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ABSTRACT

What are the consequences of a local carbon levy applied to (1) all estimated residential
consumption emissions and (2) all residential gas and grid electricity-related emissions?
Housing stock simulations in the City of Southampton, UK, are used to explore whether a
local carbon levy could pay for retrofits at a local level. The value of the levy is estimated
for the whole city and for neighbourhoods at the census lower layer super output area
(LSOA) level (about 1500 households) using recently published ‘official’ carbon values
under two scenarios. The levy is then set against an estimate of the cost of retrofitting
energy-efficient dwellings in each LSOA. The models show that highly emitting LSOAs
(generally those with least deprivation) would raise sufficient levy to retrofit their dwellings
within three to five years if an ‘all emissions’ levy were applied. This is not the case in low-
emissions LSOAs which tend to be those with the highest deprivation. Here it could take
up to 60 years to meet the retrofit costs if the levy were only applied to energy emissions.
Redistribution of the levy from the least deprived but highly emitting neighbourhoods to
the more deprived but least emitting would therefore be needed.

PRACTICE RELEVANCE

This paper shows that a local area carbon levy on residential emissions would not self-fund
energy efficiency upgrades in the City of Southampton’s dwelling stock ‘to a reasonable
standard’” within an acceptable time frame. It would only be effective in high-emissions
areas, and the levy would need to be redistributed to lower emissions (and thus lower
levy-generating) areas, which also tend to be those with the highest energy poverty and
worst housing. The paper is therefore evidence of the need for public investment to ensure
energy efficiency upgrades occur within a reasonable time frame for those in greatest
need. It also shows that innovation in financial models is required to ensure that the rate of
upgrade, and thus decrease in energy use, emissions and energy insecurity is accelerated
across middle to high emitters who are unlikely to receive direct government support,
where their own capital is insufficient and their incentives to invest are relatively low.
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1. INTRODUCTION

There is increasing agreement that reducing energy demand by increasing the energy efficiency of
buildings, and especially dwellings, is a crucial part of a transition to net zero emissions by 2050.
This is reflected in national and international schemes such as the European Union’s (EU) Energy
Performance of Buildings Directive (Economidou et al. 2020) and the related ‘renovation wave’
announced as part of the 2020 European Green Deal which are intended to contribute significantly
to national energy and climate plans. Despite this recent UK Climate Change Committee
communications note that reducing energy demand in UK buildings is now the biggest gap in
current energy policy (Lord Deben 2022; Climate Change Committee 2023), while the European
Commission’s own research reports low (< 2%/year) rates of ‘medium’ or ‘deep’ renovations with
limited variation across nations (Zangheri et al. 2021). This lack of progress is particularly troubling
for countries such as the UK where the focus on least-cost measures such as cavity wall (68%
insulated in England) and loft insulation compared with more costly measures such as solid-wall
insulation (10% insulated) means that the overall housing stock continues to suffer from poor
energy efficiency (Friedler & Kumar 2019; Piddington et al. 2020).

Given that the cheapest form of energy is that which is not used, reducing household fossil fuel use
is also a major plank of a nation’s energy security policy and a key response to recent fossil fuel price
shocks (BEIS 2022). This has been reflected in recent policy responses to the interdependent ‘gas
dependency’ and ‘cost of living’ crises in countries such as Germany, Ireland and the Netherlands
which plan to bring forward phase-out dates for fossil fuel heating (Braungardt et al. 2023).
Denmark’s use obligation for renewable heating goes a step further, effectively banning fossil
fuel use for heating in certain areas. However, these kinds of infrastructural transition measures
cannot address short-term inflationary shocks leading to the implementation of emergency fiscal
responses such as the UK’s Energy Price Guarantee which effectively subsidise the cost of energy
at the household level, potentially reducing the financial incentive to implement energy efficiency
retrofit. Further, recent research has suggested that current inflationary pressures and uncertainty
are likely to disrupt ‘market-based’ approaches to retrofitting programmes such as those currently
in place in the UK (Morgan et al. 2023).

The significant capital investment required for large-scale energy efficiency retrofit is recognised as
a major barrier to progress (Mohareb et al. 2022), with estimates in the order of £250-300 billion
for the UK alone (Climate Change Committee 2020). At the individual dwelling level, anticipated
costs of retrofitting ‘to an appropriate standard’ in the UK have been suggested to range from
£13,300 for about a £460 annual energy cost saving on a relatively efficient property to £26,800
(about £1690 savings) for the least efficient (MHCLG 2018), although these values hide substantial
and significant heterogeneity due to the variations in existing built form. More recent analysis
suggests that:

over 60% of households can achieve levels of energy efficiency that are compatible with
Net Zero for less than £1,100. The average costs for all households are higher, at over
£10,900 [...].
(Lord Deben 2022: 13;
see also Climate Change Committee 2020; Raslan et al. 2020)

These costs are argued to makes the case for switching public funding from operating cost
subsidy schemes such as the Energy Price Guarantee to direct energy efficiency investment as
well as enabling access to market-based private finance approaches in the context of increasing
interest rates and inflationary pressures (Lord Deben 2022).

The case for a market-based approach in the UK follows from estimated annual rates of return
of between 4% and 6% (MHCLG 2018) even under 2018 energy prices. However, consumers are
known not to make ‘rational economic’ retrofit decisions, even where they have access to the
required capital and may prefer not to make such disruptive investments, especially when there
may be a risk that they will not recoup the investment before a dwelling sale (Friedler & Kumar
2019; Chisholm et al. 2019). Historically there have been even fewer incentives for landlords who
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would benefit little from retrofit where tenants pay the dwelling’s energy costs (Ambrose 2015;
Mdrz 2018; Cremer & Weber 2022), although this is, to some extent, now being mediated by
minimum energy efficiency standards for rented properties in many jurisdictions (Zangheri et al.
2021). The lack of economic incentive to invest is especially the case for wealthier households
whose energy expenditures form a much smaller proportion of their overall outgoings (Ofgem
2015; Faiella & Lavecchia 2021). As a result, the opportunity and disruptive cost of investing for
wealthier homeowners is substantial compared with the proportionate savings they would attain
with respect to both income and overall household expenditure. It is only recently that research
has shown there may be future economic pay-offs through increased dwelling price premiums at
time of sale, although it remains unclear whether these will overcome perceived ‘payback period’
barriers (Aydin et al. 2020).

