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Abstract
Usingdata fromofficial governmentpublications in theUK,we estimate thepotential changes in transport
andbuildingsCO2e emissions inEnglandandWales if those engaged in jobs compatiblewithhomeworking
were toworkmainly fromhome.Wefind that thenet result is likely tobe an increase, rather thanadecrease
inCO2e emissions.Assuming that 20%to30%ofworkerswere towork fromhome, the increasewould
range from0.18%to0.97%relative to emissions fromthebuildings and transport sectors combined, and
from0.11%to0.60%relative to emissions fromall sources.Under the veryunrealistic assumptions that the
buildingswhere thenew teleworkersused towork closedpermanently rather than remainedopenorwere
repurposed, and therewereno rebound travel, therewouldbemodest emissions savings,whichwould
range from0.61%to1.63%ofCO2e emissions fromthe transport andbuilding sectors combined, and from
0.38%to1.01%ofCO2e emissions fromall sourceswhen20%to30%ofworkersworked fromhome.

1. Introduction
Adisease,first identified inWuhan, the capital ofChina’sHubeiprovince, inDecember2019,has expanded throughout
theworld,which isnowexperiencingapandemic, thefirst inover100years.Thedisease and thevirus causing it are so
new that theywereonlynamedby theWorldHealthOrganization (WHO)on11February2020 (WHO2020a). The
diseasewasnamedCOVID-19 (COronaVIrusDisease2019), and thevirus, SARS-CoV-2 (SevereAcuteRespiratory
SyndromeCoronaVirus2).Although themajorityof those infectedwithSARS-CoV-2 experiencenoormild
symptoms, someescalate topneumonia,multi-organ failure, andevendeath (WHO2020b).At the timeofwriting this
paper, over 5milliondeathshavebeenattributed toCOVID-19worldwide (JohnsHopkinsUniversity 2021).

Although inDecember2020, anumberof vaccineswere approvedand rolledout in several countries, at the
beginningof thepandemic, therewerenovaccines andnoproven treatment either.Theprotectivemeasures
recommendedby theWHOincluded (and still include)hand-washing andphysical distancing (WHO2020b). In
order to facilitate this,manycountries, including theUK, implemented emergencyprotocols, typically in the formof
lockdowns.Whilst thesewere implemented todifferent degrees, they all entailed askingmost of thepopulation to stay
at home, except for essential trips andwork.Manycountries also closed schools, colleges anduniversities, non-
essential shops, hotels, restaurants, cinemas, theatres, and sports facilities aroundMarch to July 2020, and later again,
overOctober2020 toFebruary 2021 andApril 2021.

These extreme (butnecessary)measuresnegatively impactednational economies and theglobal economy.Global
GDPexperiencednegative growthof 3.2%in2020, and theUKeconomycontractedby9.8% (InternationalMonetary
Fund, IMF2021,p. 6, table 1). Thequestion,however, iswhether anyvaluable lessons canbe learnt fromthe2020
lockdown,whichessentially forced a social experiment. Inparticular,weconcentrateonhomeworking, andwhat
impact this canhaveonGHGemissions fromcommuting trips, andGHGemissions linked to residential andnon-
residential energyuse. FocusingonEnglandandWales,we estimate the changes inGHGemissions likely tooccur if
thosewhocanwork fromhomedoso insteadof commuting.Wecontribute to the literatureon three fronts: (a)we
estimate theGHGemissions savings that canbeachievedbyworking fromhomeunder a rangeof scenarios, something
that, to thebest ofourknowledge, hasnotbeendone forEnglandandWalesusing the lessons learnt fromthe long2020
lockdowncombinedwithdatapre-pandemic; (b)wepresent a clearmethodology for estimatingGHGemissions
savings,whichcanbeused forother countries and regions; (c)weproposepolicy recommendations, basedonour
findings.

OPEN ACCESS

RECEIVED

14 July 2021

REVISED

22November 2021

ACCEPTED FOR PUBLICATION

25November 2021

PUBLISHED

29April 2022

Original content from this
workmay be used under
the terms of the Creative
CommonsAttribution 4.0
licence.

Any further distribution of
this workmustmaintain
attribution to the
author(s) and the title of
thework, journal citation
andDOI.

© 2022TheAuthor(s). Published by IOPPublishing Ltd

https://doi.org/10.1088/2515-7620/ac3d3e
https://orcid.org/0000-0002-8446-8297
https://orcid.org/0000-0002-8446-8297
https://orcid.org/0000-0002-6882-057X
https://orcid.org/0000-0002-6882-057X
mailto:SantosG@Cardiff.ac.uk
mailto:rayan.azhari.17@ucl.ac.uk
https://crossmark.crossref.org/dialog/?doi=10.1088/2515-7620/ac3d3e&domain=pdf&date_stamp=2022-04-29
https://crossmark.crossref.org/dialog/?doi=10.1088/2515-7620/ac3d3e&domain=pdf&date_stamp=2022-04-29
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0


The paper proceeds as follows. Section 2 reviews the literature. Section 3 concentrates on the share of the
workforce that canwork fromhome in England andWales. Section 4 presents the changes inGHGemissions
thatwould result from an increase in energy consumption fromdwellings and a decrease in energy consumption
fromnon-residential buildings. Section 5 focuses onGHG emissions that a reduction in commuting trips can
save. Section 6 combines and discusses the results from the previous two sections. Section 7 concludes and
proposes policy recommendations.

2. Previouswork

2.1.Working fromhome
Working fromhome, teleworking, or remoteworking has been found to have a positive associationwith job
satisfaction and organisational commitment (Felstead andHenseke 2017). Teleworking can also potentially save
employersmoney because ifmost employees work fromhome, working premises can be smaller, and therefore
cheaper to rent or buy, and have lower associated utility bills.

Before the 2020 lockdown, remoteworkingwasmainly implemented in the name offlexible working
(Reuschke and Felstead 2020), but it was not awidespread practice, with only 14.2%of the employedworkforce
in theUKworking fromhome or on the same grounds or buildings as their home in 2019, according to a survey
conducted by theOffice forNational Statistics (ONS2020a, table 1). Post-pandemic, thismay change, partly
thanks to the experience gained during lockdown (Etheridge et al 2020,OECD2020). In the long run, working
fromhomemay increase productivity (OECD2020), although the evidence so far ismixed for theUK case and
points towards no overall change on average (Etheridge et al 2020, Felstead andReuschke 2020).3

Having said the above, one point to consider is that not all jobs are compatible withworking fromhome
(Matthews andWilliams 2005,Dingel andNeiman 2020, Reuschke and Felstead 2020). Information technology
is crucial for those able towork fromhome, as this is precisely what often enables remoteworking (Felstead and
Henseke 2017), and this wasmade evident during the 2020 lockdown,which accelerated the uptake of software
and practices previously perceived as optional.

Working remotely fromhome is also associatedwith job-relatedwell-being on the one hand andwith
difficulty switching off on the other (Felstead andHenseke 2017). During the lengthy lockdown, teleworking
initially had a negative impact onmental health, but this subsided asworkers becamemore used toworking
fromhome ormoved back to their usual workplace once restrictions were lifted (Felstead andReuschke 2020).
We need to highlight that during the lockdown period in theUK,manyworkers not only had towork remotely
but they also had to homeschool and/or look after their children. Thismay have acted as an additional source of
stress and anxiety, whichwill disappear in a post-pandemic world. Furthermore, according to the
‘Understanding Society: Covid-19 Study, 2020’, conducted by the Institute for Social and Economic Research,
University of Essex, over 88%of people whoworked fromhome during the lockdownwould like towork from
home at least part of theweek, and over 47%would like towork fromhomemost or all of the time once the
pandemic is over (Felstead andReuschke 2020). However, even jobs that are compatible withworking from
homemay encounter challenges. Some of these challengesmay be related to lack of a dedicatedworkroomor
office, or even a dedicatedwork area, such as a desk in a roomused for other purposes too, or to the nature and
complexity of the tasks that need to be undertaken (Leesman 2020). In a survey ofmore than 22,000workers
from around theworld, whowere able to report on both their home and office experience, 38%had an
outstanding experience both at home and in the office, 22%had an outstanding experience at home, but not in

Table 1. Share of teleworkers relative to the total number of people in employment in England andWales.

