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1 Supplementary Note 1: The bottom-up
assessment of impacts in the global

energy system

The ultimate role othe energy systems is to provide energy servicestbusers to
ensure living conditions and wedking, short and lonterm economic and nen
economic activities, and the institutional environment at minitfuAssessing the
energy systerwith a bottomup perspectivéelps provide insight ithe size and
intensity ofenergy use changes. These chamnggend orthe constituents and
dynamicsof lifestyles, consumption, production, asapportingnfrastructuresSuch
bottomup assessments are relatively rare, asecilly the effects of social changes
expressed in energy demand is underrepresented in the littritutmderstanthe
kind of social, behaviail, business anihfrastructurechangeshathave been induced
by the COVIB19 pandemic and consequentiahtainment measureand whether and
to what extent these can remagrsistentyve integrate data anadditional qualitative
information about theharacteristics and responsesoftusersand businessds inform

our bottomup assessment

1.1 Approach

Our approach aim® asses the effects of the COVHDI pandemic on energy endge
sectors withsufficient detail to provide insights inform policy decisionsising
comprehensive scenaridéhe analysis assesses COXD induced changes in lifestyle,
behavior, institutional anchfrastructural environment, business models, ktc..

addition, adetailed energy model is required to model how the energy supply structure



could respond to such demand changes. To enable the modelling ehgdticed

changes on future scenarios witreattative GDP pathways, the energy systems model

needs to be coupled with a ma@oonomic model. ThimtegratedAssessmeri¥lodel

(IAM) MESSAGE«-GLOBIOM* used for this study meets thasguirements

Toreflectenergy servicedlemand and usagservation®f duringlockdownactivity in

ourenergy demanteverynarratives andonstructsubsequergxogenougnergy

demand pathways that drive théM results, we followed th@extprocedure

(illustrated inSupplementariFigure 1):

1) Data collectioncut-off date:March 202) ata subsectoral level for transp@tion

2)

industial processesandresidential and commercial use of the built environfhent

a) Collect maximum observed deviations @émandduring lockdownss well as
full-year 202@ata angrojectionsfor each endise sectofoftencompared to
the same period in 20}, Tonstructing informe@stimats of the demand shock

in 2020whereverfull-year empiricatlata was missing

b) Relate to istoricaly observed changed to further analyze the possible effects of
such rapid changes in these ars# sectorssuch as identifyingubsector share

(e.g. separate industrial processe®)modal splitchangegin transport)

Identify the maindrivers(first-order effectsithin each of the three considered

sectors

a) Review lterature orsocietalimpacts of theCOVID-19 pandemic omrivateand

businesactivities and their potential for loatermpersistence

! In addition to quantitative datppssible further teleworking effecase also informed by previonsn
COVID-19 studies orteleworking



b) Constructa qualitativeimpact analysisusefulfor comparing thelegree of

changeacrosdifferentsectoradimensions

3) Quantify alternativepostpandemicscenariosising the main drivers identified
using the qualitative analydisr validaing the outcomesvith thedifferent

narratives

a) Consideregionalheterogeneityf themain assumptianin each recovery

pathway

b) Ensure internalansistencysecondorder effectspcross théhreeenduse
sectorsand their suksectordn terms of(inter-) sectorakchange®n the medium
term (until 2025)in activity, energy intensitynd energy demandnd ensure

complementarity

4) Prepare the020outcomes andrecoverytrajectoriesasexogenous input
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SupplementariFigure 2 illustratesthe methodological stegisom inputsto outputs The
bottomup assessment of the 2020 demand and the construction of exogeeous
demandSections 2, 3, 4) and GDP (Sectiormpéjhwaysserve as input fahe
MESSAGE-GLOBIOM framework. RunninglESSAGE-GLOBIOM coupled with

MACRO then eventually produces the rigg scenarios discusséadthis study
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(model inputs) model)
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Supplementary Figur2 Overviewof theoverallresearch approach used for this study, including bettpm
assessmemf the COVID-19 impacts on energy demand on thellefedto theintegrated assessment model

scenarios on the right.

1.2 Model region definitions

Depending on thavailability and reliability of datawe discusgach section at the
relevant level of spatial aggregatjdor either 2, 5, or 11 regions of tg®bal model

(adapted from model documentatfipn

Aggregationto the 11-region level

Sub-Saharan Africa (AFR): Angola, Benin, Botswana, British Indian Ocean Territory,
Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad,
Comoros, Cote d'lvoire, Congo, Djibouti, Equatorial Guinea, Eritrea, EthiopianGab
Gambia, Ghana, Guinea, GuirBessau, Kenya, Lesotho, Liberia, Madagascar, Malawi,

Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Reunion, Rwanda,
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Sao Tome and Principe, Senegal, Seychelles, Sierra Leone, Somalia, South Africa, Saint

Helena, Swaziland, Tanzania, Togo, Uganda, Zaire, Zambia, Zimbabwe

Centrally planned Asia/China (CPA): Cambodia, China (incl. Hong Kong), Korea
(DPR), Laos (PDR), Mongolia, Viet Nam

Eastern Europe (EEU) Albania, Bosnia and Herzegovina, Bulgaria, Ciaafizech
Republic, Estonia, The former Yugoslav Rep. of Macedonia, Latvia, Lithuania,
Hungary, Poland, Romania, Slovak Republic, Slovenia, Yugoslavia

Former Soviet Union (FSU) Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan,
Kyrgyzstan, Republic of Madlova, Russian Federation, Tajikistan, Turkmenistan,

Ukraine, Uzbekistan (the Baltic republics are in the Central and Eastern Europe region)

Latin America (LA M): Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize,
Bermuda, Bolivia, Brazil, Chile, Gombia, Costa Rica, Cuba, Dominica, Dominican
Republic, Ecuador, El Salvador, French Guyana, Grenada, Guadeloupe, Guatemala,
Guyana, Haiti, Honduras, Jamaica, Martinique, Mexico, Netherlands Antilles,
Nicaragua, Panama, Paraguay, Peru, Saint Kitts and N&amta Lucia, Saint Vincent

and the Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela)

North Africa and Middle East (MEA) : Algeria, Bahrain, Egypt (Arab Republic), Iraq,
Iran (Islamic Republic), Israel, Jordan, Kuwait, Lebanon, Libya/SPMa#pcco,
Oman, Qatar, Saudi Arabia, Sudan, Syria (Arab Republic), Tunisia, United Arab

Emirates, Yemen

North America (NAM) : Canada, Guam, Puerto Rico, United States of America, Virgin

Islands
Japan, Australia, New Zealand(PAO): Australia, Japan, New Zkad

Pacific Asia (PAS) American Samoa, Brunei Darussalam, Fiji, French Polynesia,
Gilbert-Kiribati, Indonesia, Malaysia, Myanmar, New Caledonia, Papua, New Guinea,
Philippines, Republic of Korea, Singapore, Solomon Islands, Taiwan (China), Thailand,
Tonga, Vanuatu, Western Samoa

South Asia (SAS) Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan,
Sri Lanka

Western Europe (WEU) Andorra, Austria, Azores, Belgium, Canary Islands, Channel

Islands, Cyprus, Denmark, Faeroe Islands, Finlarahce, Germany, Gibraltar, Greece,
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Greenland, Iceland, Ireland, Isle of Man, Italy, Liechtenstein, Luxembourg, Madeira,
Malta, Monaco, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey,
United Kingdom

Agdregation to the 5-reqgion level

OECD90+EU: Countries that were OECD members in 1990, i.e. countries that make up
theWestern Europe North America andPacific OECD regions.

REF: Countries ofCentral and Eastern Europeand theFormer Soviet Union

undergoing economic reform.

ASIA: This region includes the Asian countries that make u@tuth Asia Centrally
planned Asia and ChinaandOther Pacific Asiaregions.

MAF : This region includes the African and Middle Eastern countries that make up the

Sub-Saharan Africa andMiddle East and North Africa regions.

LAM : This region is the same as thatin America and the Caribbeanregion in

aggregation on the 11 region level.

Aggregation on the 2region level

Global North = Industrialzed countries, i.ecountries that make up ti@ECD 90and

Reforming Economiesregions.

Global South = Developing countries, i.e. countries that make upMtaklle East and
Africa, Asia andLatin America and the Caribbeanregions.



2 Supplementary Note 2: Transport

2.1 Data collection for the base year and for 2020

demand shock

We usedEA’s ETP 201Mat& on transport modess starting point testimatethe
shock from the COVIBL9 crisis in 2020This historicaldataset incluesnationatlevel
dataon activity in both passengéilometersand tome-kilometersandenergy
consumption fopassengeandfreighttransport modesd/Ne used this dataset to
calibrate thd@ransport share® thebase year2019in this casethelastyearbefore the

pandemic started

For the EU28 areamoredetaileddata is availabléor many energaeconomy
environment indicators from the Joint Research Cdntegrated Database of the
European Energ@ystemi. We, for instanceutilize thespecific shares of different
transport modes in the&airopearcountrieg(such as distinction between international
and intraEU aviation)together with observed activity level reductigfrem the 2020
demand shock analysi®) estimate the energy effecttbfs regionand obtain
qualitative insightgsee Section 2.2.2)Ve aimed to estimate tlmembinedmpacts
from the generalkeconomiacdownturnandstructural and behavioral changetating to
changes iractivity levels distinguishing differentiated impacts across regions.
Resulting from both changes in activity (passergl®meterand tome-kilometer) and
structure (modal shares), walculatel energy impacts in 202bat are subsequently
aggregated to the drkgionalaggregation in the model formulation ESSAGEix
GLOBIOM. Then these 2020 energy values were used to recaliMB®SAGEIix

GLOBIOM with its coupling to the macroeconazmmodel MACRG.
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With that in mind, we undertoak bottomup approach to estimate the impacthad
COVID-19 crisis ormobility in 2020without accounting for the indirect effects of the
GDPreductionsThis approachwaschoserbecause theharp decrease in transport
activity in 2020hasbeenmainly drivenby the lockdown restrictionsvhich imposed a

closeto-total halting of mobility for noressential servic&s,

We assumd ademand shock intensity whieims torepresena middleground inthe
available literaturevhereverfull-year 2020 data was not availabléheremultiple
estimate®r scenarioslepending owlifferentfuture plausible developments of the
COVID-19 pandemiavere availablewe bok the averagenf estimats. We analyed
shocksacrossall elevenregiors for the each of the followingndividual transport

modes: rail, cars and\&heelers, public transport (bus, tram and metro), aviation
(domestic and international) and Rowtorized transport for passengers; and rail, road,

international shipping ahaviation for freight

Our gualitative and quantitatiassumptionarebased on both peeeviewedarticles
and grey literaturérom both national and international organizations. Especially
informative were studies that report empirical data for bating (first wave of global
high of infections in the countries studied, approximately Madely) andafter(for
countries which saw decreased rates of new infections inJiuyehe lockdown
periods as well as thos@acludingdata for the wholgear 2020  which allowedusto
capture possible rebounds in activity for certain transport mtdt&smagnitude and

recoveryspeed

Whenjust 2020recoveryprojections for the second half of the yeaareavailable we
selectedhe shocksrepresentinghte recoveryscenarios fronow-endW-shaped
projections or in other wordgrojections thataptued multiple waves of infections

where applicable~or the transport subsectdos which no 2020 projectionsr
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empirical datavereavailable we estimated atvity reductionsbased orother platforms

providing with mobility estimates, such as Apple Mobfliand Google Analytic$.

Finally, wegaheredsubsectoral activity eductionsandextrapolatedur assumptions
to match the spatial resolution ESSAGEixGLOBIOM, to thencalculatethe

aggregated effect on global transport demargD20

2.1.1 Formulation of the COVID-19 direct shock in

2020

This analysis of the year 2020 culminates in assumvagueY f ; representingthe
yearon-yearrelativereductionof transport activitcompared to 2019 levels for each of
thetransportmodesand regiongboth forpassenger mobility and freigttansport)
consideredFollowing Equation 2.1aggregate@020values for each node and type

Yy -) are obtained, which serve as the inputdM&SSAGEixGLOBIOM:
y oo Yir P YRr p  JERO 2.1)

Where:

& FEhd indexes fothe setdviodes NodesandTypes?, respectively.
Ty is theaggregate@o activity variationcompared to 2019 levels.
1 “Ymodal sharef transport subsectons 2019

1 ¥Y: % variationin sub/sectorahctivity in 2020compared to 2019 (in % of

pkm/tkm).

2 TransportsetTypes accounts fopassenger mobilitymeasured in pkmandfreight transpor{tkm).
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2.1.2 Outcome of the 2020 analysis

The quantitative outcome of the 2020 analysshown inSupplementaryables 1 and
2. The valuesvere initially estimated foi7 of the MESSAGEixGLOBIOM regions
(seeSupplementary Table),li.e. the regions witBufficient availablelata for reliable

estimats, from refs’.

We then aggregated the ssictoral valueghat will be described hereafteénto usdul
energyand extrapolated the same assumptions to the remaining 4 regions where activity
data was missing. This was dameder the assumption thatonomic and structural

similaritiesexplain similar effect on modal shares changes

 WEU was used as referee for EEU and MEA.
1 SAS was used as reference for PAS.

T NAM was used as reference for PAO.

