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EXECUTIVE SUMMARY

Inroducon

The Energy Commiee o he Inernaonal Council o Academies o Engineering and Technological Sciences
(CAETS) has been asked wih reviewing exisng echnologies which can be used immediaely o reduce green-
house gas (GHG) emissions in seven key secors: Food and Agriculure, Buildings and Smar Cies, Oil and Gas,
Chemicals, Cemen, Iron and Seel, Inormaon and Communicaon echnologies. Some o our conclusions
could apply as well to other sectors like aluminium 

The deploymen o hese echnologies would lead o deep emission reducon beore 2040 which explains why
he primary me rame o he repor is 2020-2040. However, hese echnologies are no sucien o mee ne
zero arges by mid-cenury. Thereore, he repor also highlighs research and developmen needs or new or
improved echnologies and demonsraons or he near ready echnologies (RD&D).

While many cos-eecve GHG migang echnologies exis, he GHG emissions are sll growing in many
counries and worldwide. Indeed, many obsacles remain. The purpose o his repor is no o analyse all o
hem. Undeniably, social and economic issues are crical o he global implemenaon o he Paris COP21
Agreemen and subsequen COP meengs. These issues include: he impacs o world populaon growh, im-
provemens o he qualiy o lie in developing counries and regions, choices made by polical and indusrial
leaders, ec., and hey are imporan aspecs. However, hey are no wihin he scope o his repor which is
echnical and i is mean o highligh echnologies suiable or lowering GHG emissions, heir advanages and
limiaons, and describe he echnical, economic and culural barriers hamay exis.

The Repor oers insighs; conclusions and recommendaons ha should be useul or leaders o indusry,
governmens, proessional organisaons (especially engineering organisaons), non-governmenal organisa-
ons, and cizens. The repor is inended o provide clariy on he complex issues o our subjec: wha is
possible or he nex 20 years, where are he dicules in he dieren secors and how o overcome hem.

Who prepared his repor and how?

The CAETS (Inernaonal Council o Academies o Engineering and Technological Sciences) Member Academies
have hree main characeriscs: (1) heir members are drawn rommos secors o acviy, mainly rom indusry
and academia; (2) hey are collecvely independen and neural, wihou a priori advocang or any echnology
or secor; (3) heir repors are evidence-based and resulng rom exchanges based on acs and on heir diversiy
o experience. Indeed, CAETS, wih is dierenMember Academies rom various counries, reecs his diversiy.
They are allowing an inernaonal approach illusraed by he numerous case sudies and examples reproduced
in this report prepared by more than 60 fellows and some external experts of more than 20 countries 

Given he me (15 monhs) and he resources available or he preparaon o his repor, we have looked or
secors wih subsanal emission levels andwhere he diversiy o our acvemembers couldmake he greaes
conribuon. In 2019, he seven secors seleced accouned or 73% o indusry's CO2 emissions (see Chaper 0,
Fig. 0.2.) and around 60% o worldwide mehane emissions. We did no selec elecriciy generaon as his
opic was already largely covered by previous repors, neiher he ranspor secor which could be an enre
future study by its own 

In his repor, each o he above secors is he subjec o a dedicaed chaper prepared by a subgroup o he
Commiee and discussed by he Commiee. Each chaper was reviewed by exernal and inernal reviewers.
The chapers do no claim o be exhausve bu presen he main elemens, as seen by he parcipans, and
are accompanied wih examples aken rom dieren counries. During our meengs, held remoely via
eleconerencing, key messages and recommendaons emerged rom our oen-lively discussions. They are
no necessarily original or new bu should, neverheless, be mos useul o implemen!
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Chaper 0: To se he scene

This chaper conains messages ha are broadly applicable o all secors. I presens he cenral role o low-
carbon elecriciy in achieving emission reducons in he secors considered. Elecriciy and hea are dened
as low-carbon i hey are produced wih an average CO2 conen o less han 50 g per kWh over he lie cycle o
he insallaon. Low-carbon elecriciy is hereore mainly1 produced by hydro, solar, wind and nuclear power.