Share of teleworkers relative to the

total Comment Source

14.2%a Workedmainly fromhome or on the same grounds or buildings as their

home in 2019a
ONS (2020a, table 1)

26.7% Everworked fromhome in 2019 ONS (2020a, table 1)
49.2% Worked fromhome during the long lockdown in 2020 ONS (2020b)

a The figure of 14.2%combines two groups of workers: workers that use their home as a base forworking (e.g., a hairdresser that works from
her living room), andworkers that work from the same grounds or buildings as their home. It is hard to distinguish between the two groups

and the difference in their energy use; therefore, this study treats both groups the same and assumes their energy use to be similar to the

energy use in dwellings with people who donotwork.

3
For theUnited States there is some evidence of increased productivity (Emanuel andHarrington, 2020) and for Japan there is some

evidence of decreased productivity (Morikawa, 2020).
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the office, 24%had a suboptimal experience both at home and in the office, and 16%had an outstanding
experience in the office but not at home. These differences weremainly driven by both the complexity and
nature of the tasks and the home settings (Leesman 2020).

One last point wewould like to highlight regardingworking fromhome is that people working fromhome
means fewer commuters, which inevitably has repercussions on businesses that rely on commuters for their
trade. These businesses would no longer befinancially viable if the numbers of homeworkers increased
substantially in a newnormal. The 2020 lockdown in theUK caused this to happen, withmany businesses
closing temporarily or permanently (BBCNews 2020).

2.2. GHGemissions andworking fromhome
Road transport still heavily relies on fossil fuels. In theUK, for example, ultra-low emission vehicles, defined as
vehicles that emit less than 75 g of CO2 per km, only accounted for 2.7%of all new vehicle registrations in 2019
(Department for Transport, DfT 2020a). Until road transport is decarbonised, other policiesmay go someway
towards reducingGHGemissions from road transport. Teleworking has been considered a potential policy to
support sustainable transport, at least in the past, as is evident from the ‘Smarter Choices—Changing theWay
WeTravel’ study (Cairns et al 2005), which devoted awhole chapter to teleworking.

In principle, working fromhome for all or part of theweek can reduce congestion (Santos et al 2010,Hook
et al 2020). Reduced commuting can also help reduceGHGemissions from road transport (Hook et al 2020,
Ohnmacht et al 2020a). However, these initial reductionsmay be lost because of rebound effects, at least to some
extent. Rebound effectsmay be due to homeworkers or other familymembersmaking additional car journeys
for non-commuting purposes, and homeworkersmoving further away from their primary place of work and
thereforemaking longer journeys when they do commute towork (Cairns et al 2005,Matthews and
Williams 2005, Ravalet andRérat 2019,Hook et al 2020, Ohnmacht et al 2020b). For example, Choo et al (2005)
estimate that working fromhome reduces vehiclemiles travelled by less than 1%because of the rebound effects.
To add to the above,money saved on fuel to pay for car travel could be reallocated to other goods and services,
and these other goods and services could have associated production and/or consumption emissions (Hook et al
2020, Sorrell et al 2020).

In addition, the impact of teleworking can be negligible when office employees have dedicatedworkspaces as
opposed to hot-desking, or only a few telework, or thosewho telework do so only once or twice aweek (O’Brien
andAliabadi 2020). This is because energy consumption in theworkplace remains virtually unchanged in these
cases. Furthermore, workersmay leave computers switched on or plugged in at workwhilst working on a
different computer fromhome (O’Brien andAliabadi 2020). To add to this, the impact of working fromhome
can become negative, withmore energy consumed overall if the primary commutingmode before switching to
homeworkingwas public transport (Matthews andWilliams 2005, Crow andMilliot 2020) or active transport
(walking and/or cycling).We need to remark that if the primary commutingmode before switching to
homeworkingwas the car, the impact of working fromhome could also become negative, withmore energy
consumed overall, when the additional emissions that result fromworking fromhome are higher than the saved
emissions from reduced commuting and reducedworkplace occupancy.

2.3.What canwe learn from the literature?
There are several points to take away from the literature, as follows.Working fromhome can positively affect job
satisfaction, organisational commitment, flexible working, workers’well-being, and even, potentially,
productivity, although it can alsomake itmore difficult for workers to switch off.Working fromhome can also
save employersmoney in reduced office space rent, and bills. Of course, not all jobs are compatible withworking
fromhome. Even those jobswhich are compatible withworking fromhomemay face challenges related to the
lack of a dedicatedworking area/space at home and the nature of the tasks that need to be performed.Working
fromhome typically results in fewer commuters, a feature that can have a negative impact on the financial
viability of businesses that rely on commuters for their trade.

Importantly, a reduction in commuting associatedwithworking fromhome can reduce congestion and
GHGemissions. However, these initial reductions can be lost if there are rebound effects, such as additional car
journeys for non-commuting purposes, or homeworkersmoving further away from their primary place of
work, which can result in longer commuting distances.Money saved on fuel could also lead to a budget
reallocation to other goods and services with associated production/consumption emissions. Also, energy
savings in non-residential buildings can be negligible whenworkers have dedicated desks orwhen only a few
work fromhome orwhen thosewhowork fromhome do so only once or twice aweek. If public transport and/
or active transport are the dominant commutingmode(s), thefinal result can be an increase rather than a

3
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decrease inGHGemissions, as the emission savings from reduced commutingwill be negligible.We note that
even if the car is the original dominant commutingmode before the switch to homeworking, emissions savings
from reduced commuting and reducedworkplace occupancy can be lower than emissions increases due to
higher energy use fromworking fromhome, resulting in an overall increase in emissions.

To the best of our knowledge, there is no up-to-date estimate of the potential impact that a newnormal,
entailing large numbers of workers working fromhome, would have onGHGemissions in England andWales.
In the present paper, we estimate the changes inGHGemissions, expressed in tonnes of CO2 equivalent (CO2e),
that would result from an increase in teleworking in England andWales.We do this for a number of scenarios
related to the number of workers that wouldwork fromhome.Ourmodel includes the reduced emissions from
reduced commuting and reducedworkplace occupancy and the increased emissions fromhomeworking.We
also extend the analysis to include potential rebound effects and no closing downofworkplaces.

3. Potential towork fromhome in England andWales

Thefirst questionwe need to tackle is the potential for homeworking in theUK, or in otherwords, the
percentage of jobs that can be carried out fromhome, i.e., remotely.

Based on information from theUS-basedO-Net classification and description of just under 1,000
occupations, Boeri et al (2020) argue that the share of jobs that can be done remotely, which aremainly service
sector jobs, ranges from32% in theUK, to 28% in France andGermany, to 24% in Italy. On the basis of surveys
describing the experience of workers in theUS in just under 1,000 occupations, Dingel andNeiman (2020)find
that the share of jobs that can be done entirely fromhome in theUS is 37%.

Some jobs can be done entirely fromhome, and some jobs can be done partly fromhome, withworkers still
needing to be physically present in theworkplace one ormore days a week. In 2019, before theCOVID-19
pandemic, anONS survey found that 5.1%of respondents workedmainly fromhome, 9.1%worked on the
same grounds or buildings as their home, or used their home as a base,4 12.4%hadworked fromhome in the
week prior to being interviewed, and 26.7%had everworked fromhome (ONS2020a, table 1). These were
mainly knowledgeworkers inmanagerial and/or professional occupations, who are also at the highest-earning
end, suggesting that higher-paidworkers tend to bemore likely towork fromhome (ONS2020a). This is indeed
in linewithfindings for other countries, like those reported by Boeri et al (2020) andDingel andNeiman (2020).