Supplementary dblel. Estimatedmpacts on transport activity B020compared to 201%yith subsectoral activity

impacts based oan assessment of the availalileratureasdescribed in the text

Estimated activity reductions in 2020
Type Mode R11_ AFRR11 CPAR11 FSUWR11 LAMR11 NAM R11_SA$R11_WEL
Rail -20% -18% -20% -20% -25% -25% -25%
Cars/2 wheelers -23% -17% -13% -10% -18% -21% -20%
Buses, Tram and
Passenger -32% -23% -26% -13% -36% -29% -30%
Metro
Aviation -34%
— - -54% -39% -54% -49% -18% -39%

Aviation (int.) -62%
Rail -10%

. Road -15%

Freight - ,

9 Air Cargo (int.) %

Shipping (Int.) -9%

List of sources and description of the assumptions made to estimate 2020rvalues

Supplementary Table 1

9 Passenger transport
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- By the end of Marcl202Q global road transport activity was almos#adwer
than 2019 levelaccordingto IEA, with countriesn lockdowns experiencing
peak reductionsf 75 % However, during the second half of the yeaad
transport activityexperienced atrongrebound, mainly fromincrease in private
vehicle usge'?. We usedheseanalyss in combination withdata provided by
Apple Mobility® and Google Analytic$ to capture theeboundrrendsof
disaggregatedobad transport activitycomparingoublic transportvith cars & 2
wheelers mapping nationalkevd data to the 11 MESSAGEix regigns
correlatingthe decreased privatewith public modesusingJanuary 202@s
referencendex. Estimatedalues across regions weakso checked with global
oil demand forecast$

- Regional impacts on passenger aviation activity (aggregated values including
both domestic andhternational) was retrieved from ICA#®. Furthermore,
availability of European data for historicatiaity ” and 2020 estimat&s-®1/for
both internationahnd domestic aviation made possible to estimate the 2020
shock for both categories, as reflecte@upplementarydblel.

- Data forrail was obtained from nationlickdown estimatég'°and used as
referencdor the 2020 estimations

1 Freight transport: freight transport values were assumed tglobal due to the
interdependencef theimpacts across regions from international shipping

(consequenthalsonegatively impactingoad and ra)land, to a lesser degree,

internationalviationanddueto thelack of detailed reliable dat@r road and rail

data inmany parts of the world

- International freight shipping is accounted globally\MESSAGEix

GLOBIOM. For this studyve used theestimate from WTQaccording to which

12



the worldé merchandise trade volume is forecast toga1% in 2022122
having analyzed in parallel the impact in Chirfés@d American porté. Intra-
EU shippingfrom Jint Research Centewasalsoincludedunder this category
- I ndian Rail ways & dntianraicardo attiitawas 8ipgeged % o f t h
off by thenationallockdowr?®. This has beeunsed a as peak reference for
estimating a 2020alue aso accounting loss due tthe expectedecrease in
global tradé®?1222¢,
- Road freight estimate was used as an average value between thegrealse
in activity captured bysermany suckttoll-mileageindex, which waslown by
15 % on April compared to pgeandemic levefé, and 2019 level©verall,
with revisited datdor the whole 2020, thaverageeductioncompared to

2019s i ndex was | ess than 5 %.

The value fointernatioral air cargo activityeven though reaching a Igveak of 16 %
reduction ininternationalactivity (tkm) in March 202 (stringent lockdowns
worldwide), a quick recovery anthe operation®f reconverted passenger aircrdéis
freighttrangortled to an actual overall increase in air cargo activity of c5earon-
year with 201%. The aggregated values for all regionsigefulenergyare shown in

Supplementary Table 2
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Supplementary dble2. Regionally ggregatedotal useful energy change 2029 compared to 2019. Regions

follow thespatial resolutiomf MESSAGEixGLOBIOM.

Region 20192020(YoY)hange in
useful energyfor transport

AFR -19%

CPA -17%

EEU -22%

FSU -14%

LAM -14%

MEA -22%

NAM -16%

PAO -16%

PAS -21%

SAS -21%

WEU -22%

2.2 Recovery elements (drivers) considered in the

analysis for the transport sector

Following the approach specifi@a Supplementarfigure 1in Sectionl, we perform
an extended literature and data reviewdetermine alternate plausible transport
recovery pathways for transpowe use five combinations oflistinctdriversthat

translate thescenario narratives intifferent transport pathways

Mass international tourisimHealth concerns andternational travel restrictiorisave
led to unprecedented reductiongriternational tousm, and thus a reductiasf
especially aviationwhich makes u®b8 % of international travel for tourism, with road
transport accounting for a 38 mode shar&. Appetite fordomestic tourism has

increasedn several case®uring thepostpandemiaecovery policies could be
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implemented to promot@omestic tourism stimulated over international tourigm
avoidenergy intensive tourism (aviatioddditionally, this would allow for easier
stimulation ofthe useof low-carbonmodes of transpofor tourism, includingail and

long-haulcoades

Commuting levelPartial or full teleworking rateis certain sectors of the workforce
have sharply increased during the pandefttiese experiences have led to the
increasing recognition that in many parts of the walath teleworking could
reasonably be retained after the pandemic. Possitidyes oemployers and employees
might preferincreased or retained levelworking fran home havingthe potential to
increase avork-life balance Therelationship between teleworking and average levels
of passenger transportation is highly unceffaiznd can hae a wide range of effects
explored through our scenaridbretained orstimulated home officecouldlead to
strondy reducedransporineeds for commutingnd consequentlpwer energy

demand

International corporate travelSimilarly, increasedligitalization and subsequent
learningduring the pandemigspeciallythe use of international teleconferenctogls)

has the potential tdrastically reducénternational corporate travel

Online retailing During the pandemifwhere peoplespendmore time at home)nline
retailing has spiked across almost all varieties of gdé#isThis hasnevitablycome
with increagd roadfreight activity for their digibution®*3* and thus increased
emissionsand pollutionIf retainedoy keepingdigitalizationlevelsas during the
pandemigpolicies that lead tless fastconcentrating package deliveries daod

penaliz returnswould be needed to counterbalance that increase.

Use ofpublic transport(mass trans)t The use opublic transportvas severely affected

during thelockdown with measureso reduce infection risktill beingenforced
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widely®®. A complicating factohinderingthe recoveryof public transport utilization
maythusbethe higher actual and perceived health risks in such means of transport
where social distancing and other health measures cansotbtessfullymplemented
Reduced occupanawtecould be enforcetly public transport providersrtheycould
result from higher aversion due to perceived health risksalrglersThis leads to the
possibility d privatetransport (e.gcar usé substituing some of the travel needs

previously met byublic transportas was for instance observed in China

Activemodesand micro mobility The environmental impacf tough lockdowns at the
early stages of the pandemic was pronoutfcédEspecially widespread reduced road
transport has letb lower NO, andPM2.5 levels in many citiegcross continentd43,

The experiences of reduced traffic congestieducel air and noisgollution, more
public space on the streetsidconcurrensimultaneousevivedsurges of individual
activemodes Walking, cycling, smalwheeledransporthas the potential to lead &
persistent moveowards more noemotorized transport for instance for commuting and
sports.If suchbehavioral changeturing the lockdown would thus be supporteyfor
instanceprice incentives or improved irdstructurethey couldplay a role in reducing

the per capita transport energy demand

2.2.1 Narratives along key drivers

After identifying a set of key drivers for thieansport sectorye create 3 different
transport recovery narratives tlae consistent with the overarchingrratives (smart
use self-relianceandgreenpushscenariosand interact with the rest of the system
within each scenari@.ogether, theskey drivers, as presemtén Supplementary Table

3 allow for systematicallyassessingossible canbinationsthat help explore thpost
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pandemic uncertainty in recovery along the dimensions efioatetw normality as well

as the dimension of engenousexogenous drivers

17



Supplementary dble3. Overview ofkey qualitativedriversfor the transport sector thethreedifferentnarratives

Element

Smart Use

SelfReliance

Green Push

Mass international
tourism

Reducedre-discover of
domesticdourism

Back to original levels

Tourismredwced
internationallyand
substitutedy low-
carbon modes when
domesitc

Commuting level

Reducedpartial
teleworking increased
due toexperiencesf a
betterwork-life balance
benefits and still high
productiveneslevels

Back to original levels
partial teleworking is
marginally adoptedand
offices adopt a central
role as before the
pandemic

Reducedpartial
teleworking increased
due to discovery of
better workinglife
balane benefits and stil
high productivenes
levels

International
corporate travel

Reducedpart of the
trips substituted by
video conferencing
during the pandemic
persists

Back to original levels

Sharply reduced
substituted by video
conferencing,
discouraged through
corporatepolicies

Online retailing

Increasedadoption
leads to net increase in
road freight activity

Lower increaséhanin
rest ofscenariosmost
of the shopping
practices back to
original levels

Increasedadoption
leads to net increase in
road freight activity.
Also, international
shipping increasedue
to higher international
cooperatioradopted
during thepandemic

Use ofpublic
transport (mass
transit)

Reducedsomeshort
distancerips replaced
by normotorized
transport. Also,
negatively affected by
teleworking.

Sharply reducedhealth
concerns remain leadin
to avoidmass transit
when possible
affordable leading to
increase of private car
usage to commute

Increasedpeople are
incentivizedto use
public transporthrough
policies(such agar-free
ZOnes in city cente)s

Active modesand
micromobility

Increaseal: Levels of

usage during pandemic

retained, driven by

increased health benefit
and perceived reductior

of pollution levels

Back tooriginal levels

Sharp increasefrom
high investment in
infrastructureogether
with disincentivizing
use of private cars.

18



2.2.2 Qualitative analysis

With these drivers at hand, we recognize that the response will hotliegeneous
across regions. Hence, wisaggregate the narrativehen quantifying the response in
two roughglobalregions(Global North and Global Soutfgr which it is possible to
identify distinct response$§Ve translate these drivers into quantitative estimates
required as model input Biyst doing a qualitative analysie understand thele they
play in potentialpermanent structural changes after the pandémsing as atarting

point thesocietalbehaviorchangesind concerns during the lockdownsearly 2020)

We chose a&olor scalegoingfrom red to greeto illustratively representlecreases or
increasesn energy service levelsespectivelycompared t@rojected levels at a point
after the pandemi@ssuming that yellow impléno variation) Tablesin Sections
2.2.2.1 and 2.2.2 grovidean overview andhsightsto understand which transport
factors(based orthe mobility restrictions andehavioal change®f society listed
previously have a higher or lower potentialdeepersistenthanges compardd pre
pandemic levelsSimultaneously, it illustrates the subsectaith largeuncertainty and
maneuveringpace, and thus identifies tkey point of the system where different
societal and policy action can have the most efféicice tlanges in raritime passenger
transportare a verysmall sharef total activity levelsthe effects of these narratives

were notquantifiedin this analysis
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2.2.2.1 Qualitative outcome: Passenger Transport

Supplemerdary Table4. Detailed gialitativesub-sectorabassengeiransportanalysis for the Global NortiThe edyellow-greenscaleillustratively represemstdecreasefed)or increaseggreen)in energy service
levelsascompared t@reviouslyprojected levels (yellow implgno change from thexpected structure without a pandemic

Passenger transport (Global North)

Self-Reliance Green Push
Impact on . . ) Impact on . . . Impact on
p. . Narrative behind structural and behavioral P Iy Narrative behind structural and behavioral p. . . . .
Mode activity activity activity Narrative behind structural and behavioral changes
changes changes
levels levels levels
Reduced commuting levels during pandemic S . )
. 9 9p . Individualism becomes dominant, both at natio
retained (part of work from home remains, . L . . L
. . level and between single individuals. Also, Reduced commuting by rail (part of work from home remains) is offs¢
corporate travel reduced), slightly replacing r . . L
. . o concerns about future pandemics and pathog the takeover of private-car commuting in suburban areas, due to po
Rail transport. Decrease in commuting is offset b

increase in usage for domestic tourism (peog
stay closer to countries of origin after the
pandemic).

propagations remains. This results in a decre
of overall public transport, and in an increase
private ownership of cars.

instruments. Also, high-speed rail is supported by public spending
competing with short-distance flights.

Cars, 2-wheeler

12}

Reduced commuting has a larger impact in pri
car use, since people in urban areas want t
retain observedenefits in air pollution
substituting some trips with non-motorized
transport.

For the health risks mentioned above, the sh
away from public transport implies a direct
increase in private cars.

Overall commuting decrease (part of work from home remains)toget
with disincentives (car-free zones in city centers are implemented a
shared mobility is supported in most of the biggest cities) have a
considerable effect in private car use, resulting in dwellers shifting tow
public transport and active mobility, to retain and even improve the ¢
quality levels reached during the pandemic.

Buses, Tram
and Metro

Due to same reasons of rail, yet the impact of
behavioural change is felt more since buses 4
metro/tram trips can be more easily replaced

non-motorized transport (shorter trips on
average compared to rail).

Due to same reasons of rail, yet the decreasg
especially noticeable in small and congeste
means such as buses and metro/tram.

As in rail, the reduction of usual public transport commuters (part g
telework remains) is offset due to incentives and policy instruments (u
mass transit absorbs a share of the private-car activity).

Aviation

Aviation (int.)

Mass international toursism will not fully
recovery to pre-pandemic levels, in part becal

of increase in domestic tourism by other
transport means.

Aviation bounces back to pre-pandemic levels
growth, both domestic and international, bein

attractive in spite of the percieved health risk{

Mass international toursism will not recover to pre-pandemic levels. \|
climate activism being strongly present, carbon-intensive domestic av|
is even more affected than international due to disincentives and cond
on bailouts, facing increased competition with a largely improved hig

speed rail network.

Non-motorized
transport

Walking and cycling surge as means for shq
distance trips. However, development is regid
dependent, reliant on infrastructure availabilit]

and commuting distance.

Spike in non-motorized transport during the
pandemic is not retained since air pollution i
secondary compared to percieved health risK
Non-motorized transport retakes the role it hg

before the pandemic.

Walking and cycling surge as means for short-distance trips, support
investments in infrastructure and car-free zones in cities. Howeve
development is region-dependent, reliant on terrain and commuting

distance.
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Supplementaryrable5. Detailed gialitativesub-sectorabassengetransportanalysis for the Glob&outh The ed-yellow-greenscaleillustratively represestdecrease@ed)or increaseggreen)in energy service
levelsascompared t@reviouslyprojected levels (yellow implgno change from the expected structure without a pangemic

Passenger transport (Global South)

Self-Reliance Green Push
Impact on . . . Impact on . . . Impact on . . .
P L Narrative behind structural and behavioral P - Narrative behind structural and behavioral P i Narrative behind structural and behavioral
Mode activity activity activity
changes changes changes
levels levels levels
Reduced commuting (part of work from hom
remains), but to less extent than in develope
Same reasons as in developed economies. T countries due to the lower degree of
Rail Public trasport more affected than private cai impact is lower due to lower income level tha| digitalisation. On the other hand, rail intakes tr

usage due to health-related concerns.

allow flexibility to shift towards less affordablg
private alternatives to public transport.

that were previously made by private cars ar
planes, since high-speed rail also replaces mqg
the short-haul flights supported by the policy
packages.

