ECOMNZTOR

Make Your Publications Visible.

Solheim, Haakon; Vatne, Bjgrn Helge

Research Report

A Service of

ﬂ I I I Leibniz-Informationszentrum
° Wirtschaft
o B Leibniz Information Centre
h for Economics

Home energy conversion can be a net cost for the average

household

Staff Memo, No. 7/2024

Provided in Cooperation with:
Norges Bank, Oslo

Suggested Citation: Solheim, Haakon; Vatne, Bjgrn Helge (2024) : Home energy conversion can be a
net cost for the average household, Staff Memo, No. 7/2024, ISBN 978-82-8379-346-8, Norges Bank,

Oslo,
https://hdl.handle.net/11250/3170192

This Version is available at:
https://hdl.handle.net/10419/310412

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen

Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,

gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

@ https://creati /licenses/by-nc-nd/4.0/
WWW.ECON5TOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/11250/3170192%0A
https://hdl.handle.net/10419/310412
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

.‘ Norges Bank

Staff memo

Home energy conversion
can be a net cost for the
average household

7 | 2024

05.12.2024

Haakon Solheim
Bjorn Helge Vatne
Norges Bank
Financial Stability

Key words

Climate policy
House prices
Household finances
Energy efficiency



Staff Memos present reports and documentation written by staff members and
affiliates of Norges Bank, the central bank of Norway. Views and conclusions
expressed in Staff Memos should not be taken to represent the views of
Norges Bank.

© 2024 Norges Bank

The text may be quoted or referred to, provided that due acknowledgement is
given to source.

ISSN 1504-2596 (online)
ISBN: 978-82-8379-346-8 (online)

Norges Bank Staff memo






The energy transition of homes can be a net cost for the
average household”

Haakon Solheim, Bjgrn Helge Vatne

Norges Bank, Financial Stability

Abstract

Energy consumption in homes accounts for over 30 percent of annual Norwegian
electricity consumption. The government has set targets to reduce energy consump-
tion in the housing sector. Measures that can increase energy efficiency in the housing
sector are both known and available, but they will require significant investment.
Based on estimated energy consumption per home, we analyse the ability of Norwe-
gian homeowners to finance stricter energy efficiency requirements without public
support. The estimate is based on information about homeowners’ income, debt and
wealth and on homes’ estimated current electricity consumption, size and type. We
find that around 10 percent of homeowners do not have the financial means to im-
plement the energy efficiency measures required to comply with the requirements.
The measures result in lower electricity expenses, but at current interest rates and
electricity prices, there is reason to believe that such energy efficiency improvements
will be a net cost for the average household. To assess these costs, access to de-
tailed information about a home’s energy consumption is key. If energy efficiency
improvements are to be debt-financed, this will increase demand for new loans.

*The views and conclusions expressed in this publication are the authors’ own and do not
necessary reflect those of Norges Bank. This paper should therefore not be reported as representing
the views of Norges Bank. We would like to thank Henrik Borchgrevink, Torbjorn Haegeland,
Kjersti-Gro Lindquist, Nina L. Midthjell, Carsten Pihl and Norges Bank Conference participants
for their input and comments. Any errors or omissions are solely the responsibility of the authors



1. Introduction

If Norway is to meet the targets set out in the Climate Change Act for lower green-
house gas emissions, energy consumption will have to change. Power currently ob-
tained from fossil fuels must be obtained from other sources. Internal combustion
engines need to be replaced with electricity, and more clean energy needs to be pro-
duced from sources such as hydropower, solar energy and wind power. At the same
time, electricity consumption must be reduced wherever possible so that energy can
be used for new purposes.

Norwegian households have low direct greenhouse gas emissions. As early as 2012,
79 percent of household energy consumption came from electricity, which in Norway
is mainly produced by hydropower. Sixteen percent of energy consumption came
from bioenergy (such as firewood) and only 3 percent from oil and kerosene'. Ap-
proximately 80 percent of household energy consumption is used to heat and cool
homes and for hot water?.

