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Abstract. While information and communication technologies (ICT) can play a crucial role in tackling 
issues related to sustainability, and reducing resource consumption in every sector, they also consume huge 
amounts of energy, and this, combined with the predicted rapid growth of demand for communication 
services, is expected to make the whole sector more and more energy-hungry in the coming years. The 
sustainability of ICT itself is also becoming an urgent challenge. Actions can be taken in several directions: 
i) introducing a massive and pervasive use of renewable energy sources, a step that requires the design of 
communication services to be revised; ii) enforcing rules and policies that induce the provisioning of 
sustainable services and promote the adoption of proper attitudes; and iii) involving the users who will 
become conscious consumers and participate in crowdsourcing projects to monitor consumption and foster 
energy-aware behaviours. 

1 ICT as a set of enabling technologies 
Whe tacig the issue f sustaiabiity ad the severa 
chaeges assciated with it ifrati ad 
cuicati techgy (ICT) has aways bee 
perceived very psitivey Ideed ICT eabes the 
devepet f ivatis ad sutis that ca 
reduce the csupti f resurces i a sectrs 

Severa f the prpsed sutis are siiar i spirit 
sharig a geera apprach ad havig the use f se 
techiques i c sesrs r devices t itr 
ad cect data a cuicati ifrastructure t carry 
the data t a ctr cetre ad a cetra aageet 
uit that taes decisi abut pssibe actis fr the 
ptiisati f the use f resurces We ca csider 
exapes fr differet sectrs I eergy itrig 
systes fr buidigs a sesr etwr is used t 
itr a uber f paraeters teperature huidity 
ad the presece f pepe A ctr uit perates the 
cig ad heatig systes i a ptia way i ters 
f eectricity csupti  A secd exape fr a 
very differet sectr is predictive aiteace fr 
pwer grids The eectricity distributi etwr is 
equipped with sesrs that cect data ad ifrati 
abut the curret wrig cditis f the eeets f 
the grid as we as the evireta paraeters The 
data feeds a ctr uit that ears whe critica 
cditis ight arise ad taes actis ad 
cutereasures t reduce the ccurrece f faiures r 
atteuate their ipact by reactig prpty Siiar 
exapes ca be fud fr ast every sectr fr 
aufacturig systes t urba biity fr gistics 
t eergy geerati pats It is estiated that each 
sectr wi beefit fr ICT ad wi experiece a 
reducti i eergy csupti f up t 30% 1  

Digitaisati aws the substituti f resurce 
deadig activities with crrespdig ight eversis 
that reduce the eed t ve gds ad pepe by 
vig bits a uch ess deadig effrt This is the 
case i eearig teewrig deateriaisati  

The basis f these pssibiities is the icredibe 
icrease i cputig strage ad trasissi 
capacity The faus re's aw first fruated i 
the 1960s ad the updated states that the uber f 
trasistrs per chip (ie the uber f eeetary uits 
f ifrati strage ad cputati that ca fit it a 
sa chip) wi dube every 18 ths We carry 
tday i the sartphe i ur pcet the 
cputatia pwer that was eeded t reach the  
i the ate 1960s Siiary trasissi capacity has 
grw fr the rder f the Gbits f cpper techgy 
t tes f Tbits (1012 bits) usig ptica fibre cabe 
techgy 

2 ICT sustainability 
Whie ICT pays a psitive re i eabig ivatis 
fr reductis i resurce csupti se studies 
have recety estiated that the ICT sectr itsef 
csues huge auts f eectricity ad it is 
respsibe fr abut 35% f gba eissis 2  

As reprted i 2 a segets f ICT ctribute t 
csupti with a reativey eve share PCs ad 
itrs ad the cuicati ifrastructure are 
respsibe fr abut 40% data strage cputig ad 
aageet fr 23% It is estiated that i the US 
ae data cetres (thse big aggregatis f strage ad 
cputig faciities that cect stre ad eabrate data 
prvide ctets ad cud services) csue 90 bii 
Wh per year the equivaet f 30 giat pwer pats f 
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re tha 500 W each a aut that crrespds t 
3% f the etire eectricity csupti f the cutry 
3  

