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1.1

Summary and policy recommendati on

The purpose of this analysis is to study and anal yse
public gectsdarbidndi es for measuring and reducing the
climate and environment al performance of digital govVE
structural support scheme “ Raifoirmpt Pobl iSocAwayénegsEsu
Devel opment Fund), which is implemented by the Estoni

Summary

The environment al i mpact of I CT has become an internas
to itrhereasing energy use of data centres. Aside from
which have a bigger or smaller environment al footprir
forms a%%umfdl he wasudpsi oot ahdcoverlTR%s of stat abnegind
footprint, which is why methods for measuring the eny
requirements and recommendations foe Clr@ptte Mg itthse ilng
field itseldf is rapidly developing, the measures fo

i mproving.

Thi s sdtiugdiyt adf government focused on assessing the env
use of I CT equi pment and software. The benefit for

digitalisation of work py.ocMaehlsielse waltsomasdrarsd edt loerl ys
included in this study.

The study focused on public and | ocal government i nst
comparatively. The study sampl eociathclguodveed nIn2 npabl iTh e
interviews conducted with the institutions covered ar
civil ser vRaingtdsr.e( Flee ad¢eowme of the analysis of the [1if;
equi pment was broader, covering around 74% of state a
athini stration, i.e. nrang&@)ged institutions, see also
The analysis also included four | ocal g0oyef ammedtds 35 %Wh
the total number of the employees of the | Bicgdrgovern
The anallyisfiese oyfcltdheand electricity consumption of | CT
the four selected | ocal government s, focusing only o
of ficials (see al so

Fig@re

The forerunner of measuring the environmental i mpact

tel ecommunication compani ees.stlindy elramrss rod!l imeed hond st,h & 0G|
St anfiTahred .st andard addresses organisations’ environment

Currently, the Estonian public sector dadsntnaotf |etT iar
from some individual e Xx a mpRloeasd (atnhde deart ear cye nd frfeisc)i. e nichye
to take more conscious steps towards greener organi sa
guestions.

1) What are the policies and strategies of other coun

1Shaping Europkt spslidif ¢aavr dma udrehit é NV TXT/ PDF/ ?2uri =CELEX: 52
2Car bon Tr eSauts,t aGlnatball igy I nitiative (2017) |1 CT Sector Gui da
Accounting and ReppstfihogwBStamdpradtocol . ot grsc®%wee/ defaul t/f
%20ALL%20Chapters. pdf



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0067
https://www.ghgprotocol.org/sites/default/files/ghgp/GHGP-ICTSG%20-%20ALL%20Chapters.pdf
https://www.ghgprotocol.org/sites/default/files/ghgp/GHGP-ICTSG%20-%20ALL%20Chapters.pdf

2) What are the measures and approaches applied in t
environment al i mpact of |1 CT?

3) What is the clhhreremtvi giommatnitan o fmptact of digitalis
4) What are the forecasts/trends regarding the envir
sector over the next 10 years?

The study reveal ed ntohraet pgrueacnitsiet amei avseu rdeantean tf oorf t he en

government in the institutions do not generally exi s
available data concern wor kstati onscrqgiuptpimee ti,n ft hrematgiec
is stored in the institutions’ asset management Syst
environment al footprint of the wuse of I CT equi pment,
energyyiehty i s measured on a daily basis. Toget her
equi pment to the Information and Communication Techno
al so be planned in orderactto ods & éres etqhué perewvnitronment al
I n terms of the components assessed, the main concl us

[ATS Oeo0tsS 2F L/ ¢ SljdzALIYSy

The digital government component with the | argest
(server s,mocnoimpourtse rasnd ot her devices). The environrt
| argest in producti on, forming approximately % o
i mpactsiotfe ounse and di sposal of aarpdwrcde %Y fofeqtuh e mae
total footprint. As compseée@rcubsiedeprBsuceidaaadt ef |
by the institutions, the Il ocal environment al i mpa

equi pment ahdextena,simas d4 3Pposal (see also Chapt

The study coll ected data about the workstation e
governments, which were used to calcul atee})he cum
(see al sto)lChapter

Th@2dFt AYLIF OGO 27F Y6l ¢@iNg 1002 AR yRSdAALI t/ & | YR
9alz2yAly aidlrasS I 3SywhiSah Aias ngemematied ht hroughout
equi pméntyeg@ads) . Thi s i s equival ent to the annua
households or use of 5,555 diesel cars f®reeone ye
al so @hadptler3

Total CQefootprint of the life
cycle of workstation equipment
of all Estonian state agencies

780t CC
5720t CQ ‘
19500t CO
Production

Energy use during life cycle of device

m Disposal and transport



Fi gur £€fOCotprint of the |life cycle of workstation

Stateoltegly purchases can be guided towards green

environment al compatibility requirements for I T
significantly | imit the choice,alals méjeonr-eaqqmuae dmanktint
manufacturers (Lenovo, Del I, HP, etc.). EBmd@ requi
equi pment . Maj or manufacturers are actively reduc
and the requilriememtoxc ufrememiuls should keep up with
model requirements developed. The good environmen

for equipment with higher performancerthanl|l aoguatk
possible (s4el)alsd Chapter

Leasing of I CT equipment instead of purchasing it
increaseup hef tahe l easing model . Thi s model i s
sustainability, as used eaquiipnmetnhte winlslt inoutt i oen sl ef
new owners via the | easing company. This extends
environmental foot4prli)mt. 2( see al so Chapter

ySNBHE O2yadzYLIiaAzy 2F L/ ¢ SljdaA LISy

The carbon footprint of E8B&nb&nEehengga’ prbduali e
originate from the ene4gly. ZEhiter allseei a¢t sea Cehsapt
footprint of I CT equipment wuse by around two ti m
used to calculate thenadavefFagei astiancementsa&l off o @t [
over four years-9@erk@grCOT s safseuconglderably small e
manufacturing a 2c)omphudternqt3O0mfarkgfiCn@.1.2.(3see al so Ch:

Gl OSyGaNBa FyR Of2dzR aSNBAOSa

Estonian digital government of fers the most pot e
consoli-daubrg senvers and server rooms to data c
contemporary data centres caderabfgr grbensamaaygecoum
house server rooms. For instance, the consolidat]
physical space by sixfold. The organisation of S
required hatdwmase( seee.nhbd. Bheanp tterough t he use of
data centres i s comimomsien steheepvbladddi-asdeadredi i otnos
a recent survey, more than 50 i%R41tiSt amidomel s@i dhat
are used considerably leds®.B8.comparison (see al s
The study sSHFoFWsO AtShyaCte t2hfe s i s 6 SeewtSiNg n OSkyd NBaf pri va
data centres. RI KS data centres cAdn3Bebaoabnsitddrse
compar athleeetf di ci ency of technology giants (e.g. t
Th PUE indicator of Telia data centres is not pu
consumption related to tthheats aonffe RlekS/idat a sc esnntarl el s
4.1)3.2he efficiency-hase. sRUKFeirndiooanso ri)s aofe niem a
ef fi ci eacctyi vies|l ynoitncr eased.

The government’'s main data centre service provide
system PBIO5O00ils audited and motivates to strive

SpwC
‘4PUE
abbr
SE V\BN

(2020) I KT baastebadahupsbe/ kawviwwas btnmip 8 & 8 mhjadirgdilswgwsdiud
(Power Usage Effectiveness) describes t2h&remdianeéncy o
ev)i.ations

| SO 50001 EnergRemanagmmahst wyshemsi dance for wuse.



https://www.rahandusministeerium.ee/et/uuringud-ja-analuusid

Various c¢cloud servicesge phstpbitebanel yt PhaSednooda
country. This is for instance i mpeded by data prc
territory), but also service prices (ppacG2yylyYase
D2OSNYYSy@ANLBZEIWR @ewhbiud solution, the popularity o
in reducing the esntvhe oomeneant hombprmpmmwibf us @es fc
YI EAYdzY VY dzY o(SsNd eLJzadl ashod I1S1Ba @t er

{2F0o6F NB az2ftdzirazya

The i mpact of software solutions to the environm
anal ysed. However, software effichedcy emper at Wrig
equi pment , which is why more attention should al

solution being developed when pl am®2Ridrfd NI H eNOKA fii tSwDa
e.g. solutions basled hoen pmiecfreorsreeddv il(ksdese3 aslhsoou Chapt ¢

I n future perspectiveteadopei omrmcbhohegi enefbdyg das

bl ockcpaoourcency, etc.) entails a significant ri
the institutions should include trhaek ienngv icrrointneernitaa lr
to planning and technical design.

v

L/GNBYRE B ¢ diat a

sciemce ci al Bl ockchain Int_ernet of
intelligenege ! Things
(19T
9YAaaArzy .
A)/CV)NAIéS Datantres Comp ntega rwo r k | GTqui pment
éZdZN\I“)SéA o R L o .
FEKS 02f RSNIJfAYS YIENl A ANBFGSNI SYJANRYYSY Gl ¢
i NBy Ra

Fr e,iCitBegr Aeerfls et . 22§ PTlhe r e al climate and:Aransf or ma
cri que ofremdshat eghi|l pesvivecsed d/ima eff mls IR @&&
38@I00188

Fi gaaird mpact on I CT trends on Sincrease of gr

S5AIAGEE GNY aK

Digital trash, i . e. useless files, mostl yuprecei ve
Day. I ndividual stlatta asde mreigad addlyetteh rdiugihtoaut t he
data management principle could help to reduce us
The environment al i mpact of digital traskrivermain
rooms, where wuseless data are stored. The footop

SFr e
and

itag,-L€e, BEez2h2t)saThe rteagalnsdloirmatte wercd mpaqueobfl| €Tt i mat
reght taps :omn/swww. cel | . coRBRAI( 284 DHD/ABBI | text/ S2666



https://www.cell.com/patterns/fulltext/S2666-3899(21)00188-4

environment al i mpact of other component s; this s
reduction practidceld 5(2ee al so Chapter

The key to sucaes safndlf feiciog iethal uslee arf I CT equi pment [
attitudes. The study did nomplfoxass omf atntad yismatfgi tt intei
conducted in parallel among the I T managers of state
AYadzZFFAOASY(G gl NBySaa 27F diskSa ysSiag niiAtdiSc ainytLJr ouiis t2afc |iek.S
Achieving the objective set in the Estonia’'s Digita
environment al attitudes and awareness, speci fying ¢ttt
consolidation of thesl Tni rsfursa aati mwadtl er el ad md ceantvies anc
environment al i mpact of digital government.

Ul l e Krordm](12032)K2ARf A1dz L¢ NI {SYRFYAEAS LINF{dGALE 9SadAr | @I
Master's thesis, Tallinn University, School of Digital Tec



1.2

Policy recommendati ons

Deci-maloeir s and users of alll |l evel s can take steps to
The fiaolgl ow st provides some intervention and decisio
recommendations are presented in the order of the siz

recommendations withredhecgrtlae esnvipopomementadl| tfooot prin

t2f A08 NBO2YYSYRIGAZ2Y MY [/ 2VE2tARIFGAZ2Y 2F &SNIBISN
IINPY2(GAY3 GKS SYPANRYYSYiGlf LISNF2NXIyYyOS 2F RIGL

wSO2YYSYRo GAhegirce the envihrooursnee nsteadv eiensp aacotd nosf biyn cons

them in data centres. At the same ti me, it must be en

used by the government is as small as possible and th

tdh data centres are consistently applied.
The following steps are recommended to achieve the ob
a) consolidacuese 9ér vear rooms and servers to data cer
b) establishing the requirement t o i nmalneangeente nan sly$Q e
in data centres used by the government ;

c) establishing the requirement to regularly publi st
centres;

d increasing the efficiency of the goveesmamd’ sedtit:
server rooms in efficient private sector data cent

e) finding suitable | ocations for environmentally su:

QELISOGSR CHArsE02YShouse sérvars and server mtoionmse .o fAst hae

result of consolidation, the servers and server r 00mMm¢
transferred toeddntcemmaeryareynvihiogmhment ally sustainabl e
the consoliedatitontme environment al footprint cannot b
the institutions do not currently measure t-heuetficie
server rooms (over 50)he ierxtpeerrn atnicoen aolf prhaec tciocnesodnd at i
(where the requirement for physical space was reduced
data centres is the most importandf vtitcd olr@T i nf rcidgiicti anl
When consolidating servers and server rooms in data c
data centre is as high as possible and that tthhaet i ndi
data centres used by the public sector apply an |1 SO 5
the addressing of the environment al footprint part o
service proviegady (RpK&mehel il 80 &I1000 1.

Pursuant to data protection requirements, the public
the environment al footprint, it is recommended to in
centrrersentuy, the responsibility for the state data c
|l ocated in a building that was not originally design:é
efficiency (no sbieg nmicfhiiceavnetd gweiitnhs fcuar t her projects) an
footprint, a new building that is specifically design

One possible alternative to builodi rag pa invew ed astea t @e n tsre
I n cases where data protection restrictions do not ot

8Cf. hetps://cloud. googl e.acddm/nsustainability/region



https://cloud.google.com/sustainability/region-carbon

should be preferred, as private service prodvitdoertshecan
state data centres. Upon choosing a data centre, the
obtained of other environmental compatibility practic
environmentalldtyi dm iefnddlyl spossi ble options.

The | ocation of the data centre plays an important ro
the case of both public and private sector. Whetge pos
of power and heating plants to ensure that the residu
transmission | osses of the electricity used to operat
l ocal goverdn mgntl o ciann i foins, promoting developments and

t2f A08 NBO2BSPIRRPANEY FhAY I vyOAYI Y2RSEE adzZLILIZNIAY I 3TN

wSO2YYSYRoO ldeye&l op a financing model or a measure tha
of I'CT in the institutions.

AAAAA

9ELISOGSR Thazi ®a & cing model developed should ensure
instead of moreatuifves dalploe @lutrehasing software sol u

Business class equipment with | onger wuseful l'i fe and
along with extensive adoption ofntcICdwd ds earndi opeush | (i bco tcH
I n the case of alll of these purchases, the current d
cost.

I n the case of state data centres, capalihleirteiods muegartb
supported. When purchasing a data centre service froi
service offered should also be taken into account in

Once softwardceweollaupda d,nss wfrfei ci ent funding must be ens
incl. to ensure the updating of development frameworKk
software system created fromy barmd mi elgataed egraciyr cryme @ tm

t2f A08 NBO2YYSYRIGAZ2Y oY LYONBLFaAAYI GKS SYOBANRBYY

wSO2YYSyRe (liAreg/ryease the awareness of public sector em)

practiheed iiedn dt of | CT, so that the public sector coul ¢

picture and understand the role of I CT in it. To achi

of the following target groups.

a) Environmentally -tbhascubes empéonykeeonmental l y consc
introduced to all public sector empl oyees and th
competencies required would include:

T devel opi ngf tclee ehraibng up digital trash;
T explaining the principles of prudenkepsepofcequ

of equipment offers value for |l onger);

f the environment al i mpact aspects oénesgwg equip
settings of the computer and the monitor, switc
that burdens the computer and its processor, et

f avoiding printing where possible and other si mi

b) Environmentally e @ mpsl coiyoeuess pwhroc harser responsi bl e fo
institutions’ | T units and I T centres who are auth
procured. Rai sing the awareness of public procure



i mpact of I CT equipment and its measuring and int
requirements for equipment. The p#Hirneingll ¢gs pafoctuh e |
arising from the Public Rriomonurtememdo fAcandanglo oidmpd
competences of service commissioners (software dev

be increased based on the specificities of their f
met hodls twseneasure it and possibilities for its re;q
are the <charactfeirniesntdl gys datt aamericoe service). As
environment al i mpact of softwdrfe cawdlIsve,hotulh e rad Isat
c) Green evangel i sar gseemrivsi actei opnrso vtihdeetr provi de servi ces
centres, RIT, etc.) must be capable of responding
environment al performance of their service. The m
measur ement and verification of t hddedftolotlpmo wlit e dbg e
measurement and assessmenpl mmehdobdesraonddehet Bbiml i Sy
e. g. I' T centres, can assume an increasing role in
ecfori endly practices and promotion and recommendin
t heeemrer solution is often considerably more expen
should start by changing the attitudes, so that th

in favour of thmakiahger upon deci sion

The t domlcs efacsri ng awariemesddiarieoh imotodregani sing trainin
there is also the possibility of preparing instructi
adviser to the respective competence centre

AAAAA

9ELISOGSR I hdzb®216¥3Y to make green choices, public sector

environment al compatibility. The reason behind scer
compatrieblidtieedy knowl esdog ea.f rRaeiodp loef aurner eaalsonabl e restrict
purpose of environmental compatibility, which curb th

Public sector attitudes play a centrdlkersbhedi hhatakgn

behaviour does not mean extremes, but using the gov
possi bl e. For instance, environment al compatibility n
equi pment ,e prfuccenti punent, therefore extending its usef
environment and other simple daily activities.

I't is important for officials to understand thg bigge
di gital |l ife has thereon. The understanding that dail
your institution’s financi al resources increases moti
I n order to change theceaetnttirtecusdd, excedmpatcence® ud e@lntbree c
task would be to |l ead the field while also advising
gat her together instructions and besfopmatitormesdawnnd
institutions should also be supported in establishing
Upon increasing awareness, we recommend proceeding fr
whi ch i scdrmmonmotsdol box for understanding and measur.i
i mpact

The role of a conscious <client is important in terms
required functional ity teakteos mohvee pfroercweadredn cien aanrd ag@iulr
progress. The role of a conscious client is to infl ue
including its environment al i mpact wh esne sp,I aenxntirnag etfhfei
may be provided by microservices, where additional h &
only to the microservice that requires increased capa



A A AN 2 AL

t2f A08 NBO2YYSYRI WARZ2 VA YiLY S5vSSFSitl AARSY B T SY GANR Y Y S)

wSO2YYSYyRo Gdey¥l op common practices to measure the er
the method developed in the public sectot a$ ahwhodl e
with the |-adragestceinmpect asdouUCd tghepmenodority.

9ELISOGSREAWE OpY$¥entally conscious process optimisatio

on data analysis. Curreatiges htoer meesunoni T mmoe @envir
field and the institutions do not generally collect
perform measurements. The only excepgyoafiiscitbadecyaia
daily routine. However, data centres do not know the
The establishment of the Estonian Information and Cor
and the corfcdrhter atain,mgement of the | T base infrastruc
organi sation creates good conditions for measuring tIl
futur e, responsi bility fgoroft hteh eoremwiirscan meomt aolf ftohoet pnre
related reporting could be given to RIT. Measur ement s
should have the option of monitoring the,erbwitr dnmesntoa
not place an additional burden on them.

The measurement results of the I CT environmental foot
the environment al footprint of t hrae apsulbrliincg stehcet oa o warst |
environment al footprint are developed and establishe
practices. In the field of I CT, the current best opti

t 2EMB@2YYSYREFEGA2Y pY 9EGSYRAY3I GKS tAFS 0e0tsS 27

wSO2YYSYRhé&@ARYYY¥Ye cycle of I CT equipment should be ext
recommended to continue to prefer busircrdasi nlgaeg uh prme
The procurement terms and conditions of the | easing

|l essors, which confirms or proves that the equi pment
are dulyfdi$hbesetient could retain the possibility tc¢
Purchased and unused equi pment must be directed to ne
or sold at an auction or to dealers.

We r ecommeindg etxhheenldi fe cycle of I CT equipment via the
a) preferring the | easing model over purchasing equi
b) devel oping procurement requirements that extend t|
c) prefeghiggahity business class | T equipment with
d directing decommi ssioned and unused usable equi pm

9ELISOGSR MbdzeO2¥%P¥ensive business class epeipmdnofisi ml
Longer wuse of equipment and directing it to circular
frequentl vy, which has a positive effect on the envir
environment allc eidmpoanc tt hies arcecdkount of the waste generat ec

The |l easing model is currently the preferred choice,
owners for their old equipmentt.hel CTe qaig uiepdmenrett wWoea &kssi mg
directing used equipment back in circulation. I n the
guantities of used equipment and there is atmakek that
unreasonably |l ong (the useful l'ife of equipment is al

10



Companies that |l ease I CT equi pment generally have p:
equi pment reduseseswvked asmgqui ckly as possible. The e
mostly sold to other countries where the market of wus

t2f AO&8 NBOZ2YYSVYRIGAZ2Y cY wSY2@gAay3a 2o6aidl Of Sa NBf |

wSO2YYBNBYiYrent obstacles to wide use of cloud servic
|l egal system that restricts the use of cloud services

AAAAA

9ELISOGSR cudzr@nY¥8Y, public cloud s&pvecememtreChbotiered

institutions perceive several obstacles to its use, W
se¢al l-eadusen cl oud services that run on them. One obst a
Estonian Government Cloud, which is why some instit
Government Cloud recently joined RIT, as a result of

becomes the sole managéoudf the Gover nme

The second obstacle currently perceived by the instit
related fixed costs. Accordinlgotoesegeval isassmotetfiion
Howevertitahei oms al so point out the risk that i f  func
mont hly invoices of t hteoGoe esenrmeaert rCd om di sa npdr eafne rirne d i

which can be fundedn amvesgmejndst. basis or fro

Foll owing the example of the United Kingdom, permitt
addition to the Government Cloud should be considered
are useddtgraeesmbut the institutions are not <certain
instance, the government uses MS Te ahmss & ahaeSV) e lacmmme n to
(when working with publ immednatt,a)i.t lins twomtsh ogr etfheer ré m
international technology giants where possibl e, as t
centres is the quickest. The-1 PUE, owh iSdh Tiadl y2f0f2i 1w i weanst
compari son, the 2021 PUE of a commerci al bank operat.i
Google data centres is 1.10.

t 2ENMBO@2 YYSYRIGAZ2Y TY 2ARSEALINBIFIR RSLX 28YSyd 27F Of
wSO2YYSYRh&@ARYYtitutions -sihrosutl ds tfroaltleogwy ,t hie ec| opudef er

l ocated in a central data centre overbeotehnecro usraoalguetdi.o n/
result of the transfer to cloud sehovicesc| abhe ucleu if o
be justified and all owed only in special <cases.

