient
technologies may penetrate more widely in some sectors than others.
Further, sectoral analysis would ideally use disaggregate estimates of
household needs. Decent living standards as currently operationalised in
DLE models don't distinguish, say, the mobility needs of childfree urban
couples that work largely from home, and rural families who don't. Of
course, this also applies to total energy, but sectoral analysis would
potentially magnify the issues. Given these many complexities, we
adopted our top-down approach focusing upon total energy use in
comparison to aggregate decent living energy.

We have also abstained from framing decent living shortfalls as
describing energy poverty, for two reasons. First, energy poverty is an
amorphous concept with no standardised definition [32] and we did not
wish to foster further confusion by conflating it with DLE shortfalls.
Second, energy poverty is underpinned by energy access and afford-
ability concerns, whereas DLE shortfalls only reflect the former.
Consequently, while there is undoubtedly overlap between the two
concepts, the difficulty in meaningfully aligning them made it inap-
propriate for us to interpret DLE shortfalls in this way.
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4. Results
4.1. Decent living shortfalls under persistent technological inequalities

Combining 2050 energy consumption from the LED transform sce-
nario with current income inequality and elasticities, leads to the energy
consumption distribution shown in Fig. 3 (left). The average footprint of
the top 1 % is ~150 GJ cap™ !, so ~6 times the ~25 GJ cap ™! of the
bottom 10 % and ~10 times the MH-low threshold of 15.3 GJ cap’l. This
leaves the bottom 10 % close to the MH-high threshold, but below both
Kikstra thresholds. For broader comparison, the top 20 % in the USA and
UK currently consume ~300 and ~150 GJ cap’l, respectively [26,33].
(Note, due to the inefficiency of energy services delivery today, partic-
ularly heating in low-income housing, it is not meaningful to compare
current energy consumption with the DLE thresholds.)

We then produce the same data with income inequality varied
broadly, but consider reasonable upper and lower limits, namely, the
increased and fair levels as shown in Fig. 3 (middle). The former assumes
a simple linear extrapolation of the income Gini, which has risen from
0.31 to 0.37 over the past four decades, thus giving a 2050 income Gini
of 0.41. The latter assumes the income ratio between the highest and
lowest earners matches that people in the UK consider to be ‘fair’ (a ratio
of ~6), following previous work [25,34]. Fig. 3 (right) is then obtained,
which shows the percentage of the UK population falling under the MH-
high and Kikstra-low thresholds as a function of the income Gini.

From this, we estimate that by 2050, if income inequality continued
increasing at the rate it has since 1980, around 9 million people would
fall under the Kikstra-low threshold and 7 million under the MH-high
threshold (~12 % and ~9 % of the United Kingdom population,
respectively). Reducing income inequality to fair levels is more than
sufficient to eliminate these DLE shortfalls, highlighting the powerful
influence of inequality upon access to decent levels of energy,
notwithstanding the uncertainties in the specific numbers above.

In contrast, even under increased income inequality none fall under
the MH-low threshold, which assumes highly efficient technologies are
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used to meet decent living standards (thus why it's so low). But by using
current income-energy elasticities, the analysis in Fig. 3 assumes tech-
nological inequalities remain fixed, with the lowest consumers lacking
access to the efficient technologies underpinning the MH-low threshold,
particularly in sectors like housing. Whether such inequalities persisted
would depend upon the particular policies used to achieve a low-energy
demand pathway — questions we return to in Section 4.3. In any case, in
order for the MH-low threshold to be a valid comparison, we must
consider energy inequality under technological equality.

4.2. Decent living shortfalls under technological equality

After modifying the relationship between and domestic and mobility
energy and income via the elasticities listed in Table 2, a new rela-
tionship between income inequality and inequality in total energy use is
obtained. These new elasticities are used to reproduce Fig. 3, but with a
heuristic estimate of technological equality for domestic buildings and
mobility.