As he dieren chapers o he repor show, reducing GHG emissions, especially CO2, is in many cases achieved
hrough he elecricaon o all or par o he energy used, wheher or home heang and cooking or or in-
dusrial processes. The level o such reducon depends on he elecriciy mix, which shows he imporance o
decarbonising he producon o elecriciy. Such an approach should no overlook low-carbon hea, including
he direc hermal use o solar radiaon, nor hea neworks using low-carbon sources (e.g. wase, biomass)
or wase hea rom indusry. Finally, i is shown ha some indusrial processes canno be ully elecried, like
cemen producon. The use o hydrogen – i i is produced wih low-carbon elecriciy - may be par o he
soluon, bu has o be produced a an aordable cos.

Another approach is to capture the CO2 which is produced on industrial sites and to use it or to store it under-
ground (Carbon Capure Ulisaon and Sorage, CCUS). Some indusrial pilo projecs are already in operaon.
The sysem used or he capure has o be adaped o he indusrial process in queson such as burning coal
o produce elecriciy or iron, heang he required maerials o prepare cemen. Many demonsraon and
pilo projecs are currenly operang and planned worldwide. The soluons or he use o CO2 seem o be very
limied, whereas or sorage hey are already echnically signican. The added coss and he socieal aspecs
are real concerns, bu he use o Carbon capure and sorage (CCS) will cerainly be needed o reach “ne-zero”
by the middle of the century 

Improvemens in energy eciency are abou using less energy o hea, o move, o deorm, o break, o rans-
orm, ec… This is almos always benecial, alhough global rebound eecs may reduce or annihilae he
achieved GHG reducon. However, improving he eciency o a sysem using ossil uels can bemore expensive
and lead o higher emissions han replacing he sysem by anoher using low-carbon elecriciy. In oher words,
putng energy eciency rs is no synonymous wih putng low emissions rs: his is one o he keymessages
o his inial chaper. I illusraes he imporance o using he righ indicaors when dening energy policies.

Anoher key message o his inroducory chaper is he need or comprehensive and consisen policies o be
enaced aser and implemened a lower cos. Examples include promong he replacemen o gas boilers
wih elecric hea pumps in homes. Hea pumps should be available where needed, in sucien quanes
and a accepable coss, insallers should be qualied and widely available, and an economic model (which
would include acquision coss, operang coss, possible invesmen aids, ec.) linked o elecriciy arica-
on should be proposed. Building regulaons should be adaped, and appropriae public inormaon cam-
paigns should be developed. For a policy concerning new housing, i is also necessary o oresee raining or
archiecs, engineers, design ocers and real-esae promoers. Such global programmes, involving millions
o acors and sakeholders, require clear, undersandable and sable policies or widespread implemenaon.

This highlighs he problem o rapidly reducing emissions while me rames dier, as he liespans o dieren
echnology sysems vary signicanly. For example, he ypical me rame or changing amobile phone is abou
2 o 3 years, while i could be 15 years or a boiler, 30 o 100 years or more or a building, and 20 o 50 years
or many acories. Comprehensive Lie Cycle Assessmen (LCA) helps o evaluae such quesons as wheher
exending he liespan o an exisng appliance vs. replacing he appliance as soon as possible wih anoher ha
emits less can reduce total emissions 

1 Biomass is he subjec o divergen opinions wihin he Commiee, because o he emissions i produces when burned. Anoher issue, conroversial and ouside
he scope o his repor, is is oher possible uses or ood, biouel and consequen compeon or land use
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This inroducory chaper also addresses he rebound eec, recycling, he role o inormaon and commu-
nicaons echnologies, and educaon and raining, which play a key par in he developmen o all areas
o human acviy. Lasly, his chaper is complemened by an Appendix on hree srong levers or reducing
emissions: hea pumps, which are no ye widely known; lie cycle analyses, which are no used adequaely;
and hydrogen, whose poenal is oen eiher underesmaed or overesmaed.