Cuicati ifrastructure csupti is 
diated by the access etwrs which brig 
cectivity i the ast hp (the scaed "ast ie") t 
the users Access etwrs cprise a very arge 
uber f devices that idividuay csue reativey 
itte but have a arge aggregated tta csupti The 
csupti f a base stati the fudaeta eeet 
f the bie access etwr is i the rder f W but 
it is estiated that there are seve ii sites 
wrdwide with severa base statis per site Fr a 
bie etwr peratr the pwer required fr a the 
base statis ca reach 80% f the peratia cst f the 
whe etwr  

This data suggests that actis fr the reducti f 
these csuptis are eeded i a segets f the 
ICT sectr Ideed with the exceptis f cases i which 
devices rey  sa batteries such as wireess sesrs 
ad terias usuay the desig f ICT techgies 
has t csidered eergy csupti ad suppy as a 
reevat diesi i the desig space Eergy was 
tae fr grated whe ICT sutis were desiged ad 
the evved ver the years  

If ICT csupti is staggerig tday the frecast 
f its grwth is eve re wrrise i 4 fr 
exape it is estiated that the carb eissi f the 
ICT sectr cud reach 14% f the tta by 2040 This is 
due t the expected icrease i the pervasiveess f ICT 
The wew Cisc predictis 5 ffer the tred f 
grwth i iteret traffic that is reprted i Figure 1 The 
data is give i exabyte (1018 byte) per th a huge 
uber that tripes i y 5 years 
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Fig. 1 Internet traffic predictions. 

There are severa reass fr this grwth The first is 
the ppuarity f high bit rate services that are based  
utiedia streas such as iteret teevisi ad vide 
cas Figure 2 as based  Cisc predictis shws 
the traffic grwth fr severa services ad the 
iprtace f vide services is evidet  
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Fig. 2 Internet traffic per service.  

Secdy the uber f users is grwig wrdwide 
especiay i devepig areas the cpud aua 
grwth rate f the uber f iteret users is 50% i the 
iddeEast ad Africa The uber f cected 
devices w as Iteret f Thigs fr sesrs t 
achies ad rbts is aready estiated t be three 
ties the wrd ppuati ad agai grwth is 
expected t be extreey fast crrespdig t a grwth 
factr 5 i 10 years as ca be see fr Figure 3 which 
is based  the data ad predictis f 6 
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Fig. 3 Number of connected devices. 

The cbiati f these factrs pushes the 
depyet f ehaced cuicati ifrastructure 
the stregtheig f cuicati ad cputig 
faciities ad terias ad devices with a 
crrespdig icrease i eectricity csupti ad 
carb eissis The sustaiabiity f the ICT sectr is 
becig a urget eed 

3 Directions for action 
As previusy discussed the threat t ICT sustaiabiity 
arises fr the cbiati f the fresee grwth f 
cuicati ad ifrati services ad the fact 
that the traditia desig f ICT has t csidered 
csupti ad eergy suppy as a ey issue i a 
cases except whe devices have t rey  sa 
batteries As a csequece a aspects fr the device 
architecture t the prtcs fr cuicatis t 
resurce aageet strategies ad the severa 
echaiss hidde i a cuicati ad ifrati 
aageet ifrastructure have a sigificat argi f 
iprveet fr reducig their csupti Beyd 
the ehaceet f the eectrics that iprve the 
eergy efficiecy f the idividua devices there are 
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three ai directis that ca be tae whe csiderig 
the ICT ifrastructure as a whe 

3.1 Use of renewable energy 

Sustaiabiity cas fr ew eergy geerati pricipes 
that is fr the use reewabe eergy hwever its 
itrducti i the cuicati ad ifrati 
ifrastructure f reewabe eergy surces such as sar 
paes ad wid turbies with their iterittet ature 
ad variabiity i geerati is t straightfrward at a  
Ideed it requires a redesig f architectures ad 
strategies t verce the assupti that a pwer 
suppy is ctiuus ad guarateed We ca csider a 
few exapes The scheduig f tass ad activities 
ag a set f cputig faciities such as a set f 
servers shud ai t y at perfrace 
axiisati but as at csupti iiisati ad 
it shud tae it accut the avaiabiity f eergy ad 
the eergy efficiecy f the devices Ather exape 
ivves access etwrs that prvide cectivity t 
users The itrducti f a iterittet pwer suppy 
requires that the etwr is capabe f sefrecfigurig 
s as t adapt t the pssibe uavaiabiity f des due 
t eergy shrtage Cectivity shud as be prvided 
y if ecessary ad i prprti t what is actuay 
eeded s as t reduce eergy waste  