By lateMay 2020, twomonths after the lockdownhad been implemented in theUK, almost 25%of
employees, or 8million jobs, had been furloughed under theCoronavirus JobRetention Scheme,5 and 2million
self-employed had claimed income support under the Self-Employed Income Support Scheme6 (HM
Treasury 2020). This confirms thatworking fromhome is not compatible with all jobs, and some businesses
cannot be run fromhome (such as those in the hospitality industry). In addition,many keyworkers, such as, for
example, thoseworking in health and social care, key public services, food and essential goods, public safety and
national security, continued to physically go towork during the pandemic.

However, one striking fact is that from all adults still in employment in theUK, 49.2%wereworking from
home between 3 and 13April 2020 (ONS2020b). There is a sharp contrast between 49.2%of homeworkers in
April 2020 and the 26.7%of workers that reported having everworked fromhome in 2019 (ONS2020a, table 1).
In 2019 therewas no need towork fromhome, other than convenience orflexibility both for employers and
employees. In 2020, under lockdown, the situationwas very different.

A careful inspection of employment by occupation (with over 400 different occupations), covering the
period January toDecember 2019, as published byONS (2020c), allowed us to allocate the type of building
workers work in (offices, educational establishments, health care settings, and other). Thesewerematchedwith
the percentages of workers under eachmain type of occupation (regularly work fromhome, hadworked from
home in theweek prior to theONS survey, or had everworked fromhome) as reported byONS (2020a,figure 4).

4
Fromnowonwards, we refer to ‘worked on the same grounds or buildings as their home, or used their home as base’ as ‘worked on the

same grounds or buildings as their home’.
5
TheCoronavirus Job Retention Schemewas initially only intended to run between 1March 2020 and 31May 2020, but it was extended on a

number of occasions, until it ended on 30 September 2021. Under the Scheme, theUKTreasury refunded 80%of employees’wage costs up
to amaximumof £2,500 permonth, although in July 2021 this was reduced to 70%up to amaximumof £2,187.50 permonth, and inAugust
2021, it was further reduced to 60%up to amaximumof £1,875 permonth.
6
Under theCoronavirus Employed Income Support Scheme, self-employedworkers could claim a taxable grant. There were five grants

available between 13May 2020 and 30 September 2021, when the Scheme ended. Thesewereworth up to £7,500 each in total, except for the
second grant, whichwas capped at £6,570, andwas available between July andOctober 2020. The grants were calculated on the basis of the
applicant’s average trading profits.
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One point that becomes clear from the discussion above is thatmanyworkers whose jobswere compatible
with homeworking pre-pandemic did notwork fromhome. Table 1 summarises the shares of workers that
work or could potentially work fromhome. Table 2 shows the number of people in employment in England and
Wales and the number and shares of employees engaged in jobs compatible with homeworking.We use tables 1
and 2 to assume four different scenarios, whichwe then use to estimate the changes inCO2e emissions that
would result from an increase in homeworking. Given that 14.2%ofworkers workedmainly fromhome or on
the same grounds or buildings as their home pre-pandemic, we assume a Baseline of 14%ofworkers that work
fromhome.We then increase that share to reach 50%, tomirror the share of workers that worked fromhome
during the long 2020 lockdown. Table 3 presents the scenarios, which are then used to estimate the changes in
CO2e emissions in sections 4 and 5.

4. Changes inCO2e emissions fromdwellings andnon-residential buildings

There are 27.6million households in theUK (ONS 2019a), of which 20.9million have at least onemember of
working age (16–64 years) (ONS2019b). Therefore, we assume that 75%of all households have at least one
member aged between 16 and 64. Since there is approximately the same number of households as of dwellings,
and 75%of households have at least one person ofworking age, we can assume that 75%of the dwelling stock in
theUK (and in each of the four nations, including England andWales) has one person ofworking age.

There are 25.8million dwellings in England andWales (WelshGovernment 2020,Ministry ofHousing,
Communities and Local Government 2020). There are also 335,000 office premises and 39,000 education
premises, plus another 1,055,000 non-residential buildings, excluding factories, but including shops, health
centres and hospitals, hospitality venues, arts, community and leisure buildings, amongst others (Department
for Business, Energy and Industrial Strategy, BEIS 2021a).

Table 2.People in employment in England andWales, and the number and shares of employees engaged in jobs compatible with
homeworkinga.

Group Total number % Source

Total in employment in England andWales 28,981,400 100% ONS (2020c)
Workerswhomainlywork fromhome or on the same grounds or buildings as

their home

4,057,396 14.2% ONS (2020a, table 1)

Officeworkersb 7,300,000 25.2% ONS (2020c)
Educationworkers 1,884,700 6.5% ONS (2020c)
Otherworkers (jobs compatible with homeworking) 4,415,100 15.2% ONS (2020c)

a The data correspond to the year 2019.
b Wemanually estimated the number of officeworkers by inspecting the different jobs inONS (2020c). The figure is very similar to an

estimate based on the total office floor space of all offices in England andWales, using the average space per officeworker, 9.6m2, as an

indicator, followingHarris et al (2018).

Table 3.Working fromhome scenarios.

Additional workers

working fromhome

Workersworking

fromhome (total)
Workers commuting

(total)

Scenario Share Number Share Number Share Number

Baseline 0% 0 14% 4,057,396 86% 24,924,004

Scenario 1 6% 1,738,884 20% 5,796,280 80% 23,185,120

Scenario 2 11% 3,187,954 25% 7,245,350 75% 21,736,050

Scenario 3 16% 4,637,024 30% 8,694,420 70% 20,286,980

Scenario 4 26% 7,535,164 40% 11,592,560 60% 17,388,840

Scenario 5 36% 10,433,304 50% 14,490,700 50% 14,490,700

Source: as explained in the text.
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Table 4 shows the annual energy use andCO2e emissions for offices and education premises. These act as
workplaces for just over 30%of the employed population in England andWales, as advanced in table 2.
Scenarios 4 and 5 necessitatemoreworkers towork fromhome. Thoseworkers would be from various sectors,
whichmakes it difficult to allocate them to one specific type of non-residential building (i.e., workplace). For this
reason, we created an additional non-residential building, whichwe call ‘Other’, that acts as a ‘representative’
workplace in England andWales. The annual energy use andCO2e emissions for this ‘Other’ building category
were estimated as theweighted average of the annual energy use andCO2e emissions from all non-residential
buildings7 in England andWales, excluding factories. Factories were excluded because of their energy-intensive
processes, whichwould have skewed the annual energy use andCO2e emissions of this ‘representative’non-
residential building. In addition, factory jobs are not compatible with homeworking. The numbers in table 4 for
annual energy usewere taken fromBEIS (2021a) and only coverNatural Gas and Electricity.

The energy use data for dwellings was taken fromTableU1 of the EndUsesData Tables of ‘Energy
consumption in theUK’ (BEIS 2021b), but it is only available for thewhole of theUK, so it was scaled down
based on the number of dwellings in England andWales, which is 88%of that in theUK.

4.1.Domestic energy use patterns
Energy consumption by end-use in dwellings is 62% for space heating, 18% for hotwater, 3% for cooking, and
18% for lighting and appliances (TableU1, EndUsesData Tables, Energy consumption in theUK, BEIS 2020).
We assume that 90%of energy use takes place during active hours when people are awake, and 10% takes place
during sleeping hours (frombaseload appliances like fridge/freezer and router, and somewater and space
heating). Table 5 shows energy consumption by end-use in the domestic sector. TheDomestic EnergyModel
(Building Research Establishment, BRE 2015), BREDEM fromnowonwards, estimates the domestic active
occupancy patterns forweekdays andweekends as follows. Onweekdays, 8 h are used for sleeping, 9 h, for being
active at home, and 7 h, for being away fromhome.Onweekends, 8 h are used for sleeping and 16 h, for being
active at home (BRE 2015).