In many areas, it may be difficult to reduce energy consumption without reducing
activity levels. However, the housing sector has considerable potential for reducing
energy consumption without necessarily lowering housing standards. There are seve-
ral known ways to improve the energy performance of homes, such as using air source
heat pumps and ground source heat. Another measure is to replace electricity usage
with more biofuel usage (district heating from waste incineration, firewood, pellets,
etc.). Homeowners can also reduce energy consumption through better insulation
(replacing windows, retrofit insulation, etc.)?.

In light of this, efforts have long been made to implement measures to improve
energy performance in the housing sector. Our analysis is based on the premise that
Norwegian homeowners may be required to invest to improve the energy perfor-
mance of their homes in the years ahead. Such requirements could theoretically be
implemented at short notice. If homeowners are to meet such requirements without
public support, they will have to finance the measures by drawing on existing fi-
nancial assets or by taking on debt. In isolation, more debt will reduce household
disposable income through higher interest expenses. Taking on debt to save energy
may breach existing regulations, such as the current Lending Regulations. Some
households will not be able to finance this investment and could risk having to sell
the home they currently own.

There have long been strict energy-efficiency requirements for new homes. However,
the targets to improve energy performance across the entire housing stock mean
that new energy-efficiency requirements must also apply to existing buildings. The

1 Official statistics describing energy consumption by homeowners in Norway are incomplete and
were last updated in 2012, see Statistisk Sentralbyra (2024b).

ZNote that these are figures from the EU, see European commission (2024), as reliable figures
for Norway appear to be unavailable.

3The most cost-efficient way to reduce energy consumption in homes is to accept lower indoor
temperatures when it is cold and reduce the average living space per household. These are measures
that can reduce living quality and occupant utility. We disregard such adjustments in this analysis.



EU issued its first Energy Performance of Buildings Directive (EPBD) in 2010. The
latest revised version of the EPBD was implemented in May 2024.* The EU’s tar-
get is now to reduce energy consumption in the housing sector by 16 percent by
2030 and by 20-22 percent by 2035. In 2023, the Ministry of Petroleum and Energy
presented its ‘Action plan for energy efficiency in all parts of the Norwegian econo-
my’®, which also discusses energy consumption in buildings. In the action plan, the
government requests that the Norwegian Water Resources and Energy Directorate
(NVE) investigate a 10 TWh electricity consumption reduction target for the buil-
ding stock (residential and commercial buildings) by 2030.°. In the first eight months
of 2024, Norwegian households consumed 26.4 TWh of electricity, which accounted
for around 32 percent of total electricity consumption in the period.”

Until now, requirements for existing homes have mainly taken the form of “soft”
requirements. For example, since 2009, energy labelling has been mandatory in Nor-
way when selling a residential property.® Such energy labelling can be provided by
the owner using a simplified registration process, or by an expert.” For many years,
Norwegian authorities have subsidised various energy efficiency measures, such as
replacing old wood-burning stoves or installing air source heat pumps. Norway fully
phased out oil-fired heating in private homes in 2020.'°

Should it be possible to achieve the type of goals outlined in the EPBD and in the
action plan however, for energy efficiency improvement by 2030, major measures are
required within a fairly short time. Although several proposals for new requirements
in the EPBD were modified towards the end of the process, there is still a goal
of zero emissions: "With a view to achieving the decarbonisation of the building
stock by 2050, the recast EPBD also foresees that deep renovation should transform
buildings into zero-emission buildings after 2030.” (European Commission (2024)).

In this analysis, we examine how homeowners can handle this type of financial shock
and what challenges this can create for the financial system. The analysis is based
on homeowners’ income, debt and wealth at the end of 2023 and the size of their
home owned in the same year. The estimated cost of energy-saving improvements
is based on an estimate of current energy consumption per home and an estimate
of how much it would cost per square metre to bring energy consumption down to
a ‘norm” for a similar type of home in the same area.

4See European commission (2024).

5See Olje- og energidepartementet (2022).

6See Energidepartementet (2016).

"See Statistisk Sentralbyra (2024a) These are figures up to August 2024. Electricity consumption
is highly dependent on annual variations in weather and temperature. Household energy consump-
tion in the first eight months of 2024 was 1.7 TWh higher than the corresponding period in 2023
and 2 TWh higher than in the same period in 2022. At the beginning of 2024, Enova pointed out
that electricity consumption by homeowners fell in 2022 and 2023, especially in secondary holiday
homes that were not covered by the electricity support scheme, see Enova (2022). Note that annual
electricity consumption in Oslo is about 9 TWh, see Sentrumsfordel (2024).