Research has shown that wealthier households tend to be the highest emitters of greenhouse
gases whether measured by direct energy use or by wider consumption-based carbon accounting
(Bichs & Schnepf 2013). However, the environmental cost of these emissions is currently largely
externalised so there are few incentives for high emitters to change (Fleurbaey et al. 2019).
Considerable recent research has shown that applying a ‘polluter pays’ carbon tax to measured
energy-use driven or estimated consumption emissions could act as a significant lever to enact
change, but would also cost poorer households proportionately more due to the carbon footprint
of unavoidable consumption such as energy use and food (Bichs et al. 2011; Druckman et al.
2012; Wang et al. 2016; Berry 2019). In the context of retrofit in particular, carbon taxes are seen
as both increasing the cost of energy, thus increasing financial incentives to reduce energy use,
and at the same acting as a source of funds for incentive programmes (Freyre et al. 2020).

This paper explicitly links these two strands by asking whether a locally raised carbon levy could
realistically pay for the housing stock retrofit required in that local area. This ‘hypothecated’
approach, where revenue raised by tax is allocated for a specific purpose, responds to a recent
UK Carbon Tax consultation which noted that ‘revenues from a Carbon Emissions Tax should be
redistributed as dividends across the economy’ (HM Revenue & Customs and HM Treasury 2021:
10). In the case of this paper, the redistribution is specifically for energy efficiency upgrades of
the existing dwelling stock and could be considered alongside other tax interventions such as
adjustments to property purchase taxes (Lord Deben 2022). In this instance the levy would act
both as an incentive to reduce household level emissions and as a source of energy efficiency
investment capital. Clearly over time success in the former would reduce the emissions levy
revenue and thus capital available for the latter. Ideally this would occur at a rate that enabled
the declining levy revenue to pay for the remaining retrofit investments.

Although there have been several studies of the national- and state-level effects of carbon taxes,
especially when applied to transport fuels (Murray & Rivers 2015; Andersson 2019), a recent
wide-ranging review of the potential for carbon taxes to fund energy programmes for buildings
suggests that there have been no published attempts to model the level of revenues that could
flow from a more general emissions levy at the local level (Freyre et al. 2020). This is most likely
because robust data on, or even reasonable estimates of, small area household emissions have
historically been lacking since they depend on the kind of spatially disaggregated energy-use data
that have only recently become available via smart metering programmes and open-energy data
initiatives. Further, although there have been studies of the use of carbon tax revenues to fund
national programmes (Ghaith & Epplin 2017; Zhang et al. 2017; Freyre et al. 2020) and specific
building interventions (Royapoor et al. 2019), there appear to have been no attempts to model
the potential utility of recycling a locally raised emissions levy into local energy efficiency retrofit.

The paper’s overall approach is to model the potential revenue that could be generated by a carbon
levy on (1) estimated residential consumption-based emissions and (2) measured residential
energy emissions at the local area level for the City of Southampton (UK) under two scenarios.
The paper then compares these estimated revenue levels with estimates of the cost of retrofitting
energy-inefficient properties for local areas in the city. The aim is to understand to what extent local
hypothecation within local areas could raise sufficient funds or whether redistribution between
areas within the city would be required and the reasons for this. This approach requires data at the
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level of local consumption- and energy-based emissions, the carbon ‘cost’ of these emissions (as
an indicator of levy value), assumptions on retrofit costs for different standards of housing as well
as indicators of local housing stock energy efficiency. While the results are necessarily location
specific, they are illustrative of urban areas in the wider UK and the methodology could be applied
to any other area (or nation) with suitable data.

2. DATA

The paper uses a single source of data for both emissions estimates and counts of dwellings at
different levels of energy efficiency: the Centre for Research in Energy Demand Solutions’ (CREDS)
place-based carbon calculator data for lower layer super output areas (LSOAs) in England (Morgan
et al. 2021).* Each LSOA corresponds to around 1500 households, and the paper reports analysis
of the 148 LSOAs in the City of Southampton.

This dataset provides a range of estimates of emissions per person in kg CO,e for each LSOA. Of
these, the categories used in this paper were 2018 estimates for:

e total consumption-based emissions: according to the CREDS data documentation these
were estimated using the UK consumption-based carbon footprint,? scaled to account for
England’s population and then distributed to the LSOAs based on middle layer super output
area (MSOA)-level estimates of household income?

* emissions due to gas use: based on measured gas use at the LSOA level for 2018

* emissions due to electricity use: based on measured electricity use at the LSOA level
for 2018

It should be noted that the CREDS data use the national UK gas or electricity grid carbon intensity
for the year the energy use was observed to calculate the emissions derived from the measured
energy use within each LSOA. As a result, the values take no account of ‘green’ energy tariffs
that could be delivering close to zero carbon electricity, and to some extent gas with appropriate
offsetting, to a proportion of households in any LSOA. Further, it is known that there may be a
misallocation of non-residential to residential energy use (and vice versa) in both the electricity
and gas use datasets (DESNZ 2023). Unfortunately there is currently no way to mitigate this
potential source of error. The CREDS data only provide estimates up to and including 2018, and
these were chosen to temporally align with the estimates of retrofit costs discussed below.