Table 4.Energy consumption andCO2e emissions fromdwellings, offices, education establishments, and ‘other’non-residential buildings
in England andWales in 2019a.

Building type

Natural Gas con-

sumption (TWh)
Electricity con-

sumption (TWh)

GasCO2e emis-

sions (million

tonnes of CO2e)

Electricity CO2e

emissions (million

tonnes of CO2e)

Total gas and electricity

CO2e emissions (mil-

lion tonnes of CO2e)

Dwellings 260.1 91.6 47.8 23.4 71.23

Offices 10.8 20.0 2.0 5.1 7.10

Education 11.9 5.2 2.2 1.3 3.5

Other 70.2 64.8 12.9 16.6 29.5

Total 353.1 181.6 64.9 46.4 111.3

a Energy consumptionwas translated intoCO2e emissions using the 2019 conversion factors fromBEIS (2019). Thesewere 0.18385
kgCO2e/kWh for natural gas and 0.2556 kgCO2e/kWh for electricity.

Source: BEIS (2019, 2021a, 2021b).

Table 5. Energy consumption by end-use in the domestic sector.

End-use

Thousand tonnes of oil equivalent

(ktoe) Sharea

Space heating 23,386 62%

Water 6,600 18%

Cooking/Catering 1,103 3%

Lighting/Appliances 6,618 18%

Total 37,707 100%

a The shares do not add exactly to 100%due to rounding.

Source: TableU1, EndUsesDataTables, Energy consumption in theUK (BEIS2021b).
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Non-residential buildings include ‘Arts, Community and Leisure’ (cinemas, community centres, libraries, museums, sports centres, sports

grounds), ‘Education’ (nurseries, state schools, private schools, universities), ‘Emergency Services’ (ambulance, dire stations, police stations),
‘Factories’, Health’ (healthcare premises), ‘Hospitality’ (restaurants, hostels, hotels, holiday homes, guest houses, pubs), ‘Offices’, ‘Shops’,
‘Warehouses’, and ‘Other buildings’ (bus stations,moorings, cemeteries, docks, electricity hereditaments, garages,markets,military
premises, sewage treatments) (BEIS, 2021, TheNon-DomesticNational Energy EfficiencyData-Framework document, Annex B, p. 40). It
should be noted that ‘Other buildings’ are different fromour representative ‘Other’.
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Over a year, for households with occupants working outside the home, 33.3%of the time is spent sleeping,
20.2%of the time is spent away fromhome,mainly at work, and 46.4%of the time is spent being active at home,
wheremost of the energy use takes place, as shown in table 6. For householdswith occupants working or staying
at home, the time spent away fromhome is combinedwith the time spent active at home.

4.2. Scenarios and homeworking
In order to estimateCO2e emissions frombuildings under thefive scenarios introduced in table 3, the total number
ofworkers thatwork fromhomewas increased from the 14%baseline to a total of 50%.We startedwithworkers
engaged inoccupations compatiblewith teleworking (Scenarios 1 to 3) and then addedworkers engaged in
occupations somewhat, althoughnot necessarily fully, compatiblewith teleworking (Scenarios 4 and5). Essentially,
thefirst bunchofworkers tomove to teleworkwill be officeworkers, as these jobs are themost amenable toworking
fromhome.There are enoughofficeworkers in England andWales to increase the share of homeworkers to 30%.
Educationworkers come in Scenario4, andfinally, otherworkers fromvarious occupations join inScenario 5.
Scenario 5 is anunlikely scenario, but one that becamea reality during the 2020 lengthy lockdown in theUK.
Figure 1 illustrates the additional number ofworkers thatwork fromhomeunder each scenario.

4.3. Change inCO2e emissions from changes in energy consumption in dwellings
Given that, asmentioned above, 25%of households do not have anymember of working age, and that 14%of
workers alreadywork fromhome or on the same grounds or buildings as their home, we can assume that 39%of
dwellings do not change their energy consumption under any scenario.8However, these households usemore
energy on average than households withworking-agemembers due to being occupiedmost of the time.We,
therefore, have two types of households:

(a) households that do not have any member of working age or that have workers already working from home
or on the same grounds or buildings as their home, which do not change under any scenario; and

(b) households with at least one member of working age that is away from home roughly 7 h per day, some of
whichmay be affected under at least one scenario with one familymember switching to teleworking.

Table 6. Total number of hours in a year grouped by activity based on the BREDEMmodel.

Number of hours -working out-

side home %of total hours

Number of hours -working/staying

at home %of total hours

Sleeping 2920 33% 2920 33%

Active 4069 46% 5840 66%

Away 1771 20% 0 0%

Total 8760 100% 8760 100%

Source: BRE (2015).

Figure 1.Number and share of workers that work and donotwork fromhomeunder each scenario. Source: authors’ own, built on the
basis of tables 2 and 3.

8
This assumes that no dwelling hasmore than one homeworker.
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When all households are considered together, we have a national average energy consumption, with
associated national average CO2e emissions, whichwe normalise at 100. Compared to this national average of
100 based on the average number of active hours in table 6 between the two groups (4,955 h), households in
group (a) have aweighted average energy consumption of 116, and households in group (b) have aweighted
average energy consumption of 84. These numbers were computed as follows. The energy use during sleeping
hours does not change in either group and, as explained above, was assumed to be 10%of the national average
energy use. The remaining 90%of the energy use is affected by the number of hours dwellings are occupied. For
group (a), the number of active hours per year is higher than the average and is 118% (computed as 5840/4955).
For group (b), the number of active hours per year is lower than the average and is 82% (computed as 4069/
4955). Thesefigures were used toweigh energy use during active hours for both groups, as follows:

( ) ( ) ( )= ´ + ´ ´Group a average energy use 10% national average 90% national average 118%

( ) ( ) ( )= ´ + ´ ´Group b average energy use 10% national average 90% national average 82%

Thefinal stepwas to get the Energy use factor (Fa) between the average energy use per group and the
national average energy use, as follows:

/( ) ( )= =Fa Group a Group a average energy use national average 1.16

/( ) ( )= =Fb Group b Group b average energy use national average 0.84

Thus, the portion of energy consumption ‘affected’ or subject to changewas estimated using equation (1):

( ( )) ( )= ´ - + ´Ea Te Fo Fh Fa1 1

where:
Ea:Energy consumption affected (Natural Gas and Electricity after excluding the unaffected portions)
Te:Total energy consumption (Natural Gas and Electricity)
Fo: 25%of households do not have anymember of working age
Fh: 14%ofworkers alreadywork fromhome or on the same grounds or buildings as their home
Fa:Energy use factor for householdswith at least onemember of working age (with Fa assumed equal

to 0.84)
Increasing the number of workers whowork fromhomewill cause the ‘away’hours to be converted into

‘active’hours. The ratio of away hours to active hours per year is AA =43.52%.9 Also, as explained above, we
assume that 90%of energy consumption occurs during active hours and 10%during sleeping hours. This is
becausewhen people are sleeping, the use of electricity isminimal (mainly baseload appliances like fridge/
freezer and router), and the heating is typically switched off, although heating and hotwatermay be switched on
just before people wake up.With that inmind, it can be assumed that 90%of gas and electricity (Feg )
consumption occurs during active hours.

