NATIONAL TECHNICAL UNIVERSITY OF ATHENS
SCHOOL OF ELECTRICAL AND COMPUTER ENGINEERING

UNIVERSITY OF PIRAEUS
DEPARTMENT OF INDUSTRIAL MANAGEMENT AND TECHNOLOGY

POSTGRADUATE PROGRAM
ENGINEERING - ECONOMIC SYSTEMS

ESG IN THE ENERGY SECTOR: A DUE DILIGENCE
CHECKLIST AND A REGRESSION STUDY

A thesis by

Natalia Vavoula

Supervised by

Associate Professor Haris Doukas

January 2022



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

[This page is intentionally left blank]

Natalia Vavoula



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

Acknowledgments

I would like to express my gratitude to my professor, Haris Doukas, for the
opportunity he gave me to work on such an exciting topic and contribute to the
ESG toolkit he is developing. His knowledge, guidance, and support held a

fundamental role in the realization of the thesis.

I also want to thank my family and friends for their love, encouragement, and
thoughtfulness. I owe a special thanks to my friend Tasos for all his help and

support in accomplishing this project.

Natalia Vavoula ii



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

[This page is intentionally left blank]

Natalia Vavoula

111



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

Abstract

The current diploma thesis focuses on the Environmental, Social, and Governance
(ESG) metrics and performance of companies specializing in the Energy Sector.
The aim is to assess the importance of these metrics and their impact on the
function of the energy firms. For achieving this goal, various policies and
methodologies are examined. Policies are studied regarding the targets they pose
and the procedures they suggest for reaching them, and methodologies are
analyzed concerning the assessment techniques they propose for evaluating a
firm’s ESG performance. The impact of the ESG scores on the firms’ well-being is
investigated through mathematical analysis, aiming to define and interpret the

relationships between the firm’s financial and ESG performance.

The first part of the thesis covers the creation of a due diligence checklist for
assessing the ESG practices of companies active in the Energy Sector. The checklist
complements the ESG-rating toolkit of the Decision Support Systems (DSS)
Laboratory of the National Technical University of Athens. The checklist relies on
several widely recognized reporting guidelines, rating tools, and standards, as
well as established frameworks and policies. The methodologies include, among
others, the GRI, GHG Protocol, SASB standards, and the Refinitiv ESG metrics.

The second part of the thesis attempts to quantify the impact of the ESG scores on
the market value and the risk of US energy firms through regression analysis for
122 tirms for the 2015-2020 period. The basic theory regarding regression models
is presented and explained, and two separate models are constructed. The first
model employs the annual revenues and the leverage of the firms, along with their
ESG scores, for assessing their market value. The second model employs the return
on assets and the leverage of the firms, along with their ESG scores, for estimating
their annual risk. Moreover, two alternative dummy models are introduced,
replacing the ESG score with two ESG dummies. The results of all models are

interpreted to determine the significance of the ESG metrics.

Keywords: ESG, Sustainability, Regression analysis, Market value, Risk
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EKTEVAG TTEPIANYN

ESG otov Evepyeraxo Topéa: Koitrota EAéyxov kar MeAétn
IMaAwdoounong

H mapovoa dImA@UATIKY e0yaoia eTMKEVTOWVETAL OTA KQLTH oWt AElOAGYNONG
ESG kat 0TIc eMOO0EIS ETAQELWV TIOV EWIKEVOVTAL OTOV EVEQYELAKO TOUEX
Tidvw oTo delkTn. Lkomog etvat va a&loAoynOein alia twv petorjoewv ESG kot

N emidEAOT] TOVG 0TI AELTOVQYIX TWV EVEQYELAKWV ETILY ELQTTEWV.

To mowto péEog g egyaoiag agpopa otn dnuoveyia pag Alotag eAéyxov yix
TIOAKTIKEG TMAvw ota koutrowx ESG, yix etaugeteg mov dpaotnolomotovval
OTOV EVEQYELAKO TOHER. LUYKEKQLUEVR, TteQAapPavovtat ot kivdvvor ng
avamoteAeopatikng afloAdynong, kabwgs kot 1 oLAAOYT KatL kQLTIkn eTAoYN
KOLTNOIWV Ao LTTAQXOVLOEG 0O YLES Vi TN oUVTALTN avapoEwV, atd eoyaAeia
BaOpoAdynong xat a&loAOyNOTNG MEAKTIKWY KAl amtd TQOTUTIA TIOL £XOLV
avamrtvoxOet mavw oe Oéuata Buwopotntag. Xto téAog avtr|g ¢ evotnTag, e
Baomn ta vmagxovTa MEOTLTIAX TOL avaAvONKav, dnuovEyeital i Alota
eAEYXOU TIOV £QAQUOLETAL OUYKEKQLUEVA O€ ETALQELEG TOV EVEQYELAKOV TOUEX
KL OUVUTANQWVEL TO €QyaAelo mov éxer dnuiovpynoet to EQyaotnolo
Zvomuatwv  Amopacewv kat  Awiknong g  XxoAnc HAextooAdywv
Mnxavikwv  kar  Mnxavikov  YmoAoywotwv  tov EOvicov  Metoofiov