9ELISOGSRAZ dzl ®u¥S¥ ol uti on | ocagreedenenr at hcaemta adl| adiad as ere
an agency, because it i s -inmtte msiawse narbd ee xtpoe n sripv e meemvti rl
practices (e.g. use of residual heat) | i ke inmmbataode
users of the Government Cloud,2ywihmmepm 3B hoSt¥IdEA idz2va U
ydzygSNJ. e. there is great potential for development.

One of the key benefits of c¢cloud eengi medei s &ahss Ina
performance can be used based on needs exactly when

compatibility, this means that the wutilisation | evel
signifiacanthlaynw hihplhts ef-$ddrveni sting hardware resources
maxi mum. The scaled pricing model means that the inst
consumption. This alsortabése, thaet sehei ¢cansmoteaetiadbhs s
financial security in order to make greener choices.

11



t2f A08 NBO2YYSYRIGAZ2Y yvY LYLXSYSyillidAazy 2F 3INBSY

wSO2YYSyRbfiaadYe architecturiedede stihgen esnhvoiurlodn melng @ | ¢ a n

alternatives. Development of a minimum viable product
solutions in order to avoid unnecessary features.
9ELISOISRD2IwEDDYIE Nt of s ofntowarbee sbod suetd oonns ssohlowtlidons h
devel oper. I nstead, the pros and cons of various arch
choice. When considering different solwdgd onfs,t lad tealt u
devel oped (incl. electricity, processor and memory) a
should be preferred. For instance, a solution based
envirommemmalages compared to a monolithic system.

The first stage of creating a new solution should inc
solution. In other words, the develfauammantonahoulyd aédg
additional features can be gradually added. Adding a
and the number of users in order to avoid creating
equi pmemus acndedt e additional greenhouse gases.

t2f A08 NBO2YYSYRIGAZ2Y Y tNRY2GAYy3 Of SIyAy3d dzZJ R

wSO2YYSYRO ip@yw!l arise the i mplementation of data mana
daily work processesofandCTpreugduei nptmeunstee practi ces

9ELISOGSR Thazli @h¥WSY¥Y onmental footprint of digital trash
data centhroeuss eansderivrer s and purchasing of new storage
met hodi cal daaptpal intaantaigoenmeonft can be used to optimise bot

information and the energy efficiency of data use. As
year as part afp tDRg . Diegdiutxaeld ¢ @lee¢ @ennrvi r onment al footpri
and digital trash should be part of daily work proces
the environment al benefits of regul dan vdeletciamn btehdrie
i ncreasing environmental awareness and competences in

One approach gaining gloBahi popueaommgnds-c@pm@altayi nsg
equi pmente,asr ewlssddl t hem as rarely as pgangsinlslieseanuder

equi pment , including storing redundant data. These pr
I't is also important to meampleeiachheveménce. aGue Bpo s
which has managed to avoid purchasing of additional C
The PPA Diupi DaysCekralBll @Bi oftdi Bkespade tpher |yaesdr DiAsd ta
up Day, the clients of the I nformation Technol ogy Cen

https://theshidrntpemtlecpg| oadfFRGPOAHS OB deaat 2019. pdf
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https://theshiftproject.org/wp-content/uploads/2019/03/Lean-ICT-Report_The-Shift-Project_2019.pdf

2.

|l ntroducti on

Linking digitalisation with the green trdarmsi tfoad di.s

According to the Intergovernment al Panel on Climate
around 0.9 degrees over the | ast 150 years. Anthropot
gl obal war mi ng, empar atiwnrge iinncar eglsceb aolf taround 0. 02 de
| PEEnvironmental topics have |l ong been addressed in t
fields, but it is important formgathlke efnwti urne mefnttah e chlaa
green choices in all fields, including the I CT sector

Estonia is a higatguddg®99®l o6edubbuat sgr vi¥wheisc harheasav a
reduced peopl e’ s trgantsg oirrns tnieteudtsi o(nes. gi.n doridveérn t o comn

related environmental burden, but also daily paper co
I CT solutions and the I CT sectomopietasielICfo mms sali o0’ ' sotde Wy
communication Shapiny EbheoptesctDigitgl cbousumeti on of
arou-aeh 86f the world’ s total consumption and over 2% o
procurement of resources required therefor may entail
to environment al degradation, deterioration of t he
environment al polil pmémtin. i JsangmbdCT aegd efficient way
making regular deletion of useless files a habit. The
all else to their own enviwvahmestatofobCprespntuandnal s

used aside from other green activities.

The European Union sees digitalisation and the adopt:i
solutions, while alsoaabtkeowl ¢ttigi dgsi hatd posotdee eOvV
themselves must be edTheomgmernhaktbrwnsiustannabkel erates
di gital solutions and offers the I CTiséwvteor Thewsgmeo g
as a result of the green transition and digitalisatio
the main goal of the environmentally friendly digita
genal . I n Estoni a, both public and private sector org
changes to reduce the environment al footprint of I CT,
systematic overviheweaofvi rbemehéebht adaondden of the Estoni
the earlier analysis of the e®viirmdimeind aa | Rios#pawoti @ofs |
stages of the life cycle ofrddcdntdqudagme.nt have been s

The objective of this study ar*¥wsheischf rsoene st hger eBesnt odniigai’ts

as the next developmental | eap of digital government.
most canidnaetnevi ronmentally friendly options upon adopt
i mpact of digital government.

WEuropean Grees :Déalc. europa. W/ RIMI b/ swgrregibemy / pni or i ti es
IThe I ntergovernmentahtPapsel /ovwwCli pmat ehChaninge.
2httpestdrvi a. com/

BShaping Europkt spslidf cadr dwa udehnlt é NV TXT/ PDF/ ?2uri =CELEX: 52
142030 Digithal pGompasdor di-di gdad mperulsesuir o pvad wt/ril 33d ¢ @ad d e /

MK M, EY (2012) The Role of Greemtti €£d: i hwWw.armbi m.re&e $Sumast it s €a /c
suupoheilpteeent si aal
Bhttps://www.niis.or4dhdhwig/ 2dmhd¢mbtébd 8addeduci ng

YSEI (YB@AARYYI K2ARf Al dzZR MKEA DEKI V ic Sdio. siedi . tosf yod/ | wbpd  KhF N2 2/ 02/ t
uur iFanrguuad.nped f

Bhttps:// mkimaeernduvgusf ddkge ndrld B&®a n a
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https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://www.ipcc.ch/sr15/
https://e-estonia.com/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0067
https://eufordigital.eu/library/2030-digital-compass-the-european-way-for-the-digital-decade/
https://www.mkm.ee/uudised/uuring-eestis-suur-rohelise-ikt-potentsiaal
https://www.mkm.ee/uudised/uuring-eestis-suur-rohelise-ikt-potentsiaal
https://www.niis.org/blog/2021/6/3/reducing-the-environmental-impact-of-x-road
https://cdn.sei.org/wp-content/uploads/2022/02/tallinna-khrh-uuringu-aruanne-3.pdf
https://cdn.sei.org/wp-content/uploads/2022/02/tallinna-khrh-uuringu-aruanne-3.pdf
https://mkm.ee/digiriik-ja-uhenduvus/digiuhiskonna-arengukava-2030

2.1

¢KS LldzN132asS 2F (KS aiGdzRe gl a G2 lLyrteasS GKS Sy@iaNRByYS)
FYR LJ2aa2INdAYSHKAENMA YA | yR NBRAzOAYy3I GKS SYy@ANRBYYSyil f
SYBANRBYYSyGlrt LISNF2NXYIYyOS 2F RAIAGIHE 3I20SNYyYSydo

The project resulted in the preparation of this analy
t he diugittag@glnability of the Estonian public sector, whi
form of institutions’ practices, trends in the field,

and recommendatiitons for reducing

The study was commi ssioned by the Estonian Ministry c
by Ernst & Young Baltic. The project was funded under
Publ ic Awar elnnefsosr naabtoiuotn tShoeci et y” (European Regional D e
by the Estonian I nformation System Authority (RI A).

Study and analysis methods applied in
The environment al i mpact of I CT weass anrsestehsosdesd, wnihti hc he op
direct input for answering the questions concerning t
reference of the procurement and preparing policy rec

lyafA& 2F F2NBAIY | yR LINAGFGS aSO0iG2N) SELISNASYyOSa

The study’'s background information consisted of th
and similar assessments and examples from private
expaces of both foreign countries and the private
practices i mplemented and obtain assessments of the
the experiences of thd nHsetrovnieaws pmeirwea tceo nsdeucctt cerd, wihtrt
out in terms of environmental compatibility topics.
to address the topic by taking into account Estoni a

520dzygyteBrAa F2NJ RSTAYyAy3d YSiKz2R2t 238

The environment al i mpact analysis method wused in t
components assessed was defined 3prplsedhenpdojcaiente nd r ¢
the components (data centres, di gital trash, etc.)
a systematic approach, the components were placed

i mpact( sofeFliagWsmod he LES model ) .

The assessment met hodol ogy of each component has
specificities of the respective component. The meth
in the chapter addr essi ngChtahpétoesveercdsf)i.c component (s

Ly GSNIBASEE 6AGK AGHGS F3ISyOASE FyR 20t 3208NYYSY

During the study, interviews were conducoed 1&ith
institutions selected to the scope of the analysis
departments of institutions where necessary) in ord
i nput to assesls itnhpea cetn voifr odningeinttaal government. The cl
with the aim of including as many institutions wit
I nterviews were conducted with the following instit

1) Ministnpymot BEdbairs and Communications ( MKM) ;
2) I'T and Development Centre of the Ministry of ¢t
3) I nformation Technology Centre of the Ministry ¢
4 Estonian I nformation System Authority (RI A);

5 Centre of Registermss amMd KI)nf or mati on Syst
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6) State I nfocommunication Foundation (RIKS);

7) Health and Welfare I nformation Systems Centre (
8) the Information Technology Centre of the Minist
99 Education and Youth Board (HARNO) ;

10) Tax and Customs Board (MTA);

11) Enenment al Board (KeA);

12) Police and Border Guard Board (PPA);

In terms of number of employees, the interviews con
of all staFeg3geddhiees nsgdeaeutions interviewed empl oy
state agencies emPloy 22,922 employees.

Total number of civil servants in state agencies
included in the analysis

Total number of civil servants in state agenci
excluded from the analysis

0 2000 4000 6000 8000 10000 12000 14000 16000
Number of employees

Fi glirdAnal ysi s scope aamgs nax yp reanpd rotyiecers .of st at e

Additionally, four 1 ocal governments of different s
tot al number of employees forms around 35% of the
sec?or.

13 City of Tallinn;

14) Saeemaa Municipality;

15) L a &kher j u Municipality;

16) Al ut aguse Municipality;

¥ gt Aldz GSSyAaizatSp § NAA Wviwayrh din anleipitive n 2 & d |/ eled/i sv all§ifaper sonal

pal gastatistika
Vhttps:// mtswesmdval ee/ etéemavichebdeacstseku or i
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https://www.fin.ee/riik-ja-omavalitsused-planeeringud/avalik-teenistus/personali-ja-palgastatistika
https://www.fin.ee/riik-ja-omavalitsused-planeeringud/avalik-teenistus/personali-ja-palgastatistika
https://minuomavalitsus.fin.ee/et/omavalitsussektori-teenistujad-ning-nende-tootasu

Tallinn 20032

31%
L & &hagy
613 1%
Other local Alutaguse 288,
governments 1%
41561 64%
Saaremag
2062 3%

Figure 4. Total number of civil servants in local governments (as of 2021)

The interviews focused on the ffolrdmwihg domparrsentwhi

I nterviewees were supported with | eading questions.
f Ilnstitution’s environmental objectives
1T Awareness
T I'T equipment | ife cycle management
T Use of servers and data centres
T Cloud hosting and cloud services
T Softswaketi ons and | egacy systems
T Process planning, incl. sustainability in plan
1T Digital trash
I nterviews wer estcrouncdtuucrteedd fionr nsaetmi whi ch al so hel ped
not necessarthg betengi awdeopics, but is important

vdzl yGAGEGAGS REGE Fyltears

The data for more precise measurement of the enviro
exi st or are not easilmaj avait yamife qgurananabysabl edat

equi pment whose model names and descriptions are st
The institutions themselves do not currentfl ¥ CcTol | e«
equi pment .

For quantitative analysis of the environmental foot
12 state agencies and four | ocal governments. The ¢
centres aneras epwar adadfr eisst ng the institutions pr a
study, which is used to assess the environmental fo
two | ocal governments. The déaba aghanti thésegelanalegl
collected from central I' T centres (KeMIT, RMI T, R
agencies (central gover nment agencies and institut

comput etratwioarks$® i n total).

2APwC (RVY@O0JF+FaldSSydzadS.hita MM & lwwwivd 3 alhiinfdN N dni-jnai nsat letlersiiudn. e e/ e
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https://www.rahandusministeerium.ee/et/uuringud-ja-analuusid

Number of computer
workstations in state agencies

TEHIK%

Other
agencies

SMIT 26%
28%
‘KEMIT
6%
RMIT
RIK19% 15%
Figaur Number of computer workstations in st
The quantitative analysis of |l ocal government dat a
governments, focusing only on the workstation equip
Fi g@re
Scope of workstation equipment analysis
50
Saaremad s 2062

Alutaguse g35gg
Laane- gHrju

i 2027
T e ——— 20032

0 5000 10000 15000 20000

Number of computer workstations analys@&drotal number of employees (as of 2021)

Fi g&ar Number of analysed workstation devices vs total
the scope of the analysis

Quanti tat imei ndlay ac oMelreect ed about workstation equipm

printers) models and quantities. The data coll ectec
on environment al effect s, whi caic tsuearlv ean vaisr oanmrmeinn @mu t
addition to the data collected on workstation equi |
coll ected on the energy efficiency of data centres
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Further quawetriet aotbitvagd ndeddt o mr dourc tae &s uirrv epyar al | el wi t h t
targeted at the shapers of the development of the I

assessments in terms of t he offacltTor soliwmtfilaresn.ci Mpget
guestionnaire were shared with this study, which el
preparing policy recommendati ons.
Assessment of environment al i mpact iun @plmedcdd | fewarsti megr s
provider s, data centre service providers and <cloud ¢
conducted in total in course of the project in order

201 1 e Krodm]1(12032)K2ARf A1dz L¢ NI {SYRFYA&ES LINF{GATLF 9Sada | gl
Master's thesis, Tallinn University, School of Digital Techt
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2.2

Ter ms

The foll owi nggn t@awbdrevipewvofdetshe key terms and abbrevi

and abbreviati ons

Tabll eTerms and abbreviations

Terms and
abbreviations

Data centre

Digital trash

ETSI

GHG Protocol

HARNO

laaS

ISO

IT centre

ITU

KeA

KeMIT
LCA

MKM

MTA

MVP

PaaS

Definition

A data centre is a building, a special room in a building or a buitdimglex that is used to host
servers and related equipment.

Digital trash is data that does not provide additional value, because it is-sisg)avith repetitive
contents, damaged or forgotten and whose existence damagesikizonment, as its storage
requires resources (source: Telia Estonia and Tallinn University joint digital trash §yoject

European Telecommunications Standards Institute (ETSI) is an independemofibn
standardisation organisation in the fietd information and communication. The organisation
supports the development and testing of international technical standards for systems with ICT
support, applications and services.

The GHG Protocol (Greenhouse Gas Protocol) is an organitaiodevelops extensive global
standardisation frameworks for measuring and managing greenhouse gas emissions generates
the activities and value chain of private and public sectors. Among other things, the framework:
developed offer measures for redag greenhouse gas emissions.

Estonian Education and Youth Board

Infrastructure as a Service (laaS) is a type of cloud service that enables the use of virtualised
hardware calculation resourcesprocessors (vVCPU), memory (RAM) and lolirek storage capacity
(HDD) as a cloud service.

The International Organisation for Standardisation (ISO) is an international organisation that
standardises various fields.

The consolidated IT centres governed by ministries that are firthffoen the Estonian state budget
(KeMIT, RIK RMIT, SMIT and TEHIK). Additionally, there are also ICT centres that cut across ¢
government (RIKS/RIT and RIA), which are addressed separately from IT institutions in this an

The Internation&Telecommunication Union is the main information and communication
organisation of the United Nations and the main international forum for governments and the
private sector in terms of the development of communication networks and services.

EstoniarEnvironmental Board

Information Technology Centre of the Estonian Ministry of the Environment

LCA (LifeCycle Assessment) is a general term for the methodology used to assess the total
environmental impact of the life cycle of tieoduct or piece of equipment.

Estonian Ministry of Economic Affairs and Communications

Estonian Tax and Customs Board

Minimum Viable Product (MVP) is a software product version that offers a minimum set of
functionalities requiredtd ul f i | t he product’s purpose. M
adopters in order to make the right choices in further development of the product.

Platform as a service (PaaS) is a type of cloud services that gathers togethebaseddpl&dform
services used to develop software. The user of a PaaS solution uses the platform services built
cloud service provider in order to develop and manage an application or an information system
does not need to develop those services themsglor the laaS layer.

ZZhtt ps:

[/ elu.tlu.ee/et/ projektid/ digiprugi
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https://elu.tlu.ee/et/projektid/digiprugi

Terms and
abbreviations

PPA

PUE

RIA

RIK

RIKS

RIT

RMIT

SaaS

SMIT

TEHIK

Definition

Estonian Police and Border Guard Board

PUE (Power Usage Effectiveness) is an indicator for the ratio of the power delivered to comput
equipment to the total amount of power used by a data centre. The Green Grid)

Estonan Information System Authority
Estonian Centre of Registers and Information Systems

State Infocommunication Foundation

The Information and Communication Technology Centre (RIT) is an institution managed by the
Ministry of Economiéffairs and Communications, whose task is to provide central computer
workstation and server basic infrastructure services in Est¥nia.

Information Technology Centre of the Estonian Ministry of Finance

Software as a Service (Saa®)asid software designed for end users (contains both laaS and Pai
services).

IT and Development Centre of the Estonian Ministry of the Interior

Health and Welfare Information Systems Centre

22htt ps:

/[l www. rit.ee/en
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https://www.rit.ee/en

3.1

Green | CT practices

I n order to empdilreecd ttch ec dmduwctt rt he study, a document a
met hodol ogi cal background, followed by a study of the
in applying green principl ewi dens |laOnT omaenravgieemwe naf. dlrhea esn
di fferent countries as revealed in the course of the

Frameworks for assessing environment al

Digital government solutions include di gsmatrael sporlaud u cotns
and computer net wor ks. Green digital gover nment solu
according to scientific measuring methods, contribut
negative envétonment al i mpa

I n the case of digital solutions, a distinction betwe
of I T equi pment and the emissions from its producti on
processestrraensaitteidontiong to digital solutions) i s made.
for instance, the need for business travel and transp
video call s. Il deal | ynetonwalsthe ud fd tphreo ceerevdi rf amome rn theel i mg
expresses the difference between the positive and ne
both direct and indirect envi rolnimeinttead hympfglueal | d @k r @
comprehensive data required to calculate the net envi
parties acting in a specific government secthofisand th
from al|l activities.