To estimate the change in energy consumption, we used equation (2):

( ) ( )= ´ ´ ´Ec Ea Feg AA S 2

where:
Ec:Estimated energy consumption change (Natural Gas and Electricity)
Ea:Energy consumption affected (Natural Gas and Electricity after excluding the unaffected portions)
Feg :Natural Gas use factor during active hours (0.9)
AA:Percentage of away hours from active hours (0.4352)
S: Scenarios (0.2, 0.25, 0.3, 0.4, 0.5)

4.4. Change inCO2e emissions from changes in energy consumption in non-residential buildings
Thenumber ofworkers innon-residential buildings progressively decreases as thenumber of homeworkers
increases through Scenarios 1 to 5, as shown infigure 1. To estimate changes in energy consumption andCO2e
emissions,wemake two important assumptions: (a) theworkers that become teleworkers do so for the entireweek,
and (b) the ‘space’previously occupied by thenowhomeworkers is ‘closeddown’. This essentiallymeans that all
office space inEngland andWales is closedby the timewe reach Scenario 4. Although this is an unrealistic
assumption, it is a very useful one because it gives themaximumsaving that can be achievedwith homeworking. If
thismaximum is relatively low,we can safely conclude that undermore realistic assumptions of someworkers
remaining in the office orworking from theoffice part of theweek, the savingswill be lower andmaynot beworth
the effort. Table 7 presents hownon-residential buildings are progressively closed downunder thefive scenarios.

9
Active hours per year=4069, Away hours per year=1771, AA =1771 / 4069=43.52%.
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To estimate the share of employers affected byworking fromhome, we used equation (3):

( ) ( )= ´
-

W Te
S Fh

N
3

where:
W :Percentage of workers affected byworking fromhome
Te:Total people in employment
S: Scenarios (0.2, 0.25, 0.3, 0.4, 0.5)
Fh: 0.14workers who alreadywork fromhome or on the same grounds or buildings as their home
N :Number of workers (office, education, ‘other’)
The estimated energy change fromnon-domestic buildings due toworking fromhomewas calculated using

the percentage of workers affected byworking fromhome in each sector, as shownby equation (4):

( )= ´Ec Te W 4

where:
Ec:Estimated Energy change (Natural Gas and Electricity)
Te:Total actual energy (Natural Gas and Electricity)
W :Percentage of workers affected byworking fromhome

4.5. Results for dwellings andnon-residential buildings
Table 8 presents GHGemissions by building type in 2019 in absolute and relative terms. Table 9 andfigure 2
present the changes inCO2e emissions for each scenario and building type. The increase inCO2e emissions
resulting from an increase in energy consumption in dwellings is offset by the reduction inCO2e emissions
resulting from a reduction in energy consumption in non-residential buildings under allfive scenarios.
However, the key assumption is, as already explained, that the ‘space’ occupied byworkers who previously
commuted towork is closed once they switch to homeworking.

4.6. Buildings kept in use and repurposing buildings
The results presented in table 9 andfigure 2 rest on two important assumptions: theworkers that become
teleworkers do so for the entireweek, and the ‘space’previously occupied by the nowhomeworkers is ‘closeddown’.

As explained in section 2, the reduction in energy consumption inworkplaces canbenegligiblewhen employees
have dedicatedworkplaces insteadof hot-desking andonly telework for part of theweek.Also, if allworkers in a
building become teleworkers, the building becomes anunoccupied building, likely to be repurposed.

If all the space thatwaspreviouslyoccupiedbynow teleworkers is either kept inuseor repurposed, therewill beno
reduction in energy consumption fromnon-residential buildings, and, dependingonwhat thenewpurposeof the
building is, there could actually be an increase in energy consumption. In sucha case, the increase in energy
consumption fromdomestic buildingswouldnotbe accompaniedby reductions inother buildings.Thus, therewould
be anoverall increase inCO2e emissions,which at theminimumwouldbe as shown in table 10,with an increase in
energy consumption indomestic buildings, as shown in table9, andnochange in energy consumptionanywhere else.

Table 7.Reduction in non-residential space under thefive scenarios.

Scenario

Additional share of workers

working fromhome

Total share of workers

working fromhome Reduction in non-residential buildings space

Baseline 0% 14% No change

Scenario 1 6% 20% Office space is reduced by 23.8%

Scenario 2 11% 25% Office space is reduced by 43.7%

Scenario 3 16% 30% Office space is reduced by 63.5%

Scenario 4 26% 40% Office space is reduced by 100%Education space is reduced by 12.5%

Scenario 5 36% 50% Office space is reduced by 100%

Education space is reduced by 100%

‘Other’ representative non-residential building space is reduced by

28.3%a

a This does notmean that 28.3%of all other residential buildings are closed. Recalling howwe created the ‘Other’ building category, this type

of building acts as a ‘representative’workplace in England andWales excluding Factories, originally hosting the additional 10%ofworkers

who eventually switch to teleworking under Scenario 5, which is an unrealistic, non-sustainable scenario, only likely under extreme

circumstances, such as a national lockdown.
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5. Changes inCO2e emissions from transport

Commuting trips accounted for 14.71%of all tripsmade in England in 2019 (DfT 2020b, TableNTS0409a).
There are no equivalent data forWales, sowe assume that the share of commuting trips inWales was the same as
in England. Table 11 shows themode share and the number of commuting trips bymode in England andWales.
The car is themost usedmode of transport for commuting trips, with 67.1%of all commuting trips beingmade
by car in England in 2019 and 80.3% inWales (DfT 2020c, Table TSGB0108).10 The car is also themain
contributor toGHGemissions from commuting transport. For that reason, we assumed that all those switching
to homeworking under each scenario used to commute by car previously. This assumptionmeans that the
estimatedCO2e emissions savings from reduced commuting under each scenario are themaximum that could
be achieved and thus represent an upper bound.

Table 9.Estimated annualCO2e emissions and annual change inCO2e emissions for eachbuilding type, expressed inmillion tonnes, andCO2e
emissions change relative to total CO2e emissions fromall buildings and to total CO2e emissions fromall sources inEngland andWales.

Million tonnes of CO2e from energy consumption

Annual

change in

million

tonnes of

CO2e
b

CO2e emissions

change relative to total

CO2e emissions from

all buildings in Eng-

land andWalesc

CO2e emissions

change relative to total

CO2e emissions from

all sources in England

andWalesd

Scenario Domestic Office Education Othera Total

Scenario 1 72.1 5.4 3.5 29.5 110.5 −0.79 −0.61% −0.21%

Scenario 2 72.9 4.0 3.5 29.5 109.9 −1.46 −1.11% −0.39%

Scenario 3 73.6 2.6 3.5 29.5 109.2 −2.12 −1.62% −0.57%

Scenario 4 75.1 0.0 3.1 29.5 107.7 −3.67 −2.79% −0.98%

Scenario 5 76.6 0.0 0.0 21.1 97.7 −13.6 −10.35% −3.65%

a ‘Other’ is a ‘representative non-residential building’ as defined in the text.
b Computed relative to the baseline of 111.34million tonnes of CO2e for all buildings (table 8).
c Total CO2e emissions from all buildings, including factories: 131.43million tonnes (computed as explained in table 8 footnotes).
d Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: Own calculations as explained in the text.

Table 8.Data on absolute and relative CO2e emissions by building type in England andWales in the Baselinea.

Building type

Total gas and electricity CO2e

emissions (million tonnes of

CO2e)
CO2e emissions as%of CO2e emissions

from all buildings in England andWalesb

CO2e emissions as%of total source

CO2e emissions in England and

Walesc

Dwellings 71.2 54% 19%

Offices 7.1 5% 2%

Education 3.5 3% 1%

Otherd 29.5 22% 8%

Total 111.3 85% 30%

a Data for the Baseline are data for 2019.
b Total CO2e emissions from all buildings, including factories: 131.43million tonnes. Thesewere calculated as follows. The total energy use

by the domestic sector was obtained fromTableC1 of theConsumptionData Tables of ‘Energy consumption in theUK’ (BEIS 2021b). The
total energy use by non-residential buildings was obtained from theNon-domesticNational Energy EfficiencyData-Framework 2020:

SupportingData Tables (BEIS 2021a). Energy consumptionwas translated intoCO2e emissions using the 2019 conversion factors fromBEIS

(2019). Thesewere 0.18385 kgCO2e/kWh for natural gas and 0.2556 kgCO2e/kWh for electricity.
c Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
d ‘Other’ is a ‘representative non-residential building’ as defined in the text.