Chaper 1: Food and agriculure sysems (FAS)

This chaper describes how he FAS has gone hrough deep ransormaons o eed he world, which has gen-
eraed susainabiliy concerns ha call again or a proound ransormaon acknowledging climae change,
conics, disrupons, and wars ha globally impac he FAS. Since he FAS is responsible or 25 o 33% o he
GHG emissions (depending on he denion), reducon o is GHG emissions is an essenal elemen o he
FAS ransormaon bu is no he only one; i implies rade-os among diverging susainabiliy objecves and
across he various scales o me and space and calls or srenghening he capaciy o address such rade-os
hrough evidence and arbiraon mechanisms.

Science and echnology have been key in generang he pas ransormaon o ood sysems and will remain
so. Ye innovaon does no always conribue o susainable developmen! A he same me, in many coun-
ries, here is currenly a call or signicanly reducing he consumpon o animal-based oods, especially rom
he younger generaon, or a healhier die wih less mea. There remains much conroversy, or example
regarding he mobilisaon o disrupve echnologies (such as alernave proein oods, 3D-prined oods,
aquaculure / aquaponic sysems, and advanced greenhouses including vercal arms) because o enrenched
long-sanding radional local pracces, on he one hand, and concerns abou increasing concenraon in an
indusrialised agri-ood secor, on he oher hand.

The chaper describes avenues or reducing he emissions o wo imporan GHGs produced by he FAS:
mehane rom ruminan livesock and rom rice culvaon, and CO2 along the supply chain from farm to fork
especially hrough energy eciency and elecricaon. The chaper insiss on he imporance o assessing
he poenal conribuon o each specic echnology aking ino accoun he local, ecological, economic, and
social conexs and he way echnology may be applied in pracce. Some examples are developed o illusrae
his need: ‘digial agriculure’, which involves advanced sensors, arcial inelligence, daa inegraon, big
daa, drones, robos, and racking echnologies.

The poenal role o bioechnology and nanoechnology o reduce GHG emissions in he FAS, he co-locaon
o solar phoovolaic (‘agrivolaic’) and wind urbines wih agriculural acvies, and he use o biomass or
energy producon, are also described. A srong recommendaon is made o only use bioenergy in siuaons
where i does no compee wih ood producon.

The chaper suggess developing an enlarged daabase on and analysis o he dieren echnologies and heir
local uses. I insiss on he necessiy o develop srong invesmen in research and experse, no only or
he developmen o echnologies bu, also, as is he case in oher secors, bu especially or FAS, or heir
adapaon o local conexs in order o achieve real improvemens and or he assessmen o heir ooprin.
Finally, he FAS as a sysem o sysems requires he design and accepance o an array o dieren approaches,
valuing scienc evidence as much as possible.
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Chaper 2: Buildings and smar cies

Like he previous chaper on he FAS, his chaper deals wih a high emitng secor (some 37% o he world
CO2 emissions in 2019), where he local condions are very imporan. Decarbonisaon addresses residenal
and non-residenal buildings, including he consrucon and operaon o new buildings and he operaon o
exisng buildings. Because o heir liespan, he rerotng o exisng buildings plays a major role. Besides he
energec qualiy o he building envelope and he equipmen used, occupan behaviour has a major inuence
on energy consumpon.

To design low-carbon, low-energy buildings, he Commiee recommends an energy hierarchy principle: rs,
choose low-carbon maerials and energy sources and second, apply he mos ecien equipmen (aking ino ac-
coun heir aordabiliy). Applying his principle o rerotng in order o reduce he emissions in hemos aorda-
ble way requires evaluang he righ level o insulaon and he implemenaon o a low-carbon heang sysem.

Phoovolaic (PV) or solar hermal panels are more andmore oen insalled. For buildings where he auo-gen-
eraon o energy is no an opon or insucien, as i is generally he case in cies, elecricaon using low-car-
bon elecriciy rom he grid remains he mos ecien decarbonisaon soluon. This applies in parcular
o he 4 basic energy-consuming needs: heang, cooling, heang waer and cooking. For each, he chaper
recommends soluons.

Two imporan poins should be menoned here: (a) he increasing imporance o cooling since more han hal
o he global populaon lives in counries ha require space cooling and because climae change is increasing
he need or cooling; (b) oday, in many emerging counries, biomass burning in low ecien and dangerous
cooking soves is sll in use and needs o be replaced by more ecien appliances.