[ToAvtexveiov yia TNV a&lOAGYNON £VOG 0QYaVIOHOU dvw ota koltrjowx ESG.

To devtepo Hépoc apopd o€ P avaAvon maAvdedunong, 1 omola eEetdlet tnv
emdoaon ¢ BabuoAoylag ESG otic etaigeleg mov d0aoTnOLOMOI0VVTAL OTOV
eveQyelako topéa. Luykekouéva, dlegevvatal 1) emppor] tov ESG oy adia
KQLTO QLOKO TNG eTaQeiag. Ltnv evotnta avt magovoialetalt) Paokn Oewola
TWV HOVTEAWV TIOAAATIANG YOAUUIKNG TIAALVOQOUNOTC Kal dnpovgyovvTat
Té00eQ TMAALVOQOUIKA HOVTEAX HE OTOXO TOV TIQOOOLOQLOMO TNG Ox£0NG
petalV g Pabporoyiag ESG katl e allag/tov QloKov TWV €TAQELWV TIOVL
dpaotnplomoovvtat otov evepyetakod Topéa. EEetdletal n mepiodog 2015 éwg
2020, kar AapPdvoviatr dedopéva AMO EVEQYELAKES ETaQEleg TOL EXOULV

eloaxOel oto Xonuatiomoeto g Néag Yooxngc.
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Eltoaywym

OAoéva avEavoueva ototyela detyvouv 0tLn alila pag etapetag emmnoedletat
aTd TTAQAYOVTEG TIOL OEV CLVOEOVTAL UE TNV OLKOVOLLKT) TNG aTtddoon. Méoa
ota teAevtaia 25 X0V, T AVAX TEQLOVOLAKA OTOLXEIR, OTIWS 1) ETALQKN
KOLWVWVIKT €000V, 1] @MU KAL 1] TTVEVUATIKT] WOKTNOla avadelxOnkav wg n
KoQu@ala kKatnyopia Tegrovolakwy ototxeiwv. Edwotepa, to 2020, ta dvAa
nieglovolaka ototxela kateixav o 90% g aflag tov odelktn S&P500 tov

Xonuartiotneiov.

INa avtdév 1o oxomd e€etdlovtat ot évvoleg g Buwowung Avamtvéng, tng
Etaowcric Kowwvikric EvOovng, kat twv koutnotwv ESG. O emukpatéotepog
00l0u0¢ ™G Buiwoung Avamtuéng avagéoet 0tL «Buwowun Avantuén etvat )
AVATITUEN TIOL  AVTATIOKQLVETAL OTIC AVAYKES TOU TIAQOVTOC XWOIS va
VTTOVOHLEVEL TNV LKAVOTNTA TWV HEAAOVTIKWYV YEVEWV VA KAAVPOLV TIG AVAYKEG
ToLG». ATtoteAeital amo toelg aAAnAoovvdeopevoug afoveg, tnv Kowvwvia, tnv

Owovoula kot to ITegtpdAAov.

H Buwoyotnta divel €pupaon o€ KOWES TRAEELS Yix OAOVS TOUG TOMEIS TNG
kowwviag. H Etapuny Kowwvikry EvOvvn eotialet oe moaktikéc twv
ETIXEIQNOEWV KAL TWV OQYAVIOHWV Ywx TNV meowbnon e Buwoung
Avantvéne. H Etapwkn Kowvwvikr) EbOUvVN amoteAel v eéBeAovtikn déopevon
TWV eMIXENOEWV VA oLUBA&AAoLY ot Buwowun Avantuén kdbe ovrotntag
mov  emnEedletal and TS dQAOTNEOTNTES TOVG. XTO TAALO avtig, ot
ogyaviopol Ba mEEmEL v avanmTOOOOLV  KATAAANAES  eTUXELQNOLAKES

OTEATNYUKEG.