8See Energidepartementet (2009).

9See Enova (2024).

10See Miljgdirektoratet (2019)



The analysis does not attempt to provide an exact assessment of energy efficiency
improvement costs for each individual home but rather estimates what a privately
financed solution may entail if implemented quickly. In many homes, the investment
we predict will already have been made. For many homes, we will therefore overesti-
mate the need for investment. We assume that the energy efficiency measures must
be implemented within one year. In practice, such measures will be carried out over
a longer implementation period.

We also disregard that authorities may introduce energy relief measures, such as
subsidies or tax deductions to reduce costs. Such support is assumed to be part of
the government’s action plan but has so far been reflected to a lesser extent in actual
allocations and budget priorities. If many energy transition requirements were to be
introduced simultaneously, it is also not certain whether the authorities could be as
generous as we now often assume. In that case, it may be useful to have considered
a possible corner solution.

Measures that affect the cost of owning a home can also affect house prices. This
is supported by the literature. Ferentinos et al. (2023) shows that when a general
requirement was introduced to implement minimum energy efficiency standards in
British homes, the fall in property prices for homes that had not implemented the
necessary measures was about equal to the estimated cost of the energy efficiency
improvements. After the improvements, the value of homes would rise in response
to reduced costs for running these homes. Zancanella et al. (2018) finds that home
values increase by 3-8 percent after such energy efficiency improvements, which
corresponds to the value of reduced energy consumption.

We find that about 90 percent of current homeowners will be able to meet their
financing needs through available financial means, ie income, wealth and available
bank credit. At the same time, our results show that homeowners with low income
and high levels of debt may find it difficult to meet such requirements. For many
homeowners in rural areas, costs will be high compared to current property values.
Given our assumptions, the energy efficiency measures will result in reduced liquidity
for those needing to invest, even after taking electricity savings into account. If
this is to be profitable in the sense of private financial returns, we must assume
higher electricity prices and lower interest rates than currently faced by homeowners.
Energy efficiency requirements will reduce the value of the housing stock, yet home
values will increase once the energy efficiency measures have been carried out. The
increase in value will be less than the cost of the energy efficiency measures. The
measures must be expected to result in a marked increase in credit demand. Banks
will therefore play a key role in the transition process.

In this paper, we first provide an estimate of the cost of energy efficiency improve-
ment requirements for the individual homeowner. We then estimate how many Nor-
wegian homeowners are able to meet such an investment by drawing on their own
financial means or by loans secured on their existing homes. Next, we look at the
effect of debt-financed investment on household liquidity and discuss possible effects
on house prices. Finally, we consider the implications for Norwegian banks.



2. The energy transition of homes will be costly

In this analysis, we use three different sources of fully anonymised data:

e Price and energy consumption estimates for all Norwegian homes obtained
from Eiendomsverdi (2024) (a housing appraisal firm). In this analysis, we use
the status at the end of 2023.!*

e Data on who owns the respective homes and data on the size, type and loca-
tion of the homes obtained from Kartverket (2024) (the Norwegian Mapping
Authority).

e Data on the income, debt and bank deposits at the end of 2023 of those listed
as owners of the homes obtained from Skatteetaten (2024) (the Norwegian Tax
Authority).

In principle, Norwegian homes must have an energy label at the time of sale, alt-
hough this labelling has largely been obtained through self-reporting by the sel-
ler.!? Eiendomsverdi estimates the energy consumption of all homes using a method
that should reflect the way homeowners can obtain energy certificates through self-
reporting. This means that easily identifiable characteristics of a home are used to
determine energy performance certificates. In practice, this estimate is mostly deter-
mined by a home’s construction year.!3. The older a home, the higher the estimated
energy consumption. The estimate does not take into account significant home re-
novation measures and energy efficiency improvements since its construction year.
In addition, Eiendomsverdi adjusts the estimate for geographical location, reflecting
energy consumption variation due to temperature differences between counties.

