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(INTRODVETION

yoU ARE  READING THIS BECAUSE MOU  ARE o) CURIOUS AND

b) CARE AROUT THE ROLE SOETWARE <+ THE |IT INDULTRY
PLAMY N THE CLIMATE CRISIS.

WHILE IT IS PpART ©OF THE PROBCEM, THE IT INDUSTRY HAS A
POSITIVE PART IN  SOLVINA IT AS WELL.

BUILDING  SOFTWARE (¢  DEEPLY CONNECTED TO  HARDWARE,
tNERAY COURCES AND HOW THEY ARE  VSED.

GREEN JSOFTWARE IS SOFTWARE  THAT WANTS To EMIT LESS.
AREEN SOFTWARE ALSO WANTS TO HELP vus EMIT LESS.

TH!S ASPIRATION CAN BE REALISED THROUAMH FINDINA{
EFFICIENCIES , MERSURINA PROARESSE AND  COMMITTINA TO
TARAETS.

WHAT ARE  THE  ASSOCIATED TERMS N THE INDUSTRY? WHO
ARt THE BODJES THAT SET THE ODIRECTION ? ARE THERE ANY

UNETHICAL PAACTICES Tpo &€ AWARE OF?

STEP INTO  THIS ILLUSTRATED 4VIDE ON GREEN SOFTIWARE
ENARINEERINA TO FIND THE ANSWERS AND SOME QUESTIONS.
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® ScoPE 123
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O FROM 2019  ELIMINATION
O FROM 2022 @ CARBON MAREKETS
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THE UN ON CLIMATE CHANAE

CLIMATE CHANAE |S THE DEFININA I1SSVE OF OUR TIME

AND WE ARE AT A DEEFININA4 MOMENT

THE CONCENTRATION (QF GREENHOUSE ALASES - aH4s - IN
THE ATMOSPHERE 1§ JDIRECTLY LINKED TO THE AVERAAE
ALOBA(L TEMPERATURE ON EARTH

IF  ALOBAL WARMINA TRANSIENTLY EXCEEDS 1§°% IN THeE
COMING DECADES OR LATER, THEN MANY HUMAN AND
NATURAL SYSTEMS  WILL FACE ADDJTIONA(L SEVERE RISKS
COMPARED TO REMAINING BELOW [§ ¢

un- °'5/0 lobal- icsye s/c[n'ma/e-changc

TO (IMIT GALOBAL WARMINA, HUMAN- CAUSED EMISSIONS OF

CARBON DIOXIDE NEED 70O

© FALL To NEAR(LMY HA(F 8Y 2030

REACH NET- 26RO B8Y 2050



GREEN HOVSE GASES

SOME AQASES IN THE ATMOSPHERE

AREENHOUSE AASES-4H4S .

CARBON D!0X{DE

O €02

ABSDRS
INFRARED
TRAP HMEAT
METHANE
CH(',
MAINTAIN
EARTH
TEMPERATURE W
-GREEN HOUSE EFFECT- NITROUS OXIDE

— SUSTAINS LIFE —

N0
HOWEVER -- - O/%
WATER VAPOUR
Hy 0

hH&4 LEVELS INCREASE FrOM

HUMAN ACTIDNS
LIKE ...

© JURNING FoSSIL FUELS

MRNUFACTVURINA CHLORD FLUORD

CARRDONS
THIS UPSETS THE DELICATE  BALANCE

AND [INCREASES 4L0OBAL TEMPERATURES efe
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THE TERM  CARBRON

IS UVSED

70 MEAN

ALL THPES OF EMISSIONS

CHLORD FLUDRD
CARRDONS

efc

IN THE  CONTEXT OF AL08AL WARMING

A CONVERSION FACTDR 1S APPLIED TO ¢oME vP WITH (O,E

- THE €0, tQVIVALENT  tMISSIONS

0OF SAY A TON OF METHANE OR OTHER GaH4 S



UNIT ©OF

TYPE
ACTIVITY

LIST EACH

MEASURE OF A4H4
MEASURE - METRIC TONS oF

How TO MEASURE CARBON

QET
FOR

CARBON FOOTPRINT

EMISSIONS EROM  HUMAN ACTIVITY

EMISSIDN FIAURES

EACH ACTIVITY

€0, E

FOOTPRINT

g (4
wYWAY =
d W N
N AV N ) )
L .

AN
WL LICTHREITI BN

ToTA L

ADD NUMBERS

FROM EACH  ACTIVITY



2ERODO CARBON OR WNET 2ERD?