I f correct measures are applied upon adopting or deve
value of the environment al i mpact of the digiftal sol
becoming a green digital state and maxi mi se the i mpa
depl oy green digital solutions and ensure that the d
produced, develdop enp,| emaeinit dalt ech an way t hat i's energy
This should begin by understanding the environment al
developing and i mplementing c¢commoinn mome tfoirelndg. and ass
Several internatdlo#pg8Psananaddatter (EMStructions (e.g. |
GHG Protocol ai Medhavetheeh Chlevselcoped in order to mea
Even though ithmelsedeneh hitoldsdi rect and indirect environn
practi eceonissuniinnpe and complicated due to unavailable or
measuring indirect environmett alndi ncpuarcrte nits neettihlold su ngcea
take into account the possible positive effect arisin

BZETSI ES 20MetlhW®dddl2ddy)f.or environmental Life Cycle Assessm

Technology (1 CT) goods, networks and services.
https://www. etsi.org/deliver/etsi es/ 203100 203199/ 203199/
%] TU L. 141Mdet(2ddadl)ogy forcymlve rasisnesidméntls fef i nformation ar

technol ogy goods, hhétpworv KsvwavRBIT.sled WG 4% TUAFSGEE -6 WG2
(2028RSaaAYF I fBRNEYFVFS OA Sy i RIGF OSYGNB FyR Of 2dzR 02 YLz A
RSOSt2LV8yd p32V § &ww.Ti/tf w.ciummtd/veens pl VoUeF unle 42E0EADL TWG 2P. DIEG p d f

271 SO 14067:2018.—@arelearh ofuset mraRetsudo f emeratiecaed guidelines f
https:// www. i so6.ortgmist andard/ 7120

8Car bon Tr Sauts,t aGlnaball iey I nitiative (2017). I CT Sector Gui f
Accounting and ReppstihgwBtamadparoadt ocol . ot gTrScWee/ defaul t/f
%20ALL%20Chapters. pdf
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https://www.etsi.org/deliver/etsi_es/203100_203199/203199/01.03.00_50/es_203199v010300m.pdf
https://www.itu.int/rec/T-REC-L.1410-201412-I/en
https://www.itu.int/en/ITU-T/focusgroups/ai4ee/Documents/T-FG-AI4EE-2021-D.WG2.06-PDF-E.pdf
https://www.iso.org/standard/71206.html
https://www.ghgprotocol.org/sites/default/files/ghgp/GHGP-ICTSG%20-%20ALL%20Chapters.pdf
https://www.ghgprotocol.org/sites/default/files/ghgp/GHGP-ICTSG%20-%20ALL%20Chapters.pdf

ef fect. I n other words, current methodsoomenbtl bempac

of a digital solution.
In order to solve the problem related to the I ack of
develop a scientific, consistent and comparlaadtle talseses
net value of the environment al i mpact of digital sol
procurement Europear®t@GreemurPiogiet olf @dalciht iien,t o devel
assessment andnmonivbdbuiengfofenvheonmental impact. Firs
as early a% within 2022.
Considering the deficiencies of existing assessment r
work, the dewglecped emmcustom method for measuring and
di gital government. The developed assessment model wa
precision | evel of met hods twasi tadgtuisdredoft ot ke rfriesipad nid
project’'s objective to identify the digital gover nme
problems interfering with more precise measurement we
The di gintmelntgocvoemponents assessed described in the to
status of and possibilities regarding green governmenr
Hi lty and FReéepgusEe:hremodeglek! iifmpact, enabling i mpact, an
to achieve a more systematic approach.
1 Environmental impact of IT egpment life cycle Environmental impact of IT use
Life-cycle impact Production of materials Production of hardware Hardware
Direct impact of IT  |Final disposal of waste Recycling of ICT infrastructure
hardware
2 Production Consumption
IT enabling impact (micrgOrganisational change: Change of behaviour:
level) 1 Process optimisation 1 Process optimisation
Indirect impact of IT [ Other organisational changes 1 Other behavioural changes
Technological change
1 Process optimisation
1 Replacement of data carrier
 Externalisation o€ontrol
1 Other technological changes
3 Economy Institutions
Longterm structural impac|Structural change: Institutional change:
(macro level) 1 Dematerialisation 1 Developing green anclimate strategies
Socioeconomic impact of [ Circular economy 1 Establishing development requirements
1 Other structural changes 1 Supplementing procurement requirements
1 Changing social norms
1 Other institutional changes
Figure€onceptual framework of the?3nvironmental
The environment al i mpact components analysed in this
foll ows.

[ MOS0t S AYLI O

T Life cycle of I CT equi pment

1T Energy consumption of | CT equi pment
1 Data centres, incl. c¢cloud hosting and cl oud se€
f Softsaketi ons, incl. | egacy systems
Phttps://etenderindodemdertusrptpal 2ddclfd+24857
Ohttps:// www. greendhiogiof @alggdal i ti on. eu/ met
3l1Source: Hil ty, LI T, fAebBAshEmeaddi fOR&SE9gearch Field.
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https://etendering.ted.europa.eu/cft/cft-document.html?docId=94857
https://www.greendigitalcoalition.eu/methodology/

T Digital trash
Le SylrotAy3a AYLI OO

T Planning and guiding of processes related to |
[ 2WIBNY &0G§NHzOGdzNF £ AYLI O

T Analysis of I CT challenges and possibilities i
2030,suisntcali.nability upon planning and developi

FaSR 2y (GKS GFal SaidlotAaKSR o0& GKS 02YYA&daAiAz2zySNE GK
FNIYSg2NL & [ SOSE H A& O20SNBR (2 I AAYRESRI REANBSZ | ¥ R
L/MSE SR DINRDSEadadescri ptions of the topics covered

The precise assessment method of each component are d

[ SO MBSOt S iAnvclDluddies the environmental impact of pro
producing I CT equipment, the production and transpo
electricity required fod esiemgyl Feeqgliiopmaemtst @ncel . f
recycling of I CT equipment awxwgclilei dpaapgdsals absessedy
Cycle Assessment) met hod. LCA enabl est tiompaantk o¢theuse
equi pment. Assessment of soci al i mpact, e.g. the soci
natur al resources required for producing equipment, m
l i di tteo the electricity consumption related to the usce
of producti on and di sposal, t he LCA framework recon

manufacturer.

[ SORLE¢HSYylof iAo A ML Odns, whose performance becomes

|

solution. I n terms of the environment, | T enabling im
Di fferent possibilities for this are categorised as f

t NPOSIAAYRABGARY!l acement of material resources wit.

I' T can help to reduce the negative environment al i

solutions enabling fuel savingtdriEnwigrosmanmntalloy
process optimisation should be based on smart wuse
data analysis, which enables to reduce the use of

natural % esources.

Pocess optimisation via application of | T solutio
census that took place in the first half of 2022
which was suppl emented owilteh viinap udtih haildnleli efastadnds pferogrh
were selected in the census sample and who did no
census t akerbsas ebdutaptphreo acceht acl early enabled to opti
resources (workforce, capital and natural resource

A great number of state services are already digi!
|l everage the positi vteheefefnevcitr omfmehT . s®lpati mosst ban

results in the replacement of one materi al resoul
account of increasing the use of capital and nat
opmiisation should pay more attention to digital d
which can be used as a basis for at |l east partial
2Wor kforce and capitaladeamabheriadanrcdesduascemarnf Hi | t vy, L. M., ¢/

Bhttps://rahval oendus . eek/uen Huougdsiieh@®o-€reasht vi avaead tadsees d
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https://rahvaloendus.ee/en/uudised/rahvaloenduse-e-kusitlusel-koguti-ligi-600-000-eestimaalase-vastused

wSLX F OAy3 BsRFéaépl Ot BMBEBSN] of onehematerial resource

| mmateri al resources, such as I|iterature, science,
distributed using material resources (e.g. paper
environmental firmpmctthd haadomtriisresof | T solutions i s
paper) with a digital one. This is often viewed a:
resource, but in reality, one maitaelr iraels oruerscoeu.r cFeo ri
replacing a papgenrvoiimcvoiscdea |wi trbeqaun rees a digital re
of a device or a device in the cloud service prov
a meananspott for attending a physical meeting wit

is replaced with anoth€ritehdtyis, admittedly, mor
QEGSNYIfA&ldisdh 2ye plfad@nféilNBR fof one i mmaterial resour

I f thenpubciessdata, control can be externalised. ¢
connected with the | ocal computer network of data
temperature and the automati onulwmsed teérmp lrooyosm ttheemp:
oxygen | evel and other indicators. In terms of er
enables to managlkapedcrmrasrasr ,i nwhai dlatsaaves both eco
At the samé tsimge, fsewatari sks need to be managed
mi suse, possi bl e system failures and unwanted i
environment al i mpact of I CT may al so hecexmpakssecrt
recycling and disposal more complicated and expen

[ SO 2¢0BNY a0 NUzOmhezZNh § p&¥LIn&iewndl malcamges. This inclu
attitudes and behaviour wHholpee opfl es o wirgtayn,i swhiiom ead

Publication of reliabl e dat a and di stributtimeg i nfo
environment al i mpact of I CT can be includedsitanthkis ¢
been triggered by a sharp increase in electricity pri

has forced many to make choices regarding using or sw
efficie#tt devices.

Il hbhis analysi s, structural i mpact is viewed on the | e
green digital government it is important for state ag
upon applyingnl iasal atooead. i Bvthe cloud requires a ph
i mportant for the institutions to pay attention to
compatibility practices cond@ertmi nogctrleea sfei e@lhde cefnvli € D,n
terms of I CT in both government institutions and in s
#¥See also Butler, T., HacknelAy,MeRE. b-B@x e1d1 )E x@rl eeenmaitn go nGovfe rl mmen

in the UK Public Sector.
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3.2

Experiences of foreign countries

The experience of foreign countries was mapapheed hoenr t he

and which countries similar to Estonia in terms of

attention to environmental compatibility of | CT when
I n geneebhht etdCodbjecti vesn hcaovuen tbreieens 'megnetnieornaeld cl i mat e a
or specific I CT objectives do not exist at all. The

environment al i mpact of I CT is stillarndwsdr puadctti te sw
of countries’ approaches. An overview of the developnm
presented bel ow. of the countries studied the ones t
Kingdomhawhbseparate <c¢limate and environmental strate
Denmar k, Mal t a, Sl oveni a, Canada, New Zeal and and Si
specific aspects, e.g. odt avoc&ntnmged,r oo dwdnes e dwait @ae snar
robot s, people’s awareness and competence.

On the basi sbasfedt hper accotuinctersy anal ysed, it can also be
prepared a specific stnreantteady ifrmopracrte doufc ilnCgl t(hee ge n vSweodn
measures that help to reduce the environment al bur de
agencies and | arger | ocal government s, evhe rcvhi raa emearbtl e
i mpact of |1 CT, pl ay an important rol e.

CAYELl YR

I n 2019, the Finnish Ministry of Transport and Commun
climate and environmen¥RHe sgrmraump'gy tfaogk tvhes |tCol fsoercm oa
climate and environment al i mpact of the I CT sector an
the publishing of an interim status reaparOt2 0an dl hteh eo bfji
of the strategy was to promote ecologically sustainab
environment al targets. The strategy is part of Finla
whi clhl scaf or a reduction of emissions in all sectors, |
According to the wvision of the <c¢limate and environme
become a | eader in the use and devebypypmhedb. of CEcebbugt
seen as one of the key tools for solving climate and ¢
i mpact of the I CT sector itself must be widely acknow
rebble data, which can be used for sustainable develo
The strategy proposes the following measures for achi

t NBEY2(GA2Y 2F OfAYIFGS YR SYy@ANRYYSyiGlffte FNASYRfe& L

1) Promoting use aerde rdgey ed fofpinceinegntofsol uti ons.

2) Promoting carbon neutral sources of electricity.
3) Improving the conditions for using the residual F
4) Taking environmental aspects into account when bu

sharing.
t NEYZAUOHYAYLFGS YR SYy@ANRYyYSyidltte FNASYyRfe& RIGF SO2

1) Paying more attention to the energy efficiency of
2) Paying more attention to the energy efefrivdiceemscy of

Bhttps://julkaisut.valtioneuvosto.fi/handle/ 10024/ 162912
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https://julkaisut.valtioneuvosto.fi/handle/10024/162912

3) Devel oping I CT solutions that offer climate and e
thereof.

t NBEY2UGAY 3 &adzaldlrAylFroftS YFGSNRFE Ft26a FyR I OANDdz I N

1) Extending the wuseful |l ife of equipmantd waaspngces
awareness.

2) Increasing due collectiomsef old equipment and me

3) Promoting use of sustainable materials upon manuf

9ELI YRAYI (KS Sy@ANRYyYSyidlt (1y2é6ftSRIAS 06laS FyR RS@S

1) I mprovicmd |leltéi on of statistics on energy use of
monitoring.

2) Increasing knowledge of problems regarding mater.

3) Increasing knowledge in efefrenst £ foft htehe mlpiafce a@aydl &

wlkAaAy3a O2yadzYSNI gl NBySaa FyR 02YLISGiSyOS

1) I ncreasing knowledge in terms of the environment e
2) I ncreasing the skills of environmentally consci ol
rasS 27 whie2 ISODK YR NBaLRYyRAy3I (2 OKIffSy3aSa

1) I ncreasing understanding of the possible climate

2) I ncreasing the potenti al of new technologies to c

The strategy ' eswanmokmiwaos iaaggr dadam n the beginning of 202
European | evel ,h %®pglhensBEREC2 22 wiom&kl ude devel oping com

environmental i mpact of offerthgi saetdwemkdseféuiessaryph
Val t or i (Finland’s central gover nment I CT agency) has
of the®MAmemgyot her topics, the environmental responsi
are followed in operations. Of these, the following a
We maintain the high energy efficiency | evel of our

OQur procuriementacdakret the energy efficiency of equi

In order to apply the principles in practice, the num
efficiency) and cloud solutbomanhgee pba&n | bmdk e md mtc
commercial service providers). One of the institution
the residual heat from t¥e server room as early as in

VAGSR YAyaR2Y

I n the Unm,t etdh eKignogvdeor nment 's strategy for environment

Strategy), whrthowashae gobernment’'s general | CT strat
then, annual reports haesethe eaf fpaetpiavrerde s swhd fc hmedaeswerr d ¢
This allows to understand the base | evel and establi

version of the strategy was published ciesm X02GtEeQye rd
202%) .

¥https:// berec.europa.eu/eng/ about _berec/ what _is_berec/
Shttps://www. sfideéeghambahnoestefubrtamgi2dBdd R 0@l
Bhttps://valtori.fi/vastuullisuus

BV fGA2Yy NGOGl LI f @St dzh RS yMiSKISANAW U dirSiKked, s| kdzdzR S0/5 .1 BXKAZANO A Yy Sy
Ohttps:// www. gov. uk/ goveqgiomen f agnaiil gis @ aatksi tcrea/O0epgde e ni n g
2025/ grgeereir nigadnmdti g3 ¢ @ sitcrea® 0e2B® 2 5
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https://berec.europa.eu/eng/about_berec/what_is_berec/
https://www.slideshare.net/lvmfi/ictalan-ilmastostrategian-seurantafoorumi-23112021
https://valtori.fi/vastuullisuus
https://www.gov.uk/government/publications/greening-government-ict-and-digital-services-strategy-2020-2025/greening-government-ict-and-digital-services-strategy-2020-2025
https://www.gov.uk/government/publications/greening-government-ict-and-digital-services-strategy-2020-2025/greening-government-ict-and-digital-services-strategy-2020-2025

The vision of the strategy is to achieve a situation

in sustainability ensures that the diadiitoanlaliinsferda s trreusc
resilient and free of slavery/exploitation, creating
I n order to achieve this, the strategy proposes the

thereof.
wSRdzOSR OFNb2y |yR 0O2ali

1) Use state procurements to only purchase from su

establ i s kiasge ds wibgmeccea i ves that correspond to exi s
2) Cooperate with supplieredutca i pwmbloifs ht hdea tcaa raboomutan

footprint of | CT, including taking into account

considering indirect environmental i mpact .

3) Design I CT and digital servi cegs amyd ftdlel arwicha otl e
Praditice

LYONBl&a8SR NBaAftASyOS

1) I mpl ement procurement requirements corresponding
|l abour and other socially unacceptable activities

2) Map and mgrrsitteonr aln@T s®rvice supply chain data in -

3) Perform stress and scenario tests on | CT consump
climate problems and ecological crises.

LYONBI &SR NBalLRyaAroAftAle O6R2Ay3I (GKS NRARIKG GKAy3IO

1) Use training events and the education system to
citizen.
2 | mplement sustainable I CT principles in the actiyv
the government .
3) | mplement spstacnabke [ 8Tthe rules and strategie:c
LYONBI&SR GNIyaLl NByOe |yR O2ttl 062N GAZY
1) Cooperate with suppliers to publish precise data
footprint of I CT, i ncdudéengi deaki agd i of bi maeccspat
considering indirect environmental i mpact .
2) Map and consider the environment al i mpact of the
3) Create a government sustainability working group,
LYONBIF &SR | OO02dzyiloAftAde
1) Report on annual progress made with procuring rec
the extension of the |life cycle of equipment vi a
2) Report I CT indicators for achritevi O 6r ggereiemg o®qg wee
Commit ments, Annual Reports and Accounting).
There has also been an attempt to i mplement the green
which the UK Department for Envinrsdrmernti oo di&eRluraal e
The document addresses challenges and possibilities r

recommendati ons ifnr iteenrdnhsy offC Tmoursee .e c o

“https:// www. gou.ewck/nmo isbdipaynaccet/itchee
“2https://assetce. gwlvl. ukliigmgese@meint / upl oads/ system/ uploads/ at
i ndusuitidgetust ai nability. pdf
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https://www.gov.uk/guidance/the-technology-code-of-practice
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/902944/defra-industry-guide-ict-sustainability.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/902944/defra-industry-guide-ict-sustainability.pdf

b2NBHI e

Norway does not have a separate envitdhrmemtuanlt ryt sa tde
strategy points out that the I CT sector offers consid
greenhouse 4Yhlse eam wisri @mment al i mpact of the I CT of di
anabyse

I nstead of reducing energy consumpti o888 %Nofwaphei soliat
electricity producti on currenWwhicolri gonatder abrloyn miel

environment al i mpacht of Tusec@dntlrQT seqeunieprngey si tuati o
advantage, for instance, when-ode veeil eotpgyngi wvea tian ccuestt rriees
sees the economic activities relatefd dowodamiac aqrdo witah .a
{6SRSY

Similarly to Norway, Sweden has not prepared a separ
sector, even though the carbon footpri“mMbobsseoferthehkeCTo
has bdeenessed at a higher | evel in other Swedish repo

The report Digitalisati @by abhtde EBwedosmerEthali r @bjmeat av
(Naturvardsverket) places most asocalst ool tfhoer facehide voifn

objectives, but also places emphasis on the footprint
of |1 CT.

Swedi sh government's environment #lsepisotfe@attihon hien iptriegpt
sechased roadmaps. No separate roadmap has been prepa
by the Digitalisation®@bihnsh!|l éanalhl isnbestolyj] eoaidmap,re
cosnumption and emissions and offers possibilities for
separate roadmap has al so b¥amdpaspamedkdyrernihier ed men t
is the environmentald fUponhprpirnntdugémg el ectricity, t h
environment al i mpact of the I CT sector.

I't is important to highlight Sweden’'s efforts regardi
result of theejdobygt theoiCéttly lbduStbckhol m and Stockhol
from data centres is directed to the city’s central h
sufficient for heating tehsuet bthoubtaentheadf ghaomesat e
footprint of Swedi sshasedcpowertpl ébhewhasttl osaltd i n ¢
environment al i mpact of Swedish #@d6ata centres has been

“Bhttps:// www. regjeni e g éadyiegfodia® in AMadbgrkiuenf / i d2499897/
“https://www. regjeringen.-eanérayt cemewa e d eacngoydweaeyn/eiwda2b3d 43 46 2/
“https:// www. regjeringen.no/global asset s+ dempmme-ttte.npedft ene/ nf d
%Mal modin, J., Luedgy,amd ¢204én Tdet pmi nt of -2t0He& la@T and E
beyohntdt.ps: / / wwweas |l aomipgrdééeedBdngs8Bbcect 4s

5 ARG EAASNANE t DOK / Ypwdwatl adi.fvdBryg / smash/ get/diva2: 1472306/ FUL
“Yhttps://fossilfwnisttsverige.sel/len/about
Yhttps://fossilfrititdswertiad@nssdditosghmepagmap/ the
Ohttps://fossilfrittedwersiredcat.icdire// en/ roadmap/ the
Slhttps://stockhol meadptracpeanmp stit-€ mapé bleaoledmi t s
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https://www.regjeringen.no/en/dokumenter/digital-agenda-for-norway-in-brief/id2499897/
https://www.regjeringen.no/en/topics/energy/renewable-energy/renewable-energy-production-in-norway/id2343462/
https://www.regjeringen.no/globalassets/departementene/nfd/dokumenter/strategier/strategi-nfd-eng-nett-uu.pdf
https://www.atlantis-press.com/proceedings/ict4s-16/25860385
https://www.diva-portal.org/smash/get/diva2:1472306/FULLTEXT01.pdf
https://fossilfrittsverige.se/en/about-us/
https://fossilfrittsverige.se/en/roadmap/the-digitalisation-consultancy-industry/
https://fossilfrittsverige.se/en/roadmap/the-electricity-sector/
https://stockholmdataparks.com/benefits-of-green-computing-in-stockholm/

3.3

Private sector experience

In order to draw a comparison, the study also | ooked i
and reducing the environment al i mpact of | CT. The san
out twidgihr green activities. When selecting interviewe
of companies’ employees to be similar to public secto
of fice workers, Iseuccohmmusni babhkenawosdmpani es, were sel eq
companies interviewed pointed out that they base thei

and tools of the GHG Protocol
DI D tNR(G202f¢

The GHG Protocol ©OGoé gnhiosusan GhBDEPTrhoattoirograanli sabdnon,
comprehensive standardi sed frameworks for measuring a
devel oped are meant to be used for both private and p

The GHG Prpooabé 2E€owhidahd serves as the foundati on (
organi sations’ greenhouse gases into three scopes (se

{O21J8imect greenhouse gas emissions that occur fro
Foeexampl e, vehicles and energy or heating product i c

{O21db ndi rect greenhouse gas emissions from the gen
and electricity.