The CREDS data also contain the then most recent counts (2018) of the number of electricity
and gas meters in each LSOA. The former can be used as a proxy for the number of dwellings,
but the latter cannot due to areas not connected to the gas network or where gas connections
have not been made if heating is purely electric. The data also count the number of dwellings in
each Energy Performance Certificate (EPC) band derived from a snapshot of the national publicly
available EPC database® collected in 2020. This is used in this paper as the basis for the estimation
of per LSOA retrofit costs.

Second, the paper uses ‘cost of carbon’ values published by the UK Department for Business,
Energy and Industrial Strategy (BEIS) (2021a) to give a levy value to the emissions calculated.
These are shown for the period 2020-22 in Table 1.

YEAR EMISSIONS (£)

Low CENTRAL HIGH
2020 £120 £241 £361
2021 £122 £245 £367

2022 £124 £248 £373
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Table 1: Carbon values in 2020
prices/tCO,

Note: The value in bold was
used in Scenario 1.

Source: BEIS (2021a).



Third, the paper uses estimates of the cost of retrofitting dwellings in different EPC bands ‘to an
appropriate standard’ published in a recent English Housing Survey technical report (MHCLG 2018)
together with the EPC counts described above as the basis for estimating the per LSOA costs of
retrofit (Table 2).

ENERGY PERFORMANCE CERTIFICATE BAND  COST (£)
A-E £13,300
-G £26,800

Finally the paper uses Census 2011 data for England to estimate the proportion of households in
each LSOA that have electric heating in order to understand the distribution of gas- and electricity-
use emissions. Data for 2021 were not used as the CREDS emissions estimates and energy meter
counts predate the 2021 Census and use 2011 LSOA boundaries. There have been several LSOA
boundary changes between the 2011 and 2021 Censuses which prevent complete LSOA-level
linkage of the CREDS data to UK Census 2021 data. Future updates of the model would therefore
require all component datasets to update to the 2021 UK Census LSOA boundaries.

In addition to these input data, the paper also uses income deprivation estimates at the LSOA
level (MHCLG 2019) to understand and model the distribution of the emissions estimates.
Southampton contains LSOAs in all income deprivation deciles with 19 (13%) of the 148 amongst
the 10% most deprived in the country and 108 (73%) amongst the 50% most deprived. Just one
Southampton LSOA (< 1%) is in the least deprived 10% of LSOAs in England (Figure 1).
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To give further context, small area-level household income estimates® suggest that mean total
household income in 2018 was slightly lower (£41,400) in Southampton than in England as a
whole (£43,900). In general it would be expected that higher deprivation areas, as measured by
the English Index of Multiple Deprivation (IMD) would have higher rates of poor housing as housing
quality is one dimension of the indicator. However, the CREDS EPC database snapshot, combined
with the IMD decile from the IMD 2019 (MHCLG 2019) shows that the distribution of dwellings by
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Table 2: Estimated costs of
retrofitting ‘to an acceptable
standard’

Figure 1: Lower layer super
output area (LSOA)-level
distribution of multiple
deprivation in the City of
Southampton.

Note: Areas of higher
deprivation are shown in darker
shades and are concentrated
in Woolston, Bevoir and
Redbridge. The more affluent
(lighter shaded) area comprises
the central Avenue and
University Highfield Campus
neighbourhoods.

Source: MHCLG (2019).



EPC and index of income deprivation decile in Southampton is notably different from the rest of
England (Figure 2). In Southampton, a substantial majority of dwellings are in the more deprived
areas (IMD decile < 6) and these also contain a large number of less efficient dwellings (EPC bands
D-G), with bands F and G dwellings predominantly found in the most deprived areas.
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Figure 3 shows the distribution of EPC band dwellings by area-level social rental decile from the UK
Census 2011. As would be expected, in England as a whole, areas with higher proportions of social
renters tend to have higher levels of bands B and C dwellings, reflecting the effect of social housing
new-build and upgrade policies. This is also the case in Southampton, at least in the highest social
rental areas, but these areas also contain the highest prevalence of bands E-G dwellings.
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Figure 2: Observed 2020 Energy
Performance Certificate (EPC)
counts by the 2019 Index of
Multiple Deprivation (IMD)
decile for Southampton versus
the rest of England.

Figure 3: Observed 2020 Energy
Performance Certificate (EPC)
counts by the percentage

of social renters decile for
Southampton versus the rest of
England.



In contrast, Figure 4 shows that areas with the highest private rental rates in the UK Census 2011
data also tend to have the highest numbers of poor energy efficiency dwellings (bands E-G)
whether in Southampton or England more generally. However, it is also clear that the majority of
Southampton dwellings are in areas with high levels of private renting, unsurprising in a city with
two universities and where 14% of Census 2021 respondents were students compared with 8%
for the whole of England.®
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Finally, compared with the rest of England, UK 2021 Census data show that the City of
Southampton has a higher proportion of flats (42% versus 22%) and, as might be expected from
the 2011 data reported above, a higher proportion of both social renters (22% versus 17%) and
private renters (29% versus 21%). This is also reflected by the number of bedrooms with 21% of
households having only one bedroom compared with 11% in England, and only 12% have four or
more bedrooms compared with 21% in England as a whole.

3. METHODS
3.1 ESTIMATING PER HOUSEHOLD EMISSIONS

The CREDS estimated per person emissions data were converted to total emissions per LSOA for
each of the three emissions categories of interest by multiplying by the LSOA population estimate
provided by the CREDS data. These values were then converted to per dwelling values by dividing
by the number of electricity meters in each LSOA recorded in the CREDS data as a proxy for the
number of dwellings.