2ERO CARBDN =

MEANS THAT

o é
PRODVCE ANY ’

CARBON EMISSIONS

CARBON  NEUTRALITY

IS THE BALANCE OF
CARBON EMISSIONS
To, REMOVINg AN

ERVIVALENT AMOUNT

3Y INVESTING IN

FORESTS, OCEANS ETC

NET 2ERO - A TERM WITH AMBIAVOUVUS PLEDGES

MEANS THERE (S
A BALANCE QJAETWEEN

ALL 4AHA4 RELEASED

T0 THE  4H4

REMOVED FROM

THE ATMOSPHERE.



DIGITALC TeECH & EMISSIONS

THE ODATA AVA[ILABRLE ON DIAITAL TECHNOLOAY EMISSIONS
POINTS TO0 NEARLY lO'/v CONTRIBUTION TO &4H4

COMPUTINQ DEVICES

ENTERTAIMENT CcONSOCES

M
STREAMING DATA CENTRES
APPS/JE£U(C.ES COMMUNICATION  NETWORKS
cLoud COMPUTING OTHER HARDWARE

TRAINING Al MODELS

'U
4 »’.’U
12 E@q"
I ,“ qq’
2 9
 RPC R
THE USeES ARE 80TH THE EMISSIONS ARE
PERSONACL 3 coMMERCIAL PROJECTED TO BE HIAHER
AND THEY ARE 4ROWING ! DOURLE DlaITS BY 20€0

THE INDUSTRY RELIES MOST  GENERATED ELECTRICITY

MEAVILY ON  ELECTR|CITY COMES FROM FoSSIL FUELS



WQREEN SOFTWARE

T
S O

@
AA

GREEN SOFTWARE IS THE RESULT OF PRACTITIONERS CREATINQ
AND DEPLOYING CODE THAT LIMITS ENVIRONMENTAL [IMPACT

GREEN SOETWARE
TAKLES INTO

SOFTWARE ACCOUNT HARD WARE [

PROCESSES DATA CENTRES

SOFTWARE
ARRCH ITECTURE

ENERAY

SOURCES




A CALL TO ACTION

OQUR AOAL AS GREEN SODFTWARE ENAINEERS IS
NOT TO WRITE REPORTS.

IT 1S TO |IMPLEMENT C(CHANAE.

- ASIM  HUSSAIN

AREEN JSOFTWARE FOUN DATIDN




PRINCIPLES OF
GREEN SOFTWARE




8 PRINCIPLES -

@) cARBON
920 20 oa
- £
LEDUCING

CARBON FOOTPRINT

@) CARBON  INTENSITY

Lees (D28 per kilowatf hour
0f elccfﬁu'fy

BEING LE¢s
CARBON INTENSIVE
) ENERAY  PROPORTIONALITY

MAXIMIS E
HARDWARE EFFICIENCY

(7)) DEMAND SHAPING

©

MOV INQ
DEMANDS ToO

TIME OR REAIDN

COMPUTE
ANOTHE R

FROM 2019

) ELECTRICITY

whit A()Q
! —

{
parlw(

MAEINA SOFTWARE
ENERAM  EFFICIENT
(#) EMBODIED  CARBON

= § o~

USINAK  DeEVICES
FOR LONAER

B) NETWORKING

REDVEINA DATA VSED
AND  DISTANCE IT TRAVELS

MEASUREMENT

MEASURINA
AND ODPTIMISINA



6 PRINCIPCES — VPDATED 2022

CARBON EFFICIENCY ENERAM EFFICIENCY

N

EMITTINA THE LEAST POSSIBLE USINA THE  LEAST P0SSIBLE
AMOUNT oOF CARBON AMOUNT OF ENERAY
CARBON AWARENESS HARDWARE EFFICIENCY
/4
‘ ® clean 4 N
= dirty —f—1
D0 MORE WITH CLEAN ENERAY USE THE LEAKT POSSIBLE
D0 LESS WITH DIRTY EtNERAY AMOUNT oF EMBAO0DIED CARBON
MEASUREMENT CLIMATE COMMITMENTS
( («
/ Promu’t Fo
Jreduce
/con/'rv/

MEARSURE T0 IMPROVE

//re ven [
CO2 emISSIDNg
In m‘y (OMPany

¢ L

UNDERSTAND CRRAON
REDUCTION METHODS



CARBON EFFICIENCY

EMITTINA THE LEAST POSSIBLE
AMOUNT oF CARBRON

USING CARBON EFFICIENTLY MEANS A4ETTINA THE S8AME VALUVE
FROM AN  ACTIVITY BUT WITH LESS CARBON EMISSIONS.