{0219 ther gmeémlkctse gas emi ssions occurring in tt
categorisation according to the company’s value <c¢h
upstream activities (e.g. pr odutc)t i eomd adadw ntsrtarnesapno r a
(e. g. di sposal of equipment). An organisation’s c:i
travel or consumption of products produced and ser
reduced, fthgr uismeatgandhe, products sol d, if they help
i nvest ments made by the company. I n total, the thi
come with instructions for ampé&ssing the category’
The companies interviewed are in an early stage of m
Protocol and the precision of measuring results wildl
gauge footptionssobebkotftgandg 2, because their extent 1is

interviewed have the best overview of tédegcarbhenuseod
company’' s di-eael bgemamatgedy byt sbkef comp

Scope 2 includes the footprint of the energy purche
environmental footprint of heating office buildings i
connected t octt hhee atoicnag sdyisstterm. I't is easier to infl ue

consumed by purchasing green energy on the electricit

Companies face the most di fficulties with measuring
environment al i mpact of the products sold and/or sel
investments, all of which extend outside of the compa
of other companies afFsprbeatakehients @mesount.

2https://ghgprotsda@amldaacrdg/ cor por at e
8https: // ghagpr-3tteoccheol a. toer g Aast d @pne e
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https://ghgprotocol.org/corporate-standard
https://ghgprotocol.org/scope-3-technical-calculation-guidance

Methodology = &

he GHG Protocol

SCOPE1

Direct

Fig&irdllustration of* the GHG Protocol scopes

The majority of Estonian companies do not currently m

do are stildl gnetatsiumgmentbr odd szwmgpe 3 has not yet be
i naccuraci es. For instance, in the case of banks, the
the environment al i mpact of therl csanpegBantTead, gwhkiad h
measuring the environmental impact of investments was
Many companies place the environment al i mpact of the
Protocol met hod, because it creates direct environme
significantly reducing or minimising this impact. T h e

categorised wunderPrsoctoopceol 3 men hode GHBGsignificantly gt
equi pment use (energy use).

L¢ SlidallYSyd tAFS 0ot S

While the public sector prefers | easing equipment, th
of the reasbhs wasehhéoneed to offer employees flexi!l
their personal preferences. As another aspect, the co
cycle of their |I'T equipmehhtdatwhi ghotreqtuiomesritdles mini g
aspects. The wusual life cycle of a device is four yea

Some companies require that the sé&blLestabhahi ldievyceati
which enabl es tt'os asmsweissonrentsadl Ifeoot pri nt more adequ
i nconvenient for sellers, but i mplementation thereof
among suppliers.

oySNHE O2yadzylliizy 2F L/ ¢ SljdzA LIYSy

“Yhttps:// www. sout hpol ened dm/dwg logyd phmedi a/ ghg
https://ecovadis. com/
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https://www.southpole.com/uploads/media/ghg-methodology.png
https://ecovadis.com/

The compainéwesdihd emot currently measure the electrici

Scope 2 of the GHG Protocol addresses the environment
whol e. The companies i nt ernvitehwe de |luescet rsioclietlyy egxrceheann geen e
future. The companies that use green energy have achi
5l il OSyiNBaz AYyOfe® Of2dR K2aldAy3a FyR Ot 2dR aSNXK
Telia has a total of six data eenwriegsi hoEstanica, ewh
several state agencies also use Telia's services, t he
detai l in the part concerning the environmeaptadr i mpa
4.1.3.2).

The banks that have their own server rooms also pay
measurements include the electricity used by server
server rack aage tdfef gpootwiewenuess i ndicator is also cal
centres. The experience of one bank shows that the a
2019, 1.5 in 2020 and 1.43 in 2021.

{(2Fli6I NB az2fdzirazya

Theompanies interviewed -del| atoed preed Dume mervti § oinmemnér ms
and |l egacy systems. Software development, including d
and the i ntervi eweeist ydi als nodr vsieneg tthhies sacgtniivi i cant 0
environmental effects. Even though the GHG Protocol i
software solutions, such detail has not been deemed n

SAIAGEFT GNIF AK

Telia, who | ed the -upaubayh ionfi ttihaet iDviegiitnal2 0Cll9%,anst ands

cleaning up digital tras-bp Paytiaoai datniuamyi 202Re wBRisgir
br outgohget her 380 companies and instité&Aionheasdmmoter
representatives of Telia admitted that even though d
environment, finding uwrisncg eintts fii mp anett hfoads ftour med sout
project conducted by the Tall dhdUnbverdenyi wgr kughos
and its results included general mi escicpimbsatamndgbesy
should proceed.

Even though the Digital Cleanup Day initiated by Tel
though they taluep payt thmhmeyharel ean very dacitrisvte pirn odd:
is to reduce the environment al footprint related to
considerably greater.

Fyv134Q | OGAGPGAGASE Ay &dzZJR2 NI 2F INBSYy OK2A0SaA
The majority of the environmenthei i mpachcicpabedcbiyvbe
the banks interviewed, the impact of their operati o
electricity, heati ng, water, etc.) formed wklyTlaeoun
remaining 97% comes from the bank’s principal activit
I n order to reduce their environment al i mpact , banks
environment al sustainability. For i nstasrn g, etlheey rofcf
purchasing a home with an A energy rating and othe
compatibility. Other means are also used to increase

%https://turundaj atlealiu-e ek eeredodBgGé&kbe Vet atsphaev
Shttps://elu.tlu.eel/let/ projektid/digiprugi
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https://turundajateliit.ee/digikoristuspaev-loi-uue-rekordi-osa-vottis-380-ettevotet/
https://elu.tlu.ee/et/projektid/digiprugi

SEB bankedcdas moleialtle app in order to enable its wusers
emi s$% ons.

Participating in the Green Tiger iniseatowval i soa@ap sma
pl atfor m, whose purapnocsee eicso ntoami cr enwotdee la flma Est oni a ar
platform s mission is to create and impletent green p
I n conclusion, the public sectorsecarmrl @ar rsyfstematthe ¢
of the environment al i mpact of HCGT e(ned.lgy. otpheer aGH G nProd t

and server rooms.

Bhttps://www. seb. ee/ co?2
Yhttps://rohetiiger.eel

32


https://www.seb.ee/co2
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4.1

Current status of the environment

The analysis tafs tofe gawreme rdti gs tt a | government included
digital government. This chapter analyses t hleeveenlvi r on
framework (see th8.)LES model in Chapter

Li-dyecl e i mpact

I T enabling i mpact

LoAagrm structur al i mpact

Li-dyecl e i mpact

[ M@&0f S iAWlu@lles the environmental i mpact of procurin
equi pment, the production and transport of the equipr
equi pment , recycling ofl | €T egquepmehédawdyp tthe Hinspefs
covers all direct environment al i mpecgYrel ated to | CT

Material Distribution

Acquisition & Production & Retail
Preprocessing

Material Acquisition &

Preprocessing of
Product Components bl v

ICT Product
Dednstallation
ICT Product
Installation
A A
ICT Product
Retalling

To Front-end
Processes

v

ICT Product K
Dismantling LY

FiguUreé&nvironment al i mpact factors of i fe cycle o

Even though the footprint of different devices and mo
|l argest envirenmeardt aolutf. oolthper immatj or ity @5 %y deviree'ag ef

production. The transport of a compl et eddd)e.viAcec drodinms
to manufacturers, use of a-l1%ewvicéhseofdobpcbont ¢é¢séer a
Fi gul.e

Computers and other I CT equipment used in Estonia ar
i mpact is therefore-talessce eaxper euspsseed eealns eewhfeerca s from t |
di gital gover nmenyt .ofL ickoenwpiustee, r st hues enda jboyr itthe publ i c sec
the environment al i mpact related to the disposal of t
this study, we address the #&hd) eblutfwecsgkbboe bhkeqgai pea
energy consumption of equipment, which HMag .&® direct e

60GHG Protocol (2017). Guide for PAgs$essi ng GHG Emissions of
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Eol
0.2%

Transportation

47.2%

2.8%
2.1%
Display ® Mainboard (and other boards)
Power Supply Unit{s) u Chassis
wm Battery » Solid State Drive(s)
Packaging
Fi g0 eAn excerpt from the environmental footprint

Technd) ogi es

The components studiedtseparateluydy WwWesei dgdahd3 cl ouc
software solutions, i ndl gdiamg Ide ga d yal. siyt. shtaleries  (f(© Hd gopwe
subtopics are presented for each component .

la&aY8yl ¥Y8éK2Ribes the assessment method of the c
and obstacles related to the assessment.
LyaidAddziAzga@e $NF OpRiO8d of current practices in t|

during i ntrerpuviesventwittives of the agencies.

QY PBANRYYSyYy (It AEALIgQ&GNtad%3aVYEYyiDr qualitative asse

environmental i mpact, provided that there are dat
6lhtt ps:// corporate.delltechnologies.com/ content/ dam/digital

sheets/ product-54 Pedidtopshdatt.igdfde
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https://corporate.delltechnologies.com/content/dam/digitalassets/active/en/unauth/data-sheets/products/laptops/latitude-5420-pcf-datasheet.pdf
https://corporate.delltechnologies.com/content/dam/digitalassets/active/en/unauth/data-sheets/products/laptops/latitude-5420-pcf-datasheet.pdf

41.1

Life cycle of | CT equi pment

4111 ' aaSaayYSyid YSiK2R

-

Life Cycle

' Assessment

Qur assessment of the environment al i mpact of t he |
equi pmehli2llas RS&a10G2L) t /. aInydyidiezNE of AR sleISTsy G SINE | i f e
LCA CLdclfe Assessmentepvekbbdbphed, hawbi bhehel ps to assess t
of the life cycle of equipment in detail, starting fr
the equi pmeqwtsef oomdtis@orsal of thefamatRicdlB)egsae the er

Such assessment met hods emasksliebl teo paekisvent hdugr eatf e

thereof is -exngwmeng dridneoften impossible due®to the
and private companies measurina the environment al i mj
of 1 CT equipmentnget&ommend':igl'lrel‘CA met hod stage

the LCA provided by the eI;Ci/T\)r,...v..‘ e et e s w. €17 wWh
assessing the I|Iife cycle. This approach was also appl

The majority of the major | CT equi pnrPearmtd upcrto dCuacr eébrosn (Feo.o
(PCF) using the PAI A (Product Attribute to Impact Al ¢
629%%IPAI A is a LCA tool that allows to assess the que
stagesi pfme 1.

| K2AO0S 2F YSIAadNBYSyd dzya i

The unit expressing the quantity of greenhouse. gases

Whi |l ecolnd GO expresses the quantity of w®aradesm dixpxiedes ee
guantity of all other greenhouse gas emissions (e.g.
is to convert the i mpact of ot her greenhouse gases
environment al i mpactress hudhealelnowirmgm me mt ad x pi mpact Wi

understandable figure.

In the current analysis, the measurement unit has be:
frameworks of the GHG Protocolnahdctheemse) hadd ubhedeb
Estonian private sector. Thus, the chosen wunit for mi
equi pment is the carbon dipXiSdeTreegud atad eptblpieshed | by
express the euamiiitttyydofdukg@@ t he whole wuseful i fe

di sposal).

2https: // www. oney kisslklseaphdaihleidf e

68Source: Hilty, LI®RT,fAadebBAsbhEmadbi f @ ORS9earch Field
4htt ps: // webstore.iec.ch/publication/ 259914
http://msl.mit.edu/projects/ paial main. ht ml

35


https://www.oneclicklca.com/life-cycle-assessment-explained/
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4.1.1.2

The quantity of greenhouse gases emitted during the
FigapPe toget her with wvarious ot her data are mai nly
manufacturer’s website, which al soddmenddidreg drhet leestdwn

of spare parts. The estimated useful I|ife of | aptops |
is longer, six years in general. Mamefatt themteamlhavent
i mpact of a product’'s |life cycle on the |l ength of 't he

the same as the efficient use time determined for the

51 DRt SOGA2Y

In order to prepare environmental i mpact assessment s,
and | ocal governments included in the analysis sampl e
the precise model of the devi ce ptroogeetshseorr , wimah no tsh

and hard disk capacity);

number of devices of a specific model;

asset type: |l eased or purchased;

the company offering the | easing service in the ¢
the time of commencement of the use of the device
the edtiemat eeate of wuse of the device,;

the name of the organisation using the assets.

I n addition to collecting quantitative dat a, intervi e
and | ocal governments in thaefeamateonnoonrtdhe pboces §e
cycle of I CT equipment and the agencies’ general prac
51 GF Fylrfeaaa

The name and number of the model and other character |
ggeenhouse gas quaat i duesngmi héedeykg€0Os | ife cycle p
report).

Certain manufacturers (e.g. ViewSonic, Philips and L
of ol der progdas,t sdatlan ismptht actai on was wused, i . e. t he n
replacement values, for which the median values of t
manufacturers were used. Theacaidutheéei ompatt mefli axcep

The carbon footprint reports of some product model s,
the data published on a model as similar as poessibl e

LyadAdGdziazyaQ LINY OGAOSa

911 dzZA LIYSY i LINPOdZNBYSYili YR SY@G@ANRBYYSYllf LISNF2NYI
YR GFofSiG O02YLdzi SNI LINE OdzNBY Sy i

The majority of the institutions procurog gtameéisredc dmp U
Centre of Registers and I nfor mati ofml KSyactesmsa s Rtl hKe . maAnct
contracting authority in the procurement of wor kst at
i nstitutri osnrsea noft hedaver nment and the Government Offic
performs procurement, supply, devel opment , service a
systems of ministries, thegbmethmenhtoon$ mehbegingsinga

whom services are provided.

6https://www. riigiteataja.eelen/lelileelb527042021003/ consol:i
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The | T centres (SMIT, RMI T, KeMI T, TEHI K) and state a
the study procure their workstatemepntgubopmant sendai by
equi pment purchases and |l easing is used. Still, there
RI' K framework procuremepturpesg. wboksparcbasing specia

The institaenviomesnmeret dlherequirements established for
t ool that can be used to influence the environment al
example of the environment @lroceiqeimeamerditos fPparcthhhai 2@2
and tablet computers (number 232482). I n the procurem

a confirmation on meetinfgortrmhed accwmerte memat caciuhlgla aIrl
authority to verify whether the requirements are fulf

Tab2l eThe environment al performance requirements provi
and tablet comfPluter procurement

Environmental perbrmance requirements provided in the suitability criteria of sample procurement

1) All of the laptops offered have CE marking.

2) All of the laptops offered meet the RoHS Directive (Directive 2011/65/EU of the European Parliament and of the Council on 1
restriction of the use of certain hazardous substances in electrical and electronic equiphtgni)eur -lex.europa.eu/legal
content/EN/TXT/HTML/?uri=CELE20B1L0065&from=EN

3) All of the laptops offered meet the directive on waste electrical and electronic equiprhiéps{//eur-lex.europa.eu/legal
content/EN/TXTPuri=CELEX%3A02012L6@0380704 or PROTO requirements.

4) All of the laptops offered meet the newest Energy Star energy efficiency requirements.
5) The cadmium content in all of the laptops is below 50% of the limit established with the RoHS directive.

6) Thelead content in all of the laptops offered is below 50% of the limit established with the RoHS directive unless it ithatdhed
material used is reused.

7) The hexavalent chromium content in all of the laptops offered is below 50% of the limit elséablisth the RoHS directive.
8) The batteries of the laptops offered do not contain lead, cadmium or mercury.
9) None of the laptops offered contain SCCP fire retardants or toxic plasticisers, unless their existence in the prodfietlis just

10) None of thelarger plastic parts of the laptops offered contain the flame retardant substances and compounds deemed dange
the RoHS Directive 2011/65/EU.

11) The components or parts of all of the laptops offered, which contain ecotoxic or hasoifstances or compounds, e.g. PCBs, are
easily recognisable and removable.

12) At least 65% of the materials used in all of the laptops offered are recoverable.

13) All of the packaging parts that cannot be recovered or are not biodegradable can be manualgdeinoon the parts that can be
reused and are biodegradable.

The establishment of environment al performance requir
more widespread. This is confirmed by ead Malslt eaf st hene
procurements conduc®@fd rmor e htehanmrecle,nd 00y e@rrscur ement s s
performance requirements were applied in 28 (i.e. ap
performance regwmbrememtmmowern n the case of purchasing
equi pment (19 procurements), but this formed only 4.7
procurements in total). I'n othernvetapemgotied nseundieed
services; software packages and information systems;
related equi pment; telecommunication services), envir
i n soimndi vi dual procurement s.

According to companies of fering workstation equi pme
manufacturers correspond to the environment al require

https: //riigiweddkidd.rroiciuk.eene/ndith® 862192/ gener al
801 | e Kr ordma1(1203/2)K2ARf A1dz L¢ NI {SYRFYA&S SWINH NBNVRAIdzOp S ad & drads
Master's thesis, Tallinn University, School of Digital Tec

8
S
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02012L0019-20180704
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https://riigihanked.riik.ee/rhr-web/#/procurement/2862192/general-info

r

equi rementes somley semad |l ed manufacturers who have not b

comparabl e t o maj or companies. According t o t he | e
performance requirements provi dept iamiovat don noft proee s
procurement and consumption and raising people’s awar
Estoni a, for instance, when | eased equipment nis quic
teaching prudent use of equipment to ensure that it |
According to representatives of the state agencies, t
requirements to RIK, because the agenailes ogmmdri alilly tly
field of |1CT. A solution where RIK centrally establis

with the Ministry of the Environment or the Ministr.y

a

A
a
0
c
e
e
p
[

c
c

ccountuitrheemerngg devel ope d®amyl berstEprageacedni o pref

s | ocal governments are not obligated to participate
re more varied. Local goveaamtemals mramc uwarl esnoe nptasr ts hca wpl
ption is used by Saaremaa Municipality, for exampl e,
onducts procurements independently where necessary,
ampl e of RI K’ s central procurement . Al ut aguse Mu n i
stablished environment al performance requirements foc
rocurement s, i ncl udi nngc eéroniersg atbH @ sehn wiergoun mesmte,n tasn o 0s
CT equi pmeatjof Muadokepal ity is procured and managed
hosen in cooperatibemswi tbha sTel iaan do nn oai psrecdceufroermemu rsc haar
omputers.

4SS LISNA2R 2F tSIF&aSR SljdaA LIYSyli

I n their environment al i mpact reports, manufacturers
period is four years for computetbeandsstsi Kuyieans f{ ot
data collected, it can be said that the institutions’
manufacturers. For instance, SMI'T offers a aomploer w
computers and six years for monitors.

However, according to the computer | easing service pr
three years for | aptops, five years for dsesfka ootporPsCs 1z
the warranty period of a | aptop is generally three
providers to avoid repairing equipment after the warr
reducedouirn ht hyee afr , whieah il awhy ga ptehrrieced i s more usefu
From the perspective of the institutions, earlier rej
the | ease payment, whicpl asewlHgvibey witkennewefemode
time, RIK' s central procurements also allows to | ease
years) and some agencies make use of this opportunity

48 LISNAZ2R 2F LINDKI aSR Sljdza LIYSy i

c c o~ 0T +

he useful |ife of a device purchased for an institut
arts and manuf&ctyemrers)s duwppomt redality, a device ma)
he manuf cdhcatswerdere.quH uwprncent is mostly used even after th
ut not by the institutions themselves. For instance.
sers (libraries and schiooonlss.) Tohrerfeo uanrde nienws toiwnuetriso nvsi at
seful Il i fe of -efgouri pimmesntta ntchee, msbeyl vaedsdi ng RAM t o comput ¢

Ohttps:/ / ec. eur o ppa.peduf//etnovoilrkointnecnotnipgupt e-2 § WAODATDIERIRMo ni t or s/ E

00.pdf
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The use period of the I CT equipment of | ocaargoneér nme
510 ear s. This is due to a |l ack of resources for purc
governments to continue wusing used equipment in day
exampl e.

According to therpitewaisdie@ngs seffr viempyt however, school s,
t hat used to prefer used devices have started to pur
companies interviewed, this is niaaubedebgranfimameiasle
purchasing new equi pment. Nursery schools, school s, |
with more affordable | easing payments when | easing, b

t dZNDKIBESBNI S

An increasing number of the users of central I' T equ
purchasing the equipment4d. yelag sl,eade epemwihod hi ¢ hes wealuli
|l essor. Public premddrye neesnttasbld s hn atnyc wrbrl i gati ons or r
further use of equipment, which is why the | easing se
service, institutions have devoptesohhemsepdaetsi agdt héae
usef ul i fe.

As part of the analysis, the |l argest two | T equi pmen
Finance OU) were interviewed. The compeamt elseavead i bhynes
agenci-ésyéars3back in circulation after the | easing p
severely during the | easing period that they are not
war iyamtre an exception. I f a device cannot be repaired
requirements. I f a device’'s condition allows it to be
service provitderbse, de gswiopsneedntof forms a margi nal share
government .

The gener al practice of | easing companies when reusin
of devices returned hrmremodirngeawthedesnecgissqrtyhe upda
and put it on the secondary market. Leasing service p
(e. g. “AaxdWaByY) boaadwhom the maj or itthyerofc accwmipruiteesr.s Talree
computer market i s great, and it is possible to find
companies i-hetesei ewed ®r@gui pment in Estoni a, but due

equimtmei s transported to other countries via partners

GreenDice, which promotes a better and more conscious
special ?Tmeing iiom. an Estonian organisati on stehfautl olfiffeer so
computers in both Estonia and abroad. One of the grea
companies is that the users who find devices via Gree
running. c@ndeasarecawihed the end of its wuseful I|ife and
will collect it and recycle the materials extracted t

GreenDice has found new owners for used devecestbobhthaea

children of Ukrainian war refugees for participating
classes of Estonian schools with better equi pment .
GreenDice. Tardateeg, hiatss bmainn Ag ut aguse Municipality.