O d¢etktne ESG xonowomnoteltar wg eoyalAelo yux TNV mMOOOTIKOTONON KAl
alOAGYNON TV  EMIXEONOWAKWY TOAKTIKWV TOL  OoxeTlilovtat HeE TO
meQBAAAOV, TNV Kowwvia kat TV eTalowr] dakvBéovnon. AvtukatontoiCel
TNV IKAVOTNTA TWV EMUXEQNTEWV VA TIAQAYoLV aia, va duayepllovtat Toug
KkvdUvoug kat va eEeAlocovtat. Ta mepaAdovtikd kortrowx tov detictn ESG
oxeTiovtal e TNV AmMOTEAETUATIKY] XONON TV TOQWV Mg etapetac. Ta
KOWVWVIKA KQLTIOX ava@éQovial ota HETER mToL Aapfavoviat amd Tov

0QYaVIOHO Ywx TNV  evnuepla e kowwviag. Ta koo  eTAQKNg
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dlakvfBéovnomng ava@égoviar ot &véQyeleg OTIG omoleg mEoPaivel o

0QYAVIOHOG Yot TN dDATPAALOT) TNG DAPAVELAS KAL TNG AVEEAQTNOIAS TOL.

It ovvéxelr, avaAvetal 10 QIOKO 1oL oL 0Qyaviopol avTipetwniCovy Adyw
TG 1T OUHHOQPWONG O€ TEAKTIKEG BLwOoLHOTNTAG, KaaOWS KAL OL EVKALQLEG TTOV
oL véeg avtéc ovvOnkeg mpoogepovv. To Ilaykoouio Owovoukd Pogovu
(World Economic Forum) a&loAoyel etnoiwg Tic ameAég KaL TIG EMUTTWOELS TOUG
OTIC XWOES KAL OTOVG TOUELS ETILXEQNOEWY, YIX Tar eTOpeVa déka xpovia. To
2021, ot axpaleg kalpkéc ovvOnkeg, N advvapio ANPNG kKATAAANAwV dpdoewv
Yioe To eQIBAAAOV KAl oL petadotikéc aobéveleg elval pegkol amd Touvg o
OTNHAVTIKOUG TtaQdyovteg mov €xouvv evromiotel. Avtiotoixa, 11 KPMG éxel
EVTOTIIOEL KIVOUVOUGS KAL EVKALQLEG, TTOV OVOUALEL «HEYADVVAHELS» Kal TTOL O
ATOTEAECOLY TNV KIVT)TIOLr SUVAUT) TNG ETULX ERTUATIKTIG AAAXYNS €wg TO 2035.
Ot «peyadvvdpes» meQAaBAVOLY TNV KAUATIKY aAAayn), TNV evégyela Kat

T KAV, TV avénon nAnOvouov k.a.

INueoa, €xovv Momn yiver onpavika Prjpata mEog TN Biwowwotnta.
Xagaktnolotika magadetypata etvatl 0tL meglocoteges and 130 xweeg €xouvv
deapevtel va emITUXOVV TO OTOXO TWV HNOEVIKWV QUMWY HETA 0T ETOHEVX
X00VI, oL emevdvoels mov oxetiCovtat pe ) Buwowdmta av&ndnkav otig
HITA xata 42% petald touv 2018 kat tov 2020 kat to yeyovog ot to 70% twv
otolxelwv Tov evepymntikoL otic HITA dev pmopel va avaAvOel xwols va yivet
avapopa g avAa megovotakd ototxeta ESG. Tapatneeitat 6t ot Hvwuéveg
IToAwteteg kat N Evpwnn moonyovvtal oe evéQgyeteg v tnv meowOnon kat

EPAQUOYT) TEAKTIKWV Biwopotntac.

Me otdéxo v mEowdnon e PLOCIUNG avATITLUENG, OL KLBEQVNOELS €XOLV
Oeomioel katdAANAx TAalowr Kal MOALTIKEG O MAYKOOHUIO KAl KOATUKO
eTtimedo. Mepukés amo Tig mo kEiotpes mMoAlTikég, ot omoleg efetalovtal 0To

TAQLOL0 AVTIG TNG EVOTNTAGS, ATtOTEAOVV OL akOAoLOEG:

* O Ztoxot Buwoung Avamtuvéng

* H Evownaikn ITodown Zvppwvia

* Tlaykoouo Zoppwvo twv Hvwouévwov EOvaov
= COP3, COP21 kat COP26
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= Oodnyia g EE ywx tnv vtoxoewtikr) vtoBoAr) avagpoowv
* To nmAatowo g EE vy 1o kAlpa kat v evépyelx

* O @opoc avOpaka tov Kavada
Kottroia EAéyxov

v evotnta avty] E0AYETAL €va OUVOAO KATELOLVTIELWY YOAMHUWY KAl
dektawv mov Oa xonoonombovy we Alota eAéyxou yia v aloAdynon twv

ETALQELWV OTOV EVEQYELAKO TOHER, AVAPOQIKA UE TN Biwopotnta.