Increasing elecricaon promps he queson o exibiliy in elecriciy consumpon, which reers o is abiliy
o be inerrupble and adjusable, e.g. shiing he use o a waer heaer or a washing machine o mes when
here is much (or cheap) elecriciy, or example in he middle o a sunny day when phoovolaic is generang
los o elecriciy. The exibiliy in he consumpon will have an increasing role in regard o he inseron o iner-
mien renewables.

Anoher aspec is he decarbonisaon o urban energy supply sysems, including no only he disric heang
sysems bu also, and increasingly so, he disric cooling sysems. The permanen diculy o equae he need
or hea and is producon suggess developing iner-seasonal hea sorage, an opon no much used oday.
This leads o a brie presenaon on smar cies – principally on he energy needs o buildings. We do no
discuss oher aspecs o smar cies, like overall energymanagemen, ranspor, waer supply, and healh care.

The path to a sustainable stock of buildings must be facilitated by an integrated policy package adapted to local
condions. Furhermore, addional eors in educaon and raining are needed. Case sudies are presened,
one on he decarbonisaon o a slum in Buenos Aires and wo on disric heang neworks in China.

Chaper 3: Oil and gas

This chaper reminds us rs ha he world sll heavily relies on ossil uels. In 2019, ossil energy sources
provided more han 84% o global primary energy demand, and oil and naural gas accoun or more han
57% o he world’s oal. The use o crude oil and naural gas has been increasing worldwide, especially in less
developed counries, and will likely connue doing so in he near- o medium-erm uure which is he ocus o
his repor. Regardless o uure needs or oil and gas or energy purposes, non-energy uses, especially or he
chemical indusry, will probably increase.

For his reason, i is imporan o examine wheher he oil and gas indusry can reduce is GHG emissions in
all phases o oil and gas producon, ranspor, rening, and disribuon. In 2019, while 76% o he emissions
rom oil and gas was produced by heir consumpon by end users, 24% resuled rom oil and gas indusry pro-
cesses. This 24% represened around 8% o he worldwide GHG emissions, i.e. abou 2.65 GCO2 and around
2 5 GtCO2e from methane (CH4) 

The curren cumulave invesmens in he oil and gas indusry amoun o rillions o dollars and acilies have
lie spans o decades. Mos o hese acilies end o be highly opmised or he ypes o oil and gas hey receive
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and he producs heir markes require. This makes i challenging o apply major changes on a global scale and
a a rapid pace. Neverheless, he uure oil and gas indusry will be signicanly dieren rom he presen one.

The Commiee recommends a srong emphasis on reducing he aring o mehane and ugive mehane
emissions in all phases o oil and gas producon, ranspor, and rening/processing. Technologies o abae
mehane emissions/leaks are available and many are already cos-eecve. The IEA esmaes ha 45% o
emissions can be abated at no cost under 2021 gas prices 

The oil and gas indusry uses oil and gas as energy sources or is own needs, in parcular, o produce hea.
The Commiee recommends exploring he increased elecricaon o he oil and gas indusry o subsue
or he direc heang and cooling o process sreams. To achieve his, operaors o oil and gas acilies should
consider swiching o elecric opons where easible and where hey are likely o have a posive impac on
lowering GHG emissions. Furhermore, i is suggesed o explore addional seps o lower CO2 emissions from
he exploraon and producon secors hrough he reducon o aring and he implemenaon o eciency
improvemen and new echnologies.

The chaper also highlighs wo oher imporan poins: 1) he need or greaer emphasis on using and improving
LCAs (Lie Cycle Assessmenmodels) in he oil and gas indusries, and 2) he connuous evaluaon and devel-
opmen o he poenal o CCUS opporunies or oil and gas operaons.

Chaper 4: Chemicals

The chaper rs emphasises hamos o he exisng housands o chemical producs are manuacured wih
‘primary’ chemicals obained by using (and no by combusng) eedsock produced by he oil and gas indusry.
The chaper is ocused on he analysis o GHG emissions resulng rom he producon o he our highes-
onnage primary producs (ehylene, propylene, ammonia and mehanol), acknowledging ha addional
emissions resul rom heir derived producs.