E.6r. TO 4T A CAR IN MOTION

INTERNAL COMBUSTION ENGINE
FUEL EFFICIENCY = UNDER %07

ELECTRIC VEHICLE
FVEL €FFICIENCY = ~ T0%s

IN FUEC EFFICIENCY ELECTRIC VEHICLES ARE A LOT BETTER |
AT  GETTINGE A CAR 110 MOVE— WITH MINIMUM WASTE.

THE PRINCIPLES OF AGQREEN (OFTWARE ENAINEERINAQ REMIND
v¢ TO BUILD APPLICATIONS WITH THE SAME  FUNCTION, 8UT
WITH LEtSS EMISSIDNS WHERE POSS/BLE.




(L) eNERGY EFFICIENCY

USINA THE  LEAST P0SSIBLE
AMOUNT O0F ENLERAY

ELECTRICITY IS A

. D PROXY fODR CARBON
i i

& 7

WHEN ELECTRICITY
1S CONSUMED

CRRRON IS EMITTED

SOFTWARE NEEDS

THIS AMOUNT |
ELECTRICITY TO RUN SN : : :

Low

MAKLE APPLICATIONS
MORE ENER4GY EFFICIENT

1S (OW

CONSUME (ESS ELECTRICITY A MEASURE OF HOW MUCH

EM(T LESS CARRON EAERUD. s EMUTECR

WHEN ysSINR ELECTRICITY



TO BE ENERGY EFFICIENT

HERE ARE THREE LINES OF [INQUIRY THAT CAN HELP MAKE

DECILIDNS ON HOW BEST TO  VSE ENER4QY WITH LEAST WALTE

@ POWER USRAE EFFECTIVENESS

ENERAY  PROPORTIONALITY




POWER

USAGE EFFECTIVENESS

THIS ANSWERS THE QUESTION ¢

How MUCH POWER (S ULED FOR COMPUTE ?

COMPVTE

OVERHEAD

PUE POWER USAAE EFFECTIVENESS

TOTAL ENERAY

pUE IN' DATA PZENTRES = SSm—m——————————
ENERAY FOR COMPUTE

THERE ARE ENERAY EFFICIENCY 4ARINS

FOR PUE OF [.O TO Jo-2Z

DEPENDINA ON THE TMPE OF DATA CENTRE

PVE OF ~ |4 covuLh &€ INCFFICIENT



STATIC POWER JRAW

THIS ANSWERS THE QUESTION ¢

WHEN IDLE, HOW MVCH ELECTRICITY D0 THE PARTS (ONSUME?

L .

® D

o Eugpe— - G
5-
-EE
EEE
a s oo

70 SAVE ELECTR[CITY, DEVICES HAVE POWER SAUE MOJES

0LE STATE 2 POWER SAVE [STANSD BY  MOBES

Q

POWER SAVE MODES = SLOW RESTARTS

SLOW RESTARTS = SLOW RESPONSE TO JdEMANDS

THE CHO|CE IS EITHER SAVE ELECTRICITY
DR RESPOND RQUICKLM TO CHANAING DEMANDS



ENERAGY PROPORTIONALITY

%THI& ANSWERS THE QUESTION ¢

WHAT 1S THE RECATIONSHIP OF POWER (CONSUMED TO UTILISATION ?

THIS RELATIONSHIP 1§ & CONSTANT N ENERAY PROPORTIONAL SYSTEMS

HOWEVER, ON  OBSERVATION, THIS 16 NOT  HOW  HARDWARE WORKS

of. 507 100’/

Source :dnm.taffwarc foul\dlf"oh on g""UII %’00\':7

UTILISATION IS
WHAT %  oF
COMPUTING  RESOURCES
ARE  USED

THE HIGHER THE UTILISATION THE MORE EFFICIENT IT BECOMES




(3) CARBON AWARENESS

D0 MORE WITH CLEAN ENERAY

DO LESS WITH DIRTY tNERAY

A POWER A&4RID 18 A
NETWORK pF eABLE + EQUIPMENT

To SUPPLY ELECTRICITY
FROM  VARIOUS SOURCES

N R B I ]
A/ / 4
y g
y ]
4 w - ./

HI4aH CRRBDN SOURCES LOW CARBON SOURCES

A LRID'S CARBON INTENSITY
VARIES BRY

surpey | TimE / LOCATION

CARBON- AWARE  APPLICATIONS REACLT To

THE CARRRDN INTENSITY ©OF 7THE  A4rRlD

81 CHANAES IN ENERAY DEMANDS



TO BE CARBON- AWARE

LENE WABLE ENERAY SOURCES ARE INCREASINALY BEINA
VSED AS THEY ARE AETTINA CHEAPER.