Modelled energy use is more unequal after these adjustments — the
increased inequality in domestic energy use outweighs the reduced
inequality in surface mobility energy, and changes for air travel are
negligible (Fig. 4). Consequently, more people are under each DLE
threshold (Fig. 5; right). However, as those on lower incomes are now
assumed to have access to efficient technologies, the MH-low threshold is
the most appropriate comparison. Using this, none would be under DLE
if income inequality remained at today's levels. But if income inequality
increased, a gradually higher number of people would be at risk of
falling below DLE, potentially exceeding 2 million if inequality
increased at the historical, post-1980 rate.

These results thus highlight the pivotal roles of economic and tech-
nological inequalities for achieving universal access to decent living
energy. But we reiterate that this is an explicitly high-level analysis, with
inherent uncertainties in the quantitative results. There are important
questions about how the energy required for decent living varies from
the DLE model estimates for individuals and households with differing
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Fig. 4. Energy consumption of the 10th to 90th percentiles, disaggregated across four sectors. Current energy consumption refers to the 2020 data from our model;
fixed inequality is the 2050 LED case with inequalities fixed at present levels (thus corresponding to Fig. 3, left); tech' equality is the 2050 LED case with inequalities
based upon activity only (thus corresponding to Fig. 5, left). Black bars indicate mean energy consumption for each sector.
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Gj_l Energy inequality in 2050
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Fig. 5. Energy inequality in 2050 using the Transform scenario from Barrett et al. [2] with income inequality fixed at its current level and elasticities adjusted to
assess technological equality (left). The light grey line represents energy inequality based upon the unadjusted elasticities (i.e. that from Fig. 3 left). The DLE
thresholds are shown for comparison. Right shows the population using less energy than DLE as a function of the income Gini coefficient, plotted for different
thresholds — again the green shaded area highlights the population at risk of falling below DLE, based upon the most appropriate threshold.

needs such as disabilities [35,36], and with spatial factors such as access
to schools, medical centres, and essential services [37]. We return to
these questions in the discussion.

4.3. Policies for low-energy-demand and (in)equality

So far we've shown that a low-energy-demand future in the UK
accompanied by current trends in inequality — in income, technological
access, and energy use — could leave ~10 % of the population lacking
sufficient energy for meeting decent living standards (7-9 million peo-
ple). A substantial reduction in income inequality to fair levels could
eliminate this outcome, as could an increase in technological equality
accompanied by a flattening of the current rise in income inequality.

We now move from these high-level findings to the details: are the
specific demand-side policies being proposed likely to alleviate or
exacerbate income and energy inequalities? What policies can be ex-
pected to push towards a just, equitable low-energy future? What are the
risks of policies having the opposite effect (unintended or otherwise)? A
lack of understanding about how an unequal low-energy future may
come about was one reason we abstained from making sectoral esti-
mates of decent living shortfalls (Section 3.3). The policy analysis of this
section thus paves the way for more disaggregate future work along
those lines. We discuss policies across housing, mobility and food. These
include the two sectors in which technological equality was modelled in
the previous section, and together are arguably the areas most central to
well-being and social life.

A number of the low-energy-demand strategies assumed in the UK
Transform scenario for domestic buildings are listed in Table 3, along-
side associated policies and potential impacts of these on socio-
economic inequalities, many taken from Eyre et al. [38]. Some of the
policies for lowering energy demand have strong potential to reduce
inequalities — and could help achieve the technological equality we
modelled above. For example, as household space is currently highly
correlated to income, policies encouraging living in smaller homes could
be progressive. And as low-income houses are far more likely to be
poorly insulated and inefficiently heated and illuminated, grant schemes

would have to be targeted at such households to most effectively reduce
energy demand - and such schemes can be funded progressively.
However, there are also various ways in which policies could prove
regressive. For example, incentives for homeworking (or costs avoided
by doing so) would mostly be captured by those on higher incomes, as
the ability to work from home is strongly correlated with income. And
blunt policies designed to increase household occupancy (rather than
decrease space per person) could be highly regressive and increase
overcrowding, as household occupancy isn't correlated with income and
smaller rental properties are, in any case, often not available for those on
lower incomes.