As he producon o hese chemicals enails specically high energy requiremens, he chemical secor was
responsible in 2019 or 15% o he oal GHG emissions (8.4 GCO2) o he overall indusrial secor. Wih 5%
o his oal, ammonia is he larges conribuor o all chemicals. Over he nex 20 o 30 years, economic and
populaon growh will connue pulling demand, as or he las 20 years. As a resul, i is imperave o reduce
the GHG emissions in the sector It is important to keep in mind that such emissions may result not only from
he energy source used or he producon processes bu also rom he chemical reacons hemselves.

As a parcularly complex, inegraed, capial- and skills-inensive indusry, wih many long-lasng asses,
he chemical secor aces enormous challenges in he ransion o ne zero carbon. There is no single or simple
soluon available oday o decarbonise he chemical indusry, bu here are neverheless imporan avenues
ha can guide he indusry immediaely owards is decarbonisaon goals. Among hose avenues, he Commiee
recommends he reuse o producs (mainly plascs), he recycling o oher carbon-based maerials, and he
reducon in he specic consumpon o nirogenous erlisers by increasing applicaon eciency.

Furher recommended acons include he elecricaon o process heang wih low-carbon elecriciy,
in parcular in seam cracking, o replace coal and naural gas, which are currenly used. Moreover, i is recom-
mended o modiy he chemical processes in order o subsanally reduce he emissions, i no compleely –
by increasing, or example, he use o ehane in he producon o ehylene, or replacing coal wih naural gas
in he producon omehanol. Concerning ammonia synhesis, which is using hydrogen, he recommendaon
is o develop large-scale low-carbon hydrogen producon via elecrolysis using low-carbon elecriciy; aler-
navely, i hydrogen is produced rom ossil uels, i has o be wih CCUS. CCUS will be required no only or
he producon o hydrogen bu also or oher chemicals-producing acilies o mee he 2050 decarbonisaon
objecves.

Due o he chemical indusry’s many connecons wih he enre economy, rom is rawmaerials o is producs,
i is recommended o sysemacally use Lie Cycle Analysis or he chemical producs a global levels.
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Chaper 5: Cemen

Cemen is widely used in he consrucon secor (buildings, bridges, dams, ec.). In isel, is producon is
a highly energy-inensive process and by ar he mos CO2 emitng phase o he cemen indusry, rom raw
maerials o ready-o-use consrucon maerials, such as or example concree. For his reason, he chaper on
cemen is ocused on is producon.

As a rs sep, he chaper presens he general correlaon beweenGDP growh and cemen demand in dieren
counries and concludes ha demand growh will be mosly driven by developing counries. This will apply in
parcular in areas such as inrasrucure and real esae. In 2019, he worldwide cemen indusry was respon-
sible or around 7% o global carbon emissions (some 2.5 GCO2) It is thus one of the largest CO2-emitng
secors. Is decarbonisaon is hereore crucial.

Cemen is a versale and durable maerial mosly produced wih readily-available local resources such as lime-
sone, clay andmarl. Around 50% o he CO2 emissions rom cemen producon are due o calcinaon, he chem-
ical reacon liberang CO2 rom limesone and producing he ‘clinker’, he base o cemen. Around 40% o he
emissions are due o he burning o ossil uels used o reach he 1 450°C required by he calcinaon o ake place.

Worldwide, coal represens 70% o he emissions o he ossil uels used or calcinaon, which is he cenral
and mos energy-demanding process. Alernave uels such as carbon-conaining indusrial wases or biouels
can be used and are described. The use o low-carbon hydrogen, i available, is also advocaed. Furhermore,
i is recommended o increase energy eciency and proceed wih elecricaon where possible, as well as o
increase hea recovery, which is no ye widespread.