SO HERE ARE TWO CARBON- A WARE  APPROACHES

DEMAND SHIFTINA

BEINQ FLEKIBLE ASOUT

WHEN WORKLOADS

8ATCH J0OBS
SOFTWARE UPDATES

CRITICAL TASkS
LOW PRIORITY TASKS

WHERE 7o RUN
MACHINE LEARNING

CALCULATIONS PRE- DONE
DATA[cALC  CACHING

DEMAND SHAPINA

BEINA F(LEXIBLE
ABOUT wWHAT WORKLDOADS ROUN

ECO MODES — AVTO/MANURL
GRACCEUL DEARRADATION

CANCELLING  TOBS
REDUCINA CONSUMPTION

WHEN SUPPLY  OF
CARBON [ RENEWABLES VARIES



@ HARDWARE EFFICIENCY

USE THE LEALT POSSIBLE
AMOUNT of EMBODIED CARBON

HRARD WARE IS A

H . PROXY FOR CARBON

o}

DEVICES EMIT CARBON THE MANUFACTURING PROCESS
WHEN THEY ARE IN USE FOR ERCH DEVICE
l EMITS CARBDN

FpR SOME  THE EMBDDIED

tARBDN IS tA2 HIAHER m

THE END-OE-LIFE PRDCESS
MAKE HARDWARE EFFICIENT

ALSO EMITS CAREBDN

CREATION & ODISPDSAL IS
e IT VSE IT

MORE LONAER

EMBDDIED  CARADN



70 8E HARDWARE EFFICIENT

VSE T MORE - VTILISATION

MARDWARE EFFICIENCY IN TME CLOUD IS ABOUT UTILISATION

] SERVER. AT ==l |=2=] [==| |-
=2 == == ==
100/. OTICLISATION

4 SERVERS AT
IS BETTER THAN

25/, UTILISATION

cLOUD SERVERS CAN PERFORM
THEREFORE  ARE

®9 S dEMAND SHIFTINAQ MORE ENERAY EEFICIENT



70 B8E HARDWARE EFFICIENT

VUSE IT LONAER — LIFESPAN

IN ACCOUNTINA FOR EMBODIED CARGON, wE AMORTISE (WRITE OFF)

THE CARBON OVER THE ESTIMATED DEVICE =LIFETIME

2

TO MAKE 4
SMARTPHONE

WHICH COULD
LRST & YEARS

THE PHONE emITs 20kq(02¢4 [yepp

@

coULD RUN THE PHONE (HARD W“@

FOR JUET ONE MORE MEAR

2026

> 4

THIS NUMBER DROPS To 16 kg COz2 | YEAR

J MOVE AwAY FROM PLANNED 0BSOLESCENCE



IS € FFICIENCY WASTEFUV(L?

WHATEVER MEANS  ENERAY tFFICIENCY OR HARDWARE
EFFICIENCY |S GAINED A QUESTION IS  ASKED

DOES EFFICIENCY CAVUSE WASTEFU(LNESS?

EXAMPLE OF COAL USAAE

WILLIAM STANLEY JEVON, AN
ECONOMIST NODTICED THIS.

AL STEAM ENAINES 40T MORE

EEFICIENT USINA conc,

MORE COAL WAS QLED IN BRITANN

EXAMPLE OF VEHICLE UVSAAE

THE FUEL EFFICIENCY

OF s[AIRLINGS HAS r@\ & o @
s T=e TS50 5
LED To PEOPCLE USINA @ -0 o —@

@ @ &

THEM  MOQRE OFTEN

THE EFFICIENCY + LOWER  c0ST PER  MILE (RELATIVELY)
ENDS UP WITH  MUCH  MORE  FUEL BEING CONSUMED



TJEVON'S PARADO X

AN INCREASE IN EFFICIENCY IN RESOURCE Vs¢E
witl RELVLT IN AN INCREASE CNDT A .Decgen,ge)

IN RESODURCE  CONSUMPTION - IN THE LONG TERM

JEVON'S PARADDX AND ITS |IMPACT ARE WIDELY DEBATED

Shork
feym
medinm __> AS THE
tox m RESOURCE
AETS CHEAPER
long
fowa INCREASE IN

CONSOMPTION DOF THINQ <

WHILE SOLVINR THE cLIMATE CRISIS, IT  MIAHT BE WISE T0
MITIARATE THE ¢EFFECTS B8Y INTERVENTIONS SUCH AS
/azew TAXES before This Aappens
\/comanvmozv POLICIES TO INCREASE (OLTS