Cars/2 wheelers

Less degree of digitalization in households thg
Global North. More workforce is reliant on
commuting to work consequently leading to
lower negative impact on private car use
compared to developed economies.

The mode shift from public to private means

transport results in a lower % increase compa|

to developed economies due to lower incom
levels.

Overall commuting decrease (part of work frg
home remains)together with disincentives (cg
free zones in city centers are implemented ar
shared mobility is supported in most of the
biggest cities) have a considerable effect in
private car use, resulting in dwellers shifting
towards public transport and active mobility,
retain and even improve the air quality levels
reached during the pandemic.

Buses, Tram

Public trasport more affected than private cai
usage due to health-related concerns. There is
significant mode shift from buses tram/metro

Lower % decrease compared to Global Nort

Metro and road public transport activity level
increase, in spite of rise of non-motorized
transport, compensating the reduction (in

non-motorized transport since it was alread same assumption as in rail. .
and Metro . . P . ) p absolute terms) from the private car use,
being substantially used before the pandemid] : . :
. . supported by incentives in urban areas.
most of the developing economies.
Aviation

Aviation (int.)

Aviation decreases similarily as in develope

economies.

Aviation bounces back to pre-pandemic levels

growth, both domestic and international, bein
attractive in spite of the percieved health risk

Following similar trajectory compared to
developed economies.

Non-motorized
transport

It incresaes, yet not as much as in % terms a

developed economies. Non-motorized transp

was already more present in these economig
before the pandemic.

Spike in non-motorized transport during thel
pandemic is not retained since air pollution i
secondary compared to percieved health risK
Non-motorized transport retakes the role it hg

before the pandemic.

Walking and cycling surge as means for sho
distance trips, supported by investments in
infrastructure and car-free zones in cities.

However, development is region-dependent|
reliant on terrain and commuting distance.
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2.2.2.2 Qualitative outcome: Freight Transport

Supplementaryfable6. Detailed galitativesub-sectoral freight transpoanalysis for the Global NortfThe edyellow-greenscaleillustratively represeistdecreasefed)or increaseggreen)in energy service
levelsascompared t@reviouslyprojected levels (yellow impl&no change from the expected structure without a pandemic

Freight transport (Global North)

Self-Reliance

Green Push

Impact on . . . Impact on . . . Impact on . . .
p- . Narrative behind structural and behaviorg p. . Narrative behind structural and behaviora p- . Narrative behind structural and behaviorg
Mode activity activity activity
changes changes changes
levels levels levels

Shipping (int.)

Rail

Road

Air Cargo

resources due to international and nation
solidarity as a result of the pandemic wou

Overall, a cooperative recovery sharing

impact positively global trade. Also,
dominance of online retail will also

consequently increase the road freight
activity.

Overall, an individualist, less cooperativ{

future would reduce the number of share
resources, inevitably increasing carbon

intensive domestic freight activity of most
the subsectors. Less carbon intensive glo

trade would be affected negatively.

Global trade positively affected as in Sma
Use. Carbon-intesive heavy-duty road
transport is regulated more effectively,

leading to slight reduction of activity. Air

cargo impacts are lager than in Smart U

since air cargo capacity is affected by
reductions on passenger flights.

Supplementaryrable?7. Detailed aialitativesub-sectoral freight transpoanalysis for the Glob&@outh The redyellow-greenscaleillustratively represestdecrease@ed)or increaseggreen)in energy service
levelsascompared t@reviouslyprojected levels (yellow implgéno change from thex@ected structure without a pandejnic

Freight transport (Global South)

Self-Reliance

Green Push

Impact on . . . Impact on . . . Impact on . . .
p. . Narrative behind structural and behaviora p. . Narrative behind structural and behaviora p' . Narrative behind structural and behaviora
Mode activity activity activity
changes changes changes
levels levels levels

Shipping (int.)

Rail

Road

Air Cargo

Overall, a cooperative recovery sharing
resources due to international and nation

Overall, an individualist, less cooperativg

solidarity as a result of the pandemic wou

future would reduce the number of share
resources, inevitably increasing carbon

impact positively global trade. A lower
adoption of online retailing (due to lower

intensive domestic freight activity of most
the subsectors. Less carbon intensive glo

digitalization) leaves unchanged rail and rg

freight levels compared to projections.

trade would be affected negatively.

Global trade positively affected as in Smd
Use. Carbon-intesive heavy-duty road
transport is regulated more effectively,
leading to slight reduction of activity. Air
cargo impacts are lager than in Smart Ug
since air cargo capacity is affected by
reductions on passenger flights.
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2.3 Cumulative impact in post-pandemic

recoveries on useful energy demand

Thecombinedmpacton energy use resulting frotine globalGDP changeand

structural changes in the energy systerter alternative pogbandemiaecoveryis

given ly:

YO . 00 0000 Op Y 3 O YipOp V¥ e VERT (22

h hhh

Where:

& FEF iy indexes fothe setdviodes Nodes Scenariosaind Types, respectively
YO :transport useful energyQo &w |

1 OO :original energy intensity in SSP2———————

f "O00 :original GDP at Market Exchange Rates in SSBZY"YO Twi

Y :GDP impact from COVIBL9 pamemic [p ]

1 T :income elasticity ofransport useful demand

1 “Ymodal sharef transport subsectons 2019

Ty : structural and behavioral impact from COVID pandemich

The income elasticity of useful demand is calculated from the average of the projection
between 2020 and 2025 of the S$R2elineSSP2 serveasthereference scenarior

this studybecause it is designed to extend historical trends
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Therefore, the values resulting from the term Y 3 represent the impact
of the estimated GDP shock on useful enefdpe differentresultingmagnitudes
representingpoth the GDP impacts and teeuctural obehavioraimpactscan be seen

in Supplementarfigures4 and5 in Supplementary Notg.

2.3.1 Structural and behavioral changes triggered by

the pandemic

To quantifystructural and behavioral chang@sder each of the different pgsandemic
recovery narrative@ummarizediescription irmain manuscripthhat matchthe scale of
the qualitative analysis performedSection 2.2.2we focusean surveysthatcaptue
thepotential for maintained structdr@nd behavioral changesd that identifyshares of
the population that changed thkabitsandlifestyles during thepandemicEmpirical
data fromand 2020 estimasefromSection 2.1.2Zerve as theeferencgoint The next
sections provide detailed description and references by transport etk

introducing the impacts of teleworking

2.3.1.1 The impacts of teleworking

Teleworkingis found to have the potentia reduceactivity levels acrosall transport
subsectorslue to reducedommuting across athodesof transportatiot?*. Studies

about workforce habits during the pandemic (first half of 2020) and studies informing
whatshares of the workforasould potentiallyremain practicing teleworking (at least

two days a week) in the near futuvere consulted, separating foffdrent regions of

3 Whereincomeis GDP per capital) SDxoodcapitalyr]
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the world where possible (eventually grouped into Global North and Global South for

this case study).

Levelsof teleworking as a result from the pandeimisbeen reportetb be abou87%

for the EU®. In the US, Global Workplace Analytics projects that up to 30% of workers
couldstill beteleworkingmultiple days per weeky 2022°. In addition, an IEA
analysisbased on work from the International Labour Organization (lioOhd a

strong correlatiometweenGDP per capitéevels andheteleworkng potentialat

national scalevith differentiated energy implicatiots*® which we take into account in

our analysis

These possible impacts have been combined with information on average commute
distan@ and times in developed countffe8-°®* to quantify the impacts on public and

private transport activitie$or each of the scenario narratives of this study.

2.3.1.2 Passenger transport

2.3.1.2.1 Road private transport

Postpandemic shock and recovery for road passenger transport is assessstdn the
interactions that botperceived health riska public transport and thegopreciation of
air pollution reductions could have on transport demand shiftgsmed by two surveys
conducted during lockdowf?. For carusage we collect data for badaring and

after strictlockdowns' %, reports of permanent structural changes that may remain i
the midtermused in the qualitative analysiBhis datawascombinedwith the

qualitativescenario description twonstruct quantifications afe different narratives.

The potential for a rebound and increase in higher activigglfrrelianceis basel on
examplesn Chinaand the US. For China surveyof 1620respondents showed thihe

share of journeys made by bus and metashalved whileprivate camuseand sales
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increasetp. In the UScar usagdounced back tdanuary 202@aluesalready in Jurie
For theGlobal Southwe assumed lower potential to shift tgrivate car use and thus a
less pronounced shift towards increasgab by car ueto the lower affordability

levels and car ownership)

Global Northestimates fogreenpushusedata fromUK Transport Statistid§“4about
travel habitsas a reference pointhis datgrovidesshares for different transport modes
by trips distanceand purpose of tripdVe then appliedoefficientsof what wesee as
thelargestfeasiblepersistenteductiongbased orhomeoffice levels before the
pandemic andts potential after the pandemi&nd mode shift to public and non
motorized transporseeSection 2.3.1.)1 This resultsn eventuakbssumptionsf
reductiongn commuting(-35%),shopping(-30%),and leisurg-20%), whereas the
share otrips for other reasonmemainsunchangedOn aggregataye estimatea-20%
persistenthange For theGlobal Southdue to lower capacities for rematerking, we

assumeda slightly smaller changel5%.

Supplementary dble8. Assumptions omprivate cars and-&heelersactivity levek for eachrecovery scenarjdor

the Global North and Global South. Values are changewpared toeferenceSSP2 projection in 2025

Self-Reliance Green Push
Global North -10% 15% -20%

Global South -5% 10% -15%

Forsmartuse in which we assumpredominantly bottorup learning and no additional
supporting infrastructures from governmgnte assume the relative change to be half
that ofgreen pushwhich especially lowers the potential for increased public transport,

while nonmotorized travel #t increases.
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2.3.1.2.2 Ralil

For smartuse slightly reduceccommuting levelsvhich would decrease activijtgre
mostly offset byanincrease in domestiouriam. In effect we assume neariation
compared to reference projectidns2025 In the Global South,the net impact on the
rail activity is assumed to beegative due to the lack of extensred networksthat

couldfacilitate increasedomestic tourism

For agreenpushscenarigwhile increased teleworking would reduce the number of
trips (and passengergtance travellegdwe assume that a significastiareof the
recovery does not rebounddoo | d n o r ma privategabtrips, leutratheisto o f
bus, tram, and metiio urban anduburban areg80% of avoided private car tripgue
to policiesinstrumentslisincentivizingurban travel by catn addition high-speed ralil
infrastructuranvestments and safety measuresam®imed to bpublicly prioritized
which, together with concurretdvies onshortdistance flightsabsorbgartof the
transport need#\gain, indeveloping countriethese effects are assumed to be lower

due to lower digital capacities as wellgenerallylower institutionalcapacity.

For self-reliance we gain use UK survey, which shows that 27% of the rail
commutersxpect to be makinigss trips after the pandermc50% d thosesaidthe

reason is due to health concerns, the remaititeg eitheteleworking ora change in
preference foothermodes of transport as the reason to move away from commuting by
rail. Assumng parts of these expected changes weneaterialize, weestimatea 10%
reduction compared to the reference SSP2 trajebpB025, with a limiteckffect of
increasedeleworkingdue to lacking additional institutional and governmental support

(Section2.2). For the Global Southwe assumehatthe shift from rail toprivateis 5%.
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Supplementaryrable9. Assumption®n rail public transporactivity levelsfor eachrecovery scenaridor the Global

North and Global Souti/alues are changes compared to reference SSP2 projection in 2025.

Self-Reliance Green Push
Global North 0% -10% 15%

Global South -10% -5% 25%

2.3.1.2.3 Other public transport

Due to data limitationfor many regionsn terms of further suisectoral detail, we treat

changesn urbanrail, tram, metrpand buson an aggregate level

In smartuse reduceccommuting levelslue to teleworkinginda minor modalshift
towardsmicromobility decreas¢he overall activity for these moddsadng to negative
% reductionsompared to reference projectiofer theGlobal South,theimpactis
bigger sincehelength of commuting trips lower than the average the Global

North*®, making the shift to nemotorized transpornorenoticeable

In the case ofreenpush the shift away for (sub)urban car use also leads to increased
public transport for these modes, compensatingniner modal shift to micromobility
in cities. The same reasoning faail, based on digitalizatiolevels,was also uselere

to differentiate betweethe Global Southand theGlobal North

For self-reliance we assuméhe sameeffectsas for rail following the qualitative

analysis inSection 2.2
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Supplementaryrable10. Assumption®nurban rail, tram, metro, and btransportactivity levelseachrecovery

scenarigfor the Global North and Global South. Values are changes compared to reference SSP2 projection in 2025

Self-Reliance Green Push
Global North -5% -10% 10%

Global South -10% -5% 15%

2.3.1.2.4 Domestic and international aviation

With the share of business travelers accounting for about 12% of the total pasdengers
the effect that increased virtual conferencing can have on aviation is signifitzarg.
with road transport changes, the levels of air travel are thus another important

distinctive driver for thalifferent recovery pathways.

Indeed, 0 estimate theotentialimpacton aviation fronreductionof long-haul
business trips,wmulative distributions of key operational variabieshe global
commercial aircraft fleet in 20¥%5and the European fleet in 2G28vereconsultecas a
startingpoint. We split the number oflights between shorhedium andong hauf to
allow for separate directessumptioa Acknowledgingthat passenger aviation
activity and emssionsarehighly skewed towards lorlgaul flight$*°% the modal shift
from shorthaulflights to high-speed rail (both ismartuseandgreenpush will not

have dargeimpact onoverallactivity levels

In thesmart usescenariofor both regions we assumed a larger decrease in international
aviationsince as found during the qualitatiamalysisareductionin long-haulflights
is projected taesultfrom lower levels of internation&aurismcompared to reference

trajectories, a behavioral change retained after the pandemic. In the case of domestic

4 Short haul are flights <1000km, medium haul up to 3000km and long haul more than 3000km.
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aviation the reduction refers tine share oshorthaul flights thais substituted by

teleworking and, when existing, by ancrease of usage of national rail networks.