O“https:// www. foxway. com/ en/
MThttps:/ / www. bitboard.ee/ et/
https:/ / greendice. eel
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Even though equipment is generally |l eased via RIK's ¢
service providers. According to the data csodrlwicdedqgf t
various | T equipment to the government: Green | T O0U,
Citadele Leasing Eesti Filiaal and ABcom Kaubanduse C
The computer | easing service providerenjnbecauswedssd
are not left to sit idly -Uusned.nsThea ugriomlse m baift wged ianx
also confirmed by the datwarcrehdeseedoffrem ¢ hmrt dinrstat
devs ctechat are not | ikely to be used again. In order toc
proposed to establish a shorter period for returning
This way, the tdheeviirc ewsaywotuol dn efw nudser s more quickIly and

unused would be reduced.

Of the central I' T institutions, the | easing model i s
them still manage ourO©hasedeaeguipmene, ttend is the i
|l easing model and ceasing the use of purchased equipn
KeMI'T is the only one who does not currently wuse the |
equi pmemeMI T uses operating |l ease only in the case o0
financi al resources as the reason for avoiding the |
institutions, i n reilsak i tomatt ot hwehriec hmayh eryo ts elee as uf f i ci
payments in certain years. I n order to mitigate the
| onger than the planned four yearsf &gerpmgetyr, sbheh:a
computers are-ywemdatceycelien d nf awral ity, this objective i
used |l onger than planned. Equi pment is also repaired,
longer wuseful l'ife, which are usually used for six yeas
Local governments stild]l prefer to purchase equi pment.
equi pment is used | onger than the foual ypaosufémedt i |
|l ocal governments interviewed, the | easing service he
|l easing period it was decided to purchase the equi pme
not fusredfi nanci aHlarmjewm sMwnrsi)gi pfalaintey (subordinate bodi es
of Tallinn (the | easing model is partly used, but pur
l onger t-haywe drhe &3ilxeasiimg tchontract) . To dat e, Al utag
equi pment . According to the Association of Estoni an
equi pment so that they purchaseyietarat) tama emdtofnutehea s
it can be said that | ocal governments do not exclude

el sewhere in the public sector.

5AalLrZalt

The central workstation equi pment procur ement organi
requirements for eabpmedMccdi sppgalipgléiber s must foll
|l egi sl ation and best practices upon disposal of produ

Tab3dl eRequirements for disposal estrabl psloedriemenheocspte
tablet Eomputers

Disposal requirements established in the specifications of sample procurement

1) Atthe request of the contracting authority, the supplier must accept from the contracting authority upon supplying thetproc
purchased during the validity period of the contract or later a number of products equal to the number of products purchas
under the contract for recycling. Packaging is covered by the supplier. The supplier must ensure a courier for the products

Bhttps://riigiweddkdd.rroiciuk .eene/ndath 862192/ gener al
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4113

accepted for recycling, who shall collect the product for disposal at the time of delivery of the product ordered or within two
weeks after the delivery of the product ordered.

2) The supplier must accept the products specified inclause latthent r act i ng aut hority’'s | oc

3) The supplier must ensure recycling of the accepted product in accordance with the relevant laws applicable in the fiedtl an
practice. In case of reasonable doubt, the contracting authority has the riglgrtmand that the supplier submit the respective
certificates.

4 At the contracting authority’'s request, the suppl i eatedn
during the delivery, distribution or later installation of theogluct.

According to the I T companies and state agencies i nte
to the widespread use of the | easing model. Once a de
wor k, it ¢9Is d@géemamditrog leser s where possible. Some ins
equi pment at auctions, but due to the Ilimited intere
auctions, this Iis comparatiorsy trheeegqlAicpmenti nghat ¢ &
to anyone are disposed of. Used products are handed ¢
institutions do not have a precise overview bédwwhlamn t
conclusion, it can be said that trheel atnesd iptruoctcieosnsse sh,a vbe
no common practices or requirements and the activity
objectives.

I n tshee «fa | ocal government s, practices vaHarjdu mame t
Saaremaa Municipalities have extended the wuseful I i f

government’'s old equi pmadt schhobl BralMhes, dhyey cvesmrtf ues
Municipality, f-b0 yweampl el ni Al upagws® and Saare Munic

the |1 ocal waste treat ment pl ant . Al baagudent Murmrii gicpud la
recycled it with the help of Greermdirgeas nveumtiicad mpead idbyo v
as a service by Telia, which includes sales or dispos

t hee aagnd condition of the equipment.

The organi ssaseonfofhehextensive computer pool of the
situation where old equipment are | eft -wnedeadr ugpionip P
of, occurs frequently. The city is aware of tulsee probl
in new procurements. Cooperation with the city’s wast

value-uaed wvwéa a partner.

QYMRRY YSY Gt AYLIOG FaasSaavYSyld
The institutions are divided into three groups in ter
1) I' T centres of ministries (SMIT, RMI T, KeMI T, TEHI k

2) state agencies with differentPApr,ofil es (MKM, RI A,

3) 1l ocal governments (the City ofarjal IMumn,ci Padi ¢ maan
Municipality).

The environmental i mpact of each group is addressed s
to the envimpaaomeot athe | ife cycle of Estonia’'s digita

1l 33aS3aYSyid 2F (KS SYy@GANRYYSyYiGlf AYLI OGO 2F GKS L/

In the state agenci es, organi sati on ori niinsftorrineast’i oanr et
admi ni stration. The state currently has Si X i nfor ma
information technology management and devel opment ser
I T centre eofFotrltee sDe fCeyrbieMJ )Cownansa nndo t( Kpvart of t he study
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According to the 2020 analysi ¢ offi vehel orgamtirseas i @ofn mif
workstation service tTab3fje%Thfe dti atte odgemesited uts mas U
centres is not published in the report for security r

Tabdl e Numbeirt wtfi damsstusing the computer workstation ser.

IT centre Institutions using the computer workstation service
SMIT 4
RMIT 36
KeMIT 6
TEHIK 7
RIK 30

ThexeC®ootprint of the workstation equipment offered t
bel owrla(bs)eee

Tabbl ec€Oaggregate footprint of the |Iife cycle of | CT e
and EY).
CQe aggregate footprint of the life cycle (kgG€&)
ICT device
SMIT RMIT KeMIT TEHIK RIK Total
Laptops 1,099,246 1,247,819 38,381 901,010 1,111,562 4,398,018
Desktop PCs 1,576,675 1,592,047 N/A 273,105 4,311,511 7,753,338
Monitors 3,397,351 1,496,775 69,010 1,235,757 611,021 6,809,914
Printers Quantity: Quantity: Quantity: 4  Quantity: Quantity: 975 Quantity: 4,548
1,591 1,714 264

The method used to calculate the.ndpdullts wias ces$ crpioks
determine the environment al i mpact of the desktop PCc
sufficient. The data ofu&KeMéeévieoadbl edatocodedt bbEyusban
workstation/ desktop PC. The purpose of the devices <co
why these individual devices were excluded from the ¢

Nor was it epronsisnieb|teh et oe ndveitr onment al i mpact of printer
vol umes, the number ofTaobhb)i end red sti aubsleddh épsr egsievnet ni nagb cavses e(s
possible. On the one hand, measuring was i mpeidted by t
wa not possible to dfenhchgonah petweensl asgdl mgtthe
in vidually used printers. On t he ot her hand, pri
manufacturers) do not publish or prepare environment g
study | acked dat aasrseegsusimeendt sf.or provi di ng

C S o un n

I n order to understand the results better, we compare
diesel engine consumi ghé hoggregabé faoaet ppientelOD kapt
A di eselr aders qgenn equi val ent footprint upon covering ar

D

Laptops are more common in the country than desktop P
that of | aptoges.,folbmepausne whened@| dgskuep PE@rigergeThe |
of the desktop PCs managed by¥x.fiAvedileTs ed erctarresgeineer ar
environmental footprint upon covering more than 33 mi

“PwWC (ROQO0J I I &INS SylidzaYAS 81t A 0s £ NNEww. rahandus mijnansaleleusiudn. ee/ e
“Cal cul ahtotrpsus/e/de @2 omwd leinthad ar _cal cul ator s
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The footprintmohitbeslitestctwmelarofo or slightly | arge
often uses several monitors, —8heéo0 GqgbGfhriicrht iosf emourailt ot

around 37 million kilometres in a diesel car .
Therefeoremyvitrtonment al footprint of the |Iife cycle (pro
by I'T centres (laptops, desktop PCs and monitors) is

kilometragelLygf NBOK&GAR PR BPI BA &2y AlG YdaAad 0SS y2GSR GKI
AyOft dzRSa (GKS K2t S fAFS w0 NALIFNALISR ReATY 30 RS/ SiljKASA LRYSIA/AL

How |l arge is the total environment al faogpdmaii mgs  (olf a mtl G
desktop PCs and monitors)? By expatedi md ttthe emwiirpameme
workstation service of the five | T centres, whi ch co\

one clyicflee of the workstation equipment ofet hehgawherirsn
comparable to covering more than 1HRilglnRid I5,055 5k idioersedll

generate an equivalent environmental footprint within
It is important to note that the majority of the foot
(at the start of the I|ife cycle) and the |l onger it is
be.

A QQQ

Q. = | O3 ‘ L[

J i N

>
1 555&iesel Jcars f More 4MAONCT devices
f 1imillionfkm 1 46years of use in publid ins tu
1 51/1 0l0m
1T 2molOm per| year
sy aa 2n ¢ ea 3r g a 6t 1 ea
Fi g2 eA comparison of the environmental f oiofteprdynctl! eof
of I CT equipment in Estonian state agenci es.

By dividing the results Ppalbsemy etdheé nndmeemprefvgdeasi ¢ad
Cexe footprint of the | Thbd)eyWMhenpémoknagdavi cdhe( aeer
wor kstation equi pment of I T centres, the greatest di
environmental f doet prfi mtneo fl atpHead Fl ildfgeCleytavdren chbs& of des
monitors, the difference bSedbwvelegn@d delLhieg COFEeecitd verhyl)

Tabél eThe axewmdge h@OIIICE egueilpmerdt tdafe | T centres per o
and EY).
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Average life cycle C@® footprint per one device (kgC®)

ICT device
SMIT RMIT KeMIT TEHIK RIK

Laptops 350 460 457 477 318

Desktop PCs 567 587 N/A 595 421

Monitors 482 552 504 487 514

Printers Quantity: 1,591 Quantity: 1,714 Quantity: 4 Quantity: Quantity: 975

264

I n the future, it is reasonable to determine the envi
of reference valuesenV¥ioronmentaalc ei ehacfta vae frlagg@t2a b ikg Ci
referen®€owsqilderi ng t ha-esttihreatman udf atce nutrieal error of
manufacturers on the environ®ddrid alwef ogoett p b3y3n8r ekdgiCch h g |
aforementi oned averagezxvalbye ilmer2@a%i agdi 50byk@0®. | f

the range of the environmental footp7Vnkgb6Ott canl bfee s
that the weéesbhin the margin of error and that the use
significantly affect the precision of the result.

I n general, the more materials are used to pirnotduce a
Therefore, more power f ul and bigger |l aptops, big and
| arger footprint. Larger and more powerful devices sh
size of a devinde iindiac amhoorre ibmxrarutsee t he footprint of a
is smaller than that of a desktop PC with a comparabl

1l aaSaayYSyid 2y (KS SYy@GANRYYSvVGOlf AYLIDSYy@MHSEA KS A

The aggregate environmental i mpact of the |life cycle
and monitors) of the state agencies in the analysis
institutions widgtuli rmermoreenpd pyiegme nte.

The avee ageotC®Or i nt of a | ife cycle per one device is
centres also offer the service to several institutior
somewhat greater.

Tab’/l eThe axemwmdge heOl i fe cycle of the I CT equi pment of

device (source: agencies and EY).
Average life cycle C@® footprint per one device (kgC0)

ICT device
MKM RIA HM/HARNO KeA PPA
Laptops 370 360 308 478 371
Desktop PCs 0 654 625 N/A 595
Monitors 501 534 N/A 491 480
Printers Quantity: 7 Quantity: 21 Quantity: 1 Quantity: 217 N/A

1l 3aS3aaYSyid 2y (KS Sy @ANRVYSSidert LIMSWLE: QiT 212 QilKES I 2A

Cal cul ation of the environment al footprint of the m
included the data from municipal governments, i.e. sc
incl #dedmonitors, data of suitable quality for analy:
study did not manage to collect data suitable for ana

https://circul ar c o nfpouottipragp.hobgm/ news/ car bon
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https://circularcomputing.com/news/carbon-footprint-laptop/

The avee afgeotCor i nt of the |life cycle of the main wor|l
device is similar to the resul Tab8od @rhe dXIc ecpetnitorne si sa
Municipality, which used similar newer business <cl ass

Tab3l eThe axewmdge h@OIl i fe cycl e olfodéle ddvlerergme ptme npge ro f

(source: |l ocal governments and EY).
CQe footprint of life cycle (kgCO2e)
ICT device =
Tallinn Saaremaa [ N Nhagu Alutaguse
Laptops 400 437 452 289
Desktop PCs 407 511 493 645
Monitors N/A N/A N/A 477

{dzY Yl NB aBS®EavYSyda

The assessments collected are summarised on txhe figur
footprint of the institutions’ workstation equi pment .
resul t sgofvoerr nlnobecnatls i n yellow and the results of state
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Average Cce footprint of laptops per device

600 alg 350 360 370 371 400 437 452 457 460 477 478

O 400 289 308
g HE 11
0

54 v& NEE &< @“é\ & & ~§\<\ & /«\*\\L &
V\& Q\\z\ (_)’b’bk ..-;b(\Q/
s NG
Average Cc@ footprint of desktop PCs per
device
800 567 587 595 595 625 645 654

kgCO2

600 407
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Average Cg footprint of monitors per device
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D 480
460
440
420
Alutaguse PPA SMIT TEHIK KeA MKM KEMIT RMIT

Fi g3 eThe axefaoagpe pCOnt of | CT workstation equipment b

The size of the eapémosmentbahefmotdpltrsnobfdthe devices

footprint generated by the use of I CT equipment the
footprint. The footprint of | ar geer sahnodulndo rneo tp obwee rcfhud s
a clear need. At the same ti me, it can be said on th
used only in Iimited, specific work processes. I f a 1

jauti fied.

The great popularity of | eased equipment is wel comed
account the | easing companies’ practice of directing
to reduceneaVvi i mpmct, it is important t-ol ase equi pmem
can generally be-6usedrisompgersctrh @redt by 4dnanufacturers.
equi pment are |l argesers feordaffiobliltheodéwvndenewnuEst
ent ai l a risk that they wild!l remain unused. This is
equi pment is sent to foreign couwrtirpimesntwintalr keetconsi de
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4.1.2

4.1.2.1

Energy consumption of | CT equi pment
l3aSaayYSyid YSGUK2R
The calculations of the environmental footprint of th
also include the environment al i mpact dfc % ld uwdhe dafot
i mpact of the hmkeetaVyciempatThegenermabed by use of I CT
amount of electricity consumed and its method of prod
cycl e (seed4.al)slo. 8ghua pptmreernt manufacturers have already
the use of their products based on generalised val ues
energy sedrdées tlhe country where thezfdoeovtipcrei nits olf o cEastt
electricity production has been great, because it 1is
shal e has been si gnief igaeaertnl t rraendsu dd d ng wiwhg ctho htahs al s c
pricesemifssdOGn all owances. Thanks to this, the share
r

new ecord82%Wnofkoéhectricit/Vhaeanwa th etali antp rUket gag thieorn.n Fe b |
may, however, increase the volume of oil 26bateréenergy

The nstitutions themselves do not monitor the energy
mg ority of the buildings of the institutions are man,;
t he ost of electricity only based on buildings. One
i mpossi bl e tnerigdge rctoinfsyu mphe oem of a specific instituti
equi ment . The electricity consumption of a building
metres, but this does not pr otviiodre, abne coavuesrev iiems toift utthi e
same r ooms. Nor would the total electricity consumpt:i
use of I CT equi pment , because electricity bsll hare
situation is made more complicated HY tpheademamrcge ii @.\
| as two years, employees have partly worked remotely
he i nstuitpumei notn sc o ullT neogt be used in the current
itution, the study coul d not unfortunately <cond
umption of an employee’s computer.

® T u o

= Y)
7 I P

=

efore, in endieronmenanal yseot pei nt generated from
n relied on data published by manuffacmamefrasct WAse r:
published their average egerhsgveobsemptoondi bgdi g
gy Consumpt?ToEnC (tToEod)s nfeotrhotdesti ng and comparing t
ure the energy consumption ulpowr g e(@kuWha)y iursea odernth
Manufacturers have generally published the annu

m

=)
I ® o< ® o0
® »u = o =

I n the current anal ysi s, the annual TEC indicators
equi pment models were collected. I f tnh emordeeglusi roefd ad ad e
the data on a similar model were used. I n cases where

"https://wwwdeokB8BG#halBde/ettevottest/ aastaaruanne/ pdf/ EE_ENG
Energy Star is an energy efficiency | abel established by t
(https:// www. energystar. govso ,pawhti cdif tttupet :iElU ndsipldBarg kU rircrm i wa
it.org/12090/20220328142612/ httefd:ice redragyedehaeordnays iogpral. enud it @yp
star) .enf/he European Commi ssion has established its Ecodesi
(https://ec.europiamaétadeinmwi onéor h £ 5 & soredreddadbse | s /-Ipa e uldeasy
requiremehamimiEicedey i genf/feiqeeioceghyt c t s /-aceshepruvteerrss e n

YENERGY STAR Program Requirememttst pfsor/ /Govmp tetneerr 3.y s\t errs igorv / &.i
ENERGY%20STAR%20Computers®%20Final WADOWREW.Aon %P 262 02 HB20SPepidf
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https://www.energia.ee/-/doc/8644186/ettevottest/aastaaruanne/pdf/EE_ENG_2021.pdf
https://wayback.archive-it.org/12090/20220328142612/https:/energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/energy-star_en/
https://wayback.archive-it.org/12090/20220328142612/https:/energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/energy-star_en/
https://wayback.archive-it.org/12090/20220328142612/https:/energy.ec.europa.eu/topics/energy-efficiency/energy-label-and-ecodesign/energy-star_en/
https://ec.europa.eu/info/energy-climate-change-environment/standards-tools-and-labels/products-labelling-rules-and-requirements/energy-label-and-ecodesign/energy-efficient-products/computers-and-servers_en
https://ec.europa.eu/info/energy-climate-change-environment/standards-tools-and-labels/products-labelling-rules-and-requirements/energy-label-and-ecodesign/energy-efficient-products/computers-and-servers_en
https://www.energystar.gov/sites/default/files/%20ENERGY%20STAR%20Computers%20Final%20Version%208.0%20Specification%20-%20Rev.%20April%202020_0.pdf
https://www.energystar.gov/sites/default/files/%20ENERGY%20STAR%20Computers%20Final%20Version%208.0%20Specification%20-%20Rev.%20April%202020_0.pdf

4.1.2.2

used, meaning that missing values were replaced with
the dateal oml loechter devi ces. The use of medi an values ¢

Determining the environment al i mpact of the energy us
energy production in addimpitonont.o Tthhea ed eawiec es’esv eermad r geyl
Estonia and determining one value that takes into acc
would be complicated. As alll of the enerugyc huasseedd bfyr otnt
Eesti ®Erher gsitau,dy was able to rely on the data publ i she

The newest and most comprehensive overview of the en\
provided in the BmearftiBibzeeponttbé ¥E£ebtme of electrici:
Energia had the | argest-oma%.keltn sh2 ke, i Hmhe sEtsit ol ear g ina 2
GWh of =electricity, of which 1,Tehde7iC8BWbBnsite. oB2%Whewas
production of Eesti Energia was at 0.74 t/ MWh. The wo
the company aims to produce electricity only from re
futchybon neutral by 2045.

The study <calculated the environment al i mpact of | CT
emi ssions generated upon the production of the el ectH
determining it:

1) Annluaenergy consumption of an I CT device accordincg
( k Wh) ;

2) The reference value of the carbon footprint of Ee:

LyadAddziazyaQ LINY OGAOSa

The electricity cioonns uenmptii mme notf (wcoornkpsuttaetr s , monitors
measured in the institutions included in the study. i
according to the interviewees anpgr e@ou mead uteh dts tsheee nr d ¢
established for the energy use of equipment are set f
and this ensures sufficient efficiency. However, t ho
ef fniccyi eof | arger server rooms (a more detailed overvi
The institutions do not generally have an overview of
RKAS, but there are excepetsi ointss whverr ep ramp eirntsyt.i tluntsitoint t
energy when choosing an electricity package, in whic
consumed by an institution is produced f rASn rtemee wsahbal ree
of green energy is mini mal in thgreémcenkecgyyisomsum
purchased by the Office of the President of the Repub
interviewedl | itrhre HKCdad ymaode Taa conscious choice by enter
Harju Municipality is planning to retroactively purch
the previous year.

However, RKAS hasmenearwiedegspr @ddnadopti on of green e
conduct a green energy procurement. | f this is succes:s
to use green energy. Electri diyt exwdhwalndyenotbulie dboweghtl y
producers for a fixed price. RKAS can make a deci si c
needing the institutions’ permi ssion. Such a tdevelopr
by nearly 50 %.