SEEKINA ENERGY EFFICIENCY  PARADDXICALLY WILL RESULT NV
MORE, NOT LESS, CARBON EMISSIONS | WE ARE CARELESS




@ MEASUREMENT

MEASURE TO0 IMPROVE

MEASURINAQ CARBON EMISSIONS
ACCURATELY 18 A CHALLENAE

RS ANY APPROACH COMES WITH
ASSUMPTIONS OR INACCURACIES

TWO COMMON  APPROACHES ARE

ULEEUL TD  MEASURE USEEUL TO MEASURE
eMigsioNs AT AN SOETWARE  RELATED
DRAAN[SATION  LEVEL EMILSIONS

USE MORE THAN ONE METRIC - THERE ARE  OTHERS



WAHE PRDTOCOL

THE GRKR4 PROTODCOL IS

A GLDBAL STANDARD FRAME WDR K

AVIDANCE
TOOLS
TRAININg

PRIVATE &



SCOPE | 23 EMISS/IONS

Scope | EMISSIONS

DIRECT EMISSIONS FROM

ORZANISATION - DWNED FEACILITIES

o FUEL BURNED

LEAKED AASES FROM
LOOC INA [AIR-CON

$core 3 EMISSIDNS

EMISSIONS ALONAQ THE

ENTIRE VALUVE (CHAIN

COMMUTE  CAPITAL 400Ds PROCESS/N4
WASTE DISTRIBUTION  eND OF LIFE

SCOPE 2  EMISSIONS

INDIRECT EMISSIONS FRDM

SERVICES PURCHASED

O ELECTRICITY

. )
#
. e N
; e
| | -
[ |
j
| b

© HEATING [c00LINA

NOTES

GHG PROTOCOL.-ORG  DEFINED
SCOPE 1 23

SCcOPE 3 1S THE (LARQKEST
o THE EMISSIONS

AND  THE HARDEST

TO MEASURE AND REDVUCE



WAHE PRDTOCOL

WORL) RESOURCES V’S\x\\? WORLD BUSINESLS COUNCIL
e FOR

INSTITUTE N3
SUSTAINABLE ODEVELOPMENT

CREATED

A4H& PROTOCOL 199 8

STANDARDS ysed 8Y PROVIDES METHODL FOR

AOVERNMENTS
ACCOUNTINA
(SCOPE 1 23 EMISSIDNS)
NAOs
REPORTING
INDUSTRY
ASSOCIATIONS
INVENTORY
BUSINESSES

MITI4 ATION



4H4 PRDTOCOL & ICT SECTOR

THE GHAQ PROTOCOL HMARS THE FOLLOWING  GUIDECLINES

VSE THE

PRODUCT STANDARD
TO ESTIMATE

LIFECYCLE EMISSIONS oOF DEVICES

FOR SOFTWARE  SERVICES EMISSIONS COME  FROM

DATA CENTRES
NETWORKS

USE [0PERATION
OTHER 1T INFRRSTRUCTURE

THERE ARE SOME OIFF[CULTIES IN  QUANTIFMINA E€MISSIONS
DUE TO THE NATURE DF THE ICT SECTOR SUCH AS

SOURCING MATERIALS [MINING

SHARED  RESOURCES (cLOUD [eLECTRICITY)

Sotb PRODUCTS

END CUSTOMER VSA4E
PRODVCT END OF LIFE



SOFTWARE CARBON INTENSITY

AREEN
{ } SOETWARE 7 7 LINUX FOUNDATION

FOUNDATION

HAS & WORKINA GROUPS

N7

:
gooN To BE IS0 STANDARD

Scl
SOETWARE CARBON INTENSITY
SPECIFICATION

<]
y NOT
S
ot

CARBON FOOTPRINT . D_

MEASURES €MISSIONS PER

SCORES  SOFTwARE

A N MICSION S
8ALED O t MINOTE DR PER DEVICE



TO CALCVLATE SCI

E = ENERAY CONSOMED N kWH BY THE SOFTWARE
I — chRBON EMITTED PER KWH oF ENERAY 4cC0, [kWH
M - CARBDN EMITTED THROVAH HARDWARE

.—> FUNCTIONAL UNIT pF HOW SOFTWARE  SCALES
e-g- PER DEVICE PER USER

. MAKES  SCI VERSATILE IN VSE.