In theselfreliancescenariowe assumed thattivity levelsto move back to original

levels, agpreviouslydescribed in the qualitive analg.

In thegreenpushscenarioa more pronounced persistencexplored Here, we assume
domestic aviatiofis reduced by0% of the shorthaulflights and35% of themedium
haul flightsdue toa combination opolicy instrumentandbottomup learningusing

amongst others the followirgpecificmeasures

{ limiting and reducing airport capacity
f increasing taxatioi>®

f limiting shorthaul flights asa condtion for bailouts’.

We assumed furthéhat20% of thelong-haulflights for leisurecan also be avoideth
terms ofbusinesdrips, due to the social learning in videocormfiecing for many
business purposes, supported by additipobties, a persistent shift towards less
international travel is enabled/e assumetbtals of 42% (domestic flightsand28%
(international flightsxompared to reference trajectorfesboth regions (Global North

and Global Souththus cutting abouw third of globalviationpassengekilometers.

Supplementary dble11l. Assumption®ndomestic and international aviatiaoivity levelsfor eachrecovery

scenario Values are changes compared to reference SSP2 projection in 2025

Self-Reliance Green Push
Aviation (dom.) -10% 0% -41%

Auviation (int.) -15% 0% -28%
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2.3.1.2.5 Non-motorized transport and electric

micromobility®

Non-motorizedactivity represented 1784 of global urban mobility in 2058, ranging

betweern<1% in the US t®% in the Europeaconomic Area andurkey.

In the case afmart usewe used as a starting point faur assumptions a&port
describingexploringa scenario for potentigtructuralchangehat maypersist orthe
mediumternr®. This scenaricomes with a permaneBt10%increase irpre-pandemic
activity. In this scenariobenefits fronreducedair pollutionin urban areaare retained
Moreover,in this scenario we assume that the lockdown periods inaeegions
where onlywalksand outdoor sportslose tothe place of residence were allowed
reinvigoratesactive mobilityand thus seestrongincreasesompared to reference

projections In the Global South, thehangewvas assumetb be equallystrong

Thegreenpushscenariccomes with all changes descriiadhe smart usescenarioIn
addition, weprojectmeasuresuchas ttoseimplementedn cities like Milan or
Budapest 5 becomewidespreagdfacilitating additional shifts from car toore low
carbon forms of transporAs mentioned in publitransportSections 2.1.2.2 and
2.3.1.2.3 30%of the avoided private trips &bsorbed by thos&or nonmotorized
transport, we assumed furtt9% of theavoidedtripsto be replaced by nemotorized
transport(leaving the remaining 50% decrease due to the effect of teleworking, see
Section 2.3.1.2). This 20% includsshortdistancerips that can be more easily
replaced by nomotorized transport or micromobilitpeing equivalent to a strong

growth of 150% in activity levelsompared to projectiof in the case of developed

5 Electric micromobilityrefers to a range of small, lightweigtectricvehiclesincluding e-bikes, electric

scootersand electric skateboards
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economiesThe impact was assumémbe lowerin developing countries mostly
because these means of transpogtmore saturated in urban areas than in most of
developed economigalso due to limitedapacity to scale ulpiking infrastructure in

somehighly congested cities.

Supplementy Table12. Assumption®n nornrmotorized transpow@ctivity levelsfor eachrecovery scenaridor the

Global North and Global South. Values are chamgespared t@015levelsfrom ITE®8
SelReliance = Green Push
Global North 20% 0% 150%

Global South 20% 0% 100%

2.3.1.3 Freight transport

2.3.1.3.1 Road freight transport

The surgen e.ccommercealuring the pandemig@ne of the drivers analyzed in the
qualitative analysis isection 2.2.1has changed consumaghavior with implications

for freight demantt32

The increase inn-demand deliveries expected tenhancealelivery efficiency and
reducetransport costdue to highetoad factorsiue to more directed trips This,
together withrising delivery vehicleilometers because giackageeturns could
ultimately leado an increase ittast-mile roadfreight activity®®. We consideredhiese
factorsto assumeoad freight transporhcreasegor thesmart useandselfreliance
scenariosNo effect fromthis factor was assumed for the Global Soutkrimart use
due to a lower degree of digitalization in some of the economies belondhmeg to

region(for more information, seSupplementary Tablésand7 in Section 2.2.2
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At thesame timepolicy couldcounterbalance thgevelopmentsnentioned abovby
promoting the use of collection pointnd for instance implementirdistancebased
chargesg® or otherwise levyingeturns We assumethattrends in activityof these
characteristicarepresenin thegreen puslscenarip matching the reasoning of the
qualitative analysigh Section 2.2.2.2Here thendespite increased online purchases
(30% less oprivate trips by cars and\@heelersdue to online retailseeSection

2.3.1.2.), the overall impact on activity levelsas5% decrease fdioth regions.

Supplementaryfable13. Assumption®n road freighgctivity levelsfor eachrecovery scenaridor the Global North

and Global South. Values are changes compared to reference SSP2 projection in 2025

SelfReliance Green Push
Global North 5% 5% -5%

Global South 0% 5% -5%

2.3.1.3.2 Rail freight

The @ame reasoning as in road freight transporsfoart useandseltreliancedue to
lack ofdata availabilityfor potential impactsin the case ojreen pushwe assumed
thata shareof the reduction in the activity @badfreight transporshifts to rail freight
(increasing the train fleébgether withinfrastructure investmentgneaning that, when

feasible, the preferred mean for transporting goods isaigarbon alternative.

Supplementaryrable14. Assumption®n rail freigtt activity levelsfor eachrecovery scenaridor the Global North

and Global South. Values are changes compared to reference SSP2 projection in 2025

Self-Reliance Green Push
Global North 5% 5% 5%

Global South 0% 5% 5%
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2.3.1.3.3 International freight shipping

The effects on international shippifay the different recovery trajectoribave been
derived fromthelevel of internationatestrictions assumed in each of the narratives
(which correlatesvith thetotal traffic of goods,n volumeé. This results in a positive
contributionin smart useandgreen pushwhile no variation fromSSP2reference

projectionss assumed ithe selfreliancescenario

Supplementaryrable15. Assumptios on international shippinactivity levelsfor eachrecovery scenarid/alues are

changes compared to reference SSP2 projection in 2025

SelfReliance Green Push

Int. Shipping 5% 0% 5%

2.3.1.3.4 International air cargo

Air cargo activity was assumed to imeitedacross all scenarios since approximately
50% of the world air cargo capacity is provided by passenger fifgfisen under the
selfreliancescenarionve project a reductiom spite ofa recovery of th@assenger
aviation growthdue to higher international restrictio(®ee qualitative analysection
2.2.2. In greenpush, wheretherecovery of passenger aviatismaffectedmost

strongly, astrongelimpact on air cargoapacity (and consequently in its activity), was

assumed.

Supplementaryfable16. Assumptions ointernational air cargactivity levelsfor eachrecovery scenarid/alues

are changes compared to reference SSP2 projection in 2025

Self-Reliance  Green Push

Int. air cargo -5% -5% -10%
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2.3.2 Outcome of the quantitative analysis

Supplementarffable17. Overview of quantitativenipacton activity levelsfor the different passenger transport

subsectors for Global Norind Global Southvalues are changesmpared to reference SSP2 trajectory in 2025

Passenger transport (Global North)

Passenger transport (Global South)

Self-RelianceGreen Push Self-RelianceGreen Pus
Mode Impact on activity] Impact on activity | Impact on activity | Impact on activity] Impact on activity | Impact on activity
levels levels levels levels levels levels
Rail 0% -10% 15% -10% -5% 25%
Cars, 2-wheelerg -10% 15% -20% -5% 10% -15%
Buses, Tram
-5% -10% 10% -10% -5% 15%
and Metro
Aviation -10% 0% -41% -10% 0% -41%

Aviation (int.)

-15%

0%

-28%

-15% 0%

-28%

Non-motorized
transport

20%

0%

150%

15% 0%

100%

Supplementaryable18. Overview of quantitativempacton activity levelsfor the different passenger transport

subsectors for the Global North and Global Sov#ilues are changesmpared to refereee SSP2 trajectory in

2025
Freight transport (Global North) Freight transport (Global South)
Self-RelianceGreen Push Self-RelianceGreen Pus
Mod Impact on activity] Impact on activity | Impact on activity | Impact on activity] Impact on activity | Impact on activity
ode levels levels levels levels levels levels
Shipping (int.) 5% 0% 5% 5% 0% 5%
Rail 5% 5% 5% 0% 5% 5%
Road 5% 5% -5% 0% 5% -5%
Air Cargo 5% 5% -10% 5% 5% -10%

Supplementaryrable19. Ovewiew of total useful energy reductions feach MESSAGEBGLOBIOM region for

each scenarid/alues are changesmpared to SSPPajectoryin 2025.

Sel+-Reliance Green Push

R11 AFR  -14% -6% -19%
R11 CPA  -6% 4% “11%
R11 EEU  -11% 1% -18%
R11 FSU  -8% 4% -15%
R11 LAM  -11% -2% -16%
R11 MEA  -11% 2206 -16%
R11 NAM  -7% 5% -14%
R11 PAO  -9% 3% -16%
R11 PAS  -12% -3% “17%
R11 SAS  -14% 5% -18%
R11 WEU  -12% -1% -19%
Global -9% 3% -16%
North

gﬁ;" -10% 1% -15%




3 Supplementary note 3. The industry end-

use sector

Industrialproductionis not affected equallipy disruptive everg such as th€OVID-
19 pandemicEconomic and demandriven changegto industrial activity and material
demandarevaried across industrial subsectasographical regions, and other
dimensons The overall trends depend on the use ofctiramodities andthe types of
secondary and tertiary industries tHegdin. For instance, accordirtg McKinsey&
Co %3 demand for metalthat areprimarily used in industriaénduses €.g.aluminum,
nickel, and zinc)s closely coupledvith any GDP change Onthe other hand,
countercyclicametals(such as gold;ommoditiesnostly associateavith new
industial applications for examplecopper), omaterialsused forotherunaffectecend
uses such asgricultureor peoplecentered activitiege.g.potash in agriculture
productiongre more resilient to economic downturnson, steel,and thermal coal are
likely to be hit hardr in places whereonstruction demand falls along with power

requirements, in line with lwer levels of economic activity

To capture these dynamjage assesseitie impacts of the COVIEL9 pandemic on the
industry sector with a combination of bottarp and macre&economicapproachThe
GDP shock on the industrial production was developed with the regoromic
impact modehsdescribed in Supplementary Notea®dthe currensectiondescribes
and quantiesthe changesn theenergy servicside Industrial energy services were
expressed in terms of demand for produoathmodity(activity dimension)the energy

intensity of industrial productiointensity dimensin), i.e. the final or useful energy
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demandper tome production and changes in the share of electricity and thermal energy
(structure dimensiorgue to industrial restructurires a result of supply chain changes
and repurposingrhen he industrial demahestimate was coupled with the SSP2

based GDP shock adjusted projection.

3.1 Data collection for the base year and for 2020

demand shock

The changes in individudifestyles, institutional, social and commercial settings had a
direct impact on industry: faaties and manufacturing facilities were closed due to
shortagenf workforce (as a result of lockdown measutesalth problemsr because of
access problems due to travel restrictions),amthilmentof raw materias (including
problems with transportatn and logistic$f+®°. At the same timeactivity in industry

was impacted indirectly (as the upstreeaffiecty as a result ofhanged demand for
products in other sectors, for example a reduction in automobile salesjdwnof

the construction and building renovation industréeg] achange in shoppingatterns

(moving to online servic@dseeding more packaging.

To estimatehe COVID-19impacts in 2020first we definedthe baseyearindustrial
activitiesand energy us the year 201Becausef up-to-datestatistics availabty
issuesfor the year 2019, we extrapolated actiosed on several data sources and
approabes.The energy service changes in industry were assessed at regionalievel,
the 5 regioal aggregation levédsee Supplementary Note, ¥yhich were then

subsequenthaggregated to two global regions: Global North and Global South.

The impacinalysisof COVID-19 was basedn five main commoditiesvhichwere

analyzed and quantified, followirthe decomposition method Girubler et af® and
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IIASA®: iron and steel, aluminum, cement, pulp and paper, and chemical and
petrochemical§Supplementaryable20). We startedrom thebaseyear(2020)data on
thetotal energy service levels reported by Grubler &t al.two global regions, buling
onthe GEA Efficiency Scenar®8, the 2Degree Scenario (2DS) tifel E AEnergy
Technology Perspectives (EPPhe material efficiency literature (suctf3sand the

traditional industrial (process) energy efficiency literattire

Supplementaryrable20. Base year (2019) material productiom a fiveregional levebased on Grubler et &and

IIASA67, in million metrictons

Industry subsector OECD+EU REF ASIA LAM MAF
Iron and steel 510 130 931 59 41
Aluminum 38 4 64 3 17
Cement 486 137 3013 180 359
Pulp and paper 229 11 134 18 8
Chemical and petrochemical 214 45 275 17 25

In order to estimate the intensity changepressed itonnes of materialgproduced per
energy unit, the energy intensities as reported by’ &EPe adopted. Tdfuel intensity
was based on thatio ofelectrical and thermal energy demanidained from ETP

defined at tweregion levefor OECD and notfOECD regiondor the fivematerials and
adapted tahe analyticafive regionsbasingREF, ASIA, LAM and MAFMESSAGEix

GLOBIOM regions on no/fOECD datgSupplementaryrable21).
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Supplementaryrable21. The ratio of electric and thermal energy demand fofideeconsidered subectors of

industry, on a 2regional levelBased on réf

Industry subsector OECD nonOECD
electricity thermal electricity thermal

Iron and steel 17% 83% 12% 88%
Non-ferrous materials 54% 46% 54% 46%
(aluminum)

Cement 13% 87% 11% 89%
Paper 0,4% 100% 28,6% 71%
Chemical and petrochemical 9% 91% 11% 89%

Thefuel intensity of producing thBve material groups the five MESSAGEix
GLOBIOM regionswere defined for electric and thermal enebgged ortdatain

Supplementarffable20 andSupplementaryrable21 (Supplementaryfable2?2).