Modiying he composion o he basic raw maerials, replacing or example some limesone wih y ash ec.,
can reduce CO2 emissions. This may modiy he properes o he resulng cemen, posively or negavely,
allowing he developmen o new ypes o cemen or dieren purposes. Nowihsanding, his will no enrely
solve he CO2 emission problem. Thereore, CCUS will be needed, alhough his is sll no a compleely proven
technology for cement and will increase the cost of cement 

Exisng soluons and policies or cemen producon in dieren counries are described and compleed by
ve case sudies rom India, Norway, Belgium, Canada and China. Clear, sable, and holisc public policies, as
well as incenves promong a reducon in CO2 emissions, are recommended. The large-scale deploymen o
already maure soluons is encouraged. The Commiee urges close cooperaon beween he cemen and
oher indusries o bene rom he use o dierenwases, non-recycled elemens, granulaed slag rom seel
blas urnaces, ec. eiher as uel subsues or alernave raw maerials.

The Commiee sresses he imporance o R&D eors o urher reduce he GHG ooprin o cemenmaking
and encourages he developmen and indusrial demonsraon o relaed echnologies. Exploraon in he
area o CCUS and CO2 mineralisaon in some rock ormaons, in order o obain aordable ways o reach deep
decarbonisaon, is also encouraged.

Chaper 6: Iron and seel

Like or cemen, he demand or seel is expeced o increase as he global populaon grows and naons around
he world seek o improve heir sandards o living: seel is a necessary and dicul o replace maerial in a
wide range o applicaons.

The chemical reducon o iron ore requires much energy. Thus, he producon o seel, which is iron wih no
more han 2% carbon and some addives o adjus is properes, is by naure energy inensive. The rs sep
o he process, which needs he mos energy, is o obain iron rom iron oxide, he second is o ransorm iron
ino seel. When using scrap as he eedsock, he rs sep is no needed: his shows he meri o recycling!

Coal is he dominan energy source in he mos requen producon processes, he ‘BF-BOF’ (Blas
Furnace / Basic Oxygen Furnace) roue, which, in 2020 provided 73% o worldwide seel producon. A second
used roue is he ‘EAF’ (Elecric Arc Furnace) roue, employing boh scrap and/or Direc Reduced Iron (DRI)
using gas. The EAF roue, using elecriciy, represens 26% o he worldwide seel producon. As a conse-
quence, in 2020, he emissions rom he seel indusry were o he order o 2.6 G o CO2, represenng around
8% o global anhropogenic CO2 emissions 
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EXECUTIVE SUMMARY

Considering he urgency o he reducon o CO2 emissions and he lieme o many exisng acilies, he
Commiee recommends implemenng every possible and economically aordable, even marginal, reducon
of CO2 emissions or exisng seel plans by increasing energy eciency, ulisaon o residual energies, paral
elecricaon or heang, use o biomass, beer conrol, ec.

To eliminate CO2 rom he process, alhough here is no single nal scenario, direc reducon o iron ore (DRI) using
low-carbon hydrogen, ollowed by Elecric Arc Furnace (EAF), seems o be one o he mos viable opons and
a long-erm soluon o achieving carbon-neural seel producon. Various processes are under developmen
and a pilo scale: heir economic viabiliy will cerainly be proven beore 2030. The availabiliy and cos o such
low-carbon hydrogen and low-carbon elecriciy will be key or he massive implemenaon o hese processes.

The chaper conains case sudies describing pilo projecs rom dieren counries (and seelmakers) including
China, Korea, Japan, Sweden, Finland, he Unied Saes o America, France, and Germany.

I is worh menoning ha CCS in combinaon wih seel producon has no ye been proven on an indusrial
scale. This could change during his decade wih several projecs a dieren sages o implemenaon in
dieren counries.

Needing less energy o produce ‘new’ seel, he ulisaon o errous scrap is expeced o gradually increase.
The Commiee recommends connuing o expand he use o seel scrap, even i here will no be enough
scrap available o replace iron ore. I could be aciliaed hrough he adopon o common rules and specica-
ons bu also he developmen and implemenaon o new scrap processing echnologies o improve impuriy
removal.