Low-energy-demand strategies, policies and impacts for the mobility
sector are listed in Table 4. As for domestic energy, available policies for
lowering energy demand have the potential to either reduce or exacer-
bate inequalities. For surface transport, policies such as clean air zones
and investment into active travel networks could prove progressive, as
lower-income households tend to be subject to more air pollution and
obesity. Additionally, investments into active travel and public transport
networks could help alleviate car dependency, which is felt most acutely
by those on low incomes (despite being more common for higher-
income households). In contrast, policies incentivising electric vehicles
will continue to be regressive while the upfront costs remain out of reach
for low-income households. Further, if transport policy continues to be
dominated by support for (cleaner) private vehicles, this may leave
public transport neglected, and hence UK rail transport — for one — may
continue to be highly costly and unequally distributed while also
hampering our ability to reach net-zero targets [47].

Compared to surface travel, policies to reduce air transport energy
use are likely to be inherently more progressive, as air travel is highly
correlated with income. Frequent flyer taxes and fuel taxes, for example,
would both be progressive. However, there are risks even here. Migrants
and non-white UK residents fly more than white British residents, often
due to family commitments and other social ties. Further, given the
lower incomes of many (but not all) UK ethnic minorities, many may
currently be under-consuming with respect to social needs. This raises
difficult questions about what constitutes legitimate reasons for
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Table 3

Various low demand strategies for domestic energy use from the Transform
scenario of Barrett et al. [2], alongside potential policies for achieving then and
the consequent implications for inequalities.

Strategy

Potential policies

Implications for socio-
economic inequalities

Home-use
practices

Technologies

More home-
working, video
conferencing & 4-
day weeks

Smaller homes &
increased
occupancy

Installation of heat-
pumps;

Phasing out gas
boilers;

Fabric
improvements;
Onsite renewables

Employment
legislation

Occupancy taxes;
Incentives for
housing lodgers/
exchange
students;

Rental relocation
schemes for
homeowners;
Mandate the
building of
smaller new
homes

Funding via
energy taxes or
revolving funds;
Building
regulations;
Product
standards

| A four day working
week could
potentially address
structural inequalities
in the labour market
(if implemented
without a reduction in
pay) as working hours
can be redistributed
among those who
experience working-
time insecurity [39]

1 There is a strong
correlation between
hybrid working and
income, aside from
some exceptions like
paramedics and
firefighters®, so any
incentives for (or costs
saved from)
homeworking will be
captured largely by
those on higher
incomes

| Housing space
inequality is currently
considerable [30], so
policies aimed at
increasing occupancy
of large, low-to-
medium occupancy
homes could decrease
this

1 The number of
people per household
isn't correlated with
income”, so blunt
policies aimed at
increasing occupancy
could further increase
overcrowding in low-
income homes [40]

1 When smaller homes
are unavailable,
occupancy taxes can
create additional
burdens for lower-
income households
[41]

1 Rental relocation
policies for owners of
large homes may
bolster inequalities in
inherited wealth

| Low-income groups
should benefit the
most from deployment
of energy-efficient
technologies, as they
are far more likely to
be in poor quality
housing while also
currently lacking the
capacity to change
this [27,42]

1 Consumption-based
home energy taxes are
regressive, as lower
income households
spend a far higher
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Table 3 (continued)

Strategy

Potential policies

Implications for socio-
economic inequalities

Efficient lighting &
appliances

Product
standards &
labelling;

Taxes on low-
efficiency goods
and vice versa;
Energy company
obligations

proportion of their
incomes on home
energy bills [23]

1 Funding schemes
that do not address
split-incentives
between landlords &
renters could further
entrench
technological
inequalities

| Revolving funds and
tax-funded grants
schemes can be
designed such that
funding is targeted at
low-income
households [43]

1 Funding schemes

can be regressive if
funded via energy
companies such that
costs are simply
passed onto
consumers

1 Similarly, taxes on
inefficient appliances
may be burdensome
for low-income
households that lack
the financial means to
replace them

1 Rebate schemes still
require households to
have access to
significant upfront
capital

| Smart controls may
allow low-income
households, including
those on prepayment
meters, to better
manage payments and
credit®