Tabell 1: Overview of consumption, norm consumption and potential savings (TWh)

Type of home Number Estimated Norm  Potential %

of homes consump- consump- savings

tion tion (TWh)

(TWh) (TWh)

Detached houses 758 884 27.9 19.7 8.6 30.9
Flats 567 497 7.3 4.9 24 326
Terraced houses 102,062 2.1 1.5 0.6 28.7
Semi-detached houses 134,954 3.7 2.4 1.3 36.7
Total 1,563,397 40.9 28.5 12.9 31.6

Sources: Eiendomsverdi, The Norwegian Tax Administration and Norges Bank

"See Eiendomsverdi and Siminen (2024) for a description of the data.

12Note that in autumn 2024, the Ministry of Energy has circulated for comment a proposal for
a new energy labelling system for Norwegian homes.

13Tt can be questioned whether the practice of self-reporting provide the buyer with the necessary
information. Cassidy (2023) looks at the introduction of mandatory energy labelling in Austin,
Texas. She finds that energy labelling only affected house prices when it provided information that
was not observable without expert help. An energy label largely based on the home’s construction
year - which is also clearly stated in a sales report - provides little additional value.



In total, we have data on almost 1.6 million homes, see table 1. Homes are divi-
ded into four different categories: flats, terraced houses, semi-detached houses and
detached houses. Detached houses account for 49 percent of homes and 68 percent
of total energy consumption, while flats account for 36 percent of homes and 18
percent of energy consumption.

Total energy consumption, based on figures from Eiendomsverdi, is estimated at
41 TWh per year (see Table 1), which is approximately 30 percent higher than
household energy consumption reported by Statistics Norway. The difference may
partly reflect that Eiendomsverdi’s estimation method assumes that the entire home
is uniformly heated. In practice, we must assume that this varies widely between
different types of homes. In the following, we assume that Eiendomsverdi’s estimate
is “correct”. We thus exaggerate actual electricity consumption somewhat and we
also exaggerate potential savings from energy efficiency improvements.

To obtain a reference for the objective of energy efficiency improvements, we es-
tablish a norm for energy consumption. Norm consumption is set as the energy
consumption of the 15 percent most energy efficient homes per square metre in each
housing group.'*. Since Eiendomsverdi has adjusted energy consumption based on
regional factors, we calculate a norm per county. If all households were to reduce
their estimated electricity consumption to our estimated norm for each home, total
electricity consumption would be reduced by 12.9 TWh.

Homes with higher energy consumption than the norm are divided into three ca-
tegories: (i) homes with up to 10 percent higher consumption, (ii) between 10 and
20 percent higher consumption and (iii) above 20 per cent higher consumption. The
categorisation is intended to take into account that investment cost is probably less
affected by whether a home is poorly insulated or very poorly insulated as the in-
sulation must be replaced regardless, which costs the same irrespective of whether
the original insulation was very poor or rather poor.

For homes in category (i) energy efficiency costs are set at NOK 1 000 per square
metre; for category (ii) NOK 2 000 and for category (iii) NOK 3 000. This is a rough
simplification of actual costs based on an assessment using information from various
sources concerning energy efficiency costs'®. Broadly, energy efficiency adjustments
for category (i) will be the installation of an air source heat pump and minor measu-
res to improve insulation, for category (ii) it will be the installation of an air source
heat pump and new windows, while for category (iii) this is intended to include the
installation of an air source heat pump and energy upgrading, the replacement of
windows and doors, as well as extensive retrofit insulation. We must emphasise that
there is a great deal of uncertainty involved here, and that this is only a starting

14The choice of 15 percent is based on the EU’s Green Homes Directive target, which is that
a home must be among the 15 percent most energy efficient to qualify for green loans. Note
that Eiendomsverdi’s figures are based on estimated consumption per square metre, not actual
consumption - so it is not the case that unoccupied homes will have low consumption.

5 The most important source is a thorough review of typical examples of energy efficiency im-
provements in the article “Slik forbedrer du energimerking av boligen” [How to improve the energy
labelling of your home] (in Norwegian only), see Axelholm (2024)



point for further discussion of the correct cost. A majority of homes are in category
(iii), see Table ??. This reflects the fact that 72 percent of the homes in our sample
were built before 2000 and 38 per cent were built before 1950.

Tabell 2: Share of housing stock by construction year and energy consumption within
each construction year. In percent.