8%The energy supplier may be replaced as a result of a publi

8lhttps:// wwwdeoklBlBid .eedd/evottest/ aastaaruanne/ pdf/ EE_ENG_207¢
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https://www.energia.ee/-/doc/8644186/ettevottest/aastaaruanne/pdf/EE_ENG_2021.pdf

41273

The attitude of the institutions interviewed towards

energy i s seen as one problem. As the resources are

ouhat purchasing green energy from the energy exchang
this does not entail an actual change in the actual e
to use green ttomelr@y wasrmbdbtatcomsi dered reasonabl e. |t
the problem should be addressed first by increasing
possibilities for storing greenldnbegVyessodepandene o
The regul ar energy saving practices are widespread ir
monitors switched off for the night. | f ceomppl uotyeeress adnod
moni tors have been configured to automatically switch
The use of printers has reduced over ti me. Printing

shared printers, offlwdorchimnheverysi natei fori emachfor ex
depends on the work —-amisipsdirfiiec ineetdi puti inoerdoen®r e t he
energy, printers also automat isc,altlhye sfwiottcphr itnot sotfa npdrbiyt
to be relatively | arge, because they are not used mos

changes tri glg%,r evdhiboyh ChOavd Dresul ted in office printers
OYONSHYI I £ AYLI OG0 FHaasSaavysSyl

Upon providing environment al i mpact assessments, t he
groups:

1) I T centres (SMI T, RMIT, KeMI T, TEHI K, RIK);

2) state agencies with different profiles (MKM, RIA,

3) l ocal governments (the City <ofarjal IMumn,.ci Padi ¢ maan
Municipality).

The foll owing presents the environmental i mpact of us
environment aé¢quimpment odsé CiTn the Estonian public sect

l44SaaYSyid 2F GKS SYGANRYYSYyGlrt AYLIOG 2F GKS Sy

I n order to provide assessment s, we first calcul at ed
manalgedy | T centresTapgdre one device (see

TaOl eAverage energy consumption ofoh€Tdegqiuc ® mekWhmpen
(source: | T centres and EY).

Average electricity consumption of ICT equipment (kWh/year)

ICT device
SMIT RMIT KeMIT TEHIK RIK
Laptops 25 32 24 27 24
Desktop PCs 76 86 92 78 69
Monitors 41 41 44 39 41
Printers Quantity: 1,591  Quantity: 1,714 Quantity: 4 Quantity: 264 Quantity: 975

The2C@tensity of the electricity production of Eesti
with the manuflTabltQe rwehri’csh draenfal agdfcra G® g hienta of t he el ectri
of one device.

82The Eesti Energia data amn)e pnroets etnhtee dc af robro nc aor xbiodne de gouwxii vdael ¢ nC
greenhousg)gasvehds chCOs why they do nottr duwmsc | auxdied e haen dg uoatnht & rt |
greenhouse gases.
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Tablloe ThheEo€Oprint of electricity consumption of | CT e«

(k@gCyear) (source: I T centres, Eesti Energia and EY).
CQ footprint of electricity consumption of ICT equipment (kg@/§ear)
ICT device
SMIT RMIT KeMIT TEHIK RIK
Laptops 19 24 18 20 18
Desktop PCs 56 64 68 58 51
Monitors 30 30 33 29 30
Printers Quantity: 1,591 Quantity: 1,714 Quantity: 4 Quantity: 264 Quantity: 975

The result can be compared with the manufacturer’' s d
Latitude 5420 | aptop, whose environmenrkiagulifdtod plrii fne r
cycle of a Dell Latikudé25220fgebesatger8bdi&dClY COs i
duringyeas teaf ul I i f e. Tchoenrseuf noprtei, o nt hoef aan nDueallte elnaetrigtyu
Based on the TcaabllPey|l i o CPr ( s1e¢egenerated by iwsibred waelne
14 kg&€OEstonia, which is considerably | argenarthafetth
cycl e, t hiempaaccttu,alwhQ@ h takes into account the footprin
7086 kgCoOhich is nearly two i mabchlghed bhathhéehmandf 4

1 34Sa4aYSyild 2F (GKS SYy@ANRYYSyilf AYLIOG 2F GKS Sy
I ISy OASa

TabllEEnHabll2Zencl ude t he measur ement resul ts of the envir

for the sampled state agenci es. These are somé&what h
centres owing to the amount of special equi pment wused
Tabllle Average electricity consumption of | CT equi pment

agencies and EY).

Average electricity coasumption of ICT equipment (kWh/year)

ICT device
MKM RIA HM/HARNO KeA PPA
Laptops 24 21 20 26 28
Desktop PCs 0 86 83 N/A 78
Monitors 41 47 N/A 43 42
Printers Quantity: 7 Quantity: 21 Quantity: 1 Quantity: 217 N/A

Tabll2e €@ot print of electricity consumpti on/ yoefarl)CT equ

(source: agencies, Eesti Energia and EY).
CQ footprint of electricity consumption of ICT equipment (kg@/§ear)
ICT device
MKM RIA HM/HARNO KeA PPA
Laptops 18 16 15 19 21
Desktop PCs 0 64 61 N/A 58
Monitors 30 35 N/A 32 31
Printers Quantity: 7 Quantity: 21 Quantity: 1 Quantity: 217 N/A

(et
ey

(V)
I'da

1l aaSaayYSyid 2F GKS SYyPANRYYSviEGlt AYLI OG 27
32 0SNYYSyia

8https://corporate. del | t etcahlnaod soegti se/sa cctoim/ ec/oennt /eunrt & udtahn/ dda tgai
sheets/ product-54 P@Eddtopsh d att.igdfde
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https://corporate.delltechnologies.com/content/dam/digitalassets/active/en/unauth/data-sheets/products/laptops/latitude-5420-pcf-datasheet.pdf
https://corporate.delltechnologies.com/content/dam/digitalassets/active/en/unauth/data-sheets/products/laptops/latitude-5420-pcf-datasheet.pdf

TabllZenDabll4ger ovi de the measuring results odnsumpteinovn rfom
the sampled | ocal governments, which are comparabl e t

Tabll3e Average el ectricity consumption of | CT equi pment
| olcagovernments and EY) .

Average electricity consumption of ICT equipment (kWh/year)

ICT device
Tallinn Saaremaa [ N NKagu Alutaguse
Laptops 26 21 25 23
Desktop PCs 33 70 119 109
Monitors N/A N/A N/A 39
Printers N/A N/A N/A Quantity: 4
Tabllde @0t print of electricity consumption gfyela€l equ
(source: |l ocal governments, Eesti Energia and EY).
CQ footprint of electricity consumption of ICT equipment (kg@@ear)
ICT device =
Tallinn Saaremaa [ N Nhagu Alutaguse
Laptops 19 16 19 17
Desktop PCs 24 52 91 81
Monitors N/A N/A N/A 29
Printers N/A N/A N/A Quantity: 4

{dzYYIFINE 2F aaSaavySyia

Manufacturers of I CT equi pment eevteerms @d ndi t her eemtv i
footprint of wusing their products in the reports publ
indicators of el ectricity producers (mostly t hose [
envanment al footprint of operating a device using el e
than the indicators published by manufacturers. This
Estonia. Comparcangwmgthieor |l ckwerntirngiudusye, the main deterr
life cycle is the environment al i mpact of its product
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Data centres and c¢cloud services
l3aSaayYSyid YSGUK2R
l3aSaayYSyid 2F GKS AYLIOG 2F RFEdGF OSyiNBa

Gl obalellye,cttriheci ty consumption of data centres and comy
the increase of the energy use of the I CT sector. I r
consumption of data centTWh petweOnMnasth®Hhad. ¥ oT Wis tao oUh.
the total electricity c%mhhses nipnidroena soifng hreu rEue ro peefa nl nktnd r
of cloud software (SaaS) has brought al otn.g Grkey r mwfc ktel ¢
main growth drivers is the popularity of streaming pl
this has increased the energy costs related to networ
of Thingtshd | mdquiamaeld dat a e*Tchhea n gnec rheeatsvee eonf dneevtiwcoersk. t r
c | ud solutions also increases the need for néw data
Th environment al i mpadt seff vdiata cenglebabhg aeabksesse
met hods and companies report their indicators somewh
cess for achieving the compardbility of the measur

- T
—
o —+ @™ O

ordelr | & ot information required for assessing the
vices, interviews were conducted as part of this a
ernment s. Two clpbpoad pndvidéaemas ceREK® aedvTeli a) wer
ess the size of server parks and the related envi
titutions, but collection of sei ndiilfafre raemd ecso mpma rtahbel
ctices in terms of data protection rules and data
ta is not coll ected. Ther ef ebraes,edi tquwaard i hat i pes siolmlp
stitutions in terms of data centres and this compon
l ying on numeri cal data collected.

- T T ToeQn
® S ® - 5 W O M S
Qo on < =

order to assess the efficiency of the ihrest2i0t2Wti on
alysis of the orga¥vwhiadh omappgde b atsh e&¢ d oCrilt esretr,v i ccweasl, i t
rvices related to workstation services and basic ir
frastrwmdtaurcentses )d

- o
> d S5 S

In order to assess the environment al footprint of tl
measures of data centres were collected via interview
Energy consumpti on
Server heat recovery
Server disposal

8European Commi ssion, DG for Communications Networks, Conte
Hi nt emann, R. , -eeftf iacli.e n(t2i0c2glo)t éEcnbeormgpyotg i es fan e n@d lyi il @esu df omra r
final st udlyt trepp:o/ritdatpa.léuropa. eu/doi/ 10.2759/ 3320

8%See e.g. Batz, T., Herzog, R., Watson, K., PrSowjmercetrs, J. (20
BodenThpeDS.: //doi.org/ 10.1268&/lmameRKrles &dvmypey,s1,3079Fdance,
Electricity Intensity of Internet Data Transmission: Unt an

W2 dz2NY I & 2F Ly RdX UNRSh.iptpp €/BI52 88i . org/ 10. 1111/ jiec. 12630
8https://www.natur .1B6®1&rticles/ d41586

8European Commi ssi on, DG for Communi cati onGr dNgeerwo rJk.s,, DCeovnrtie
W., et al. (2022) Study on greening c¢cloud computing and el
climate neudri alit ytHtdty® D :8/@/adpd..aee/ doi /10. 2759/ 116715

BPWC (ROROJFIFaldSSydza(S.hita MmNl & lwwwivd 3 alhiinfdN N dni-jnai nsat letlersiiudn. e e/ e
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https://data.europa.eu/doi/10.2759/3320
https://doi.org/10.12688/openreseurope.13079.1
https://doi.org/10.1111/jiec.12630
https://www.nature.com/articles/d41586-018-06610-y
https://data.europa.eu/doi/10.2759/116715
https://www.rahandusministeerium.ee/et/uuringud-ja-analuusid

Aggreghtiedi end®®y measures:
T PUE (Power UsagdeEfrfaeddtoi wédnedhe) power del

i ver ed

the total amount of power used by a dat a
electricity is usedhdédymddt egfufiipenieant) .datl @ bad dty

or |l ower (see also the | Madli}jeretati on of

DCE (Data Ce+ttheeef EEf eonCcgnofy)the data centre

CUE (Carbon UsagbeEfhéecbDi wdneashse) car bon
energy consumption of a data centre to
equi pment .

T WUE (WatefetUsbgem&sg)ati o of the amount
producing energy in the data centre to
equi pment .

Tabll5e | nterpretatio® of the PUE indicator

PUE DCE Efficiency
3.0 33% Very inefficient
2.5 40% Inefficient
2.0 50% Medium
1.5 67% Efficient
1.2 83% Very efficient

1l 3aS3aaYSyid 2F AYLIOG 2F Of 2dzR aSNWAOSa

Cloud services are closely |Iinked to data centres,
services are most frequently understood as software
all ows for thenmabetgflachtutad in the service provider’
services often mean cloud storage, whi ch -kinsownm ec Itoyupde
software providers i s sMiocfr oOsfdfitc e( €3.6¢5. atrtee cDararm® ns d rnv it
to SaaS services, two more types of c¢cl oudFisgl¥vd ces

r ?‘aRnGlle
s
Cl oud so ware for us

n_d
(includes | aasS, and a%vgrseéjmeibnmees'joﬁice

. So
so war e a,umlteid.cda °n% . service
& Confluence
Cl obuads e d 't [ ed for izl
sg Wsaere e00 . el & =
docker

gineering Paas
aaS serviRrRles orm

n
includes |
S as a service & kubernetes

dat abhetsg

o
Cl ocluads e d =

infrasegucture InIf?ZEtructure
serwdrs age as a service &
spaetc

89The Gr etetnt Gg:i/d/. www. t hegreengrid.orgl/
OYhttps:// www. 42u. cedme/irrechsswmr ement / pue
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https://www.thegreengrid.org/
https://www.42u.com/measurement/pue-dcie.htm

4.13.2

Fi gu4d eCl oud service types (source: Government Cloud a

Whil e SaaS services are aimed at end users, Paa$S and
DevOps) . RegaerdViecses tofpe,hethe environment al i mpact 0
electricity required to maintain the data centre need

Cl ocluadsed service architectueree pactudesarhgreasethedans

this also brings about considerable environment al ef
consumption of network equipment, but also pmentwast e
due to incr®asing demand.

The government mainly uses PaaS and |l aaS cloud servic
private sector c¢cloud solutions are used minimally ow
anywdi s does not study their environment al i mpact in d

LyadAaddziazyaQ LN OGAOSa
5tk OSyiNBa YR aAaSNBSNI NR2Ya 2F AyaldAalddziazya

The 2020 analysis of the oFgghblseptoondes dbadetailCad s

institutions’ practices. 73 institutions responded to
uses a separate server room.nuAnbear doifn gt hteo itnhset ia rualiyosn
considerably greater, because the questionnaire was
infrastructure is more organised.

Hosting rooms

= TELIA; 3 institutions = RIKS; 9 institutions = In-house server rooms; 50 institutions

Fi gu5 eServer infrastructure h¥etdoinlgai 8yhdzd § S ou2 NI & PIw

Nearly all of the state agencies interviewed during t
activities. Ar o uintdu toinoen st hiinrtde rovfi etwheed iunsset Tel i a’s dat a
nearly half of the interviewees also have their own
transferred all of their | T services to RIKS and Telii
99Ci sco Annual | fRt0em3intep s Rlepwww. 2i0slBo. com/ c/ en/ us/ solutions/ c

per spect i-ivhetsefranpeotun &d awleeik?lé 1 490 . ht ml
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https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html
https://www.cisco.com/c/en/us/solutions/collateral/executive-perspectives/annual-internet-report/white-paper-c11-741490.html

Foar of the | ocal governments interviewed mostly used
interviewed used RI KS’ services; two of them also use

The institutions aneons ofnerd dwmiereg mtah @i m eown data cent

1) {SyarirxgénRititve must be kept under the instituti
them under its control. The institutiomhiacfhtdms | a
why they prefer having their own data centre just

2) tlad Ay@S»imeSywida the institutions interviewed usec
which are used out of habit.

3) CAESR 02ai NESNDGIOE LR @A RPEDEU R (o f OBIYKiNBor Tel i a

a fixed cost for the institution in the form of a
apply for additional funding @snasei hhest moewn iser
which is why thiefifecseer 9l atmome Sevter al i nter
uncertainty in terms of financing, which is why s

As itmeti tutions do not often measure or cal cul ate the

footprint) of their own server rooms, it was not poss

Based on the intecamatbensahi dxphatemaéentatning an inst

damaging in terms of environmental i mpact than the us
building an institution’s own data cosnttsr;e entail s
all of the existing space and server resources ca
it i s not reasonabl e to budilhdrkbaeaai ngesoVvVetyoanndf
rooms.

Therefore, the efficiencyl aafgesnhdtla seanterre sr oomams 6 rss U rc

complicated solutions.

OYVOPANRYYSyillt O2YILIJ GAGAfAGE LN} OGAOSa 2F wLY{ RI

RI' KS currently has two | arge data centres that mai nl
equi pimentthe cabinet (servers) belong to the instituti
RI KS data centres use several environmental compatibi

LYLX SYSyidltaGAz2zy 2F L{h donnn YR L{h pnnnwm

RI KS uses themarmsdg OMdOrt quyadtiegny and the |1 SO 50001
Every year, audits are conducted in the framework
are very aware of their capability and | imits.

' 3Ay3 NB&AARdZAE KSI G

One RI KS daa ahecaetntrreec chvaesr y syst em; another one is
exchange. This would require significant reconstr
di scussion is ongoing in coopermdi®©ammurtihc &thieorVd .n
One problem related to the wuse of residual heat i
transport it far from t hd fdaetxpeneret, r e.nglarg eanckchitt ii ol
ot her efficegqntyeprojeatson of additional jobs, f
I n addition to the positive side, a representative of

[ FO1 2F NBaz2dzZNODSa FT2NJ AYLX SYSy Ay T LENRIRS QaSy (RS 3y
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RI KS acknowledges the environment al i mpact of dat

effects, one important motivator for addressing e
case of iinnvcersetanseinntgs ef fi ci ency, the return on in
construction is compared with the price of the ene
is abandoned. In terms of effWTéekianby, exbbangshgtp

experiences.

DNBESY SySNH& Aa y20G dzaSR

RI KS data centres currently consume electricity at

to date. One of the reasons giveamerd oenemhgusna@awsr ¢ éis
and sun. A data centre’s energy consumption is steé
energy is not possible when purchasing it directl

the dat aeecdesn.t re’ s n

Purchasing a green energy certificate is not consi
centre as greener, but in reality, it would stildl
RI KS consider emaehkhiaget e maetddifso gsyh g wisd ibfe epdr ecede
sufficient production volumes and availability of
ot her technical solutions.

.dzAf RAy3a aLISOATAOLIftE REWAIYSR a RFEGE OSyGaNBa | N

RI KS' experience is that a building specifically

t hat has been built for another purpose and modif

l ocated in thhewi kindgof Awmodi diieg to RIKS, additiol

further reconstruction of the building. Ef ficienc

buil ding specifically designed as a data centre.
As t he mai n enfefaiscuireen coyf otfhedata centres, RI'KS uses PUE
years. Each server room in a data centre is monitored
the weighted average of server rooms.

1,7 1,67

1,62
16 1,58
1,51 1,5
15 1,45
1,42
1,39

w 14 1,35 1,35

)

o

1,3

1,2

1,1

1

2016 2017 2018 2019 2020 2021

Data centre 1 = Data centre 2

Fi gusP&JE of RI KS’ dat a2 c2Int(recu rbed weRInK 2)0.1 6
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The PUE indicator of RIKS data centres has decreased
as eff iTablebet Tloc fccompare, the ¢ mba&l028&v eBnaalgtei hde Udpvaamraasg el .

of a bank operating in Estonia was 1.43 in 2021.

One of the dowunsidessalf R&&sase i s id4id cenmmweat irmmo Mmso &
full of equi pment , the ePAE tiumdi catparci ity mifghere tdlmnam
intervi ews, this problem does not exi st in the <case
according to RIKS, the PUE indicator expresses the ac
Ne wverrel es s, PUE data are not completely comparable in
al so used for activities other than the provision of
whol e buil ding catninmns baend saedparticall cRUERBR i s used for
the classic PUE, which is estimated to be | ower than

I n the case of data centre 2] dehgcisitbhkgnconsamptcon

As RI KS has applied I SO 50001 energy management syste

50001 energy management system, an energy balance i
purchasedaaendpthpo®as for which it was used. The bal
occur in the case of these kind of calcul ations. Ev
consumers and probl ems. Other caornemonno tmeuasseudr eisn sRUlcKhS .a s

OVIOANRYYSYilf O2YLI GAoAfAGE LN OGAOSa 2F ¢StAl R

Telia currently has four |l arge data centres in Tallin
network. Telia efefrevrisc eas :breogaud prnaenngte hoofst i ng, data tran
services and administrative services. State agencies
equi pment cabinets in Telia dataescaenéerespvivdbdhbet ah

centres.
Telia applies the foll owing environment al compati bildi
'aAy3 NBaARdzZ £ KSI

Two data centres have been fitted with a bgat 71 ec
an office building nearby, in the other case, it
used to heat the water of the nearby fl ats. The u

DNBSYy SySNH& FTNBY NByYySglofS az2dz2NDSa

As 0162 data centres have baeeqgr alesrn ngn erod e | e rgtriefeir
purchased.