Source: As explained in the table footnotes.

10
London is an exception, because the shares of commuting trips by car and by public transport are 27% and 57%, respectively (DfT, 2020c,

Table TSGB0108).We reflect on the impact of a large share of commuting trips by public transport in section 5.1.
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Figure 2.Estimated annual change inCO2e emissions for each scenario and building type1with respect to the Baseline (inmillion
tonnes). 1 ‘Other’ is a ‘representative non-residential building’ as defined in the text. Source: table 9.

Table 10.Estimated annual CO2e emissions and annual change inCO2e emissions for buildings, expressed inmillion tonnes, andCO2e
emissions change relative to total CO2e emissions from all buildings and to total CO2e emissions from all sources in England andWales,
allowing for no building close-down.

Scenario

Million tonnes

of CO2e

Annual change in

million tonnes of

CO2e
a

CO2e emissions change relative to total

CO2e emissions from all buildings in

England andWalesb

CO2e emissions change relative to total

CO2e emissions from all sources in

England andWalesc

Scenario 1 132.3 0.89 0.68% 0.24%

Scenario 2 133.1 1.64 1.25% 0.44%

Scenario 3 133.8 2.38 1.81% 0.64%

Scenario 4 135.3 3.87 2.95% 1.04%

Scenario 5 136.8 5.36 4.08% 1.44%

a Computed relative to the baseline of 111.34million tonnes of CO2e for all buildings (table 8).
b Total CO2e emissions from all buildings, including factories: 131.43million tonnes (computed as explained in table 8 footnotes).
c Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: Own calculations as explained in the text.

Table 11.Mode share andnumber of commuting trips bymode in England andWales in the Baseline.

Car Motorcycle Bus Raila Bicycle Walk

Englandmode share 67.1% 3.9% 6.5% 12.4% 9.3% 0.8%

Walesmode share 80.3% 1.6% 4.9% 2.3% 9.5% 1.0%

Weighted average England and

Walesmode shareb
67.8% 3.8% 6.5% 11.9% 9.3% 0.8%

Weighted average England and

Wales number of trips bymodec
16,893,988 936,330 1,608,010 2,960,202 2,310,661 210,926

As a driver: 14,938,200

As a passenger: 1,955,789

a Includes national rail, underground, light railway and trams.
b Theweights usedwere the shares of people employed in England (95%) andWales (5%)with respect to the total number of employed

people in England andWales.
c In 2019, from every 85 commuting trips by car in England, 75weremade as the driver, and 10, as a passenger (DfT2020b, TableNTS0409a).
Therefore, the actual number of car trips for commuting purposes is lower than the number of people commuting by car. Since there are no

data on car occupancy forWales, we assume the samenumbers apply toWales too.

Source: (a) formode share: DfT (2020c, Table TSGB0108); (b) for number of trips bymode: these were computed as the share bymode

multiplied by the number of employed people who commute (table 3).
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Table 12 presents the number of commuting tripsmade under each scenario (using table 3 as the starting
point). Since the reduction in commuting trips is allocated to cars in each scenario, the number of commuting
trips by all othermodes remains constant, and the shares of commuting trips by car and othermodes
progressively decrease and increase, respectively. The share of commuting trips, which is 14.71% in the Baseline,
also goes down, as we assume that all non-commuting trips remain unchanged, as shown in table 13. This
assumption is later relaxed to allow for rebound effects in section 5.1.

In order to estimate the changes inCO2e emissions, both in absolute and relative terms, data on absolute and
relative CO2e emissions from selectedmodes of transport in England andWales for 2019was needed. This data
was sourced from theNational Atmospheric Emissions Inventory report, hosted by BEIS and prepared by
Thistlethwaite et al (2021). Table 14 shows the data of interest for the present study.

Table 15mirrors table 14 but focuses on commuting trips only. TheCO2e emissions from commuting trips
in England andWales in the Baselinewere estimated for eachmode of transport using equation (5):

( )= ´ ´Hct M C Hat 5j j j

where:
Hct :j CO2e emissions from commuting trips for eachmode, with j=Car,Motorcycle, Bus, Rail, Bicycle

andWalk
M :j share of commuting trips by eachmode, with j as above (table 11)
C: share of commuting trips relative to all trips (which is 14.7% in the Baseline, as shown in table 13)
Hat :j CO2e emissions from all trips for eachmode in England andWales, with j as above (table 14)

Table 12.Number of commuting trips bymode under each scenarioa.

Car as the driver Car as a passenger Motorcycle Bus Rail Bicycle Walk Total

Baseline 14,938,200 1,955,789 937,641 1,608,097 2,961,470 2,310,954 210,926 24,920,682

Scenario 1 13,400,623 1,754,481 937,641 1,608,097 2,961,470 2,310,954 210,926 23,181,798

Scenario 2 12,119,310 1,586,725 937,641 1,608,097 2,961,470 2,310,954 210,926 21,732,728

Scenario 3 10,837,996 1,418,968 937,641 1,608,097 2,961,470 2,310,954 210,926 20,283,658

Scenario 4 8,275,369 1,083,455 937,641 1,608,097 2,961,470 2,310,954 210,926 17,385,518

Scenario 5 5,712,742 747,943 937,641 1,608,097 2,961,470 2,310,954 210,926 14,487,378

a As already explained, the number of car trips for commuting purposes is lower than the number of people commuting by car. The actual

numbers of car trips needed to satisfy the demand for commuting trips by car under each scenario are those in the column entitled ‘Car as a

driver’. Bus and train occupancy assumptions are not needed, as the reduction in commuting trips is fully allocated to cars.

Source: estimated on the basis of tables 3 and 11.

Table 13. Share and number of commuting and other trips under each scenario.

Scenario Share of commuting trips Number of commuting trips Share of other trips Number of other tripsa

Baseline 14.7% 24,924,004 85.3% 144,555,218

Scenario 1 13.8% 23,185,120 86.2% 144,555,218

Scenario 2 13.1% 21,736,050 86.9% 144,555,218

Scenario 3 12.3% 20,286,980 87.7% 144,555,218

Scenario 4 10.7% 17,388,840 89.3% 144,555,218

Scenario 5 9.1% 14,490,700 90.9% 144,555,218

a The assumption of no rebound trips is relaxed in section 5.1.

Source: table 3 andDfT (2020b, TableNTS0409a).

Table 14.Data on absolute and relative CO2e emissions from selectedmodes of transport in England andWales in the Baseline.

Car Motorcycle Bus Rail Bicycle Walk

Million tonnes of CO2e 59.7 0.5 2.7 1.5 0.0 0.0

CO2e emissions as%ofCO2e domestic transport emissions in England and

Walesa
60.1% 0.5% 2.7% 1.5% 0.0% 0.0%

CO2e emissions as%of total source CO2e emissions in England andWalesb 16.0% 0.1% 0.7% 0.4% 0.0% 0.0%

a Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021). Domestic transport includes cars,

motorcycles, buses, rail11, heavy goods vehicles, light vans, other road transport, domestic aviation, domestic shipping,military aircraft and

shipping, and aircraft support vehicles (DfT 2020c, Table ENV0201/TSGB0306).
b Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: Thistlethwaite et al (2021).