Construction year Share of Norm Norm + 10% Norm + 20% Over 20%
homes
After 2010 15 69 20 7 5
2000-2010 13 28 23 29 19
1990-2000 9 2 15 31 52
1970-1990 26 1 4 16 79
1950-1970 19 1 0 0 99
1920-1950 6 0 1 0 99
Before 1920 13 6 3 5 87

Sources: Eiendomsverdi, the Norwegian Tax Administration and Norges Bank
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Figur 1: Cost of energy upgrading by type of home. Average estimated cost per housing
unit in NOK by type of home.
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The average cost of energy upgrading a home varies depending on the type of home.
We estimate the average cost for a detached house to be approximately NOK 450
000, compared with approximately NOK 160 000 for a flat (Figure 1). On the one
hand, these amounts may be seem very large, on the other hand, many homeowners
who have tried to improve the energy performance of their homes will likely have
found that the final total amount is higher than our estimate. The actual renovation
cost is often high, not least because specific changes often necessitate other changes
that also entail a cost. In our view, it is more likely that we underestimate the
cost of energy efficiency improvements for flats, which will depend on the specific
characteristics of the building itself (such as whether it is possible to install district
heating), than that we overestimate the cost for detached houses.

For each home, we use an estimated property value from Eiendomsverdi. For most
homes, the estimated cost of the energy upgrade is between 8 and 10 percent of this
property value. As expected, this cost varies significantly with the construction year,
Figure 2. For new homes, the estimated cost of the energy upgrade is low, while for
homes built before 1990, the average cost is slightly above 10 percent of the property
value. This follows mechanically from the way energy consumption is estimated. As
previously mentioned, many old homes will have been upgraded. This is not taken
into account in our analysis.

Energy upgrade costs in relation to estimated home value varies widely across coun-
ties. This is related to both home value and housing stock composition. Cities and
suburban areas (Oslo and Akershus) with smaller housing units and high house
prices naturally have rather low energy upgrade costs relative to home value, Figu-
re 3. Counties with a high proportion of detached houses and lower property values
have relatively high energy cost-to-house value ratios.
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Figur 2: Old buildings will require most investment. Average cost of home energy
upgrade relative to home value (lhs) and homeowner income (rhs) by construction year.
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We can also examine the energy upgrade in relation to homeowner income. Home-
owner income provides an indication of ability to finance the cost of the upgrade.
In practice, the distribution of expense over income correlates with the distribution
of expense over property value. Oslo and Akershus have the lowest scores for both
measures, but there is narrower spread between urban and rural areas when we
examine the relationship between expense and income than between expense and
property value.
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Figur 3: Large differences between urban and rural areas. Average cost of home energy
upgrade relative to home value (lhs) and homeowner income (rhs) by county
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3. Most homeowners can finance energy efficiency improvements by dra-
wing on deposits or borrowing

In our analysis, homeowners are required to undertake a home energy upgrade,
which for most homeowners costs between approximately NOK 100 000 and NOK
600 000, depending on the size of their home. Since few households can finance such
an investment with current income, two alternatives remain -they can either draw
on savings or they can borrow.

When we calculate the possibility of using bank deposits, we assume that homeow-
ners must have a buffer of two months’ income plus NOK 100 000 in their account
after they have financed the home energy upgrade. Figures from 2023 indicate that
almost 40 percent of homeowners would be able to cover the entire home energy

upgrade with bank deposits (Figure ?7. The share is somewhat higher for owners of
flats.'6

The ability to finance an investment with a loan is limited by the Lending Regula-
tions'” and banks’ credit assessments. The borrower must have both collateral that
can be pledged as security and sufficient income to service the loan. We assume that
the homeowner will obtain a loan for energy efficiency improvements if the house-
hold’s total debt after this loan is lower than 85 percent of home value and total debt

Note that although the analysis is carried out based on figures from 2023, changes in the
key variables are fairly stable in relation to each other over time. In fact, deposits in 2023 are
slightly higher and debt-to-income ratios are slightly lower than before the pandemic in 2020-2021,
resulting in slightly wealthier households. On the other hand, interest rates are higher, making
energy efficiency measures more expensive to undertake.