[ 20Ff SySNH& LINRRdAzOGAZY

As a pilot project, a solar power plant has been
efficieqnelyarofpawer plant has been | ower than expec

PaAy3 FTNBS O22fAy3a Fa YdzOK |a Ll2aairofsS Rdz2NARy3a (KS
Thanks to the Estonian climate, cold outdoor air

'aS 2F FTRAFOFGAO® 022t Ay3a YR KdzYARAGER

Eneefyyicient technology for automatic regulation

wlkAadAy3a GKS GSYLISNYGdzZNBE Ay &ASNIBBSNI NR2Ya

2https://www. statista.-comiwedraindneptaivos | IN2 9867/ dat a
Bhtt/wsww, techtarget. com/ whkatoils/ndgef i ni ti on/ adi abatic
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https://www.statista.com/statistics/1229367/data-center-average-annual-pue-worldwide/
https://www.techtarget.com/whatis/definition/adiabatic-cooling

The current temperat ur2es odfe gmoesets .s efrhvee rt ernopoemsa tiusr e2

as newer teqluarpanteens hi gher temperatures increasing
technology has enabled to re@0cgetthe hgmjidhuwmi dft
around 50%, but currently the humiidittey.in server

48 2F 3ANBSYy 34848 Ay SElGAy3IdzAaKAYy3I aeaisSva

The extinguishing systems of Telia data centres oI

91l dzA LIYSYy i GKIG ABFFAOIANEFIY yyRR{$@WENBEG & f2y3 | a LRa
h

Of equi pnpenetf,er Befldinaci gyt and expensive dewvices t

functioning secondary market. The requirements f ol
undergo a due diligence check baber Bamaryt @ Brndtoe at ibn
Telia’s internal i nvest ment s, an environment al i
procurement , there is no need to choose a cheape

expensive ver ®idorio®rare often opt

9EGSYRAY3 GKS fAFS 2F SljdzAa LIYSy

Equi pment —i &8 aotdevéde ages to the degree that it
workstation of <critical i mportance, it is made to
t heend of its I|ife cycle and is no |l onger used, it
of disposal, components that can be reused in oth
The useful l'ife of data centre equipment is quite

o l@e@years for cooling systems

o 1220 years for UPS systems

o0 510 years for access and surveillance systems

o Up to 7 years for servers

o 5 years for storage devices

LYLX SYSyidlGA2y 2F L{h mnanm YR L{h pnnnwm

According to Telia, t lpawe iaree cu seeafrulp rforceemsesvweocsr KKsort t
efficiency. I't was pointed out -0ohfatprmrecjheéeetv] ngutgr &

WSRdzOAY 3 2GKSNJ SY@ANRYYSyGlf ST¥FSOhazr Sodad y2i4S
The noi se | evsepdedisalnesats uacenp abryi e s .

/] 2yaz2t ARFGAZ2Y 2F RIGE OSydNBa

Similarly to RIKS, Telia considers replacement of
for achieving greater performance. A new data cen
hel ps to reduce network | oss, as electricity is ol
to direct the residual heat generated into the he.
Telia has previously closed two olmbere deat a hcee nfturteu
a result of a consolidation projectffNewemuil ding
Among other things, consolidation projects includ
example, the newdsfoerdpbesi byl ssphoed upon cl osi n¢
all owed to wuse |l ess hardware (virtual servers w
“Read motrtepsa:it/ / www. telia.ee/partnerilel/ltarnijalel
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https://www.telia.ee/partnerile/tarnijale/

managea#tleendemsd!| uti on. A calculation model is cur

determine the i mpact of the consolidation project
Additionally, Telia data centres measure several envi
T®SCOPserver utilisation, residualeséahcetaitv equemdrigyie.s,Thse
di sposal of refrigerants a¥WlelFIOKAdoegisoer maasurad sbh
because water consumption is marginal compared to ene
at t h@r orep ilaevel . The measurement results constitute

published in this study.

PUE is one of Telia’s main indicators, which expressete
CORccording to Teli a, PUE is a reliable and comparahb
standards (1 SO 50001). However, it has been noted tha
the whole PUE fhborttheerwhlataea kentdieng¢g) in accordance
only the cooling system.

As PUE depends on the capacity of the data centre, Te
centre i s not r euarseommeanbtlse. iTnhipsu bwaiyc, mreomw data centres t
woul d not me et t he possi bl e publ i c procurement re
i mpl ementation of a more reasonabl e uvesd adfi ome ifd u a&SI0 |
are regarded as reasonabl e.

OYVPANRYYSyilLf O2YLI GAOAfAGE LINY OGAOSEa 2F AyadaAadd

Measuring the efficiency of data centres is a complic
depth intthhe rcasee vefr rooms. The institutions measur e
server rooms, but the majority of the server rooms ar
Measuring the PUE of ¢ hiesimanetiusi boosh aekaek obDomomp
to do so. The institutions have not been able to ¢
comparable to those of | arge data centres.

[ £ 2dzR _aSNIBAOSaA
Owi ng to data pruostee cotfi ocno ntneesrtcriiaclt icdmsu,d services i s co

cases, data must notEUWecoumtrreide d,n Whireh gins owh yyiothhe use
service providers such as &owolgudked Mi crosoft or Amazon

In terms of government c¢loud services, mainly two sol
D2@SNYYSyid [/t 2dzR
This is currently the main c¢cloud solution for st
Government Cloud, some agencies avoid using it.

LK 2 dAfS2dzR az2f dziAx2y

The software and/ or data of the Il ocal c¢cloud sol ut

The solution can only be used by the institution’s
Some commebaisaeld sbdbuaware solutions (SaaS), for instarl
used by the state. The interviews conducted during th
to the volumeliomdwhieclwvi t@eseicgam ®de used, as the count.
the advancement of technology. Some of the institutio
Bhttps: www. 42u.-comiledds ar e.nlctym#d@ltaassary _D

[/
Bhttps://www. 42u.-comiledds ar ye.nlctymtl@ltamassary _C
"https://foka.envir.eel
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https://www.42u.com/efficiency/data-center-glossary.htm#Glossary_D
https://www.42u.com/efficiency/data-center-glossary.htm#Glossary_C
https://foka.envir.ee/
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forkeagedcdoewel opment tooils ¢ MShAczases é&maygyopidbl b
d upbiondaerccotessd. However, the Government Cloud i
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Government Cloud is a cloud envifdeméemyg mamagad
tions and rel at e d®Tsheer vdocveesr ntnoe ntth eCl ppwhdl ibce gsaenc taosr . p
provided in cooperation with Telia. I n the futui

r ntahgee nmeant of RI T and cease cooperation with the

10 server rooms required to provide the Gover nme
y the aforementioned RIKS enviroinmeanft at he odnptad i de

related environment al footprint are not measured
ider the footprint generated from network traffic
0o nsgt raenadmiot her services that generate | arge net wol
rding to a representative of the Government Cloud
ck wfideomanhagement (e.g. establ i hkement Tofanasifgaloinc
ices is definitely happening considering the currtr
ting the Government Cloud or whether-htolhues ei metrivteu ts
nds on conscious management . I n terms of enviror
ntage, as the RIKS data centres can offer c¢cloud s

OYDBANRYYSYyGlrf AYLI OGO |aasSaavySyl

Dat a esemratrre the | CT field with the | argest environment
ti me, this is the most environmentally conscious fi
environmental compa¢mbiilcalyl prappliygeshanbdestyspractice
50001.

Comparison of the environmental footprint of the date
| arger footprint. The morealkhinevedenesotlireé¢si af eRcKSCc
Telia. The | ower efficiency of RIKS is confirmed by t
that in the case of same devices, Tel iaes, eonrrglhecbas
the PUE indicator of RIKS, it can be said that the g
than the gl obal average.

A more wider enwvelanednpabdobi emaich t he -toawngaryvers ntdhaemd
Addressing the server wutilisation, cooling and the ca
data centres is inevithdhldye i snprowser brl ®@omsan. th esicarmsief iod a
of -homser ver rooms (currently in more than in 50 insti
woul d reduce the environmental i mpact considerably. T
of data centres and thesGobersmewédCl oud must

When using cloud services, it is worth following the
as the first choice for every state agency. I f this |
mustexbpel ai ned when chHPOnsei nd amealma¢romatbienefits of usi
pricing and performance mod®ln whechkasse oheapesrcadrrd
performance is used .ononyc ewhae ryee airt iins tnheee dleadk (aen.dg Cust o

Bhttps://riigipilv.ee
®https:// www.-meowu allk/tseactvi-&lewdy/lgdasaeirdvii ncge

WWhttps: / / wwdva moec. |l uskuédg s i
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https://riigipilv.ee/
https://www.gov.uk/service-manual/technology/deciding-how-to-host-your-service
https://www.gov.uk/guidance/use-cloud-first

4.1.4

4.14.1

0]
n

T
S

f income tax returns). The use of a cloud service e
eeded. The clients of the Government Cloud can alrea
he®tudy could not measure the environment al i mpact of
ervices due to the wunavailability of data.

Software solutions

0]

aSaayvySyid YSiK2R
Thol NB a2fdziazya

O 0K O n o 6 - T —

practice, assessmenotf oaf stohfet weanrvei rsoonlmietnitoanl iismpaa ccto m|
e to the global devel opment culture, where environm
ols for testing the functionalitytofoltshd osofitwarmatc
ed among developers. This is a field where general
en though the GHG Protocol offers an ini%ial approa

m tthkechnical perspective, the environment al footpr
iciency of algorithms, which in turn | argely depe
fficient al gor iatnhtm inmepyach avien acesit@gminf iccases, t he

el opment frameworks and the architecture of the so

< ® ™ O

or instance, a study <conducted by Reoorntswigrupet si eo nu noifv e
rogramming | anguages, focusing on the I|Iinks between
he study tested | anguages by solving 10 different p
ategori esmemno)r yt,i 2¢¢ aemder gy and time, 3) energy and me
i me and memory. I n all of the categories, the greene
nd Rust, while Ruby, Lua ¥and Per | were the worst per

he results of such studies <cannot unfortunately be
overnment's software solutions, because as it was r ¢
ootprint of a sefmtewdrbysbohaetiogicsofnhleertain algo
ramework and several other variabl es. Some | anguages
han others. There are many varboabmedebhndftpessbhmpebke
mpact quickly grows to the extent t hat practical i m
urrently no common benchmark or standard for measur.i
hefe the measuring of the footprint of this field is

n software devel opment, changes often occur as commu
ave increasingrlnyatri eanc hcenda ntnted si mffo devel oper s, wher e
easonably seen as having a major role. The majority
| ehuads ed devel opment and host i naghipcohs siisbiwhiyt itehse yo fhfaevree
n all kinds of software solutions. The gl obal mar ket
oft ware (PaaS and |l aaS) is curr-d&mtalzynl amMgeloy s@dé mi maa
over more than hal fi®8d o dtea dad mt rcesntared mahe&keel.oud so
l obally the component with the | argest environment al
ommunity beltieovlescdrmhmanilbeisg shoul d be the main cont
nvironmental footprint related to the software field

WMGHG Protocol (Gua d7%) f oCh aptseers sG:ng GHG emi ssions related to
https://greenla#abndient miuph d sepFs /n&fd 1 H/dFO0/ s
WBhttps://www. croenboen haegmse datt@d k-o nghdkatant er
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https://greenlab.di.uminho.pt/wp-content/uploads/2017/10/sleFinal.pdf
https://www.crn.com/news/data-center/aws-google-microsoft-are-taking-over-the-data-center

The software hosted in data centres in turn affects t
data cenmalkes wht cbhne of the root causes of the enviroc
devel opment community does not yet consider the envir

signs of first initiatives and trailblazers.

The moosmi npe nt -baansde db rionatder nati onal organisation that pr
includes the community of devV@lltopwas ficurGdedcni 502 @ vk |
Gi t Hub, Mi crosoft, ThoughthWordkrsgaanrids ati onks Fmusdabhnor

ecosystem of people, standards, tool s -fandnkdd ¥ sprfa ontair
The broader purpose of the organisatiowidertobhekpi vk
the I CT sector, which is to reduce the greenhouse gas
Paris AYsTdemermtosystem is still being built, but the o
mat erei.agl.s ,t he most rel evant tWohsclnbdelop heo degpont s
small er carbon footprint.

For change to take place, software engineers, archite
of emeironment al footprint of the software solutions
addressing the best practices of green software devel

One of the most Sy stuemdtoinc nmauter campadts itrhet rset of
engi né&®whiincgh, gat hers together the key competences re
sustainable software applications:
Build applicationg®that are carbon efficient
Buil dcappbns that re energy efficient
Consume electricity wih the | owest carbon intens
Build applications " hat are hardware efficient
Maxi mi se the energ¥ efficiency of hardware
Reduce the amount of data ameat drsk ance it must tr.
Demand %*haping
Focus -bwtepeppti mi zations that iHcrease the overa

The summary prepared by the Swiss research institute
mat erials publ ilslhoewdi nbgy sthhoetith,d tbhee afvooi ded:

hardware becoming prematurely outdated due to cho

Mhttps://greensoftware.foundation/
https://greensoftware.foundation/ manifesto

https:// www. producdrstoif clisenidgirdeosnmmoilaa @ we h e d /
Whttps://git-Babt-Femeé Gakcicom/ir aeensbwmer e

8prjnciples of Greéntpsesfi{ warenEngiesegiregn/

1®ht t//psi nciples.green/ principles/carbon/
Whttps://principles.green/principles/electricityl
MWhttps://princippleséiocnagreenesn/tpyr/i nc
Whttps://principles..-garleoad/pri nciples/ embodi ed
WBhttps://principlesproprpeern/iprniadcitpl/es/ ener gy
Mhttps://principles.green/ principles/networking/
Whttps://principlessbapengprinciples/ demand
6https://principles.green/principles/ measurement/

WA summary prepared by the Swiss research institute EMPA:
https://www. academia.edu/ 45173 aAtEpvunbnimenamaealwol Mpaad_6&6D mk (

commendations
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https://greensoftware.foundation/
https://greensoftware.foundation/manifesto
https://www.productsofchange.com/news-article/green-software-foundation-launched/
https://github.com/Green-Software-Foundation/awesome-green-software
https://principles.green/
https://principles.green/principles/carbon/
https://principles.green/principles/electricity/
https://principles.green/principles/carbon-intensity/
https://principles.green/principles/embodied-carbon/
https://principles.green/principles/energy-proportionality/
https://principles.green/principles/networking/
https://principles.green/principles/demand-shaping/
https://principles.green/principles/measurement/
https://www.academia.edu/451732/Environmental_Impact_of_ICT_A_Conceptual_Framework_and_Some_Strategic_Recommendations
https://www.academia.edu/451732/Environmental_Impact_of_ICT_A_Conceptual_Framework_and_Some_Strategic_Recommendations

of
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age
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[ S31 08 agadsSy

writing a programming code that requires unreason
writing a programming code that wastes storage sp

developing unnecessary functionalities (noticing
devel opment) ;

foreign countries, the United Kingdom has address
ucing theemrsesnbonas®f gh3d projects:

Use of publi-enalbded seorviedese emi ssions, as major
more efficiently and often use green energy provi

Cl oud servi ce—ausse ad petdi mirs ati inogn haenldp sp etrof osranvaen cbeo tnho d
and electricity.

Data auditing to identify duplicate data. This co
of | egacy systems.

Auditing of the environments wused. Unnecepsossaripl en
(e. g. unused test environments).

Consolidation of systems during development proj e
the case of projects aimed at end users, the Unite

Creat ef rai aurscklry and si mpl e serevitchee iwh earcet itohne auts etrh e

Each repeated action requires additional energy.
Use of multimedia should be avoided. I f this is u
needs.

Mul ti media formats thasedsgeel gssSPnesgyHBhoutdedo)pe
The HTML format should be preferred over PDF when

problems, PDF files may use more energy as |l oadin
Avoid collecting uoneedassaryhensbomageoapace requ
order to assess the environmental i mpact of softwa
ncies and | ocal governments to det gr misrea Wlyettther se
general attitudes.

QX

A legacy system is an outdated software solution that
e. g.:
the system may run on outdated(hacdwareaerglyi clo nisa
the architecture of the software developed is obs
more storage space, more powerful hardware or ot h:
there may cloenpatleamcl dfor devel oping and managing t
backward compatibility must be ensured upon adopt
These and other potenti al problems related to | egacy
Estonia has followed the ‘no | egacy’ principle, acecoec

18https:// www. govyolleaclhindd migel mabk é e
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https://www.gov.uk/guidance/make-your-technology-sustainable

4.14.2

solutions thateal®heol dlejredthiane 1i3s yno | onger foll owed,
terms of environmental sustainability, the requiremen
resources required to oper aotfd war momalsietdh iomm lae greocdyu | sayr
architecture reveals that a contemporary solution is
The work to replace | egacy systems is stildl ongoing.
digital goved nmeher viwewsusto study the i mpact of the

environment .

LyadAddziaAz2yaQ LINY OdAOSa

The interviews revealed that t he i nfsrtiigmnudliiomes sd oo fn o4
solutions andtthleme aasmue eso Relg ufirrieamedltisn ersesl aht eewe tmo te
included in software devel opment procurements. I't was
| arger environment al f oot prdsnitn ga ntdh eérh ei sc hgarnegeet earc.hi ev e

-

Ac
ar
t h
Sy
i n
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t h
pr

Th
t e
co
en

ording to many respondents, -¢thresifeatedeasndfusoeéaes
not devel oped. However, it was noted that this w:
n remevr tr ol considerations. Practi—-galveexmentit enand oan:
t ems of t en contain unnecessary features and comp
ervi ewees, according todwhamsibrdt iitdetail o sso | aiftti em . w
|l ysis is used to map all of the possible system fe
0 quickly increases the system’'s complprxatyi aed | €
ught t hat the state should not focus on commi ssi
gressing step by step part of every devel opment pr

O o wow v v ©O0

interviews also highlightegatheculmpolry awbenofieae
hnol ogies (blockchain, machine | earning, etc.). Th
sidered today, but it is estimated that tthe adop
i ronment al i mpact arising from architectural choic

< 5 O O

—
>
@

institutions are actively working towards better
which also entails a positive ef feescti nont hteh es teantvei rloln nie
environment al compatibility must reach all fields. |t
creators of solutions, as environment al comptattitba | ity
same ti me, there are those who do not consider envi
software®solutions.

terms of the environment, the analysis identified
systems, poorly planned or outdated architectural ¢
at have a negative effect on the environment. Base
ate agenci es, t wol ptréech,ci whiesh cahe biendtoirtmuti ons cou
obl ems.

T n + — -
= ~+ 3 0 5

1. 5SSt 2LIYSyid 2F | azxta arkewz Ro I6uSt i LANS FSSINANWBIRd i ncl ude
mi ni mum viable product/software sol utwiothnh dmeatihrg
only crucial functionality, after which additiona
should include the assessment of its necessity a
unnecessary environments and features.

Whtd:p/ / www. mkm. ee/ medi a/ 6970/ downl oad
12001 | e Kr ovdra 1(1202)K2ARf A{ldz L¢ NI {SyRFEYA&S LINF1GALlI 9SadAr @
Master's thesis, Tallinn University, School of Digital Tec
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https://www.mkm.ee/media/6970/download

2. | NOKAGSOGdzNI £ OK2H68&!| ygznéndSoBdzaids58A8Ri on shoul d
habitually used by the devel oper. I nstead, the pr ¢
considered to make an diemrfionrgmedd fdfheaiemd. sWHeant i onrss i
paid to the resource wuse of the solution develop
efficient solutions should be preferred.

4143 OYGANRYYSy G+t AYLIOG F5a8aavysSyd

Based on the i rmstaégrdvitewvas, tihte danmpalte of software sol ut
compared to other components analysed, but at the sam
into account. However, t hi s ars ssetsédrbeenstt diisn gc otnof i whmecdh I
causes of environment al i mpact in the field of I CT ar
On the other hand, inefficient software |l ocaofed in a
extensive energy consumption and the need for | arge
investigating the software solutions used in digital
various end userssbadeofégicsteéss baThkae ddteagntsa voeu rt reecrhtnl oy
(Al', blockchain, etc.) to a small degree.

Adoption of mi croservices architecture is gaining gr
Agend a?s2e0t3s0 t h ee ndte voelth @epw@ints er vi ces as the main priori:
services provided by different institutions in one wf
created a situation where rmdwgd ol intoidiunsararweaycr eodtted i
mi croservices architecture. Ol d |l egacy systems are al

possi bl e.

I n terms of environment al performancehod Qgengeablygt @
friendly. For instance, additional resources (main m
software solution component, but in the case of a mo

system, betclael ssame hasredware resources.

However, developing a microservices architecture shoi
developing a microservices architecture, environment a
by he aforementioned principles of green software engi
paid to the following t%pics in the case of microseryv

Web traffic optimisation

Il ncreasing hardware disposal
Reducing tméecnombewrvi ocks
Database optimisation

Latency and related restrictions.

An modul ar obamedrasehvieesure ensures that it i's ec
further. I deally, system archi t enmnpourrentssh oaurl dmiad rl coswe rt vhi
having to rewrite the whole software. The maintenanc
solutions is often not sufficient or constant, which
conmm t hat when a devel opment project ends, the deve
2http://dx.doi.org/10.1016/j.patter.2021.100340

2https:// www. mkm. ee/ medi a/ 6970/ downl oad
Zhttpédprinciples.green/principles/applied/ microservices]/
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http://dx.doi.org/10.1016/j.patter.2021.100340
https://www.mkm.ee/media/6970/download
https://principles.green/principles/applied/microservices/

application ar &who clhoma«kresupgdatddedyr adjustment and i mp

complicademdsumiimep and ttherecdwmgsemal fsor mohe environment .
Combining a modul ar (e. g. mi croservices) solution wi
resources an be used where needed; in other times, fr

significantly more efficient and therefore also green

Mi croservices and modul ar architect urel aatreed deerfviinri ot nenhe

efficiency probl ems. For instancei,ve hbewsred eennttanidn ai nsitg
classic monolith solution. In the case of smaller sys
best (incl. the greenest) solution, as the same sel
unneceas |y complicated and devel opment thereof would
complexity of | ater management.