SOURCE tCO,e/YEAR % OF TOTAL MINIMUM-MAXIMUM (tCO,e)
All consumption-based emissions 17.13 5.85-44.96

Gas use 1.76 10.3% 0.01-3.66

Electricity use 1.00 5.8% 0.66-1.46

Other energy use 0.12 0.7% 0.00-1.15

Personal transport use 2.11 12% 0.76-4.22
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Figure 4: Observed 2020 Energy
Performance Certificate (EPC)
counts by the percentage of
private renters (in 2011, lower
layer super output area (LSOA)
level) decile for Southampton
versus the rest of England.

Table 3:Mean per dwelling
emissions estimates for a range
of sources

Source: CREDS: Southampton
lower layer super output areas
(LSOAs) (tCO,e).



The resulting per dwelling emissions estimates are shown in Table 3. The mean LSOA level ‘All
consumption-based emissions’ total per dwelling was 17.13 tCO,e/year with a minimum of 5.85
tCO,e and a maximum of 44.96 tCO e in the highest emitting LSOA. Emissions from gas use,
which is predominantly heating, hot water and some cooking in the UK, were approximately 10%
of all per dwelling emissions, while those from electricity were lower still. Table 3 also includes
‘Other energy use’ to illustrate the relative insignificance of this category in an urban area such
as Southampton. Transport-related emissions are included for reference, but other consumption
and service-usage emissions, which comprise the bulk of the total emissions value of 17 tCO,e per
dwelling, are excluded for clarity.

3.2 ESTIMATING THE VALUE OF A HOUSEHOLD EMISSIONS LEVY

Two levy scenarios were used in this analysis as a basis for estimating the potential value of a
household emissions levy:

» the simple application of the central value for 2021 of £245/tonne CO,e emitted (highlighted
in Table 1) and

» arising block tariff that applied progressively higher rates to blocks of consumption over a
given threshold: such tariffs are intended to increasingly penalise those who consume more
(Zetland & Gasson 2013)

In the first scenario, the LSOA level per dwelling ‘all consumption’, ‘gas use’ and ‘electricity use’
CO,e emissions values were multiplied by the 2021 Central carbon value highlighted in Table 1.
This gave an LSOA level per dwelling annual carbon emissions levy value. As a simple multiplier this
value followed the same distribution as the emissions shown in Table 3. The total levy value under
Scenario 1 was then calculated by multiplying the per dwelling total by the number of dwellings
in each LSOA.

CARBON COST (£) THRESHOLD (%) THRESHOLDS BY EMISSIONS SOURCE
(TCO,E PER DWELLING PER YEAR)

ALL CONSUMPTION  GAS ELECTRICITY
£122 <25% <11.9 <14 <0.9
£245 25-50% 11.9-15.5 1.4-1.7 0.9-0.99
£367 >50% >15.5 >1.7 >0.99

In the second scenario the three (low, central, high) carbon costs were applied to LSOA level
per dwelling emissions values between specific thresholds. In the absence of guidance as to
what these thresholds should be for an emissions levy, this paper chose two relatively arbitrary
thresholds: 25% and 50% of relevant emissions source distributions (Table 4). As with any rising
block tariff, the first 25% of the per dwelling emissions was set to the lower value. Any emissions
in the 25-50% thresholds were set to the central value and any emissions over the 50% threshold
(median) were set to the high value.

Having estimated the potential value of funds available from a simple emissions levy in each LSOA,
the next step was to estimate the cost of retrofitting dwellings in each LSOA ‘to an acceptable
standard’.

3.3 ESTIMATING DWELLING EPC COUNTS PER LSOA

The CREDS data contain a count of the number of dwellings in each EPC band A-G for each LSOA
derived from the national EPC database at the time the data were created. Since EPCs are only
required for rental, for new builds and on dwelling sales in England, it is well known that the EPC
database does not yet have 100% dwelling coverage. Setting aside additional issues of inaccuracy
and error (Jenkins et al. 2017; Crawley et al. 2019), for the purposes of this paper the ‘missing’ EPCs
were imputed by reweighting the EPC band counts in each LSOA so that they sum to the number of
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households inferred from the number of electricity meters. While this method assumes that EPCs
are essentially missing at random and in proportion, the method is transparent and can easily be
amended in future work with more accurate LSOA-level data.

The result of this process is an estimate of the number of dwellings in each EPC band (A-G) for
each LSOA. The Southampton results can then be used as the basis for a per LSOA retrofit cost
estimate using per dwelling estimated costs of retrofit for each EPC band.

As Table 5 shows, the estimated distribution of EPCs in the City of Southampton is relatively close
to the distribution for all English LSOAs provided by the CREDS data. In conjunction with the
contextual data discussed above, this suggests that Southampton is a useful representative case
study of the approach.

EPC BAND CITY OF SOUTHAMPTON ALL ENGLISH LSOAS
NUMBER OF DWELLINGS % NUMBER OF DWELLINGS %

A 124 0.12% 39,885 0.17%
B 12,081 11.29% 2,513,218 10.79%
C 33,672 31.47% 6,667,431 28.61%
D 41,797 39.06% 9,628,696 41.32%
E 15,469 14.46% 3,743,328 16.06%
F 2,763 2.58% 502,139 2.15%
G 1,105 1.03% 207,380 0.89%

3.4 ESTIMATING PER DWELLING ‘RETROFIT COSTS’

Previous work estimating the potential retrofit costs of the UK building stock has used several
methods, including modelling specific interventions (Climate Change Committee 2020; Raslan et
al. 2020) and whole-house approaches (Friedler & Kumar 2019). In the absence of a disaggregated
detailed residential building stock model for Southampton that could be used to model specific
per dwelling interventions, this paper used the EPC band upgrade estimates presented in Table 2
and applied them to the imputed counts of dwellings in each EPC band in each LSOA.

It was assumed that dwellings in the least energy-efficient EPC bands (D-G) would be prioritised
and that EPC bands A-C would not be retrofitted since they would already conform to the current
UK policy objective of:

as many homes as possible to achieve EPC band C by 2035 where cost-effective,
practical and affordable, and to ensure as many fuel poor homes as reasonably
practicable achieve a band C rating by the end of 2030.