17See Finansdepartementet (2020)
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Figur 4: Most households can finance home energy upgrades by drawing on deposits or
by borrowing. Share of homeowners able to finance energy efficiency measures by either
drawing on deposits or by borrowing, by type of home.
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does not exceed five times gross income, as required by the Lending Regulations.
Between 80 and 85 percent of homeowners meet these requirements.

The final test is whether homeowners that do not obtain a loan for the full amount
have deposits to cover the difference. This increases the share with sufficient fi-
nancing to 88 percent, leaving around 12 percent of homeowners that neither have
sufficient bank deposits nor the ability to borrow to cover such an investment.

Who is in the group that lacks financing? We observed that costs relative to home
value were unevenly distributed across counties. In counties where energy costs are
high relative to home value and homeowner income, the share of homeowners unable
to finance the cost of the upgrade through borrowing is higher. This is confirmed
when we look at the county affiliation of homeowners without financial capacity. The
counties of Finnmark and Telemark distinguished themselves from the other counties
by having the largest share of such homeowners, where approximately 20 percent
are unable to finance energy efficiency improvements (Figure 5). The smallest share
is in Oslo and Akershus, where less than 10 percent of homeowners lack financial
capacity.

The most significant characteristic of households lacking financial capacity are those
with a combination of high debt and middle income levels (Figure 6). We divide all
households into five income groups and five debt groups, according to income and
debt level. Approximately 57 percent of those lacking financial capacity are in income
groups two and three and in debt groups four and five.

14



Figur 5: The share of those who lack financial capacity are highest among homeowners
in rural areas. Share of homes without financial capacity by county.
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Figur 6: Those with middle income and high debt are most vulnerable to having
insufficient financial capacity. Share lacking financial capacity by income group and debt
group
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4. Energy saving is not sufficient to cover investment costs

Energy efficiency is a saving measure. Even if a debt-financed investment increases
debt-servicing costs, it will also result in reduced energy costs. To understand how
homeowners’ liquidity is affected, we need to look at the net effect. We assume
that following the investment a homeowner has reduced electricity consumption to
the norm per square metre, which is a significant reduction in annual electricity
consumption for most homes.!®.

We calculate the annual cost of the investment by assuming that the amount is fully
debt-financed at an interest rate of 6 percent and with a 30-year repayment period.
We assume that the electricity price comprises a fixed component (an electricity
distribution charge) of NOK 0.60 per kWh and a variable energy component of
NOK 0.70 per kWh. We then conduct a sensitivity analysis with a floating rate of
NOK 1.40 and the same distribution charge of NOK 0.60.

The increased expense resulting from borrowing is significant, especially for lower
income groups. In the three lowest income groups, the gross cost of such an invest-
ment exceeds 6 percent of after-tax income for the average household (Figure 7. This
is about the same magnitude as total interest expenses for an average Norwegian
homeowner. For the most afluent homeowners, however, the cost share is relatively
low, down to about 2 percent of after-tax income.

The potential to save electricity is also substantial, and this will significantly reduce
the liquidity effect. If the variable energy component costs NOK 0.70, the net expense
will be roughly halved. If the variable energy component costs NOK 1.40, the net
expense will be reduced to a third of the loan payment. Even with an electricity price
that is significantly higher than the threshold at which support is available, a normal
homeowner will have higher net expenses. This may explain why many homeowners
do not implement energy efficiency measures, despite the fact that they are often
relatively easy to implement.

5. Energy efficiency requirements will reduce home value - electricity
savings boost home value, but not to the same extent as the cost of
the energy efficiency measures

If a homeowner is required to undertake energy efficiency improvements that in-
volve significant investment, home value will be reduced if the home is sold before
completion of the investment. Following completion of the investment, home value
will increase as home running costs are reduced. We attempt to quantify how the
requirements discussed above may affect house prices from when the requirement is
announced until completion of the investment.