11
There are no direct emissions from electric trains but the end user emissions from electric trains include the emissions resulting from the

production of the electricity used by electric trains (DfT 2020c, Table ENV0201/TSGB0306).
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The share of CO2e emissions from commuting trips for eachmode relative to total CO2e emissions from
domestic transport in England andWales in the Baselinewas computed using equation (6):

( )= ´ ´Pct M C Pat 6j j j

where:
Pct :j share of CO2e emissions from commuting trips for eachmode relative to total CO2e emissions from

domestic transport in England andWales, with j=Car,Motorcycle, Bus, Rail, Bicycle andWalk
M :j as defined for equation (5)
C: as defined for equation (5)
Pat :j share of CO2e emissions from all trips for eachmode relative to total CO2e emissions fromdomestic

transport in England andWales, with j as above (table 14)
The share of CO2e emissions from commuting trips for eachmode relative to total CO2e emissions from all

sources in England andWales in the Baselinewas computed using equation (7):

( )= ´ ´Gct M C Gat 7j j j

where:
Gct :j share of CO2e emissions from commuting trips for eachmode relative to total CO2e emissions in

England andWales, with j=Car,Motorcycle, Bus, Rail, Bicycle andWalk
M :j as defined for equation (5)
C: as defined for equation (5)
Gat :j share of CO2e emissions from all trips for eachmode relative to total CO2e emissions from all sources

in England andWales, with j as above (table 14)
As stated above, we assume that all emissions savings from commuting trips result from a reduction in the

number of commuting trips by car, with the number of commuting trips by all othermodes staying constant.
One important point for emissions savings calculations for each scenario is car occupancy. The actual number of
car trips for commuting purposes is lower than the number of people commuting by car, as shown in table 11. It
can therefore be reasonably assumed that under each scenario, car occupancy for commuting trips remains
constant at 1.13. It can also be assumed thatwhen the number of car trips is reduced, emissions are reduced in
the same proportion. Thus, combining the number of car trips for commuting purposes (assumed equal to the
number of commuting trips by car as the driver) from table 12, and theCO2e emissions from commuting trips
by car in the Baseline from table 15, the direct rule of three can be applied to estimate CO2e emissions from
commuting trips by car under each scenario. These are shown in table 16.

5.1. Rebound effects andhigh share of commuting trips by public transport
The results presented in table 16 rest on two important assumptions: there are no rebound effects, and the
dominantmode for commuting trips is the car. This section relaxes both assumptions and explores the potential
impact of doing so onfinal emissions savings.

As explained in section 2, rebound effects include telecommuters or other familymembersmaking trips that
they did notmake before telecommuting and telecommuters relocating to areas further away from theirmain
place of work, so that they end up travelling longer distances when they do commute towork. These additional
trips can erode part of the emissions savings shown in table 16. Byway of example, table 17 shows the emissions
savings thatwould be achieved if therewere rebound effects, assuming thesewere equivalent to increasing the
number of trips by car by (a) 30%and (b) 60%of the initially suppressed car trips under each scenario. These are
simply illustrations for comparison purposes: the emissions savings achieved are obviously lower than those
estimated in table 16, and they are lower the larger the rebound effects are.

Table 15.Estimates of absolute and relative CO2e emissions from commuting trips in England andWales in the Baseline.

Car Motorcycle Bus Rail Bicycle Walk Total

Million tonnes of CO2e 5.95 0.00 0.03 0.03 0.0 0.0 6.00

CO2e emissions as%ofCO2e domestic transport emissions

in England andWalesa
5.99% 0.00% 0.03% 0.03% 0.00% 0.00% 6.05%

CO2e emissions as%of total source CO2e emissions in Eng-

land andWalesb
1.60% 0.00% 0.01% 0.01% 0.00% 0.00% 1.61%

a Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021).
b Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: authors’ own calculations, using equations (5)–(7).
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Finally, an important point raised in section 2 is that if public transport and/or active transport are the
dominant commutingmode(s), then the reduction inCO2e emissions from a reduction in commuting trips will
be negligible. In an extreme, unrealistic scenario, where all commuting trips weremade bywalking or cycling,
reducing commuting trips would yield zero-emissions savings.

In another unrealistic scenario, if all commuting trips weremade by public transport, reducing commuting
trips would have a very small impact onCO2e emissions because CO2e emissions frombuses and, especially, rail,
are relatively low, as can be seen by recalling table 14.

6.Net changes inCO2e emissions fromdwellings, non-residential buildings and transport

Table 18 combines the results presented in tables 9 and 16. There are emissions savings under all scenarios.
However, these are small relative to total CO2e emissions from all sources in England andWales. Themost
plausible scenarios (Scenarios 1 to 3), which assume a share of homeworkers of 20% to 30%, yield emissions
savings of only 0.38% to 1.01% relative to total annual CO2e emissions. The extreme, unlikely scenario of 50%of
homeworkers yields amore sizeable reduction of 4.64% relative to total annual CO2e emissions.

Relative to total CO2e emissions from the transport and building sectors combined, the savings in Scenarios
1 to 3 range from0.61% to 1.63%. In Scenarios 4 and 5, the savings are 2.74% and 7.49%, respectively.

Table 16.Estimated annualCO2e emissions andannual change inCO2e emissions fromcommuting tripsby car, expressed inmillion tonnes, and
CO2eemissions change relative to totalCO2e emissions fromdomestic transport and to totalCO2e emissions fromall sources inEnglandandWales.

Scenario

Million

tonnes of

CO2e

Annual change in

million tonnes of

CO2e
a

CO2e emissions change relative to total

CO2e emissions fromdomestic trans-

port in England andWalesb

CO2e emissions change relative to

total CO2e emissions from all sources

in England andWalesc

Scenario 1 5.33 −0.61 0.62% 0.16%

Scenario 2 4.82 −1.12 1.13% 0.30%

Scenario 3 4.31 −1.63 1.64% 0.44%

Scenario 4 3.29 −2.65 2.67% 0.71%

Scenario 5 2.27 −3.67 3.70% 0.99%

a Computed relative to the baseline of 6million tonnes of CO2e for all commuting transport (table 15).
b Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021).
c Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: Own calculations as explained in the text.

Table 17.Estimated annual CO2e emissions and annual change inCO2e emissions from commuting trips by car, expressed inmillion
tonnes, andCO2e emissions change relative to total CO2e emissions fromdomestic transport and to total CO2e emissions from all sources in
England andWales allowing for rebound effects.

Rebound

effects Scenario

Million

tonnes of

CO2e

Annual change

inmillion tonnes

of CO2e
a

CO2e emissions change relative to

total CO2e emissions from

domestic transport in England

andWalesb

CO2e emissions change relative

to total CO2e emissions from all

sources in England andWalesc

Scenario 1 5.52 −0.48 −0.49% −0.13%

Scenario 2 4.98 −1.02 −1.03% −0.27%

30%d Scenario 3 4.47 −1.53 −1.55% −0.41%

Scenario 4 3.60 −2.40 −2.42% −0.64%

Scenario 5 2.58 −3.42 −3.45% −0.92%

Scenario 1 5.70 −0.30 −0.30% −0.08%

Scenario 2 5.13 −0.87 −0.88% −0.23%

60%e Scenario 3 4.62 −1.38 −1.39% −0.37%

Scenario 4 3.91 −2.09 −2.11% −0.56%

Scenario 5 2.89 −3.11 −3.14% −0.84%

a Computed relative to the baseline of 6million tonnes of CO2e for all commuting transport (table 15).
b Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021).
c Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
d The equivalent of 30%of initially suppressed trips go back to the roads.
e The equivalent of 60%of initially suppressed trips go back to the roads.