(BEIS 2021b)

The retrofit costs of band A-C dwellings (representing about 43% of dwellings) (Table 5) were
therefore set to zero before the total retrofit costs for each EPC band in each LSOA were summed.
Future work could examine the effects of including further bands in the calculation and of more
nuanced retrofit cost estimates based on a more detailed residential building stock model.

Overall, this method produced an estimated retrofit cost for all EPC bands D and E dwellings in
Southampton of about £762 million (57,266 dwellings) and about £146 million for all bands F and
G dwellings (n = 3868), giving a total of approximately £908 million.

Figure 5 shows the resulting total estimated dwelling retrofit costs by deprivation decile. As would
be expected from the contextual data for Southampton presented above (especially Figure 2),
the majority of the costs would be incurred in areas of higher deprivation where the prevalence of
poor-quality housing is highest.
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Table 5: Imputed number

of dwellings by Energy
Performance Certificate

(EPC) band for the City of
Southampton versus all English
lower layer super output areas
(LSOASs)
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4. RESULTS

4.1 SCENARIO 1: CENTRAL CARBON VALUE

This section reports the results of applying the single central carbon value to the emissions.

4.1.1 Per dwelling emissions levy

The total levy value for the ’all consumption’ residential emissions for Southampton under Scenario
1 was estimated to be £435 million in year 1. For comparison, this is roughly half the total retrofit
costs estimated above. For gas emissions only, the levy total was £45 million, but was £27 million
if electricity emissions were used.

The highest and lowest emitting and thus the highest (lowest) emissions levy LSOAs under each
of the three emissions sources in this scenario are shown in Table 6. It also shows the annual levy
as a percentage of the estimated local small area-level total household income.” It is immediately
obvious that the lowest gas using LSOA is also the highest electricity using LSOA, reflecting the
LSOA-level prevalence of electric heating. It is also clear that dwellings in the most emitting LSOA
would face a significant levy charge of nearly 20% of estimated average total income were 100%
of the ‘All consumption’ levy be collected. Nevertheless, this represents the carbon cost of the
levels of consumption estimated for this LSOA, which, while in overall deprivation decile 8, was
also in the least income deprived decile (10).
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Figure 5: Sum of lower layer
super output area (LSOA)-level
dwelling bands D-G retrofit
costs by LSOA-level 2019 Index
of Multiple Deprivation (IMD)
score deciles.

Table 6: Highest and lowest
layer super output area
(LSOA)-level emissions and
carbon costs per dwelling by
source (based on the £245/tCO,
scenario)

Note: IMD = Index of Multiple
Deprivation.

EMISSIONS LSOA DEPRIVATION  WARD tCO,e PER CARBON COST ESTIMATED TOTAL % OF ESTIMATED
SOURCE (IMD) DECILE DWELLING PER DWELLING ANNUAL HOUSEHOLD ANNUAL INCOME
PER YEAR PER YEAR (£f) INCOME (£f)
All consumption ~ E01017249 8 Shirley 44.96 £11,015 £58,400 18.9%
E01017140 3 Bargate 5.80 £1,432 £34,100 4.2%
Gas use E01017249 8 Shirley 3.66 £897 £58,400 1.5%
E01032746 7 Bargate 0.01 £3 £40,800 0.0%
Electricity use E01032746 7 Bargate 1.46 £358 £40,800 0.9%
E01017278 4 Woolston  0.66 £161 £34,100 0.5%




Figure 6 illustrates the relationship between emissions levy (and hence emissions) and overall
deprivation at the LSOA level for all 148 Southampton LSOAs. The relationship between area-
level deprivation and consumption emissions is clear with three LSOAs in the ninth (second least
deprived) IMD decile being significantly higher emitters with a resulting per dwelling emissions
levy of over £10,000 per year.
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For comparison, Figure 7 combines the gas- and electricity-use emissions levy and additionally
uses the size of the point to indicate the prevalence of electric heating in the LSOA. In this case a
similar negative linear relationship between emissions and deprivation at the LSOA level is clear as
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Figure 6: Lower layer super
output area (LSOA) level per
dwelling carbon ‘levy’ for ‘all
consumption emissions’ against
the 2019 Index of Multiple
Deprivation (IMD) score.

Notes: Coloured by the

score decile, median £ cost
per dwelling is plotted. The
smoothed line is fitted using
locally estimated scatterplot
smoothing (LOESS) (Wickham
2016).

Figure 7: Lower layer super
output area (LSOA) level per
dwelling carbon ‘levy’ for ‘gas
and electricity emissions’
against the 2019 Index of
Multiple Deprivation (IMD) score.

Notes: Coloured by the score
decile, the size of the point
represents the proportion

of electric heating. The
smoothed line is fitted using
locally estimated scatterplot
smoothing (LOESS) (Wickham
2016).



is the order of magnitude reduction in the emissions levy when all other consumption emissions
are excluded. However, it is noticeable that several less deprived areas have much lower emissions
(and thus lower emissions levy) due to the higher prevalence of electric heating as recorded
in2011.

Comparing these plots with Figure 5 suggests that the higher emitting areas, which tend to be
less deprived, will require the least retrofit investment in capital cost terms. Conversely the least
emitting areas, which tend to be more deprived, will need substantially more capital investment in
retrofit. It is likely therefore that a hypothecated emissions levy will need to transfer revenue from
higher emitting, less deprived areas to lower emitting, more deprived areas.