I additi t sustaiabiity pwer suppy thrugh 
reewabe surces is as advatageus i tw types f 
scearis eergig cutries ad eergecy situatis 
I eergig cutries the dead fr cuicati 
services typicay grws faster tha the devepet f 
the pwer distributi ifrastructure etwrs ad 
ifrati ifrastructure thus perate uder a 
ureiabe ad disctiuus pwer suppy T guaratee 
ctiuity f perati the etwr eeets are fte 
pwered with csty ad putig diese geeratrs This 
is the case fr the base statis f ceuar etwrs I 
7 it is estiated that 1 ii base statis aready 
perate withut cutig  a reiabe pwer grid ad 
e third f these base statis are cpetey ffgrid 
I these scearis reewabe eergy surces are cst
effective ateratives I eergig situatis 
cuicatis beces fudaeta but frequety 
as uavaiabe because f the uavaiabiity f the 
pwer grid I these cases etwrs that ca rey  
aterative surces ad ca sefsustai are eeded 

3.2 Policies and rules 

There are a uber f actis i ters f picy aig 
ad reguatis that ay ptetiay be quite effective 
These actis ai at iducig re sustaiabe attitudes 
ad adptig techgies that are re parsiius i 
ters f resurce usage The ICT wrd experieces 
such fast evuti that picies ad rues fte d t 
eep pace sustaiabiity hwever requires urget 
iterveti ad effective actis  

The use f eectric devices ad i particuar 
terias such as aptps ad sartphes ivves a 
extreey fast turver that is t ustified by the 

techgica evuti but is rather pushed by a 
extreey prfitabe aret At the sae tie device 
edfife is t aaged ad ctred as it shud be 
with harfu effects fr the eviret Reguatis 
abut device ed f ife ad the prti f re 
carefu attitudes by users are bth eeded  

The presece f cpetig cpaies ruig 
cuicati ifrastructure iduces a waste f 
resurces The phee is particuary evidet at the 
periphery f the etwrs Here whie service dead is 
variabe accrdig t the typica dayight patters that 
fw hua behaviur the etwrs are ctiuusy 
ruig at fu capacity ad csuig ast the sae 
aut f eergy as if they were wrig at fu ad 
This iefficiecy is utipied by the uber f 
verappig etwrs crrespdig t differet 
techgies ad differet peratrs Icetives fr 
ifrastructure sharig a srt f crsstechgy ad 
crssperati ptiisati f the use f the 
ifrastructure wud be very beeficia t reduce these 
iefficiecies  

Udesired ad uecessary ifrati deivery i 
the fr f uctred advertiseets ad spaig 
cprises a csiderabe fracti f the tta aut f 
ifrati that is daiy carried by the etwrs Rues 
ad echaiss t ctr this ight reduce this 
uecessary ad geeray uwated but csty 
ifrati deivery 

3.3 Users in the loop 

Users ca effectivey ctribute t aig ICT re 
sustaiabe by adptig prper behaviurs as csuers 
f cuicati services but pepe first eed t be 
aware that there are sustaiabiity issues arud ICT ad 
that ctrary t ur perceptis cuicati 
services csue huge auts f resurces The first 
preiiary acti ivves disseiatig wedge 
abut ICT sustaiabiity ad prte eergyaware 
attitudes  

Users ca iprve sustaiabiity thrugh a uber f 
behaviurs First they ca chse ess deadig 
services wheever pssibe There are fte severa 
aterative services f the sae id f quaity but 
differet i ters f csupti due t the aut f 
ifrati that has t be carried ad the distace i the 
iteret that the ifrati has t cver aig 
chices with a awareess f these differeces if 
practiced by a arge uber f users ca have a 
sigificat aggregated ipact  

Cscius chices by a arge uber f csuers 
ight ffer a cpetitive advatage  the aret t 
sutis that are parsiius i the use f resurces 
sparig a virtuus circe i which service prviders 
desig re sustaiabe sutis  

Crwdsurcig prects cud as be started t 
itr resurce waste cect data ad warigs abut 
pssibe critica situatis share suggestis  gd 
practices ad s    
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