Source: Own calculations as explained in the text.
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The problemwith these results is that they rest on two unrealistic assumptions: (a) buildings not occupied by
workers any longer close down, and (b) there are no rebound trips. The assumption of non-residential buildings
closing down is unlikely tomaterialise in the real world, asmost employersmay choose to downsize rather than
close down their premises. Even if all non-residential buildings were closed down, theywould be probably
repurposed.Once converted to another use, theywould continue to contribute toCO2e emissions, as discussed
in section 4.6 and entertained in table 10. The assumption of no rebound trips is also unlikely to be verified in
practice. As explained in sections 2 and 5.1, teleworkersmaymove further away from their workplace and end
up travelling longer distances when they do commute. Also, these teleworkers or other familymembersmay
make newnon-commuting car journeys previously notmade. Examples of the potential impact of these
rebound effects are presented in table 17.

Table 19 combines the results from tables 10 and 17 and shows the results when the assumptions of buildings
closing down and no rebound trips are relaxed. As it can be seen, the net result is an increase rather than a
decrease inCO2e emissions. This increase, however, is always under 1%of total emissions fromdomestic
transport and buildings, and never above 0.6%of all emissions from all sources.

Another caveat that should be borne inmind is that we assumed all suppressed commuting trips were trips
made by car. If those switching to homeworking used amode of transport other than the car before switching to
homeworking, the reductions inCO2e emissions from reduced commutingwould be very small, as explored in
section 5.1.

In addition, as the car fleet is progressively electrified in theUK, the emissions savings from any reduced
commuting are likely to be eroded.

7. Conclusions and policy recommendations

Using data fromofficial government publications in theUK,we estimate the change inCO2e emissions that
would result from an increase in the number of homeworkers in England andWales. Around 14%of those
currently employed alreadywork fromhome or on the same grounds or buildings as their home, and they did so
pre-pandemic.We assume five different scenarios underwhich 20%, 25%, 30%, 40%and 50%of those
employedwork fromhome.

Emissions associated with commuting trips and energy consumption in workplaces would decrease, and
emissions associated with energy consumption in dwellings would increase. Assuming former workplaces
close down and there are no rebound trips, the net change would be a reduction in CO2e emissions in
England andWales. This reduction would range from 0.61% to 7.49% relative to CO2e emissions from the
transport and building sectors and from 0.38% to 4.64% relative to CO2e emissions from all sources. The
upper end of the estimates corresponds to the extreme assumption of 50% of the workforce working
fromhome.

The assumptions of former workplaces closing down permanently and no rebound trips are unrealistic.
Allowing for repurposing of buildings and rebound trips yields an increase rather than a decrease in CO2e
emissions. The increase, however, is very small and ranges from 0.18% to 0.97% relative to emissions from
the buildings and transport sectors combined and from 0.11% to 0.60% relative to emissions from all
sources.

Table 18.Change in CO2e emissions from transport and buildings under each scenario.

Scenario

Change inCO2e

emissions from

transport (million

tonnes of CO2e)

Change inCO2e

emissions from

buildings (million

tonnes of CO2e)

Total change in

CO2e emissions

(million tonnes

of CO2e)

CO2e emissions change relative

to total CO2e emissions from

domestic transport and build-

ings in England andWalesa

CO2e emissions change

relative to total CO2e

emissions from all sources

in England andWalesb

Scenario 1 −0.61 −0.79 −1.40 −0.61% −0.38%

Scenario 2 −1.12 −1.46 −2.58 −1.12% −0.69%

Scenario 3 −1.63 −2.12 −3.75 −1.63% −1.01%

Scenario 4 −2.65 −3.67 −632 −2.74% −1.70%

Scenario 5 −3.67 −13.60 −17.27 −7.49% −4.64%

a Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021) and total CO2e emissions from all

buildings, including factories: 131.43million tonnes (computed as explained in table 8).
b Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: tables 9 and 16.
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Thefindings of this study provide valuable benchmarks as policymakers attempt to learn lessons from the
COVID-19 lockdown. As discussed in section 2, working fromhome increases job satisfaction, workers’well-
being and organisational commitment andmay also increase productivity. Downsizing can potentially save
employers rent and bills. All these are good reasons tomove towards homeworking for those engaged in jobs
compatible withworking fromhome. The answer to the question of whether we can save CO2e emissions by
working fromhome (in a newnormal) is probably no. The net result is actually likely to be a small increase in
CO2e emissions. However, this increase inCO2e emissions is likely to disappear as dwellings switch from gas to
electricity for heating, in linewith the EnergyWhite Paper (BEIS 2020).

Policies such as road transport electrification, building insulation, and switching to electricity for heating
aremuchmore likely to reduceGHGemissions thanworking fromhome. Another policy that has traditionally
been perceived as the cornerstone of sustainable transport has been the increase in themode share of public
transport, as explored in section 5.1. Public transport use, however, became controversial during the
COVID-19 pandemic, with public transport users stating that theywere not intending to return to public
transport post-pandemic (Autotrader 2020), whichwould inevitably increase the number of journeys
made by car, alongwith fuel consumption andGHGemissions (Crow andMilliot 2020). This poses a new
challenge for public transport agencies and local government, but the problem falls outside the remit of the
present study.

Thefindings reported here apply to England andWales andmay not be transferable to other countries, for
the following reasons: (a)The share of jobs compatible with homeworkingmay be different, especially in
developing countries; (b)The energy generationmix, which in turn determines conversion factors to translate
energy consumption intoGHGemissions,may be different; (c)The share of gas and electricity in energy
consumptionmay be different; and (d)Themode share of commuting tripsmay be different.

What needs to be noted, however, and this applies to any country, is that (a)Working fromhome ismainly
compatible withmanagerial and/or professional occupations, and so, unless a sizeable share of the labour force
falls under that description, working fromhomemay not be viable; (b)The energymix plays an essential role in
GHGemissions, and so if electricity is produced using carbon-intensive technologies, then a change in the
energymix is likely to bemore effective than any shift to homeworking; (c)The higher the reliance of residential
and non-residential buildings on electricity and the higher the share of clean electricity, the lower the Baseline
GHGemissions from the buildings sector are likely to be; and (d)The lower the share of the car as a commuting
mode, the less likely that reduced commutingwill result in any significant reduction inGHGemissions.

Table 19.Change in CO2e emissions from transport and buildings under each scenario, allowing for no building close-down and for
rebound effects.

Rebound

effects Scenario

Change inCO2e

emissions from

buildings (mil-

lion tonnes of

CO2e)
a

Change inCO2e

emissions from

transport (mil-

lion tonnes of

CO2e)
b

Total change in

CO2e emissions

(million tonnes

of CO2e)

CO2e emissions

change relative to total

CO2e emissions from

domestic transport

and buildings in Eng-

land andWalesc

CO2e emissions

change relative to

total CO2e emis-

sions from all sour-

ces in England and

Walesd

Scenario 1 0.89 −0.48 0.41 0.18% 0.11%

Scenario 2 1.64 −1.02 0.62 0.27% 0.17%

30%d Scenario 3 2.38 −1.53 0.85 0.37% 0.23%

Scenario 4 3.87 −2.40 1.47 0.64% 0.39%

Scenario 5 5.36 −3.42 1.94 0.84% 0.52%

Scenario 1 0.89 −0.30 0.59 0.26% 0.16%

Scenario 2 1.64 −0.87 0.77 0.33% 0.21%

60%e Scenario 3 2.38 −1.38 1.00 0.43% 0.27%

Scenario 4 3.87 −2.09 1.78 0.77% 0.48%

Scenario 5 5.36 −3.11 2.25 0.97% 0.60%

a Computed relative to the baseline of 111.34million tonnes of CO2e for all buildings (table 8).
b Computed relative to the baseline of 6million tonnes of CO2e for all commuting transport (table 15).
c Total CO2e emissions fromdomestic transport: 99.26million tonnes (Thistlethwaite et al 2021) and total CO2e emissions from all

buildings, including factories: 131.43million tonnes (computed as explained in table 8).
d Total CO2e emissions from all sources: 372.55million tonnes (Thistlethwaite et al 2021).
Source: tables 10 and 17.
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