Supplementaryable22. Production intensityn energy per material producestparately for electric and thermal

energy. Based omefs®67,

Thermal energy Electricity energy
intensity (Edea/bn intensity (Ed/bn
Industry subsector metrictong metrictong
Iron and steel 1.7 118
Non-ferrous metals 278 235
Cement 0.3 24
Paper and pulp 14 135
Petrochemicals 4.6 391

Non-energyuses (éedstocKgsare describedeparately, usingeferencedata from ETP

and Grubler et &b.
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3.1.1 Formulation of the COVID-19 direct shock in

2020

The subsectoral activitf ACT) levels i.e. material productioaf commoditytypesfor
2020wereidentified with the formula belowo produce totaiaterial praluction based

on commodityspecific and regiospecificyearon-yearchange

66°Y 06y 607 zYpzY {5 LAk

Where:

T 00 °"Y isthe aggregateakctivity level of industrial material demand in 2020;

{1 €:index for nodes (regions)

{1 & : subsectors (steel, cement, petrochemical, etc.)

1 “Yshareof industrial subsector activities, i.e. relats@mmodityproductionin
2019

T Y :yearonyear (YoY) % variationin subsectorakctivity levelin 2020

compared to 2019 (in % aofillion metric tong;

3.1.2 Outcome of the demand shock analysis in 2020

Reduction and repurposing impact of the pandemic diinegear2020 were collected
from the (very spae) peerreviewedliterature industry working papers, and industry

stakeholder reports.

Using the above formulg.1), the base/earmaterial distribution(Supplementaryable
20) and the share @lectric and thermal demand, we estimate the below védues

material production in 202(Bupplementary Table 23)
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Supplementary Tabl23. Estimatedmaterial productiorfior 20200n a fiveregional leve(million metrictons)

Industry subsector OECD+EU REF ASIA LAM MAF
Iron and steel 427 123 909 50 38
Non-ferrous metals 38 4 65 3 17
Cement 457 130 2910 180 359
Pulp and paper 218 11 127 18 8
Chemical and petrochemical 193 41 268 16 23

The energy demand reduction is depicted inShpplementary Figurg below.

OECD REF ASIA

LAM MAF
0% — .
~ 1 B
-4%
-6%

-8%
-10%
-12%

B FE reduction - electricity m FE reduction - thermal

Supplementary Figur@ Final energy demand reduction between 2019 to 2020 (¥oiviglusty thermal and

specific electricity

3.1.3 Observations in 2020

Thechange in production levelaries sharply across commodities and regiSosne
countries (such as Australia) hayene throughimited levels of industrial lockdowns
others (such as South Africa) have withessed severe measuressirithgknock-on

effect on mimng sites.Data was collected on observed factangl miningclosures,
reduction or change in raw material or production volyrstasg-athomemeasures for
workers, repurposing changesduction in secondary industry demands, etc. expressed

in YoY% changen 2020 compared t2019.

41



Theimpact of the pandemiwas differentiated in terms ttie disruption on

commoditiesacrosgyeographicategiong®.

Data and informatioarecollected for thdive regions on the fiveommodity typesre

reviewed here.

Steeland iron ore market
Steel makes up the secondyiestamount across thmommoditytypes and is among the
industriesmost affected Y thepandemi€®’2 Drivers of material and industrial activity

reductionin the irs and std sectorshavebeenreporte ag?’3

- Reduced demand mainly due to the drop in uptake by secondary industries

- Lack ofworkers due to lockdowns and statyhome orders

- Disruption of supply chains

- Liquidity issues du¢o reduced demand
The annual drop in global level demand for finished steel is forecast to be around 2.4
4.3% in 2020 on top of 201% 74 driven byreduced consumptionf manufactured
products, constructioactivities and other consumable goddsincluding a rebound in
the second half of thgear following easing of restrictiongetnot enough to offset
early losses in consumptiGnandis expected to decline throughout 202 then
slowly recover in 202%. Global steel productiois progrosed todecline by2.8%

YoY'’4,
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Supplementary Figuré. Crude steel production in selected countfiéem the periodrom June 20190 September
2020 Note hat the scaling for China is on the second wiik a multiplier of 10.

Global North

In the Global Norththe pandemi@npacs largely theconsumer and service sectors
andthe direct impact omanufacturings moderateEurope andNorth Americaare the
second and thirtargest producer&fter China) whichexplains thdargestknockon
effectsin these regionslhe automotive industrgiosures, as well as significant demand
reductionsalsohave affectedhdustry activity.For example, rostof the USbased blast
furnaces were idledecause ofeduced steel demade to thepandemic; however,

they reopened in the second half of 2520
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Supplementary Figurg Yearonyear(YoY) percentageeduction in steel orders in tinited Kingdom UK) in
2020compared to 2019,

Global South
Chi nads o0 udtgpgwivin 20@M(by 4 peocent YoY) due to initiatives aimed at

boosting investment$

Disruptionsin supply chainmassive dislocations of spending, and spillovers fam
lossesand economic downturmavecharacterizé the secton 2020Q In India, the harsh
lockdown of industrial operations, supply chain disruption, the slowamgndf the
uptake sector (constructionjivecause the keydisruptiong®. According to market
analyse&, the production of steel was not cut fast enodghing the beginning of 2020
to mach thereductionin orders, thus prices were drasticdfijling. This resulted in a
longerterm effect,causingdiquidity concernsin several regions small milfaced
difficulties in financially coveing their idle status. Consequently, mills of smafizes
and those with a lower efficiency, especially in Afritee MiddleEast and Asia outside
China started to sell their inventory at extremely low prices to raiseloasatin
America,the industry had low resilience to disruptions becauskeeofreviously

existing vulnerabilitiesSupply chain knoclon effectshave been observed as well.
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Steeldependat industriesnot paid bytheir customers, such as construction companies,
component manufacturers and minesre faced with liquidity issues) turn affecting
income ofsteel manufacturerés a resultsome parts of the industaye negatively

impacted bythis crisis, simply because tbasHlow dries ug?.

In terms of factors for increased activisgeel producers started to redireatvénds

packagingor e.g. alcohol in hand sanitizers, finding ngsmewing marketg2.

Theabove studies and data were used to esti@atechange in iron and steel

productionfor five global region®2020is shown inSupplementary Table 24.

Non-ferrous metalsmarket, exemplified by aluminum

Aluminumis the most widely used neflerrous metaland itis usedn construction
(56%), transportation (10%), industrial equipment (17%), metal products @72l
asthe packaging industry, and many mdeéobalaluminumproduction has been
steadilygrowingin the pas{Supplementary Figur@), with a halt in the financial crisis
of 20082009, andhe impact of the year 2020 seems tditnéed due to esilience (as

shownin Supplementary Figuré).
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Global North

In the Global Northsome level oaluminum demand reduction was séana short
perioddue to the lockdowns, disruptions of supply chains on the production side, while
a slowdown of uptake and demanaainly related to residential constructions and
renovation®. For other norferrous metalghereis a larger impadn 2020,with prices

down at their lowest since 2016 for copm@uminum zinc.
Global South

Chinad aluminum materiashortages wemmainly due to the difficulties in
transportationAt the same timdndia experienedmajor disrupibns (60% of
production in worst momentdHowever these have been compensated by the end of
2020.The longterm drivers of aluminum growth remain af@®VID-19 and the

opportunities are greatgr

The above studies and data were useaabtimate YoY change in néerrous metal

production for five global regions 2020 is showrBimpplementary Table 24.

Cementand concreteindustry

Cement(including concretgis the secondnostutilized product in the world after
potable watéf. Theworld consumes over 4 billiometrictonsof cementannually-.

The sector has a strong interlinkage wita globaleconony due to its long and diverse
supply chain and it contributes 3bf global GDP and 7% of globalemploymerit*.
The i n deveaue was dosvn for most producers in 2020 compared to 201®, due
thesecondary impacts from tlkeop inconstruction activity. There were large regional

differences between how countries implemented different lockdowns, how markets

47
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responded and how they bounced back afterw&dserally, the financial effects of

this were felt in the first half of 2020 with recovery in the seéand

PacificAsiais the largest producén the global cement and concrete market,
accounting for 36% of the market in 20MNbrth Americaprodued23% of the global
cement and concretaitput, whileAfricais the smallest region in the global cement and

concrete product markét

Demandwas changing differently in different regions,raported by IF&How
companies were able to supply still running construction projects is very different
because of the constrairs the supply chains and workforces, or edigact lockdown
measuresSome countries allowed construction works to contidueng lockdowns

(considering these as emergency servjaabers did not.
Global North

In the UK, direct impacts of lockdowtsve affectedonstruction sites and production
sitesin 202Q but a recoverputside hard lockdowrsomewhatompensatdreduced
activity . In Europe and North America, the effects were varied due to different

responseduring the pandenifé.
Global South

With aglobalizedcementmarket adrop in demand in one regi@ouldimpactthe

entire global marketvith primarily Asian productiorbeingaffected due to its large
sharé®. Indiais an exceptioras it hasa strongocalnationalmarket which in turn has
been affectetdy the lockdowns and uncertainties of the pandemic and its measures
much mordocally?"8%% Despite ehardshut dowrfor a monthduringMarch-April

2020, regional markstargely recoveredOne companyltraTech Cementeportedn

January 2021, iR e-I9ded dsruptiorfof tikeracomomyehasheen i d
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rapid. This has been fuelled by quicker demstadbilization supply side restoration and
gr eat er c o sApparerthfrurat resedental heusingchad driven gtbvand

governmendnfrastructure projects had helged

20 - B
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=
o

Cement production (in million metric tons)
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Supplementary Figurg Quantity of cement produced in IndiatweenAugust 2019andOctober 20280

The above studies and data were used to estimate YoY change in cesdentipn for

five global regions 2020 is shown Supplementary Table 24

Paper and pulpindustry

The paper and pulp industwashit depending on thproductshare in different
regions.For instance, dight increase irdemand fopackaging and sanitaand
householdroductswas pairedvith asharp decrease in graphensd printed products
reflectingthe new lifestyles, including teleworking and home schodfidg The
production sites (mills) have a high potential for these repurposing opportuanities

repurposingande-commercearetaking place
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Printing mper and board production decreased by 5.0% in @020global scale
compared to the previous year, ac@ogdo preliminary figureswhich has been taken

into account in our estimate®n the other handhe demand for packaging papeegr

in 2020 especiallgue tomaterials used for transport packaging and corrugated boxes,
driven by onlire commerce boominducing a production growth of 2.28sSimilarly,

the production output foragitary and household paper increased by 1.9% compared to

2019.
Global North

Analyses of the 2020 impact in Europe have been used f@&idial Nort¥2°3 The
production of packagingaper and materialgave increased by 2.1% compared to 2019.
Within this category case materials mainly used for transport packaging and
corrugated boxes even achieved ancrease of 3.3%while other grades (e.getall
packagingremained unchangedt the same timegraphic gradeproduction reduced

by 18% such as ewsprint ad printing papers decreased by 20.5% and 18.4%
respectively. Th pandemic accelerated a previously runmsimgctural declineTo

reflect the changesills in Europe have been permanently shut d@amd repurposing

of machines has taken place.
Global Souih:

The downward trendn printed and board materials wasly partially compensated by
an increase in packaging andme productsChina, IndiaandKorea recorded paper
production decline ranging betwe&% and-17%2. The Unites Statessthe largest

exporter to Chinayas alsaffected™.

The above studies and data were used to estimate YoY change in paper and pulp

production for five global regions 2020 is shownSuipplementary Table 24
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Chemicals and petroclkemicals

Demand destructiofor the productdasled toan oversupply situatigmnvhich was
already loominghefore the pandemic disruptiod®e chemical industry hagéen
affected by theombination of ayeneraimacroeconomic impact armtdlemand structure

changé*.
Global North

The automotive, transportation and consumer products sectors are amongst the hardest
hit endmarketson the shorterm with demand for chemicals falling by up to 30%
during the lockdown perio&§ whichis moderatedwith thelifting of lockdown

stringency over the course 202Q
Global South

Available analysesf China and Indiguggest that thpetrochemicalsectorin India
has beeronsideredshardhit in 2020,driven by secondary impacts from the
constuctionandautomotiveindustries On the other hand, some essential industries,
suchas packagingndhealthcardave limited some of the reductidbemand growth
of key polymers in India is expected to deteriorate in 2020 to around 1%, after an

average gwwth of around 5% in recent tintés

The above studies and data were used to estimate YoY change in paper and pulp

production for five global regions 2020 is shown in Supplementary Table 24.

Overview of 2020regional impacts

Theimpactof thepandemidetween 2020 and 2019 sumnarized inSupplementary
Table24 for the fiveanalyticalregions, andggregatedor thetwo global regions

Global North and Global South
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Supplementaryrable24. Overview of dlangain material demanth 2029 compared to 2018cross thdive global

regions.References to support these assumptions are included in the text.

Region Steel and Non-ferrous Cement Paperand  Chemicals and
iron metals pulp petrochemicals

OECD+EU -16% 0% -6% -5% -10%

REF -5% -1% -5% 0% -10%

ASIA -2% 2% -3% -5% -3%

LAM -16% -6% 0% 0% -6%

MAF -8% 3% 0% 0% -6%

Global North  -14% 0% -6% -5% -10%

Global South  -3% 2% -3% -4% -3%

3.2 Recovery drivers in the analysis for the

industry sector

Based on experiences of previous disruptions (financial crises, pandemicsthvears),
industrysectortypically goes througla fourphase recoveryajectory?, which we use
to inform themodellingof the mediumtermresponse to thEOVID-19 pandemicWe

describe these phases belovgliort.