4.1.2 Making it pay (off)

Figure 8 shows the number of years it would take to cover the estimated bands D-G retrofit costs
in each LSOA if 100% of the ‘all consumption emissions’ levy were to be re-invested locally rather
than pooled and redistributed. Although this is an unlikely situation it serves to illustrate the spatial
heterogeneity in both levy revenue and capital investment costs required. Further, the plot ignores
the probable decrease in emissions and thus decrease in carbon costs and levy value as retrofitting
takes place. As a result, it is not intended to accurately represent the actual years of levy required
but to illustrate that many less deprived areas would cover their costs within a few years due to
their high emissions levels and relatively low retrofit costs. In contrast, many deprived areas would
take considerably longer, with some areas taking up to 10 years. There is therefore clearly a case
for ‘levelling up’ or transferring the levy from highly emitting and/or lower retrofit cost areas to
lower emitting, higher cost and more deprived areas.
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If the levy were instead to be based on energy use (gas and electricity emissions) then the
years required would be substantially higher at 10-20 for less deprived higher emitting areas
and up to 60 for lower emitting and less energy-efficient areas. Given this elongated time
frame the rest of the paper only discusses an ‘all consumption emissions’-based levy since
it appears to be able to deliver the required capital in the necessary time frame, at least as
modelled here.
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Figure 8: Years required to
cover the estimated retrofit
costs for each lower layer super
output area (LSOA) using an ‘all
consumption emissions’ carbon
levy—assuming a constant levy
value.

Notes: A median value of

3.7 years is plotted. The
smoothed line is fitted using
locally estimated scatterplot
smoothing (LOESS) (Wickham
2016).



4.1.3 Making it pay (off) equitably

Figure 9 shows the effect of reinvesting the estimated carbon levy for ‘all consumption emissions’
into retrofitting bands D-G dwellings equally in each LSOA after one year. The plot shows that two
LSOAs in Bargate and one in Swaythling have already ‘made it over the line’ because their retrofit
costs are low. Others are approaching ‘pay-off’, while a few have several more years to go, notably
in one Bevois LSOA (E01017154) where 32% of dwellings were estimated to be in bands F and G
with a further 43% in bands D and E.
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4.2 SCENARIO 2: RISING BLOCK CARBON VALUE

The total levy value for the ‘all consumption’ residential emissions for Southampton under Scenario
2 was £323 million in year 1, considerably lower than the £453 million under Scenario 1. This was
also the case for emissions due to gas (£31 million) and due to electricity (£16 million).

Table 7 replicates Table 6 but shows the results for the rising block tariff. As intended, the per
dwelling levy for the highest emitting areas is now higher than it was under Scenario 1, but has
roughly halved for the least emitting areas.
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Figure 9: Lower layer super
output area (LSOA)-level total
bands D-G retrofit costs against
equally shared year 1 total
consumption emissions-based
carbon cost levy.

Note: LSOAs are ordered by
total retrofit costs within wards.

Table 7: Highest and lowest
lower layer super output area
(LSOA)-level emissions and
carbon costs per dwelling by
source (rising block tariff)

Note: IMD = Index of Multiple
Deprivation.

EMISSIONS LSOA DEPRIVATION  WARD tCO,e PER CARBON COST ESTIMATED TOTAL % OF ESTIMATED
SOURCE (IMD) DECILE DWELLING PER DWELLING  ANNUAL HOUSEHOLD ANNUAL INCOME
PER YEAR PER YEAR (£) INCOME (£)
All consumption E01017249 8 Shirley 44.96 £13,148 £58,400 22.5%
E01017140 3 Bargate 5.80 £713 £34,100 2.1%
Gas use E01017249 8 Shirley 3.66 £965 £58,400 1.7%
E01032746 7 Bargate 0.01 £1 £40,800 0.0%
Electricity use E01032746 7 Bargate 1.46 £313 £40,800 0.8%
E01017278 4 Woolston 0.66 £80 £34,100 0.2%

It was intended that Scenario 2 would be more progressive than Scenario 1, and this is confirmed
by Figure 10 that shows the total LSOA level revenue that would flow from the ‘all consumption’
emission levy under the two scenarios. However, while the rising block tariff under Scenario 2



clearly reduces the contribution from higher deprivation and low emissions areas, with the
exception of a few outliers it fails to counterbalance this with a substantially higher contribution

from the less deprived, higher emitting areas.

6=
Ea-
@
: |
L S
il
L ]
- >
=
| o
o
Qa
1(10% moét depnvd'a) :.3

M — i
] - B8
L LJ - — Scenarios
‘ £ scenario 1

‘ = . E3 scenario 2
[e— T °
| d

o T °

5 5.5 é } é lé(lO% Iea'sl deprived)

IMD decile

LSOAs: Southampton

While distribution of the levy under this scenario has clearly changed, the distribution of retrofit
costs has not. Therefore, an adjustment is needed to the number of years it would take particular
areas to cover their retrofit costs under Scenario 2 and this is driven by their level of emissions. This
is evident from Figure 11 which compares the years to pay-off for Scenario 1 (x-axis) and Scenario
2 (y-axis). As indicated previously, the areas that would cover their retrofit costs quickly are less
deprived, higher emitting areas. In some areas at the extreme lower left this would happen quicker
than under Scenario 1 (they are marginally below the x = y line) due to the increased levy raised
from higher emitters via the rising block approach. However, for lower emitting and generally more
deprived areas, the time to pay-off would be substantially longer under Scenario 2 due to the
decrease in levy revenue from lower emissions areas. In the most extreme case, the pay-off time

doubles from 10 to 20 years.
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Figure 10: Costs (£ millions) per
lower layer super output area
(LSOA) for ‘all consumption’-
based emissions levy by Index
of Multiple Deprivation (IMD)
decile under each scenario.

Figure 11: Years required to
cover the estimated retrofit
costs for each lower layer

super output area (LSOA) under
each scenario using an ‘all
consumption emissions’ carbon
levy—assuming a constant levy
value.

Note: The x = y line is plotted.