cLOUD APPS, 4AMES, 10T, WEBAPPS, ODPEN SOUVRCE, DISTRIBUTED TEAMS

VERSIONS OF SOFTWARE 3 S -
CAN BE  COMPARED  A¢

THE PARAMETERS ALLOW NO (DNCESSIDNS

THIS FDRCES PEOPLE TO THINK OF DRIVINA NUMBERS DOWN



TO REDVCE SOFTWARE EMISSIONS

AREEN SOFTWARE REALCLY COMES  DOWNAN T0

2ASED ON ENERGY
SOURCES[ AVAILABILITY

ENERA Y
EFFICIENCY



(@) CLIMATE COMMITMENTS

UNDERSTAND  CARRBON
REDUVCTION METHODS

DRAAN|SATIONS TrvY TO ACHIEVE EMISSION -~ RELATED  40ALS
THEY D0 SO N ANY OF THE wAvYsS BElDOW

e’ €ye,s

REDVCINAG EMISSIONVS

OFFSETS ABATEMENT [
ELIMINATION

comremmrou/ NEUTRALISATION

AVOIDANCE REMDVAC

M{ﬁ/)/'td, f70M ﬁyecnsv;fwan-fmndah'on



CARBON OFFSETS[CREDITS

A TRADEARBLE CERTIFICATE OFFSETS EMISSIONS

it

»
\
\

| \
FUONDS PROTECTS ELSEWHERE

/

THAT L(OWER OR CAPTURE (0.

/o F N

¥ 2
- V% np

owN EMISSIONS UNCHANAED PROJECTS BENEFIT

- SELLING OFFSETS FINANCES
PROJTECTS LIKE

. REFORESTRATION

RENEWARLES

® MANAAING WASTE
NO INCENTIVE TO

REDUCE EMISSIDNS - SERVES AS A AREEN TAX

PROJTECT  LOCATIONS WHY IT 1S  DUBIOUS

% _
IN  INOUSTRIES [ AREAS ® CHEAP To B8UY (CARBON

WITH LOWER 4HA4 ® HARD TO PROVE REDUCLTION

REOUCTION  COSTS ALLOWS THE RICH TO EMIT

EXPLOITS WNATIVE (ANDS
& POORER (COUNTRIES



ABATEMENT/ELIMINATION

CARRBON capwze/srogaas e

€0, EMISSIODNS AT SOURCE 1§

[ {] — - — . —

CHEMICALLT DEEP UNDERAROUND
EXTRACTED % | INTO

7,
LIQUE EIE D Pr:es ROCK FORMATIONS

Sectuesh'a fon

CRRBON CAPTURE / UTILISATION

THIS INVOLVES TURNINA CAPTURED CARBON INTO

® FUEL
@ CEMENT (OMPONENTS

PLASTICS

CARBON DIOXIDE REMDVAL -CHR

REMOVING COz FROM THE AIR  USINA

OCEAN TECHNOLOAICAL
PLANTING TREES USING AL4AE MIMIC NATURAL
ENAINEERED wWDOD PROCESSES

e e e e s e S R
THERE IS  APPARENT(M  TECHNOLOAY + EQUIPMENT TO DO THIS
WE WOULD D0 WELL TO EXERCISE EAUTION HMERE, AS DESPITE

CLAIMS, THE LONG TERM CONSEQUENCES [ BENEFITS ARE HA2Y
A e A R e



CARBON WMAREKETS

THE PLACE WHERE PEDPLE AND ODRGLANISATIONS
8UY AND SELL CARBON CREDITS

)[ THE CARBON MARKET
I I$ VALVED OVEK
|

$ 760,280,000, 000
AS OF THE EtARLY 2020s

8UY
CARBDN CREDITS EACH CREDIT ALLOWS
T0 THE OWNER TO

CONTINVE TO EMIT

ONE TON OF COs
FOR UNDER #80

COMPENSATE FOR
THEIR ACTIONS

COMPLY WITH (AW

THE CREDIT 1S A

PERMIT TO POLLUTE @
W

PRO ?

CARBON EINANCING
ODFFSETS  MAKE COUNTRIES

LOSE  SI4AHT

OF ACTUACL REDULTIONS
OR EFFICIENCIES

UNDERLINES ' COMMITMENT
B COUNTRIES

TO REDUCE
CARBON EMISSIONS.



CARBON REDVUCTION

REHUCIN 4 EMISSIONS

INVESTINA IN INCREASING
LOW-CARBON ENERAY EFFICIENCY
WIND
PROCESS —
S0CLAR
HYDROGE N ENERAY  _| EFFICIENCIES
NVCLEAR RESOURCE -

WHILE THIS APPEARS  STRAIGHTFORWARD, THERE ARE ALSO MANY
NUANCES To 40 [INTO THAT ARE BEYOND THE SCOPE Ot
THIS BOOK.