A price shoclksets induringthe first few weekgphase one)rhis happened for instance
during thefinancial crisis of 2002009 when commodity prices felln phasewo, a
demand shockolls-out in combination with the price shodkat typicallylasts for three
months to two years. The drop in secondary industry demands, audesdctor
demands interrupts the uptake of produced matevdshave described this above in

SupplementariNote 3.1

In phase threewhich is assumed heas the firspart of the posCOVID-19 medium

term(see Figure 1&new supplydemand equilibriunestablishes. This period takes
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typically one to three yearsvhenproducers respond to new supjlyddemand
dynamics Facilities with higher costg.g due to low energgfficiency are closed or
shut down and the average stock performance may grow sligiftlyketadaptation
duringthe firstand secongphasexhangdrade flows, which can lead to divergent price
trajectorieswhich are partially fueled througjovernmentecovery support thatter
enduse sector responsésnally, in thase fouthedemand recoverandtransitions into

a newnormal (one to five yea}. Global recoveryis usuallyled by the larger economies
and prices rebound as shortages begin to appear, new investment and siesject

address additional demand.

We distinguisha combination of driversn thenear to mediunterm (until 2025 and
beyond) based on direct and upsdm impact on lhe overall industrial activity levels
(million tonnes produced)pn thestructural changes due to varigthnge in the
different industry susectors, and a primary energy intensity charsye @esult ofhe
fuel intensity of different sectors in different regipngpping also tthe MESSAGEix

GLOBIOM sectors otlectric and heat demand.
The followingdirect drivers influence energy demand in industry primarily:

1 Manufacturing activity: Factories, sites, mines, eteduce or change the level
of output on the experiences or economic impact of the pandemic .period

1 Raw material availability: One of the key attributes for seamlessductionis
the availability of raw materiabut interruptions have beeifectednot only
mining, but also transportation and logistics, due to the lockdown restrictions
and transportation closures (mainly air trafflepr example, China depends on
important aluminum, which dropped and blocked tltistry.A change after
the pandemic can be the change of sourcing, or diversifying, so called
glocalization.
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1 Take-up sectors(secondarytertiaryandquaternarysectors) In case o halt in
downstreamndustry sectors, as it was the case with constnuetial
automobile productiortake up slowslown The automotive industry is
considered to be most hit by the pandéfniand expected to be impacted on a
mediumterm.Metalconsuming endisers reduced their input demands
drastically in 2020leading tharon and stelsector into a prolonged reduction
in capacity and cost structude and that could translate into possible staff
reductions and related measufes

1 Oil prices: Prices have been extremely volatile causing disruptions and
uncertainty. Foexample steel and iron industry in the REF region has been
greatly limited on these teriffs

1 Labor markets: A lot of sites in India had to reduce operations because as a
result of the hard lockdown workers had to leave the area to g¢home
Workforce is already a concern in EueopndAsia, andhas latebecome one in
other regionsespecially Africa

1 Repurposing Facilities have changed production during the lockdown and can

be expected to further change on the 626¥1D-19 period.

As an example, the demand for paper and mufpreseen to go throughrestructuring

in production.The amount opaperproduceds expectedo increase in thenedium

termpost COVID-19 period, driven by new products (mostly disposadalper cups,

paper plates, napkins, tissue papglasses, etc.and due to growingshare obnline

shoppingas a consequence of health risk assessments. A Gdédpendent trend

though is the impact obiodegradable packaging with papedige tothe imposition of

bans on fASingl e Us glasky In mani euniiesdncludidgi s posabl e

India®’.
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A selection ofupstream drivers is shown below to demonstrate indirect impacts on

industryas a result of changes in the buildings sector or the transport sector

1 Automatization and digitalization: Certain industries have been prepared to
develop fast into a more modernized, automatizedymtion cycle, which could
give them an advantage (e.g. cement facté)ies

1 Construction and renovation changesAt the start of the pandemic,
construction works halted as a result of watale lockdowns. Howevdn the
postCOVID-19 period, anncrease of construction has been assumed in the
green puslscenario:

o inducing increase in industrial activity;

0 a potential recycling dominance in the indugirgen puslscenario;

o the pandemic also h&agk-back effecion the construction sector in
undetining the importance of the quality and operational costs of our
buildings.

71 Individual mobility changes:

o the assumed persistence of reduction

o mobility mode shifts, in particular to nenotorized transport

3.2.1 Mapping to the different narratives

As illustraied inSupplementaryigure 1 in Supplementary Notedn analysis of the
drivers of changeelated toCOVID-19 that affect energy services in the industry was
conducted using COVIE19 specific literature, and demanitle literature on
institutionalandsocial change. We distinguisivo setsof driversas described above:
direct and upstreanWe map thesentothealternative recovery pathways as have

summarizedn Supplementaryrable 25



Supplementar{fable25. Overview of key qualitative drivers for thedustrialsector in the thre€EOVID shockand

recoveryscenarios.

DIRECT DRIVERS

SelfReliance

GreenPush

Manufacturing
activity and
repurposing

Some rsistent ppduction
repurposing

Reduedactivity due to
process and material
efficienciesinheritedfrom the
lockdown.

Productiorlevels and
structuresand facility
management aimed to
return to normal, but with
extended purposes resultin
from foreseeing new
pandemics.

Process and material efficiencies
experimented with during the
lockdownare assessed and extende

Raw material
availability

Raw materials are available,
but transportation costs and

risks of export availability are
priced.

Acquisition of raw
materials is preferred from
local sources,
nationalization and
protectionism, focus on
local storage.

Focus onaw material efficiencies
and balance between transportation
and local solutions in light of
sustainability

Take-up sectors
(secondary and
tertiary sectors)

Digitalizationand efficiency
uptakes influence demand in
primary sectors.

Falling export markets,
protection of home
production and sales

Further increases idigitalization and
efficiency. Learningextended to
circular economymprovements.

Labor markets

Labormarketreorganization
with reducedprimary and
secondansector workers.

Return toprevioussituation
due toeconomic and social
support

Financial and social support aoljust
the jobmarket to ggreener industry.

UPSTREAM
DRIVERS

Digitalization and
automatization

Moderate impact froronline
shopping, such more
packaging more freight
transportMore digital tools
to manufacture.

Duplication ofdigital and
offline solutions increased
hygiene

Further enhancement of digitalizatio
impacts withpolicies towards
efficiency changes

Individual mobility
changes

Reduced overall transport
demand and shift towards
non-motorized transport
impacts automobile
production.

Concerns about hygiene ar
distancing, individual
transport modes are
preferred, increasing car
demand, and thus relevant
raw material demand.

Improved operational and business
efficiency solutions due to decrease
communing as a result ofdreased
teleworking and online services and
administrations. Decreased level of
international transport. These imply
fewer cars and other vehicles, thus
less embodied materials.

Individual mobility
changes

Reducedveralltransport
demandand shift towards
non-motorized transport
impactsautomobile
production

Concerns about hygiene ar
distancing, individual
transport modes are
preferred, increasing car
demand, and thus relevant
raw material demand.

Improved operational and business
efficiency solutions due to decrease
communing as a result of increased
teleworking and online services and
administrations. Decreased level of
international transport. These imply
fewer cars and other vehicles, thus
less embodied materials.

Construction and

renovation changes

Thesmart usescenario does
not imply changes in the
building stock and
construction rates. The rate ¢
small renovations increase,
but the impact is insignificant

Theselfreliancescenario
doesnot imply changes in a
medium term, though
distancing may mean a nee
for more residential
floorspace. On this time
horizon, the two subsectors
compensate each other.

Although there is an increased
demand for residential floorspace dt
to the increasedrtie spent at home,
the idle floorspace in the nen
residential sector is reduced, but
shrinking offices and shops. These
can be repurposed, which implies
renovations in the Global North and
constructions in the Global South.
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3.4.2.0utcome of medium-term recovery

The drivers and levers discussed above lead to the persistent restructuring of some

industries Thereforethe combinedmpactof GDP changeand structural chang@s

demandn the energy systenesultalternative pospandemiaecovey pathwaysWe

calculate the energy demand chaniges the qualitativechanges ireachscenario

usingthe following formalization

YO

hhA

00 . 000 . R — led i (32

Where:

T
T
T

¢: index for nodes (regions)

& : subsectors (steel, cement, petrochemical, etc.)

G in a givenyeart during thepostCOVID period (20212025);

i AQindexfor ScenariosaindFuel types(electricity vs. therma])respectively
"Y shareof industrial subsector activiti.e. relative commodity production
2019

Fm: fuel ratio (electricity, thermal) for thgroduction of the given materiai
YO :industryuseful energy Do &

‘OO :energy intensityn timet in SSP2

"O00 f: GDP at Market Exchange Ratesyiear t during the posEOVID
period @ £Y"'YO Fwi

Y :structural and behasial impact from COVIB19 pandemich
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Although thesmart usescenarids describedy the GDP shock (as estimated by the
macraeconomic analysié see Supplementary NotetBreis a large set of bottorap
events that influence or in effect create ther®mmic recession impact on industry
which are reflecteth the andselfrelianceanda climatecentered restructuring and
contraction of certain industries in theeen puslscenarioKey trends were reviewed

abovein Supplementary Notg.2.1

Supplementaryable26. Global North ativity (million metric tons production) change®m 2019 to 2025%or the

five industry subsectors

Industry subsector smartuse  greenpush self-reliance
Iron and steel 0% -10% 8%
Aluminum 0% -10% 2%
Cement 0% -5% 5%
Pulp and paper 0% -10% 2%
Chemical and petrochemical 0% -3% 3%

Supplementaryrable27. Global South etivity (million metrictonsproduction) change from 2019 to 205 the

five industry subsectors

Industry subsector smartuse  greenpush self-reliance
Iron and steel 0% -2% -4%
Aluminum 0% 0% 2%
Cement 0% -3% 5%
Pulp and paper 0% -10% 2%
Chemical angbetrochemical 0% -5% 3%
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3.4.3.Feedstocks

We applied aimplified approach for the projections anencombusted use of fuelse.
feedstocks for petrochemicals, bitumen &rttilizers From a supply perspective, the
share of feedstocks snall (around 5% i2018%), andits share willdependargely on
theexpansion of recyclingvhich is notclearlyinfluenced by the lifestyle and business

changes due to the pandemic in assumptions

Thus, the impact of the pandenoic feedstockss assumed to be driven by the GDP

changesluring the2020shock and the pogtandemic recovergcenarios.
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4 Supplementary Note 4. The buildings end-

use sector

4.1 Data collection for the base year and for 2020

demand shock

We carry out the core of the botteup analysis for the buildings sectortab-region
granularity: Global Nortland Global Soutksee Supplementary Note, Qjith

information coming frontegionaly heterogeneousourcesFor certain indicators
(digitalisation, teleworkinghome schooling less developed regions atiek emerging
countries (in particular China and Indin)the Global South are differentiatéthese
regionsdiffer in the set of pandemic response measures, the recoverythkimsilding
stock characteristics, and the level of resilience in terms of absorbing lifestyle change
shocks and taking up new models on a loxigen, which sets them afterent

recoverypathway

The starting point for our Activitstructurelntensity (ASI) assessment @hanges in
the pandemic year 2028 the 2020 basgear data of theow Energy Demand (LED)
scenari®, for which activity (total floorspace, ), energy intensityfinal energy per
m?) and per capita intensi(final energy pecap)areinterpolatedto 2019(shownin

Supplementaryable28).
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Supplementaryfable28. Decomposition of drivers of thermal (upgert of the tablpand electric (lowepart of the

table) energy demand in the LED scenario in @02

Thermal energy

demand drivers energy demand
total total
useful final useful final
popu- floor- floorspace/ energy energy energy  energy
lation space capita demand demand demand demand
billion
billion m? m?/capita MJ/n? MJ/n? EJlyr EJlyr
Global
North 15 44 30 634 673 28 30
Residential Global
buildings  South 6.2 134 22 120 294 16 39
Global
Non North 15 24 16 538 571 13 13
residential Global
buildings  South 6.2 39 6 180 443 7 17
Electric energy .
demand drivers energy demand
total total
useful final useful final
popu units/ energy  energy  energy  energy
lation units capita demand demand demand demand
billion billion MJ/unit ~ MJ/unit  EJ/yr EJlyr
Global
North 15 38 25 365 468 14 18
All Global
buildings  South 6,2 67 11 142 272 10 18

Note: Global totals magiot add up to the sum odgional values due to independent rounding.

4.1.1 Formulation of the COVID-19 direct shock in

2020

However, for the measure of activity in the current studydiverge from the

traditional use of total floorspackecausé& does not accurately capture the skertn

impact of changed occupancy and utilizatias wasalso highlighted by othety

Insteadwe work more directly omutilization levelsof living and nonrresidentialspace

to better capture energy demand changésestimate the baselio¢ theuse factor of

total floorspace in the residential and the wresidentiabuildingssectors which we

call floorspacedegreedays(m?DD). The COVID-19 pandemicashadlittle immediate
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and shorterm impact on total floorspace, ipeople are not moving to larger homes, or
from the rurbareado citiesin large Significant differences are observedgople

staying at homewith more homeseingused for longer timesndnon-residential
buildingshavebecome moremptyor even abandoned onaposed.To assess the
change othese factorsye start from theitilization rate of buildings before the

pandemic.

Supplementary Figure @epicts thdactors that we evaluate in determining the changes

in the use of building floorspacesndexplained in Equation 4.1. below.

No conscious thermo- Conscious thermo-
regulation regulation (H)
(1-v)*(1-b)*t*(1-H) (1-v)*(1-b)*t*y

Partially occupied
of which utilization (t):
(1-a)*(1-b)*t

Total floorspace (S)

Always occupied: (1-a)*(b)
= utilization 100%

(v) (1-v)

vacant Inhabited/net

Supplementary Figur@ Factors of the utilization level of the total floorspace.