8Note that since estimated total electricity consumption per home does not take into account
that homeowners already save electricity in ways that we have no knowledge of (such as redu-
cing the temperature in parts of the home in winter), total electricity savings are overestimated.
Nevertheless, this provides an upper estimate of potential savings

16



Figur 7: Energy efficiency improvements will reduce liquidity even when we take into
account electricity savings. Energy efficiency costs before and after electricity savings
measured as the average annual share of after-tax income for 10 different income groups
based on full debt financing and different electricity price alternatives.
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We again assume that all homes with higher electricity consumption than the norm
will undertake a debt-financed home energy upgrade. We now assume that home-
owners have a long-term financing cost of 4.5 percent. After the investment, as in
the previous paragraph, we assume that electricity consumption is reduced due to
the home’s enhanced energy performance.

Home value can be estimated as “implicit rental income” over the buyer’s required
rate of return. Implicit rental income is a measure of what it would cost to rent out
an equivalent home. When the cost of maintaining the home rises, rental income
falls and vice versa. For a home where energy efficiency measures have not been
carried out, we assume that the home’s implicit rental income is reduced by the net
cost of a debt-financed investment less electricity savings. After the energy upgrade
investment is completed, living costs are reduced - which drives up implicit rental
income.

The required rate of return is the discounting factor the buyer uses when assess-
ing the value of a home, reflecting, among other things, house price appreciation
expectations, where a lower required rate of return reflects expectations of a more
rapid price appreciation rate. This also results in a larger price effect of a change
in implicit rental income. The required rate of return is estimated at 3 percent in
Oslo and Akershus, 4 percent for flats outside Oslo and Akershus, and 5 percent for
other homes.'”

YDifferences in required rates of return also reflect that house price appreciation expectations
vary in different parts of Norway.
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Figur 8: Home value after announcement of home energy upgrade requirements are
announced and following completion of home energy upgrade. Current price is the
average price in 2023. Before home energy upgrade reflects that the price falls because
the buyer knows that additional investment will be necessary. After home energy upgrade
reflects that the price rises because current energy cost per square metre is reduced as a
result of the energy upgrade. In NOK per square metre. At an electricity price of NOK
0.70, plus an electricity distribution charge of NOK 0.60.

. Price to day . Before upgrade . After upgrade

0 IIII

Norm Less than 10% Between 10 and 20% Over 20%
above norm above norm above norm

N w S
o o o

NOK 1000 per square metre
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Sources: Eiendomsverdi and Norges Bank
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Figur 9: Change in home value after announcement of home energy upgrade
requirements are announced and after completed energy upgrade. Before home energy
upgrade reflects that the price falls because the buyer knows that additional investment
will be necessary. After energy upgrade reflects that the price rises because current energy
cost per square metre is reduced as a result of the home energy upgrade. In percent. At
an electricity price of NOK 0.70, plus an electricity distribution charge of NOK 0.60.

. Before upgrade After upgrade

10

O .

Norm Less than 10% Between 10 and 20% Over 20%
above norm above norm above norm

Change in house value %

Sources: Eiendomsverdi and Norges Bank
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We report the results broken down by the energy upgrade group of each home. We
find that homes in the two classes with the lowest energy consumption - below the
norm and below 10 percent above the norm — have the highest price per square
metre at the end of 2023. This probably reflects the higher standard of these homes.
When the home energy upgrade requirement is announced, the prices of all homes
with energy consumption above the norm fall (Figure 8). After completion of the
home energy upgrade, the prices of homes with lower energy consumption rise and
this rise is most pronounced for homes with the largest energy savings. For homes
in the lowest energy class, our estimates indicate a significant increase in value.
Homeowners who realise major efficiency gains will roughly break even on their
investment - the price per square metre increases by an average of NOK 2 750 per
square metre, compared with an investment cost of NOK 3 000 in our analysis.

The home energy upgrade requirement reduces the value of homes with higher energy
consumption than the norm by between 4 and 6 percent, depending on which of the
three categories the home falls under, see figure 9. After the home energy upgrade,
we expect that the value of homes with the largest energy efficiency potential may
increase by more than 10 percent as a result of lower energy consumption.

6. New investment increases credit demand

Norwegian homeowners predominantly finance home purchases with bank loans.
Mortgage lending accounts for about 60 percent of total bank lending.