1 There may be
barriers to many low-
income households
engaging with smart
controls [44] and they
may be among the
latest adopters when
adoption is not
mandatory [45]

1 Vulnerable
households with less
flexible energy use
patterns (e.g. home
medical equipment)
may not be able to
benefit from flexible
tariffs [46]

Installation
obligations on
energy suppliers;
Marketing and
educational
campaigns

Smart-meters &
controls and
demand response

? See the ONS, Which Jobs can be done from Home? www.ons.gov.uk/employm
entandlabourmarket/peopleinwork/.

b See the English Housing Survey, www.gov.uk/government/collections/eng
lish-housing-survey.

¢ www.gov.uk/guidance/smart-meters-how-they-work.

undertaking activities as high-impact as flying. So, while a frequent flyer
levy may reduce the frequency at which people fly in a highly pro-
gressive way, migrants may be negatively affected — in the absence of
administratively-difficult mitigating policies [59]. But to make things
yet more complicated, taking this stance positions the social needs of UK
citizens (say, the need for a UK Bangladeshi to maintain family relations)


http://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/
http://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/
http://www.gov.uk/government/collections/english-housing-survey
http://www.gov.uk/government/collections/english-housing-survey
http://www.gov.uk/guidance/smart-meters-how-they-work

J. Millward-Hopkins and E. Johnson

Table 4

Energy Research & Social Science 95 (2023) 102915

Various low demand strategies for mobility energy use from the Transform scenario of Barrett et al. [2], alongside potential policies for achieving then and the

consequent implications for inequalities.

Strategy Potential policies Implications for socio-economic inequalities
Surface Lower car ownership & mileage; Vehicle, fuel & road use | Low income urban households are currently subject to more air pollution, so should benefit
transport More car sharing taxation; most from clean air zones [48]

Car-free & low traffic
zones;
Employment legislation;
Infrastructure investment
& disinvestment

Full switch to electric vehicles Fuel & differential vehicle
taxation;
Product standards

Expansion & integration of active Infrastructure investment;
travel and public transport City planning
Aviation Reduction in total demand Carbon/fuel taxes;
transport Frequent flyer levies;

Elimination of subsidies

| Car dependency and inefficiency are positively correlated with income in the UK [29], so
policies aimed at reducing car ownership and use may, on balance, be inherently progressive

1 Electric vehicles have been purchased almost exclusively by high-income households, which
is difficult to tackle given, e.g., the large gap between the cheap, old vehicles low-income
households typically buy and their lack of access to off-street parking for home charging points
[49]

1 A dominant focus on electric vehicles may bolster car-dependent infrastructures, thus locking
low-income households into expensive mobility patterns

| Obesity is more prevalent among low-income groups®, so active travel policies may be able to
narrow these health inequalities, provided they target low income areas & populations

1 A focus on public and active travel may reduce car-dependency, thus reducing mobility costs
for low-income households

| Air travel is strongly correlated with income, so demand-reduction policies should be
inherently progressive [31]

1 Migrants and non-whites travel more than white British nationals [50], and given the
generally lower incomes of these groups they may still be under-consuming, thus demand-
reductions policies could regressively impact migrants' with respect to social needs

@ See NHS Digital, Health Survey for England 2019, https://digital.nhs.uk/data-and-information/publications.

against those of others (the need for Bangladeshi citizens to not be dis-
placed by rising sea levels). It is beyond our scope to answer these
(potentially unanswerable) questions.

While food is a minor contributor to UK energy use, agriculture
makes up a significant portion of UK emissions. Given that low-energy-
demand strategies are primarily motivated by carbon mitigation goals,
the implications for inequality of demand-side strategies in the food
sector are well within our scope. Therefore, policies for reducing de-
mand in the food sector and their impacts are listed in Table 5. In
contrast to housing and mobility, demand-side strategies in the food
sector appear to have less risk of regressive impacts. This is largely
because obesity is more prevalent among low-income groups, and hence
policies disincentivising consumption of low-quality, unhealthy animal
products and overconsumption of calories more broadly could benefit
these groups the most. Of course, this is only true if healthier substitutes
are available at no greater cost. However, the costs of meat substitutes
are now competitive with meat (see Supplementary information). Plant-
based alternatives can also be healthier [60] and the costs are forecast to
continue to fall [61]. Nonetheless, policies need to be designed so as not
to push those on low incomes towards refined carbohydrates, processed
sugary foods, and the cheapest, lowest quality meats. Also of importance
here is that, unlike other high-impact forms of consumption such as
flying, meat consumption — the highest impact food category — doesn't
increase with income [62]. This means that in order to meaningfully
reduce meat consumption strategies must be aimed at the full income
distribution.