™"OO Yp UL p P @ o0 0 4.2)
Where:

1 SDD:utilized thermo-regulated floorspace, i.e, usedfloorspacemultiplied by its
amount of heatingand/or cooling;

1 n:index for nodes(regions);
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T Tryear;

1 Straditionally used activity: total floorspace;

1 wvacancy ratio in the total floorspace;

f cagratio of floorspace which is used bysomebodyor it is thermo-regulated despite of
vacancy24/7 (including idle use due to e.g. expectation of possible office use)

1 o-hours per day spent at home

1 'Qgratio of households that habitually adjust temperature when they leave home

Based on the above, inhabited space is express#tl ps U hutilized fispace.timéis
"Mp 0t Yt p 0Ot p o iod From ths occupied and utilized space
definition we can derive th&ze ofthermaregulated ljeated and coolg¢@reasNote
that we do not use heatifegolingdegree days to determine the actual heatoaling
demand, buto indicate the ratio of floorspace iagidential and in neresidential
buildings thatare thermeregulatedor a certainlocally relevant) period of the year.

This allows us to determine tihelativechangean the pandemic.

4.1.2 Outcome of the demand shock analysis in 2020
The level ofinhabitancyand its changaredeterminedisingvacancy studies. For
residential buildings, we calculate wiin average d20%and5% of vacancyin the
Global North and the Global South respecti@uypplementaryfable29). The EU
reportsrates ranging from.2% in Poland t85.3% in Greec¥’in line with other
source¥? and USdata (12%) (OECH?), (for a review se&luuhka®?). OECD'*? and
Statistaalso reporivvacancyrates in the Global North, wheBrazil, Colombia and

Costa Ricashowbetween 8% vacancyrates.

For nonresidential buildings, westimate vacancy rates& and 12% of the total

nonresidential floorspace for Global North and Global South respectivaged on
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Statist® worldwide survey of selected citf®4 Vacancies result from uninhabited

dwelling, e.g. in unpopular rural areas, second homes, relocation, lack of tenants.

Of the inhabited floorspace, 4086the homes are occupied practically all the time
the Global Northmainly inhabited by elderlfca. 20% of the population being above
65years old in the OECE}, and by families with very small childrem people

working from homeestimated to be another 28%wf the households in thel@al

North. Utilization rates arestimatedo be50%for households thdeéavetheir homes.

In a similar logic, 70%f the Global South homes are occupied by the residents 7/24

based on UN dat¥.

To determine theamefactors for norresidential buildings, we hasssumed that
hospitals, social housing units, elderly homes, student dormiterresgency services
hotels and restaurants are ugé¥.Based on buildings typolodf{? 25% of the tertiary
building space fall in these categoriesEurope, which is used as a referefareGlobal
North, and about 20% in the Global Saukhe utilization rate ohon-constaitly open

buildings ishigh (70%, 50% in the Global North and South respectively).

The last factors the ratiathe part otthe building space that is consciously (manually or

with intelligent systems) therma@gulated®in the function of tim&*°.

Supplementaryfable29. Non-pandemic baselinealues of theeomponents obur floorspace.degredayscalculation
which is subsequentlysedfor determining the impact of the pandemic on residential and commercial energy
demand for the Global North and the Global South.

total Ratio of full utilization rate of
floorspace vacancy occupancy non-constantly
subsector region (billion m2) rate (v) floorspace (b) occupied space (t)
residential Global North 44 20% 40% 50%
Global South 134 5% 70% 30%
non- Global North 24 8% 25% 70%
residential
Global South 39 12% 20% 50%
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The aforementionediactorsused tadeterminehe floorspacedegreedays are
summarizedn Supplementary Table 2@jth the resultingloorspacedegreedaysand

energy variables iBupplementaryrable30.

Supplementaryable30. Floorspacedegreedays variables and energy variakileshe two buildingssubsectoror

the Global North anthe Global South

utilized final final final
floor space. energy energy/capita energy/m2
subsector  region time m2.DD (EJ) (kWh) (kWh)
residential Global North 25 29 30 6 188
Global South 101 114 39 2 81
non
residential Global North 17 18 13 3 156
Global South 21 23 17 1 122

4.2.1. Outcome from the 2020 analysis

The drivers: We assumed three dimensi@mfsmpactsbased on théactors that
determinghevariable floorspacelegreedays (1) change in total space due to
repurposing as a secondary effect, (2) change indb@pancyand utilizationfactors of
floorspace respectively in the two sséctors, and (3) the energy intensity of space
demand in terms of thermal and electric egelgmandas a result ofising the space

differently.

(1) As a result of the pandemic, mbangean thetotal floorspaces evident While a
suburban drift has beaystematically recordetiecauseervice anatity workers,
studentstourists andsisitorshavevoidedcity centersmoving outsideat least
temporarily andbusinesseservicesfactorieshaveshut dowrfor shorter or longer
periods theoverall direct impact on theate of construction or demolitias largely
uncertain andhfluenced bymanyforces Although construction projects have halted
(see inSupplementary Not8.1.3), these were mainly infrastructure projects, and with

limited impact on theoverallbuildings sectorRepurposing of floorspace, especially in
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the retail sectochanging fronoffline to online servicess reflected in ouwutilization

ratefactors, and not in the total floorspace.

We assume the pandemic has not led to signifitemhinologicakfficiency changein
this sector Theintensityis assumed to be unchanged in terms of final
energy/foorspace.degregays,which in turn does result indoincrease of intensity of

total floorspacet global level (5% in the Global North and 1% in the Global South)

(2) The overall occupancy ratd residential floorspacecreases around the glglas

well as the utilization rate (i.¢he share of time spent at home by residents that leave
their homes regularly)n the homes, appliances are also used more and more often,
with a lot of new appliances (ICT equipment, cooking and gardening equip#ettig.
same time, théhermal comfaing of nonresidential spaces does not decrease
proportiorately to the reduction of occupancy reducti@and thugo a level that would
compensate thiecrease in theesidentiakector Several studies have showat
buildings and facilities with low utilization rates duria§20continued taconsume
energy clos¢o pre-pandemic levelsand in averagan energy load reduction of Z8D%

is not in parse with the occupancy reduction of around‘88%here are various factors
that limited energy savings durit@v-occupancy period©ffices are kept on
heating/cooling, although used by employees, who may stay at honsd the
workplace only occasionallyhe schols offer emergency care, and thus only a small
portion can decrease the thermal conffbis may also happen becauseoifitractual
facility management arrangements that set fix officer requirementdt was shown

that about 3€60% of the load irschools and universities may be consumed by idle use
Additionally, employeesvorking from homeéhave been usinggemote services, office
computers servers and other loads$*!112 This means that while teleworking reduce

transportactivity levels due to reduced commutitig” the impacts are rather the
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opposite in théevel of use obuildings. People working and studying from honaee
a largerfloorarea footprint andemand more energy per capita, when considering both
their homes and thatill running workplaceswithout plicies or measures to counteract

these

It is important to recognize thidr manyteleworking is not aoption An IEA analysis
based on work from the International Labour Organization (ILO) found a strong
correlation between GDP per capita levels arddteworking potential at national

scale with differentiated energy implicatiéh® which we take into account in our
analysis both for buildingandtransport Evidence from Brazil shows both thede
differences between the Global South, and the regional and sectoral differences within

countries!s,

In the EUabout 37% could work from home during lockdo?mthat is50% ofthe
employed populatiof? while inJapan, where the government thidially not enforce

a widespread lockdown, the share waly around10%'*°.

Possibilities tovork in different places correlates wislociceconomic status the
country*'8, In particular in developing countries lockdown meashes® not had the
same effecon increasing working from home since mpemple work in informal
sectorsand other jobs that do not allow for remote online working, and infrastructures

to facilitate remote working are often not available

Bulb Energy and otheglectricity providers eported grofile shift whereas 21% less
electricitywas consumed at 7:30 in the mornings in the UK than before the pandemic
while about 30% increase at midddyEnergy demand boomed for ICT servicest F
example Akamai's web traffic monitashowed50% more web traffic than average

during lockdown§'8:11°
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Online shopping, entertainment and socializing increased by a&@%dOver half
(52%) ofUS and UKconsumersurned toonline shoping as a result adOVID-19'%°.
Similar results were shown f@0% of consumers in South Kor€&& % in Brazi] Span

(42%), Germany (41%), Russia (39%), and France (36%)

Impact: In 2020, the impact on the total levels of activity (floorspacaysimedo be
zerg andcalculatedo be+2% of floorspace.degredaysat a global levelising the
equationd.1 On theother handregion and countrgpecific stringency of pandemic
containmentmeasures critically transfoedthe way space is used. A larger impact is
observed in the Global North due to the dominance of hard lockdown combined with
incentives to stayat-home, while typically less comprehensive and cuifased

measures in the Global Sot#h

Assuming ndechnological efficiency improvement during 202& estimatehe final
energy of the total buildingtockto grow by6% in the Global Northand2% in the
Global South(Supplementaryable31). In comparison to literature, we find that the
IEA*" estimated similar impacts in 2020, with the difference of considering a shorter

and more affected period (until October 202y ¢r!Reference source not fouhd.

Residential buildings: use; YoY (2020) Nonresidential buildingsuse; YoY (2020)

net used area-YoY usage of buildings-
(2020) FE/m2-YoY (2020) lockdowns visits-Feb-Oct

0%
-10%
-15%

-20%

thermo-controlled FE/total m2 usage of buildings-
area lockdowns -25%

Supplementary Figurg0. Comparison of bottorup estimated data of yean-year impact of thpandemic in 2020

in the use of residential (panel a) and mesidential (panel b) buildingsalculated by this study (blue) and by IEA
(pink)*’.
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We calculated thehange in utilization of floorspace (i.e. our measure of
floorspace.degredays)asa 6% growth ofresidential floorspacatilization, coupled
with a10%drop of nonresidential floorspacetilization. Using these datahé energy
intensity increased by 4%lobally, corresponding te6% in the residential sectanda

decrease by 1% in the noesidential sector.

Supplementaryrable31. Change of activity and energy demand indicators in the buildings sector from 2019 to 2020.

YoY is year on year.

YoY o YoY o (00]
YoY o utlized m2.dd FE/floorspace
floorspace  floorspace floorspace @ FE ( (MJm2)

Global

North 0% 15,4% 7,9% 8,3% 7,9%
residential  Global

South 0% 13,0% 5,7% 6,9% 5,7%

Global
non North 0% -14,4% -11,4% 0,0% -0,4%
residential  Global

South 0% -13,5% -9,6% -8,5% -9,6%

4.3 Recovery elements (drivers) considered in

the analysis for the buildings sector

We assessed the persistence of enestpted demand factors in the buildings sector
separately for thermal and electric demand. We start from the- &8 per capita

activity trends in the mediumil{t2025) term(based omef. 66), which are inflenced by
the persistencef the activityand intensitychangedested and experienced during the

pandemic

We considered threslements of thermal energy demand changist, the change in

theintensity of residential floorspacsilization due toincreased use of the homesiore
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teleworking,adoption of hybrid or digital solutionsor example, Global Workplace
Analytics projects that up to 30% of workers could still be teleworking multiple days
per week by 202%. In combination with thisthe intensity ohonresidential floorspace
utilization changes, due tihetransfer of previously fae-faceand externally located
solutions to the online spag@iee. to home)including administration, banking, retail and
shopping, leisure, even health servi@aount angblace of travel and holidays

Finally, a longer term change can the extension or contraction of total floorspace
Thelast factor ¢hange irtotal floorspace&ompared to baseline valyemly features in

thegreen puslkscenario.

Residentiaklectricity demands affected bya change in the penetration and use of ICT
equipment for work, school, leisure and sersidenere is also a penetration impact on
new small appliances (depending on the scerfias&e below) because of changes in
cooking habits (eating at home as oppdsegiating out), home activities (sports, repairs
and gardening), and large appliances (e.g. due to stocking of frozenBeodyse of
changinghome activitiesthe uséantensityof the existing appliancedso mirrors the

changes in the lifestyles anddinesse$Suppkementary Table32).

Suppkmentary Table32. Activity and energy intensity relatédctors thatrive energy demand changes

residential and neresidential building.

Residential Non-residential

Thermal energy Intensity of presence at home: Need forpresence in offices, customer
teleworking, unemployment, digita services, shopping and entertainment
service use, online entertainment services, administration share in online
and administration solutions, onlin and offline solutions. Retail change
shopping. between frontal to baeknd business

models, latter based on delivery servici

Electrical energy  Intensity of use and penetration of Use ofsmall ICTfor servicedurther

relateddrivers small appliances for cooking, extends, besides banking, entertainme
sports, repairs, and gardening, ant also schooling, informing, awareness.
large appliances e.g. for stocking

. Penetration and use of ICT and related
and preservation.

equipment
Penetration and use of ICT and
related equipment
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4.3.1.Mapping the different narratives

The recovery elements for the buildings sector are summarized in thbd¢ddMealong
thedriversidentifiedin the previousection For thethree scenaresmart useself
relianceandgreen pushwe assesshepossible combinationsf plausible rangesf

these factorthatfit well with the general narrativef each scenario

Remote work Clearly, the most obvious and ubiquitatiseange related to the use of
buildings during the lockdowns, as well as during the foligwperiodshas been the
uptake of teleworking solution$he learning fromeleworking during the pandemic is
expected tooll-out morework from home strategies immpanies, mostly in the Global
North, but for some soci@conomic groups and certain professions also in the Global
South.A number of governments have been giving out financial suppocbfaopanies

to erable dealing withthe challenges djusiness closes,reducing office space use,
etc.Dingel and Neimalt? estimated the potential sharetefeworking in different
occupationsand suggested an aveeguptential of 34%f US jobs.Similar estimates

are collected byLO%,

In case of Argentina, teleworking potential lies betw2é¥ and29% ofjobs and
betweer20-34% forUruguay?, however the potential is insignificant for tA&ican

countries in averagé&.