Exi sting solutions should be reused to -shet enaxi mo dthe
repos®whirogh suppesret oft seofrtevare devel oped earlier. Frc
performance, it is important to further promote this

One significant future environmaest ale tieshniosoghesaddt

trends, such as big dat a, Al , Il nternet of Things, bl
exponential growth of the carbon footprint oifsitchne | CT
of artifi c( %088 %) ntwelullidgeinnccer ease en®rgyteomsumpt ieoni 6o
performance, machine |l earning should not only focus o

such as model ndrdihrei gr eepmdodsa gas emissions arisin
considered.

Testing and wuse of new solutions must continue. Ot h
footprint of software soluti awms, i hemakiietlayigs icorpirteearsiiar
commi ssioning devel opments currently on the table mu
future. This is particularly important when planning

memory capacity.

2htt ps: / / www. mo# eeehdaqeld&@ ipradctoyd e ugtsakat e . ht ml

/
Bhttps:dd kmodeesti.eel
https: // www. accent ulk3P5 /cAaeSd rated rensgige haiC hPdRFIY . p d f
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https://www.mo4tech.com/79-of-developers-do-not-keep-third-party-codebase-up-to-date.html
https://koodivaramu.eesti.ee/
https://www.accenture.com/_acnmedia/PDF-135/Accenture-Strategy-Green-Behind-Cloud-POV.pdf

4.1.5

4151

Digital trash

l3aSaayYSyid YSGUK2R

There are currently no internationally agreed met hods
i mpact . The initial calcul ati emad | of Gooeaoedhkslesetcang sh e
become outdated and rely on expired energy consumpt i
topic of the environment al i -mphaec ta nmoofu ndt a toaf vgor | euenmehso urseel
by stored dataulatemdstvtigw production of the storage di
into account the inactivity time of the storage devi
met hods did not identify atmiyveladmalthaits.can be used fo

Telia, who I ed the | aunch of the Digital Cleanup Day
cleaning up digital waste. At the initiative of Telia
problem. The study used the definition of digital tra
trash Project:

G5A3IAGHE GN}XakK Aa RIGEFE GKFG R2Sa
O2y(GSYGaZNRF¥NASRGISY | yR 6K2aS SEA
NB & 2 dzZND S & d¢
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The digital trash stored in the | ocal memory of a dev
effect on the enviermmonmemtmenltralt é rmpsacaf otfheaei gital tras
or 85% of a 256 GB SSD is in use, but to be sure, a | &
damages the environment. Signisiaddedi smpgdcti ocalur di svl
di gital trash. It also occurs when a computer is repl
useless digital trash being transferred to thhaenew co
is complicated and to date this cannot be fully autol
i mpossible without a personal <contribution, because t

nstitutions asmaan angheomteentc aonf pdlaatna tlhief e cycl e, incl . ar
ata management PHArcdhdiplieg amd at ool rgani sed form i n:
o put |l ess used data on greernest drag at ceamriimra (ecag:
nvironment al i mpact of their storage is smaller (e.g
est environments and other synthetic data agdofr emove
temporary buffers on the computer help to reduce the
Data that emanw e all wureg can be transfe¥red to a public arc

-~ O ~+ o —

The greater environmentedsddnpiarctt tod diigiittall ttrreasth dtsor
often do not understand that there must be a storage

operation and cooling of which requires electricity.
Telia Estoniahsrefasomtgs ameagamaeissg oif digital trash are
of fers both c¢cloud and data centre services. I f peopl e
actual val ue, energy i s dsapteantv oolnu metso rgirnogw, u saedlde sts olmiat
constantly be added, the production and use of which

is one of the root causes of -the enonverdhgéeertbabkiir mpact
is the data centre’s footprint.

2https://elu.tlu.eel/let/ projektid/digiprugi
122htt ps:/ / www. kr atidhieeséadandmehal duse
®https://www. ra.ee/ arhiivihaladruhsi/vdeiegriitraanlea/r hi i vi ndus/ andmel
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https://elu.tlu.ee/et/projektid/digiprugi
https://www.kratid.ee/andmehalduse-juhised
https://www.ra.ee/arhiivihaldus/digitaalarhiivindus/andmekogude-arhiveerimine/

4.1.5.2

In order to assess the environmental iimpact of digital
their attitudes and whether and whiclhomuntadthiecess camagec
freed duri nugp,dibguitt atlheclneaginori ty of the institutions di

LyadAddziaAz2yaQ LINY OtdAOSa

The most common way for institutions to -agdpesaAl Hi gf't
the I T centres interviewed and the majority of the st
| east once a year as part of a campaign. Where poss
i nstance, ft hneaiclabpoaxceist yi so I i mited, whi ch-mmbtbsvates peo]

t N} OGAO0Sa 2F L¢ OSYiUNBa Ay Of SIyAy3d dzJ RAIAGEE 0

Digital trash is mainly addressi@dDiay, | Thcewhichs aas p
haypyearticipated. Additionally, there haviep bRay ianitteimgpt
via ongoing outreach work.

As an exampl e, KeMI' T pointed ouwup thayt, amorae rtetsaurd t2 ®©%
waseefdr. This was achievedvbdy acwéeel, coemmuoyeasi ware s
start del etmand stthgiumkolfd les and other digi-tpl Dayash.
freed 1.1 TB of dabkkasespiacieti Moreetecahso pointed out.

the usability of information contained in the data co
RI' K has attempted to involve its <clients inyimlgeanin
avoi danc-e.tgherpewfpl e’ s working time i s more expensive
not a sufficient motivator due tuop doifs kd isgpiatcael bteriansgh rte
i mportantt iftout itohnes itnhse msel ves to have a | eader who i n\

z

t N} OGAO0Sa 2F AyadAalbddzianzya Ay NBEY2@AyYy3d RAIAGEE GN

Similarly to I T centres, the institutions guemeDayl | y c
(only onsetbfuthens interviewed had not participated i
clean up digital waste at other times and more active
One positive example is the Police andoBaorpgerclCcasing
additional di sk space for the last four years by del e
di gi talp daganh-2| pBtofftheslper year. To achieve this
awraeness, so that they could pay attention to digital
more video and picture files that have forced the i

perspective was seeol aaniong wmptdivgtbal f or ausph.d alyhse issuc
al so due to the fact that cleaning takes pUmckay.eglun a

the case of PPA, invitati ons t@e dcleasnh wmcei gint al qturaa
engaging people is ongoing and new playful ways are s
For the first ti me, PPA took a personal approach this
sent a notice asking them to review the disk space u:
which of their files require | arge storage capacity.
reducing digittuale.trash in the fu

The main problem pointed out in the interviews was pe
peopl e. Various methods have bmainl $eaneédthe -difmfcd adet
projects, -uap dwllyge@g @l omrcé eaampl oyee shared their experienit
addressed the topic of digital trash, were tested.

EMTA, which cleans up di gtiutpalDatyr,a shta sa sal par tmeafs utrheed Dit
thecllasgn day resulted in 102 GB of freed storage spac
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Unli ke RIK, the Government Cloud (RIKS) is mainly mot
Government Cloud’'s business modelreidscesal ahleecoiste. te
user are reduced as well. This indicates that -additio
of f expenses.

t N} OGAO0Sa 2F 20t F2FSNYyYSyida Ay NBY2@Ay3a RAIAD

The diguganli tdladdane has al so managed to include | ocal
government , the City of Tallinn, which joined the in
organi seupheactileamat i ¢ ceadmpiani gtnh ewacsi tcyo'nsd uicntt r anet and
empl oyees is being raised.

Laaher ju and Saaremaa Municipalities have b-Hanj uemov,]
Municipality, inforUmtday ot oftdarewpdrodgeece al a€l pant of th
I n Saaremaa Municipality, empl oyees also receive annu
how. Removal of digital trash has been motswvwpberd by
purchasing of additional di sk space.

Al utaguse Municipality doespnbay,pabecdcau patiet i meltihev O3

the topic as part of a campaign. Digitale tar e&asatbi ¢ h o WOIn
maj or source of digital trash in the municipality is
surveillance cameras i s necessary in some places, a
required. tbntaedisttioocrmge space taken wup by video mat
establishment of an infrastructure required for insta

OYPANRYYSYillf AYLI OG aaSaayvySyd

The environment al i mpact generatlee bmpactigi ol darasben
rooms, where useless data are stored. Removal of di gi 1
footprint of data centres, which are one of the great
The fooffpdigttal trash is the small est compared to
However, it should be consciously addressed, includin

to the success of ¢ lpeeaonpilneg su pa wdhirgeinteasls ,t rwahsi hc hl isehso uil nd |
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4.2

| T enabling i mpact

I T enabling impact denotes actions or processes tha
(automatisation). I'n terms ofephacexnnvinehimeait entl Tr es
efficient ones. I n other words, I CT is a tool for dev

hiJiAYA&LGA2Y 2F LINPOSaaSa NBEFGSR G2 L/¢ OLXFYYA

This study did not i nclude a intoale gloevtearin needn ta nsad lyustiiso
activities of other fields greener, as there are too
tools an be usefilrtendhcneaseof hehecbCT field itself.
| CT tools carmevikee aupeockitta vecheffect in relation to the

aSFadaNBYSyild 2F SyG@ANRYYSyGlt F220LINRY

One of the key facftoireandini neass eafsiinQTtihe measuri ng
l deally, the creati omi rofwiatnh | Call cswll auttii rogn tshheo urd et by
i mpact of the digital solution developed. The Eurc
enabling this as®™puatrtt wmdr e @rid ono py wij teaenl, & hoailgchu |
there are currently no clear European measuring g.
should begin by developing solutions enabling quar
on site.

This study themfei rims cturatently no systematic appr o

footprint of I CT in Estoni a. Next steps shoul d i
met hod, which should be followed by dmat ataeol hect
greatest extent possi bl e. The GHG Protocol is a w
which ensures the comparability of the results ac

and based on the GHG Protocol

{(2FGaBNBAOS | NOKAGSOG dzNB

Pl anning of new software solutions should al so col
choices. Modul ar solutions and scalable infrastru

2 ARSNI I R2 LOGACRYNYZYFS ViliK § f 2 dzR

The majority of stabeseagemiéivas estcil louduséloave vien, t
in a |l ocal server is not comparable to that of a
should beginpbyblemsl pregyenhéng it by a) resol vin
agencies could transfer their data to the Governm
the most economical option for theodgdnmominess, so t

wkAaAay3a GKS g NBySaa 2F AyadAaddzinzyaQ SyLXz2eSSa

Positive environment al i mpact i s generated in th
intranet, newsl etters, seminars, vlogsianbiloitthero
the environment al topics in the I CT field. They ¢
choices, e.g. wuwpacdodmgetakti onashndl eaher ways.

BWhttps://etenderi ndod enme rturltpal. 2ddclfd+e4857
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https://etendering.ted.europa.eu/cft/cft-document.html?docId=94857

4.3

431

LoAgrm structur al | mpact

Lodagerm str ucoteuwarpaslr mampeaitt € vialc rohanges, which are possict
solutions. For instance, moving to smaller offices o
addressed in the study only athitbadeel ehel amhi st abeohge
it is important for state agencies to acknowl edge t|
solutions. It is also important for institubheotns to
environment al compatibility practices concerning the
awareness in terms of | CT in both state agencies and

9dNP LIS Y DNBSYy 5851 f

The European cli masemmegubl@ttiloeetdopbedhi hhat Europe
by 2050. This includes reducing greenhouse gas emi ssi
these ambitious goals, it is neaé¢sdsdTipretdsobhewi rgt Eat
Green Deal objectives have the strongest I|inks to the

Cleaner eneclgygsangreveonltdechnol ogi cal i nnovation.
Products with | onger useful l'ife that can be repa

QalzvArikawsSaoasSo

Estonia has approved the European Union’s binding cl
goal s #torer2d&d 3i0s a plan to reduce greenhouse gas emiss

89% of Estonia’s tagtalatemifsoimndhecwmreegtyl yweartior, of v
shal e. Therefore, Estonia’s 2f08du sNeast i lomragde |IEpneamyt raen d
relation to this, I CT is seen as a tool for developir
not include any objectives related to the environment

Estoni a " genbdiagi 2@80 Asees green digital gover nment as
government . The objective of green digital governmen
friendly options upon adopti ngntnaelw isnoplauctti oonfs daingd traeld u

' VAGSR YAYIR2YQ&a | OiSBNG ASENIAANINI OKATBRA YA 2y 3

Upon achiteevrinmgs tlrouncgt ur al i mpact, | essons can be taken
the objective is tmoneuahirave tyomyl €t0&0cardmo order t o ac
has prepared a Procurement Policy Note in addition
reduction plan for suppliers should be taken into acc
I n a&ee of <contracts that <cost more than 5 million p
reduction plan together with their tender, with whict
2050. Suppliers mustbeuseheda rgiewmern rfoomrmental ddoortipri nt |

submitting mandat or y 2edaftoao topnr itnhte icno mapcacnoyr’dsa nGcG@ wi t h s
Proti¥col

Estonian I CT sector’s possibiniunteisl f203 O

Estonia’s current and future efforts in reducing the
sector. The parallel devel opments taking place in th¢

Bihtt pseulriom@a.. eu/ i nf o+ $ t12MMa2t 4e/ geyuly posgbamea i t e e s

@https://ec.europa.eu/enerqgy/sites/ener/files/ documents/ ee.

Bhttps://assets. publishing.service. gcew.tu kd agtoav/efrinlnee/ ndt9 1ubp2l 20/ a «
PPN 0621 Taking account of Carbon_Reduction_Plans__2_ . pdf
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https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/energy/sites/ener/files/documents/ee_final_necp_main_en.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/991622/%20PPN_0621_Taking_account_of_Carbon_Reduction_Plans__2_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/991622/%20PPN_0621_Taking_account_of_Carbon_Reduction_Plans__2_.pdf

analyses ithhef r oghes environment al i mpact ofyedairgi tald.
perspective by components.

[ATS 0e0tS 2F L/ ¢ SldzZALIYSY

The I ongest possible useful |l ife and increasiingly wid
terms of the environment al i mpact of the Ilife cycle o
the main method used by | T centres and state agenci es
of the | easi ngurmnddesli nign setqeua do nefntp gains more traction
using it modestly to date.

Upon applying the | easing model, it is important to
established for Itehaasti nago usledr voibcle gpartoev itcheerms t o col | ect e
equi pment and submit it to the contracting authorit)

equi pment procured should be regestarpyacatpidae ed based

The | easing model should enable to achieve a working
al | public sector I CT equipment is maxi mised.

9y SNHE O2vadzYlLJiAz2y 2F L/ ¢ SljdzA LIYSy i

Use of I CT equi pment gameari antte svian tewrevierloencnernitcailt yf ocoo n
adoption ofinhewsemer ggchnol ogi es, the total energy u
exponentially by 2030. Therefore, measuri ngadihregleynvi
i mportant to create the possibility to identify the
the environment al footprint.

At the same ti me, Eesti Energia’s plan forodobtewvenng
from oil shale by 2030. By 2035, Eesti E#bBwhgicah waillslo p
makes the effect of the use of I CT equi pment greener .
Estonia imctieagmg hef emedronmental i mpact of hardware u

51 G OSyidNBa FyR Of2dzR aSNWAOSa

Gl obally, the electricity consumption of data centres
the increase of the ener gynuwmbeerofoft hientl e&rTn este cu 0ar. s Tdire
software (SaaS) has brought along skyrocketing intern
in the current decade, where gl obal changes often rea
Currentsglutcil owusgl are used modestly in the public sect
restrictions arising from data protection. Foll owi ng

expected to increawkengsdepelropthebtysthe follo

l)Consolidation of |1 T basic services to a new I T cen
is to be managed only by the state in the future,
the manage@Geweér omemnheCl oud has prevented it from b

2) The attitudes of the technology sector community p

cloud solutions is seen as an insegrams,paas of émw
simplify the devel opment process and further manag
The increase of network traffic brought about by <cl o
where the data are stored. On the one hand, the envir
ot her hand this nalmbews otfo | resdu qgeg eteme server rooms and
|l ocated in different institutions. The efficiency of

Bhttps://wwwdeokB8G# 4186/ ettevottest /laappdfaaruanne/ pdf/ EE_ENC
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https://www.energia.ee/-/doc/8644186/ettevottest/aastaaruanne/pdf/EE_ENG_2021.pdf

environmental footprint s, baserdi eemc @sheofi ndoranaltiidata
date, the field with the most potential for reducing

Even though data centres also make an environmental i
Energicassfadctransition to renewable energy sources Ww
of data centres. I n order to also minimise other harn
to continue const asnitn gmeoafs utrh en ge fafnidc iiennccrye aof data cent
| SO 50001 or similar standards. I n the current decad:e
compatibility practices of datmusce mtlrseos k evelpi awhp pwi it lhi.c

2FTG oI NBE az2ftdziAzya

e technology trends gaining ground today, such as b
yptocurrency, etc., increase the needs farsiceomipfuit ¢ arngt
energy consumption. Therefore, the architecture of
iteria for making decisions related to environment :
pacihgedd smore power ful har dwar e, whose production
rdware with | ower performance. When matching | arge
actice is moving towar dsarae sneor vliawreg earr crha d eescd aurriel yw hi
pacity (in a c¢cloud) or gathered near hardware dat a
steaasebdomidcroservices are used, whichit&an easily

o - =
>

- 0O T T O O —
S 9 - 9 9 - S5 7

>

The environment al footprint caused by software has r
practices are stil!l being developed, which is why no

technol ogy ill ywdamdcimgr gluatci on to height einretde maitweent i
solutions may also accelerate the raising of environm

S5AIAGEE GN) &K

Digital solutions arealnpreasessagbyandphatiwngtphgs Thi
trash generated. I'n the next 10 year s, peopl e’s awar e
in the DUpi bay Khsaoon&i stently increased.

The mairn nemevnt al burden generated by digital trash is
trash. Removal of digital trash is expected to becom
raising people’s awareness.

L¢e Syl gtOiiy3 A YL

The I CT sector is expected to take on a key role in e
for reducing the environment al i mpact of the I CT fie
tools that milhowot heheneaswi ronmental footprint to be

—

Estonia manages to reach an agreement with regard

| CT, the next | ogical step is to stgretatebteexteagtdpbd
i s possible that a measuring system can be built wit
environment al i mpact of a digital solution, which the
B¥Bhtt ps: cl oudiheddarrrermb H-ednd vV Erognp-ugat a/

[/ cl
Bhttps://turundaj atlealiu-e ek eedodt3ggéskbe vet etspaev
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https://cloudian.com/blog/to-the-edge-the-new-model-of-moving-compute-to-data/
https://turundajateliit.ee/digikoristuspaev-loi-uue-rekordi-osa-vottis-380-ettevotet/

Anne>A Inmap ofionstusing the comput
service of -plulblciecnt res (non

IT centre Institutions using the computer workstation service

Ministry of the Interior, Police and Border Guard Board, Emergency Response Centre, Rescue Boi
Estonian Academy of Security Sciences

Foundation A. H. Tammsaare Museum in Var gamé
Philharmonic Chamber Choir Foundation, Repository Library of Estonia, Estonian Concert Founda
CulturaEndowment of Estoni a, Estonian Children’
Celebration Foundation, Estonian Maritime Museum Foundation, Estonian Youth Theatre Foundat
Estonian Folk Culture Centre Foundation, National Library of EstoniajdBsitational Symphony
Orchestra Foundation, Estonian Sports and Olympic Museum Foundation, Estonian Museum of Aj
Art and Design, Estonian Open Air Museum Foundation, Endla Theatre Foundation, Foundation M
of Hiiumaa, J&éul umiadatioR Miaistre af CulturenKu@ssaarte Theatré o
Foundation, Tax and Customs Board, Narva Museum Foundation, Palamuse O. Luts Parish Schoc
Museum Foundati on, Parnu Museum Foundati on,
Finance, Financial keltigence Unit, Estonian National Opera, Rannarootsi Museum Foundation, Sta
Shared Service Centre, Saaremaa Museum Foundation, Statistics Estonia, Tartu Art Museum, Est
National Commission for UNESCO Foundation, Foundation Russian Theatre,Miljasicé u m, V (
Institute, state buildings.

SMIT

RMIT

Ministry of the Environment, Information Technology Centre of the Ministry of the Environment,
Environmental Board, Environment Agency, Estonian Museum of Natural History, Land Board.

Socialnsurance Board, Health Board, Agency of Medicines, Labour Inspectorate, Office of the Put
TEHIK  Conciliator, Office of Commissioner for Gender Equality and Equal Treatment, Astangu Vocational
Rehabilitation Centre.
Harju County Court, Tallinn Adminidtra ve Cour t , Tallinn Circuit
Court, Tartu Administrative Court, Tartu County Court, Tartu Circuit Court, Tallinn Prison, Tartu Pri
Viru Prison, Patent Office, Northern District Prosecutor's Office, Western DRtosécutor's Office, Virt
District Prosecutor's Office, Southern District Prosecutor's Office, Office of the Prosecutor General
Estonian Forensic Science Institute, Ministry of Justice, Estonian Competition Authority, Data Prott
Inspectorate, Languge Inspectorate, Office of the Chancellor of Justice, National Heritage Board,
Estonian Ministry of Education and Research, Ministry of Social Affairs, Ministry of Economic Affail
Communications and Ministry of Finance.

KeMIT

RIK
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