5. Discussion and conclusions

We can now offer tentative answers to the questions we proposed in
the introduction. First, if the UK succeeded in following a low-energy,
net-zero pathway - but without addressing income and energy
inequality, such that they continued to increase at the current rate — then
9 million people could lack sufficient energy for meeting decent living
standards in 2050. Attempting to avoid this outcome by decoupling
energy inequality from income inequality is made difficult by the fact
that technological equality — making efficient technologies available at
all income levels — would lead to higher coupling of domestic energy use
to income inequality, which would offset reductions in energy inequality
in other sectors. However, provided income inequality did not rise above

current levels, technological equality could drastically reduce the en-
ergy required for providing decent living standards, thus allowing these
standards to be available to all (despite the large energy inequalities that
would remain). Without such technological equality, income inequality
would have to decrease considerably for the lowest energy consumers to
remain above decent living energy.

Finally, moving beyond this high-level analysis of energy inequality
to specific strategies for lowering energy use and carbon emissions, we
find that many prospective policies have large potential to reduce socio-
economic inequalities and could help to achieve precisely the techno-
logical equality explored in our high-level analysis. However, as others
have argued [63,64], mitigation policies could also prove regressive in
numerous ways, if, for example, they were designed such that they
primarily cater to the interests of landlords and private car owners;
required upfront costs only available to the middle- and upper-classes; or
did not take into account the specific social and material circumstances
of vulnerable households or migrants. By worsening energy poverty
across Europe, the recent aggressive spike in energy prices has exposed
how poorly-designed climate policies can exacerbate existing in-
equalities if financial burdens are unfairly distributed [65].

An equitable, socially-just, low-energy-demand policy pathway
would thus need to be: responsive and dynamic - by continually
reflecting upon and mitigating the distributional impacts of policies;
bold and targeted — by directing large investments towards necessary
infrastructures and technologies and the people most in need, rather
than merely ushering in a preferred direction those existing markets that
only serve households with sufficient financial resources; connected in
implementation — e.g. by joining up obesity and agricultural policies;
and connected in assessment — e.g. by accounting for the (lowered) risk
to geopolitical shocks, such as the energy crisis spurred by the Russian
invasion of Ukraine, when funding retrofits of low-quality housing or
investing in active travel networks.

Reflecting upon both parts of our work, we can suggest a future
research agenda for distributional analysis of low-energy-demand, net-
zero futures. First, in our quantitative analysis, we assessed deprivation
using thresholds that represented decent living energy, and applied these
thresholds across the UK population. However, in practice, decent living
energy will vary spatially — depending upon, for example, the accessi-
bility of essential services — as well as being influenced by factors such as
poor health or disability or the number of dependents in a household.


https://digital.nhs.uk/data-and-information/publications
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Table 5

Various low demand strategies for food energy use from the Transform scenario
of Barrett et al. [2], alongside potential policies for achieving then and the
consequent implications for inequalities.