5. DISCUSSION

The results of the retrofit cost estimations suggest that as of 2018, the cost of upgrading all
EPC bands D-G dwellings in Southampton to at least band C was about £908 million and the
majority of this cost would be incurred in areas of higher deprivation (Figure 5). Due to the use of
area-level data it is not possible to disaggregate these costs to the owner-occupier versus social
versus private rented building stock, but the prevalence of low-quality housing in areas with a high
proportion of private rentals (Figure 3) suggests that these areas would also incur a significant
proportion of the costs. This is also likely to be the case for areas with high proportions of social
renters, although the effect is not as concentrated. Given the lower ‘ability to pay’ and the higher
rates of rental for households in these areas, this would argue for the use of funding raised through
a form of emissions levy to directly fund energy efficiency retrofits in these areas. In the case
of social rentals, and those in energy poverty, current UK government programmes are likely to
provide this funding, albeit at currently lower than required rates (Climate Change Committee
2023). However, in the case of private rentals this level of retrofit relies on landlords responding to
minimum energy performance regulations for rental properties in the D-G bands.

The results of the scenarios suggest that a hypothecated carbon emissions levy could fund
investment in energy-efficient retrofit of the existing building stock within a reasonable time
frame, but only if it were charged at 100% of the £245/tCO, carbon value and if it were applied
to ‘all consumption’-based rather than purely residential energy-based emissions. This is the case
under either a fixed multiplier (Scenario 1) or rising block (Scenario 2) approach, but with very
different estimated ‘years to pay’.

Under Scenario 1, which used the BEIS central carbon value, the median number of years it would
take for Southampton LSOAs to cover ‘their’ retrofit costs would be 3.7, with some LSOAs ‘crossing
the line” well in advance of this but others needing 10 years or more. This clearly shows that the
value of the levy generated by local areas in the case study area of Southampton under Scenario
1 would exhibit considerable spatial variation due to spatial heterogeneity in emissions levels
(Figures 5 and 10). At the area level, low emissions correlates strongly with higher deprivation
especially when ‘all consumption’ emissions are considered. As a result, areas that are high
emitters and generally less deprived would generate high levels of levy compared with more
deprived and lower emitting areas. However, the latter tend to have much higher estimated
retrofit investment costs due to the prevalence of energy inefficient dwellings. If significant
inequity in the scale and rate of retrofitting at the small area level is to be avoided, it would be
crucial to redistribute the levy funds from high emissions neighbourhoods to low emissions ones
where significant retrofit is required.

Applying the levy at lower rates of carbon value (Table 1) or only to energy-derived emissions
(Table 2) would significantly reduce the value of the levy that could be generated. This would
substantially extend the number of years that would be required for the local levy to pay for
the required retrofit investments, especially if the effect of the investments themselves was to
subsequently lower the emissions-driven levy that could be generated. In the most extreme case,
the pay-off time doubles from 10 to 20 years. These findings align with previous work on the
potential utility of an energy-use-based carbon tax to fund energy efficiency programmes, which
suggests that even a relatively high carbon tax rate would not necessarily ensure that medium-to-
deep retrofits would be economically viable (Royapoor et al. 2019; Freyre et al. 2020).

As implemented in this paper, the rising block tariff (Scenario 2) would have the desired effect of
reducing the levy ‘burden’ for lower emitting and more deprived areas (Figure 10). However, the
multipliers used do not adequately compensate for the reduced low emissions carbon value so that
overall levy revenue is lower than under Scenario 1. The consequence of this is that the overall and
per area pay-off period would generally be longer (Figure 11). In the most extreme case, the pay-
off time doubles from 10 to 20 years. The finding that this elongation would most severely effect
areas of higher relative deprivation (Figure 11) not only confirms the need for the redistribution of
funds within the areas but also shows that a more punitive rising block tariff multiplier, or shift in
tariff thresholds, would be required to achieve the same overall levy value as under Scenario 1.
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Manipulating cost multipliers could also be used to increase the proportion of the levy flowing from
energy sources (such as gas) that need to be reduced. While this would be a natural consequence
of the ongoing decarbonisation of the electricity grid, the levy could be used to provide additional
incentives to switch to low emissions energy sources by increasing the ‘carbon cost’ of gas per tCO,
emitted compared with electricity.

6. CONCLUSIONS

This paper has used area-level emissions estimates combined with other data sources to
demonstrate that a household-level emissions levy using 100% of current projected carbon value
could be hypothecated to fund local area retrofit programmes. This is the case whether the levy is
calculated against estimates of ‘all consumption’ emissions or energy use. However, as the latter
are substantially lower than the former, using a levy applied to just energy emissions would, in the
absence of an additional carbon value multiplier, not provide sufficient funds over the timescales
required to reduce energy demand and emissions in line with net zero goals.

In general, the levy revenue from less deprived areas which are usually higher emitters would be
larger and would quite quickly (within two to three years) fund area-level retrofit costs if reinvested
only within those areas and if revenue levels remained constant. This is not the case for more
deprived, generally lower emitting areas (lower levy) that tend to require larger retrofit capital
investment. This means that a significant redistribution of the levy would be required to ensure
the implementation of an equitable and net zero effective energy efficiency retrofit programme.

The paper tested two approaches to levy calculation: a simple multiplier of the central carbon
value (Scenario 1) and a rising block tariff approach (Scenario 2). The overall results are largely
the same for the two approaches, but as implemented here, Scenario 2 raises substantially less
revenue, especially from lower emitting, more deprived areas. This is an intended consequence of
a progressive rising block approach, but it is likely that the ‘high emissions’” multiplier would need
to be substantially larger than 1.5 times the central carbon cost (as now) (Table 4) to be effective.