HOW oze G0ALS SET?

ES - ENV[RONMENT  soCral AND  GOVERNANCE

3 ; ; <
3 A l L i '
» 3
5 : L S—
DR N L
R o

ES4G4 — SET OF STANDARDS MEASVURING R BUSINESS
ON )T¢$ ACCOUNTASBILITY T0 THE WORLD AROUND

UNEORTUNATELY ES4 HAS BREEN ACCUSED OF RBEINA

"WOKE" CAPITALISM AND SIMPLY GREENWASHING

SBTi ~ SCIENCE BASED TARAETS INITIATIVE

@) SETS REDUCTION TARAETS
T FOR  PRIVATE SECTOR

“‘ UNITED NATIQONS WORLD
CDP GLOBAL COMPACT RELOVRCES
INSTITUTE
WE MEAN
BVSINESS
COALITION

TNFD — TASEFORCE ON NATURE - RELATED FINANCIAL OISCLOSVURES

DISCLOSURE RECOMMENDATIONS & AUIDANCE TO REPORT

. AND ACT ON  DEPENDENCIES, IMPACT, RISKS & OPPORTUNITIES

NATIONAL AOVERNMENTS JUSINESSES &

SUPPORTED BY
CINANCIAL NSTITUTIONS



GQREENINa 0OF IT

WHEN Y00 WANT AREENER COFTWARE



HARDWARE MATTERS To00!

IM PA CTS

. -

INEFFICIENTLM WRITTEN
SOETWARE

HARDWARE LIFESPAN
ENERAY CLONSUMPTION

PERFORMANCE



ARENS OF

DESIAN AND CODING

NS>
e o e

¢

000
e

SELECTION DpF Al MODELS




DESIAN AND (O0DINA4

o B
(=
m B2
UNDERSTAND GQREEN |
SOFTWARE PATTERNS MAKE FEWER NETWOREK cALLS

MONITOR ENERAY

CONLOM
ONSOMLD REDQUCE DATA VSAAE

CONTROL UPDATES TO
KEEP HARDWARE
COMPATIRLE

AET PROFILER DATA
ON RESOURCES CONSUME)D

ENABLE €CO MODE,

POWER SAVE MOOE
FEATURES

0
/ USE THE LEARNINGS AS

SCENSIBGE
DEFAVGTS

EMEMMENT.'




CHOICE OF LANGUVA4E

e p T .
ACM XBUS Listarr ol acm-ofy [doi 101145/ 3136014 3136031
BV | . | | .

AUTHORS
RUl PERE[RA LUl RUA
MARCO COUTD GACOME CUNHA

FRANCISCO RIBEIRO J0AD PAULD FERNANDES
JoAO SARAIVA

THE PAPER PRESENTS A STUDY DOF 27 SOPTWARE (ANAUVAAES

VIRTUAL MACHING INTERPRETED
COMPILED
NCURRENT
co DBTECT- ORIENTED

IMPERATIVE

FUNCTIONAL SCRIPTING



CHOICE OF LANGQUVAGE
CHERE ARE  SOME  DBSERVATIONS N THE PAPER!
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DATA CENTRES
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WATER THAT co0LS SERVERS

DRAINS LOCA(L SUPPLY
THESE OPERATIONS

CON SUME POWER
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HOW TO ACHIEVE % HOW TO LEEP
ENERAYY EFFICIENCY ? SERVERS coOC 2




DATA CENTRES

IN THE VERY  WORTHY QUEST TO MAKE BATA CENTRES 4REEN

MANY (EADINA £LOUDH PROVIDERS HAVE THEIR INOIVIOUAL PLEDAES
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REDUCE [2ERO WASTE BUILD PRODUCTS THAT
AT LANDFILLS HELP SUSTAINABILITY
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WHEN SOFTWARE HE(LPS U000 BECOME AREENER




GREENING B4 IT

WHILE THE IT SECTOR IS  PART DOF THE PROBLEM, IT C¢AN A(SD

BE UVSED AS PART OF THE SOCVUTION.

ACCORDING TO GESI-ORG GLLOBAL E-SUSTAINABILITY INITIATIVE, IT
CAN 8F AN ENABLER OF SUSTAINABLE CHOICES.