Etvat gppaveg 0tL ot mapadootakol, XONHATOOKOVOULKOL deikTeg amodoong
(KPIs) dev emagkovV yix TNV magakoAovOnon g eEEALENG evOS 0QYaVIOUOV.
KabBdc¢ ot evkaipiec kat ot kivdvvor mov oxetiCovtatr pe to ESG yivovtat
ONHAVTIKO HEQOG TOL AVAOL Ke@aAalov piag etawelag, ot petorjoels ESG

TelvOUV V& CUUTIATIOWVOLV TOVG TTAEADOCLAKOVG delkTeC.

[MapoAa avtd, Hx KOV TEAKTIKY] TOL £xeL evromiotel oe ekOéoelg
Brwouotntag eivat o kaboplopog kat 1 a&loAdynon acapwv otoxwv. ITagdAo
TIOL OL 0QYAVIOHOL avayvweIlovV TV avAaykn yia evéQyeteg meowOnong g
Buwowotntag, povo éva moAV piked mooootd avtwv evOuyoappiCel
OTQATIYIKT] KL TOUG OTOXOUG TOU HE TIGC OUYKEKQLUEVEG €VEQYELES YIX TNV
amopuyn e TeQBaAAovTIKNG KElone. Q¢ amotéAeoua TEOKVTITOLV Ta
pawvopeva Greenwashing kot Bluewashing. To Greenwashing etvat 1) moatik)
XOTONG HAQKETLVYK HE OKOTIO va Tteloel PeLdWS TO AYOQAOTIKO KOLVO OTL T
TIEOLOVTA, OL UTINEEOLEC, OL OTOXOL KAL Ol TOALTIKEG €VOG OQYAVIOHOU elvat
pUka moog to mepPdAAov. To Bluewashing, elvat 1 moatikr) TG EOBOANG
Pevdovg eovag eVOVYQAUUIOTS TWV 0QYAVIOUWY HE KOWVWVIKA LTIELOLVEG

TIQAKTUKEG.

It ovvéxela g evotnTag evromilovtal VTAQXOLOES OdMNYLES Y ovVTALn
ava@oowy, eoyoaAela PabBpoAdynonc kat afloAOYNONG TEAKTIKWV Kol
MEOTLTIA TIOL €XOLV avamTvXOel Mavw oe Bépata Buwowottac. Amo avta
emiAéyovtat va avaAvBovv ot peBodoroyiec GRI, GHG Protocol, SASB
Standards, CSA, ATHEX ESG Index kat Refenitiv ESG. I'ix kaBéva amd avta
Exouv ovAAeXOel KQLTNELX TTOL AVAPEQOVTAL TEWTIOTWS O€ 0QYAXVIOHOVS TOV

dQATTNELOTIOLOVVTAL OTOV EVEQYELAKO TOMEN.
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Me Baon Ta kQLTH O AVTA, KAL TLG TIOALTIKES IOV EEETATTNKAV OTNV ELOAYWYT),
dnuwoveyeltat pla Alota kQUTNEIWV  EAEYXOL Ywx TIG ETIXEWQNOES TOL
EVEQYELAKOU TOUER, 1) OTOlA CUUTIATNEWVEL TO EQYAAELD TTOV £xeL dNULOVEYT|OEL
10 Eoyaompow Xvomuatwv Amopacewv kat Awiknong g XX0ANG
HAextpooAOywv Mnxavikwv kat Mnxavikwv YnoAoyotwv tov EMIT yix tnv
afloAdynon evog opyaviopov mavw ota keutrjowr ESG. Ta  xkoutrjowx
aKOAOLVOOVV T doUN) TOL EQYAOTNELOV, KAL (VAL TTQOTEXTIKA ETUAEYUEVA WOTE
Vot UV VTTAEXOLV eTKaAVeLS e ta Yevika koo ESG mov €xet Oéoet to
Epyaotoo kat ta omola eAéyxovtal yix OAeC TIC etalQeleg, aveEaQTTWS

TOUEAL.
H Alota amoteAeitat and toug akdAovBoug eAéyxoug:

* ‘Exet AdPer 1 etapela mEOOTIUA YIX M) CUUHOQQWOT) HE EVEQYELXKOUG
KQVOVIOHOUG;