These potetials assumea highroll-out of teleworking in occupatiorisr jobs that can
be done remotelyWe take anore conservative assumption fbeaverage potentials in
thesmart usescenaridor bothglobal regions, with 16%and2% in the Global North
and Gldoal Southrespectively. This assumes that even jobs thabparate remotely,

not all employees will prefer working from home due to family considerations,
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socializing,access tequipment and internet, etnd thuswill still go to the office or

job location Furthermore, we also assume thataverage no fulime remote working

is rolled-out, butemployees spend 50% of their working time at home and 50% in the
job'?4 These organizational details imply tlaé floorspace demand is not reduaed

theworkplaces

In summary, in the Global Nortim thegreen pustscenario, employees and employers
are incentivizedy rolling-out of home office solutionsupporting businesses to apply
online and hybrid working solutions, support for online retail ashthinistration
(Supplementaryrable33). This can lead to higher uptake of teleworking potential
through which there is an increase in electricity and thermal demaineé residential

sector

Supplementaryable33. Assesseddleworkingpotentiallevels, related to two COVID sho@ndrecovery

narratives, based on the analysis in the text.

Current potentiajas  Expanded potential

in SmartUsée (as inGreenPush
Global North 16% 30%
Global South 6% 10%

Digitali zation: increased use alineserviceshas been a megatrend across the globe
for the last decades, and the pandemicdsaslerated the tren8ale of digital
electronics was one of thiastest growingt the start of the pandemf{Certainproduct
sales have temporarily increasedupyto 1000% (printer consumables in Frantee)

over +500% (webcama the US, over 300% (printers, copy machines and fax
machines in the EUjp +350% (monitors and modems), over +200 (educational
software)in the US compared to the first four weeks of the 8aBimilartrendshave

beenreported from China and South Kord@agether, this constituted significant digital
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infrastructure development away from the baseline trend, which we have thus

considered as a persistence change irsoemarios.

According to the International Telecommunication Unidifferences in digitalization
potentials vary greatly acrossgions otthe Global SouthWe differentiatdwo
subregionsere low and middle incomeountries an@merging economies (primarily
China). This wide range gescribed by e.@ccess to the internetngingfrom under
10% in Eritrea,Congo, Nigeria, Chadnd Sombka to over 95%for examplejn Saudi
Arabia United Arab Emiratedn Panama, which is considered totbe median
country, only 58% othe publichave access to internet. This suggestsrtig-out
digital solutions just based on the experiencespaactices during the pandemic is not

straightforward

Localization: Exploration of the local natural and touristiestinations has been a
popular alternative to londistance travels and holidays. This type of holidays requires
lessnonresidentiafloorspacedue to daytrips and the use défanyway existent
secondary home#n theGlobal North in selfrelianceandsmartusep e o p | e 6 s
behaviour and decisiomse assumed to be not changed by the experiences of the
pandemigthereforeactivity in this respect is not assumed to be chanedple are
looking forward to taking up holidays missedth only little indicationfor shifted
preferencesowardlow-carbon holidag onthe mediursterm‘?®, In the Global South,
similar trends existand thus our assumptions anapped in the same wagee e.g.

Bhaduri et al?®for India).

Health considerations:public spaces, including work places, entertainment and
administration are expecteditwrease the floorspace per capita utilization. In case of
thesmartusescenarioa continuation of the current situation is expected

floorspace.degredays are expected to be similar to thioss2020.In seltreliance
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people are assumeal require more space both at home, so that they can work and stay
more at home, as well as work, at leisure activities, and while using ses. This
requires a reduction @fowdedness, thus either longer utilization times (e.g. public
servicesgentertainment, such as theaters and movies), or larger spaces for the same

amount of users.
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Supplementaryrable34. Overview of key qualitative drivers for the buildings sedtwrthe three COVID shoek

andrecoverynarrativesacrosscompamg to SSP2n the Global North

Element

Self-Reliance

Green Push

Teleworking

Small increaseusing the
experiences during 2020,
andtapping orthecurrent
potentials teleworking
schemespread
moderately.

Sharpincrease
teleworkingis driven by
distancing andiygiene
concerns

Sharp increase
incentivized progress on
experience, infrastructure
development

Utilization rate of
non-residential
space

Small increasedue to
some remainingpealth
consideration expectation
of distancingthe space
use per capita of 2020
persists, eitheimplying
larger space or longer use
time (e.g. longer office
hours in administration)

Increasedue toremaining
health consideratign
expectation of distancing,
the space use per capita ¢
2020 further increases ant
persists, requing larger
offices andonger open
hours.

Decreasehealth
considerations are solved
differently, anda rational
use ofspace is
implemented at least to
the level or prepandemic.

Idle space Increase due to Increase due to Reducedthe increase in
duplication of working duplication of working remote working is coupled
space (at home and in the space (at home and in the with organizational and
office) due todelayed office) due to hygiene and infrastructural
organizational distancing concerned also restructuringthus
adjustments, coupled with linked with avoiding removing vacant space.
decreases in retail and transportationcoupled
service space. with decreases in retail an

service space

Digital / offline Increaselearning by Increasedigital divide is  Sharp increasdearning by

ratio customers and providers widening, with higher customers and providers
allow for extending online incomesocieties merging allow for extending online
solutions in many aspects more into online solutions, solutions in many aspects
of life. Due to the digital ~ while others lagging of life.
divide and lack of proper behind.
and quality infrastructure,
the change is slow.

Localization Limited changethe Limited changethe Reducelocal values

tourism rediscoveryexperience rediscovery experience increase by enhancing the

during lockdowns is
overridden by aspirations
to return to normal.

during lockdowns is
overridden by aspirations
to return to normal.

experiences during the
pandemic by incentivizing




Supplementary dble35. Overview of key qualitative drivers for the buildings sedtorthe three COVID shoek

andrecoverynarrativesacross, comparing to SSP2in the Global South.

Element

Self-Reliance

Green Push

Teleworking

Limited change
potentials arerery low
in most countries.

Small increaseteleworking
potentials are too low to be
impactful yetthere is
limited uptake

Smallincrease incentivized
progresdo tap on the
potential but impact is
limited.

Utilization rate
of non
residentiakpace

Small increasedue to

health consideratign health consideratign

expectation of expectation of distancing,

distancing, the space us the space use per capita ¢

per capita grows in 2020 further increases ant

public spaces. persists, requiring larger
offices and longer open
hours.

Increase due toremaining

Decreasehealth
considerations are solved
differently, and a ratioal use
of space is implemented at
least to the level or pre
pandemic.

Idle space

Small hcrease Limited changePandemic
Pandemic measures va measures vary greatly fron
greatly from hard hard lockdown to curfew
lockdown to curfew, Hygiene considerations
which is directly linked emphasize extended

to the amount of idle distancing and using more
space Dominance of space per capita, thus
informal jobsrelated to  reducing vacant anidle
limited stay-athome space.

No changeSocial system
(built ona lot of informal
jobs) limit the impact of
optimizing spaceDigital
services continue to play a
role on previous trends (mino
inducement by the pandemic
experience).

Digital / offline
ratio

Increase prevous
trends in towards
dematerialization are
up-taken, but not
everywhere, as the

Increase previous trends in
towards dematerialization
are uptaken, but not
everywhere, as the digital
divide is large: reducing
digital divide is large:  time spent offline, and thus
reducing time spent outside.Seen as solution
offline, and thus outside for physical distancing.

Increase The previous trends
in the Global South towasd
leapfrogging in digitalization
are enhanced with further
increasing experiences. Effor
to take on the digital
opportunity roltinto new
services e.g. schooling,
socializing, etc.

Localization
tourism

No changelargely a Limited increasein

supply-side impact, i.e. correlation with idle space

visits from tourists reduction, largely a supply

restart, touristic places side impact, i.e. visits from

are reopened and turn  tourists restart, touristic

back to normal places are reopened and
require small increase in
per capita space for

distancing.

Reducelocal values increase
by enhancing the experience:
during the pandemic by
incentivizing.
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The tables above summarize the directions and qualitative size of ¢chdeyarivers
after 2020, as a result of persistence ofatbleavior lifestyle, institutional and business
model changes. These translate to a differentiated change in the Global 188&6th (+
floorspace in 2025 compared to 2019), and in the Global Seb% floorspace in 2ZZb
compared to 2019) in theelfreliancescenario, +7% and +4% respectively in sheart
usescenario For the green puslscenariove assume a fulompensation of the growth

in the residential sector with incentives focreased use efficiency.

4.3.2.Quantification

The impacs of thedifferent demandelateddrivers describedabovewere combinedo
structural impactser capita energy trends were mapped ont@tiegystructue

values in order to create pathwaysgil 2025for thetwo globalregions(Global North

and Global Southipr thermal and electric demand. The total useful energy demand was
used a proxy to estimatiee total energy demand for the whole buildisgstor
(Supplementary Figurgl). The combination of the impact from structural chaage

the economic shock were calculated to a full impact on the buildings sector energy

demand bange in 2025 compared2619
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Supplementary Figurél. Change in totaliseful energy demarnid the buildings sector in tHeur scenario$rom

-25%

-20%

-15%

-10%

[
*
o
ES

¢
*
*

L 4

B GDP mstructural Ofull impact of four scenarios

5% 10% 15% 20%

25%

2019 to 2025n the two global regionsGlobal North and Glob&outh The rate ofmpact of the economic shock

and thedemandchangei.e. structural changes arelicated as grey barand theicombined impactareshown as

colored squareged = selfreliance, blue = smart use, green = green pyedlgw = restore).

78



5 Supplementary Note 5: End-use sectors

comparison

Following the analysis in Supplementary Notes 2, 3 and 4, we illustratively compare the
effects in the post pandemic narraiemart useseltrelianceandgreen pushacross
sectors.

First, we juxtapose relative activity changes for the Global North and Global South
regions across pathways and sectors for illustrative indicat&spplementary Figure

12. Second Supplementy Figures14 and15 show the contributions to the energy
demandchangeghe from both areduced economic activitysDP effeds) andstructural

and behavioral changes across the three differertismdectors.

5.1 Activity changes across sectors

Supplementary Figurg2 provides informatioron the relative change in 2025 compared
to 2019for the indicatorsactivity, useful energy and energy intengitgeful energyer
unit of activity). Supplementary Figure 1shows the resulting useful energytipaays

that serve as model input.

The relative intensity variatiorecross scenariage small for passengerobility and
negligible in the case of freigltansport This is because the botteap estimation of

the 2025 levels of activity arstructure $eeSupplementary Note) 2verenot including
driversor impacts from policy measures thatuld make the intensitger unit of

activity for the individual transport modes better off than reference, across all scenarios.
That is to sayneitherincluding impacts from policies endorsing higher adoption of
vehicles having better taritk-wheel efficienciegcompared to traditional ICHse. EVs

or FCEVs)nor assessing theocial acceptance of shared mobilityh{chwouldin turn
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increase the occupantevels ofvehicles, decreasing theamergy intensity over
passenger kilometgHowever, in the case plssenger transport gneen pushenergy
intensily variations are weklppreciableas a consequence of the sharp restructurafion
the transport dasectos, whereavoided car trips and modal shift to less energy intensive
mass transiarepronouncedin regards of activity, it can be seen that the relative
increasgcompared to 2019 the casef selfreliance is substantial, duettoe
combination othereference SSP2 growthith the structural changeom the botton-

up analysis This is more pronounced in tobal Southsince activity levels grow

much faster in the 2012025 compared withigh-income countries ithe same period.

The industry sectdr activity levelis closely coupled with the econontiends
persisting after the pandemiwith slightdemanddriven elasticitiesn theselfreliance
and thegreen puslscenariosTheobservedactivity and useful energyhangs are
smaller than in the transport sectoroderating a internal growth in the SSR2ference
scenarioActivity (material output) grows most in tki&obal South in theselfreliance
scenarigwhilein the green push scenario demonstratesiigathange€xperienced
during the pandemican induce a reductiohess mobility, changes in thailization of
buildings,shortening of supply chainsyotivation ofthe population tarust the health

system agin can lead to a minimailctivity decreaseghough only in thé&lobal North,

The energy demand of the buildings segimwsmore than other sectors. Thmain

driver of this change is the endogenous S&R2lopment between 2020 and 2025,
explainingabout60-80% of the changdepending on the region asdbsectar

Accordingly, the pandeminduced changes in activifgxpressed in floorspace.degree
days herehas an energy demand that almost, but not quite compensates the savings in
the transporsector.The final energy per m2 intensity indicator grdvesween 10%n

the Global North andover 30% in théSlobal Southdriven by thechangen the
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utilization rate of spageneaning higher energy demand both for thermal and electric

fuelsbecause dbeng at home morajsing more appliances, heating and cooling for

longer times and larger spaces, while the decreabe sme in the neresidential

sector is lespronounced.
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Supplementary Figurg2. Subsectord, regionalrelativeactivity, intensity, and useful energghangeor 2025values

compared t@?019 valueswithin each scenario that has structwt@dnge in its narrativéctivity units aretonne

kilometerfor freighttransport passengekilometerfor transporpassengemeter squaredegree days (m2.DOpr

buildings and million tonnes (Mtproductionfor industry Intensity is actiity per unitusefulenergy exceptor

Buildings, where theelative intensity change @alculated asctivity per unit finalenergyfor residential and nen

residential, with useful energy changes only calculated as an aggregadelinput
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Supplementary Figurg3. Global useful energgemandor each pathway without additional climate policies
representing aggregated model input for a selected timeframe-20305.

5.2 Energy use and GDP effect across sectors

This studyused a set aimple elasticitiesfor each of thenduse sector#o calculate
the GDP® impact Y on useful energy demanBupplementarfFigure 14 illustrates
this heuristic for an isolated GDP effect for each of the threaisadectorsThe
waterfall charts A and Bse SSP2 estiatesn 2025as thereference poinfindex =
100%) In our analysis,te enduse sector most sensititeethe GDP shockis the
buildingssector inthe Global NortHA, -2.16%), and theindustrysectorin the Global
South (B -3.15%), with the difference in industry impact coming from thgionally

different GDP projections.

6 GDP estimates we calculated using our macroeconomic impact model (see Supplementary Note 6).
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