If all homeowners were to undertake major energy efficiency measures, demand for
new loans would increase. If we assume that all investment is debt-financed, this
would increase the need for credit by between 10 and 20 percent of current lending
to households (Figure figure 10). For those homeowners that then borrow, total debt
would increase by 25 percent. For the average homeowner, this would entail a rise
in debt burden of between 10 and 15 percentage points from the current level of a
little above 200 percent.
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Figur 10: Increased demand for new loans if energy efficiency costs are fully
debt-financed. In percent of current lending.

Increase in total debt,
all investments are loan—financed

Increase in total debt,
only loans within loan regulation

Increase of debt,
loans within the regulation

o

5 10 15 20 25
Percent of present loans

Sources: Eiendomsverdi, Norwegian Tax Administration and Norges Bank

If a loan is granted on the provision that it will reduce the cost of living in the
home owing to lower energy consumption, it is critical to ensure that this type of
loan is actually used for energy efficiency improvements. If homes do not undertake
the required home energy upgrade, there may be a fall in home value as potential
buyers will price in the required energy efficiency costs when they bid on homes.
Sound assessments of the consequences of energy efficiency improvements will require
detailed information about the energy rating of each individual home, which will
require more comprehensive energy performance metrics than currently available.

Our analysis illustrates a problem that is made even more relevant by climate tran-
sition. New regulatory requirements cause the value of existing capital to fall. At the
same time, debt-servicing capacity is weakened as owners face higher fixed costs and
higher debt burdens. Hjelseth et al. (2024) explores how requirements for emission
reductions can affect Norwegian companies. Our analysis examines how energy ef-
ficiency improvements of homes may affect Norwegian homeowners. Note also that
the same effects will be at stake, for example, in the event of home renovation
requirements to mitigate the impact of physical climate change, such as increased
precipitation or if insurance premiums were to rise owing to an increased likelihood
of natural disasters.

When borrowers’ liquidity is reduced, risk in existing lending portfolios increases
alongside a significant need for new investment. Many market participants will be
able to contribute, but banks - as the dominant credit source for Norwegian house-
holds - will most likely play an important role in this process. We are thus in a
situation where banks’ risk has risen, thus reducing their lending capacity, but de-
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mand for new loans is rising markedly. Norges Bank (2024) highlights this as a
potential vulnerability for the Norwegian financial system.

7. Conclusion

A large proportion of energy consumption is related to housing, and methods to
make homes more energy efficient are well known. Improving the energy perfor-
mance of homes can be an important contribution to achieving lower and cleaner
energy consumption goals. If the targets outlined in the Norwegian government’s
Action plan for energy efficiency in all parts of the Norwegian economy and the
EU’s Energy Performance of Buildings Directive are to be achieved, measures must
be implemented to make the existing housing stock more energy efficient than it is
today.

We have conducted an analysis in which we assume that all Norwegian homeowners
are required to undertake an energy upgrade of their existing homes in order to
meet low-energy home requirements within one year, without public support. We
find that almost 90 percent of Norwegian homeowners will be able to cover such an
expense through a combination of drawing on bank deposits and borrowing without
breaching the Lending Regulation requirements. At the same time, we note that
at current electricity prices, such an investment will not always be cost bearing for
the average homeowner. For homeowners in lower income groups in particular, the
net cost increase will consume a substantial share of their overall budgets. How-
ever, this should not be interpreted to mean that energy efficiency improvements
will never be economically viable for private individuals. The relationship between
electricity savings and investment costs is not necessarily linear. There is reason to
believe that many individual energy efficiency measures can be profitable even at
relatively low electricity prices. It is also important to emphasise that even if an
energy efficiency measure is not economically viable for private individuals, it may
be socio-economically beneficial. In which case, this may be an argument in favour
of various forms of public transfers to individual homeowners to contribute to the
implementation of energy efficiency improvements.

In our example, extensive energy efficiency requirements will reduce the overall
housing stock value before the investment is made. The increase in value after energy
efficiency improvements will not fully compensate for the investment cost. If electri-
city savings are to be profitable, interest rates must fall, and electricity prices must
rise from their current level.

There is reason to believe that banks - as households” main credit source - will play
an important role in energy efficiency improvements. Credit demand is expected to
increase markedly. At the same time, mortgage risk is rising due to borrowers’ wor-
sening liquidity position. It will also be necessary to make more information available
to better enable lenders to assess the effects of such energy efficiency measures for
individual borrowers.
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