Strategy Potential policies Implications for socio-economic

inequalities

Dietary
change

Taxes on high-impact foods
and removal of subsidies
(largely meat & diary);
Subsidies and R&D for further
developing meat substitutes;
Mandatory environmental
labelling;

Procurement standards for
food in public institutions

| Health benefits of price-policies
tend to be largest for low-income
groups, who respond strongly to
price changes, provided healthy
substitutes are available [51]

| Costs of meat substitutes are
already competitive with meat,
and as prices of the latter rise and
the former continue to fall, healthy
and sustainable protein sources
will become more easily available
to lower income households.
Moreover, while healthy foods are
more expensive [52], following
dietary recommendations for meat
reduces dietary costs [53]

1 Price policies can lead to
regressive taxation, although this
can be mitigated by directing the
(substantial) revenues towards the
needs of low-income groups [53]

1 Meat-taxes may push poorer
people towards more unhealthy
diets: refined carbohydrates,
processed sugary foods, and the
cheapest and lowest quality meats
[54]

| Obesity is more prevalent among
low-income groups” and inequality
is projected to widen [55]. In
addition, causality goes both ways
[56], so policies aiming to reduce
food overconsumption may be able
to narrow both health and income
inequalities

1 ‘High-agency’, population-wide
interventions may increase
inequalities as higher income
groups have more cognitive,
psychological, time, and material
resources, thus enabling more
engagement [57], and such
policies have dominated obesity
policy in the UK [58]

Reduced
calorie

Taxes on unhealthy foods;
Subsidies for healthy, low-
impact foods;

Planning regulation for siting
of fast food outlets

intake

@ See NHS Digital, Health Survey for England 2019, https://digital.nhs.uk/data
-and-information/publications.

For high-level analysis like ours, these differences can reasonably be
assumed to average out at the national-scale. But issues of spatial justice
[37] and vulnerability [27] highlight the inability of our results to
pinpoint the particular demographics at risk of deprivation, and should
be central to future distributional work. Second, in our policy review, we
summarised the range of distributional outcomes that may accompany
different low-energy-demand policies. This could be used to inform a
quantitative assessment of how transitions to a low-energy-demand
scenario in the UK may look, in terms of inequalities in activity levels
and technological access in different sectors. Future distributional work
could therefore aim to:

(1) Estimate how decent living standards vary across subnational
demographics;

(2) estimate how activity-level and technological inequalities within
different sectors may evolve under specific packages of low-
energy-demand policies (ranging from regressive to progres-
sive), taking into account different trajectories of income
inequality;
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(3) assess deprivation by comparing these activity-level distributions
directly with decent living standards, with sectoral and de-
mographic disaggregation;

(4) quantify energy inequalities from the bottom-up, by combining
activity-level distributions with the inequalities in technological
access.

There remain, however, open questions relating to the notion of
decent living standards themselves. These standards are grounded in
philosophical theory from basic human needs and capabilities to ethics
and justice; as well as in human rights and international law [21]. They
were forwarded as an alternative or complementary measure to assess
serious deprivation, alongside indicators such as the Human Development
Index [21]. The notion of decent living energy should thus be understood
in the context of development and living standards globally. Therefore,
in many respects, the material basis underpinning DLE represents a
reduction in consumption relative to the consumer-culture that most are
used to in wealthy Global North countries such as the UK. In practical
terms, living at the level of DLE would mean living in much warmer,
dryer, and healthier homes than the majority of lower-income UK resi-
dents currently do, but with much less fast fashion and cheap meat
(among other things). Such reductions in conspicuous consumption and
every-day luxuries would likely arise what psychologists refer to loss
aversion [66], meaning ‘decent’ living standards may not be received as
such, irrespective of their broader benefits. This raises familiar questions
regarding the political and social feasibility of such changes to patterns
of consumption. That said, even in the cases where we estimated some
would fall under DLE, most are well above it. For example, with income
inequality fixed at current levels alongside technological equality - i.e.
the curve of Fig. 5 (left) — 3 % of the UK population are below DLE, but
50 % of the population are consuming three times the DLE level.

We finish by highlighting the other half of the economic equation,
namely, that of work. The analysis above has focused upon consumption
— the material and energy basis of decent living standards. This begs the
question: what is required of a person to secure access to decent living
energy? One can imagine a future where those on the lowest incomes are
only able to secure what we've referred to as decent living standards by
balancing multiple precarious jobs and with no hope of ever being able
to afford a house, while others were able to consume many times that
level through passive incomes such as renting second homes. Our high-
level analysis would conclude here that decent living standards were
being met. However, in such a context, the word decent feels highly
misplaced.
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