Seel producon has he poenal o becoming low-carbon in he uure. Neverheless, as he chaper con-
cludes, many challenges remain: he scale and eciency, availabiliy o low-carbon hydrogen and elecriciy,
invesmen needs, sranded asses and reurn o capial, approvals rom regulaors and policymakers, skill
shorages, ec. The Commiee recommends incenvising pilo projecs, simpliying and accelerang permitng
procedures, and ensuring compeon while sharing experiences.

Chaper 7: Inormaon and Communicaons Technology (ICT)

The chaper rs describes he curren siuaon in his indusry secor. On he one hand, ICT is increasingly
ubiquious, consumes more and more energy and induces more and more emissions. On he oher hand, ICT
conribues o human developmen and many oher acvies while, in some cases, reducing energy consump-
on and GHG emission in oher domains. One sriking example, winessed during he COVID-19 period, is he
developmen o videoconerencing o subsue or ravelling and human mobiliy. Indeed, i is a public policy
dilemma o simulaneously promoe expansion in ICT acilies and reducon in GHG emissions. Anoher im-
poranmessage o he chaper is ha daa on he impac o ICT in erms o energy consumpon and emission
is largely imprecise and lacking 

ICT sysems (lapops, servers, nework rouers, wireless ransmission sysems, ec.) consume elecriciy, mos
o hem around he clock. Manuacuring he devices requires elecriciy and/or energy no only in he manu-
acuring process bu also in he exracon/producon o he required minerals and producs, and his is gen-
erally no accouned or in consumpon esmaes. The 2019 worldwide elecriciy consumpon rom he ICT
secor was esmaed a 2 000 TWh (8.5% o oal elecriciy consumpon), corresponding o some 3% o CO2

emissions, hal o i accounng or equipmenmanuacuring. This consumpon has been seadily increasing,
even hough he energy eciency o ICT equipmen, measured in bi perWh, has been increasing: we can now
sore, process and ransmimuch more daa or he same uni o energy. However, new developmens such as
arcial inelligence (AI), 5G and crypocurrencies will clearly lead o urher increases in elecriciy use and
CO2 emission 

The chaper does no cover manuacuring/decommissioning bu is ocused on ICT’s operaonal poins. One o
hem is Daa Cenre consumpon and, in ha respec, he case sudy o Ireland describing he consequences
o having simulaneously araced numerous daa cenres and developed inermien elecriciy is presened.

Daa Ceners being a he core o he issues relaed o ICT elecriciy consumpon, he rs recommendaon
is o connue improving heir eciency hrough relevan measures and eecve managemen pracces. The
second recommendaon relaes o he signican increase in energy consumpon associaed wih he expan-
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sion o 5G and suggess iniaves o reduce such consumpon. The hird recommendaon ouches on orh-
coming ICT sysem developmens, as an increasing number o small daa cenres will consue he so-called
‘edge’ sysem: evaluang he impacs o archiecural choices on elecriciy consumpon and CO2 emissions for
hese new deploymens sll needs more research.

The nal recommendaon o he chaper ackles he lack o reliable daa by proposing he developmen o
merics and sysemac sudies on energy consumpon and emissions in he ICT secor. Once gahered, hese
daa should also be made widely available.

Chaper 8: Conclusions

The Conclusions reminds us all o how urgen i is o ac wihou urher hesiaon, and hus advocaes he
massive and rapid deploymen o he available echnologies described in he dieren chapers. I is no only
abou invesng money or ransorming he dieren secors, bu also abou invesng in people and experse,
by developing holisc views. Many dicules and conicng ineress as well as conicng priories beween
susainable objecves sand in he way o a rapid implemenaon o hese recommendaons.

We, hemembers o he CAETS Energy Commiee are deeply convinced ha hese dicules are surmoun-
able and possibilies exis o ac ar more rapidly, inclusively and ecienly hrough comprehensive global
approaches o reduce GHG emissions, and his is wha he repor calls or. We hope ha he key messages
rom he Chaper 0 and he messages and recommendaons rom he seven chapers will eecvely con-
ribue o reduce GHG emission. We are also convinced ha our respecve Academies, as well as he CAETS
as a whole, could be beer involved and more acvely mobilised o advise policymakers and indusry leaders
in order o reach he 2030-2050 goals on GHG emissions.