Naturally, in the long run such a system is unsustainable. Just as vehicle excise linked to internal
combustion engine emissions will generate less and less revenue over time as engines become
lower emitters or vehicle switch to electric power, so it could be anticipated that a local carbon levy
would also tend to zero as retrofit investments are made (Royapoor et al. 2019). This has not been
modelled in the ‘years to pay off’ analysis in this paper and would require a more sophisticated
model of retrofit progress and emissions reductions consequences. This is left to future research.

Clearly this approach would have numerous challenges, not least to implementation. For example,
as noted above the rate of retrofit and carbon value would need to be managed to ensure that
the ‘remaining emissions’ can always balance the ‘remaining retrofit’ costs. More crucially, the
practical feasibility of collecting an emissions levy on ‘all consumption’ items for members of
a given dwelling, where the majority of non-measured energy emissions are likely to be due to
transport, needs to be considered. It is therefore unclear how an emissions levy could be estimated
and collected if not on measured consumption (i.e. energy and fuels, as in Murray & Rivers 2015)
and how it could be structured to avoid unintended consequences. Future research could assess
the additional revenue that could be raised under an ‘energy emissions’ levy if measurable and
spatially allocatable transport-related emissions were included. Future iterations of the model
reported in this paper could then indicate whether a levy applied to in-home and transport energy
use would generate similar levels of funding. This would then give the opportunity to apply more
punitive carbon costs to fuel sources which are considered incompatible with net zero ambitions.

From a system perspective, wealthier high emitters might use private capital to reduce emissions
more rapidly, leading to a faster-than-expected drop in emissions levy revenue. On the other hand,
tenants and lease-holders would generally be liable for a levy based on a set of circumstances
over which they may have little control. Landlords, in contrast, may have little incentive to invest
(Ambrose 2015; Mdrz 2018). These challenges are well known in the energy efficiency and retrofit
literature and recent work suggests that mandating the sharing of benefits between landlords
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and tenants may provide a solution (Freyre et al. 2020; Cremer & Weber 2022). Given the high
proportion of private renters in the City of Southampton, and especially those likely to be students
living in lower quality housing, these results could be significant, although they require clear policy
and regulatory action to implement.

Clearly individual households are unlikely to accept an emissions levy that does not take account
of actions they have taken to decarbonise the energy sources they still use. From an emissions
estimation point of view, the method would therefore need to account for ‘renewable electricity’
or other similar tariff choices which in theory would set some emissions categories to close to zero,
thus reducing the levy that could be generated from these sources.

From a methodological point of view, it should also be noted that the Energy Performance
Certificate (EPC) data used are likely to become rapidly outdated as upgrades continue. In addition,
the estimates of retrofit costs, and in particular the prevalence of low energy efficiency dwellings
in the areas in the case study, may be erroneous due to known EPC inaccuracies, non-random
coverage as well as change over time.

Finally, this analysis has used area-level data to simulate the application of a dwelling-level
emissions levy. In doing so it relies on estimates of mean emissions per dwelling at the area (lower
layer super output area—LSOA) level and so runs the risk of ecological fallacy effects (Openshaw
1984). It is also unable to examine the distributional effects of such a levy at the household level
which would be crucial to understanding its equity consequences and should be the focus of
future research.

In summary, this paper shows that a local area carbon levy on residential emissions would not
self-fund energy efficiency upgrades in the City of Southampton’s dwelling stock ‘to a reasonable
standard’ within an acceptable time frame. It would only be effective in high emissions areas and
the levy would need to be redistributed to lower emissions (and thus lower levy-generating) areas
which also tend to be those with the highest energy poverty and the worst housing. Even then, a
relatively punitive level of carbon taxation would be required.

In common with other work modelling retrofit in specific buildings (Royapoor et al. 2019) or for
larger programmes (Freyre et al. 2020), this paper is therefore evidence of the need for public
investment above and beyond that which could be raised by a local carbon levy to ensure energy
efficiency upgrades occur within a reasonable time frame for those in greatest need. It also
implies that innovation in financial models is required to ensure that the rate of upgrade, and
thus decrease in energy use, emissions and energy insecurity is accelerated across middle-to-
high emitters who are unlikely to receive direct government support, where their own capital is
insufficient and their incentives to invest are relatively low. Emerging research suggesting that
energy efficiency improvements are increasingly valued at future resale indicates that debt- or
mortgage-based finance repaid at resale could be one such alternative (Adan & Fuerst 2016; Aydin
et al. 2020).

NOTES

1  See also https://www.carbon.place/datal.
2 See https://www.gov.uk/government/statistics/uks-carbon-footprint/.

3 See https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earnings
andworkinghours/datasets/smallareaincomeestimatesformiddlelayersuperoutputare
asenglandandwales/.

4 See https://epc.opendatacommunities.org/.

5 See https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhousehold-
finances/incomeandwealth/bulletins/smallareamodelbasedincomeestimates/financialy
earending2018#income-estimates-for-small-areas-data/.
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https://www.gov.uk/government/statistics/uks-carbon-footprint/
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/smallareaincomeestimatesformiddlelayersuperoutputareasenglandandwales/
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/smallareaincomeestimatesformiddlelayersuperoutputareasenglandandwales/
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/smallareaincomeestimatesformiddlelayersuperoutputareasenglandandwales/
https://epc.opendatacommunities.org/
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/smallareamodelbasedincomeestimates/financialyearending2018#income-estimates-for-small-areas-data/
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/smallareamodelbasedincomeestimates/financialyearending2018#income-estimates-for-small-areas-data/
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/bulletins/smallareamodelbasedincomeestimates/financialyearending2018#income-estimates-for-small-areas-data/

6  Estimates of the number of students in UK university cities in 2021 are likely to be lower Anderson N 562
than expected due to COVID lockdown arrangements, which meant they were likely to be g‘é’ifj'lng;g;f/g'ct_'sg

enumerated at their home address.

7 See https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsand-
workinghours/datasets/smallareaincomeestimatesformiddlelayersuperoutputareasengland
andwales/.
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