TECHNOLDAY  ENABLED SOLUTIONS AtM  TO

REDUCE RESOURCE CONSUMPTION

REDUCE EMISSIONS

ENHANCE EFFICIENCIES

A QUICE INTERNET JSEARCH SHOWS A WIDE RANAE OF PRODUCTS
THAT SERVE MANY  FUNCTIONS ACROSS DOMAINS

WE MUST ASSUME THAT THE BENEFITS OF VSING THE TooLS

EXCEED THE (0STS OF BUILDING [0DPERATING THEM

TMUS, DISCUSSING THE  MERITS OF EARCH T0o0L 4O BEYOND
THE SCOPE OF THIS 80DK

HOWEVER, WE C¢AN ROVAH(Y CATEAORISE THE USE CASES
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AREENWASHIN G

GREENWASHINAQ s MRILING MISLEADINA CLAIMS ABOUT THE

POSITIVE ~ CLIMATE IMPACT OF A PRODUCT, SERVICE, PRACTICE

ARREENWASHING HELPS COMPANIES BOOST  THEIR
REPUTATION, SHARE PRICES AND  PROFITS.
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THINE THAT SOMETHINAG IS ¢LOSER TO

NATURE [CLIMATE  FRIENDLY THAN IT REALLY IS

HIDDEN  TRADE OFFS

PUBLICISING  ONLY ONE CLIMATE FRIENDLY
ASPECT AND  CONCEALING THE MANY THAT
ARE ENVIRONMENTALLY HARMFUL
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INSUFFICIENT  TARAQETS

PARTIAL REPDRTINA
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SUPPORT THOSE G4LENUINELY TRYING

CALL IT oOVUT



CLIMATE RESILIENT DEVELOPMENT

CLIMATE RESILIENT DEVELOPMENT OR (CRD, 1S A PROCESS OF

IMPLEMENTING GH4S MITIGATION AND  ADAPTATION  OPTIONS
T0 SOPPORT SUSTAINARLE DEVELODOPMENT FOR ALC

IPCC- [NTERROVERNMENT PANEL ON CLIMATE CHANAE
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WE CAN HOPE THAT MUMANITY MAKkES THE RIAHT CHOICES



QUESTIONS TO PONDER

WHAT ARE THE TOP FEW
NATURAL CARBON  SINKS ?
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MY REFERENCES

Concepts

- Green Software Foundation Basics : https://learn.greensoftware.foundation/

- Green Software Foundation Articles: https://greensoftware.foundation/articles

- Principles of Green Software Engineering with Marco Valtas: http://infog.com

- Microsoft Learn :

https://learn.microsoft.com/en-us/training/modules/sustainable-software-engin

eering-overview/

- Building Green Software By Anne Currie, Sarah Hsu, Sara Bergman: O Reilly

Early Release book

Measuring how Green

- GHG Protocol: https://ghgprotocol.org/
-  KPMG ESG Imperative:

https://kpmg.com/ca/en/home/insights/2022/09/the-esg-imperative.htmi
- World Economic Forum: https://www.weforum.org/agenda/climate-change/

- How do countries measure their GHG emissions? : http://unep.org

- How efficient code increases sustainability in the enterprise:

nttp://venturebeat.com

- Carbon proxies: Measuring the greenness of your application:
https://devblogs.microsoft.com/

- Data Centres and Data Transmission Networks: https://www.iea.org/

Carbon Offsets/Removal

- A complete guide to carbon offsetting' by Duncan Clark:
https://www.theguardian.com/

- The Ultimate Guide to Understanding Carbon Credits:
https://carboncredits.com/

- Carbon dioxide removal: the tech that is polarising climate science:
hitp://quardian.com

- The state of ‘carbon dioxide removal’ in seven charts:

hitps://www.carbonbrief.org/

- How Colonialism Spawned and Continues to Exacerbate the Climate Crisis:

https://news.climate.columbia.edu

Greenwashing

- We're living in a golden age of greenwash: https://www.greenpeace.org.uk/
- Digital Technologies, the Climate Impact That Hardly Anyone Talks About

https://www.bbvaopenmind.com/

Green Software Areas of Focus

- Al in the 2020s Must Get Greener—and Here's How: The push for energy

efficient “Green Al" requires new strategies hitps://spectrum.ieee.org/

- Green Al By Roy Schwartz, Jesse Dodge, Noah A. Smith, Oren Etzioni:

https://cacm.acm.org/

- Why Should Sustainability Be A First-Class Consideration For Ai Systems?

https://greensoftware.foundation/

- The Imperative for Sustainable Al Systems:
hitps://thegradient.pub/sustainable-ai/

- Why water usage is the datacentre industry’s dirty little secret:
https://www.computerweekly.com/