* ‘ExovvamnoteAéoel (tnpa avTimadOeong oL ETUMTWOELS TWV EQYATOV TG
ETALQELAG OTOVG PLOLKOVG TTOQOUG;

*  Elval amodeKTéC OL AHETES KAL OL AKOVOLEG DIAXQQOES TteTOEANLOV Kt AAAWV
vdoYOVAVORAKWY Oe CUYKQLOT) LLE TO HLECO 0QO TNG Plopnxaviag;

*  Avagépeln etageia mTEWTOPBOVALES Vi TN HelwoT), TNV LTTOKATACTAOT] 1] TN
OTAdLKT) KATAQYNON TTNTIKWV 0QYaviKwVv evaoewv (VOC) 11 cwpatdicwv
OLETQOV IKQOTEQNG ATIO déKa kOpETOWV (PM10);

* Exer avagepbel pelwon g KATavAAwong eVEQYELRS WG AMOTEAeoUA
TEWTOPBOVALWV dLTr)ENOoTS Kat arodoonc; Eav vau, eltvatl amodextd o mooo
o€ OUYKQLOT] He aQUTO AAAWV eTalpelwV dov peyéoug tov kAddov;

* ‘ExetOéoein etageia 0tOXOUG KAl TOALTUIKES YIA TNV EVEQYELAXKT) ATIODOOT);

= Exer n etrawpelia dnuoowx déopevon vy v mtadon XENONG O0QUKTWYV
KaLOIUwYV;

*  Avanmtbooel i) etaela mEolovTa 1] TEXVoAoYieg yia kabagn, avavewotun
evéQyelx (OMwG aloALKN, MALKY), LVOQONAEKTOLKI] KAl YewOeQuikr] Kat
evépyela ano Bopdla);

*  Elval amodektr) N TOOOTNTA TG TAQXYOUEVNG EVEQYELAS AXTIO AVAVEWOTLLES
T YEG WG TTOOOOTO TING CUVOALKTG TIAQAYOLEVTG EVEQYELAG O€ OVYKQLOT) UE

AVTNV TWV ETALQELDV OOV peY£O0LS TOL KAGDOV;
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Etvat amodektr) 1 MOOOTNTA QVAVEWOLUWY TNYWV EVEQYELAS TIOV
ayoQaletal WG TMOOOOTO TNG OULVOAIKIG TAQAYOUEVNG EVEQYELRS OF
oUYKQLOT] HE AVTNV TV €TapelwV dov peyebovg tov kAddov;

Elvat amodekTr) 1] TOoOTTA NG AVAVEWOLUNG EVEQYELAS TIOL TWAELITAL WG
TLOOOOTO TING CLVOALKT)G TTAQAYOHEVTC EVEQYELAG O€ CUYKQLOT] LE AUTI) TWV
eTapelwv dov peyebovg tov kKAGdoU;

Etvat amodektd to mooootd amwAelag evéQyelag oto dIKTLO 1) KATA T
HETAPOQA O OVYKQLOT HE aUTO TV €TaQeLwV dLov peyebovg tov kAddov;
Etvatr amodekt 11 KATAVAAWON €VEQYELAG €KTOG TNG £talQelag amd 1
dpaotnoOTNTA NG (T.X. XONON MWAOVUEVWY TIEOIOVTWY, amoBANTa mov
TIAQAYOVTAL O€ EQYAOTLES K.ATL.), € OUYKQLOT] HE AVTH AAAWV ETALQELWV TOV
KAGOOUL;

‘Exet Oéoet ) etaupeia otoxovg/moAitcéc yix ) dixxeipon/peiwon twv
aeQlwv Tov Oepuokniov;

Yuvtaooeln etaiein ekOEoEIS OXETIKES e T a€QLX TOL DeQuoknmiov;
Etvat amodektd to o0 Twv oLVOAKWVY ekTopTwV “Scope 17 oe oUyKQLon
HE aUTO TV eTAQELWV dLoL pey£Boug Tov KAAdOoU;

Etvat amodektd to ood twv oLVOAKWV eKTTOUTIWV “Scope 2”7 og oVYKQLOT)
HE QUTO TV ETARELWYV dLov peyEéBovg Tov KAGdOV;

Etvat amodexto to mood twv cLVOAIKWVY ekmouTtwVv “Scope 3”7 o oLYKQLOT
HE QUTO TV eTARELWYV dLov peyEéOovg Tov KAGdOV;

Etvar amodexktéc oL exkmoumés aeplwv Tov Ogguoknmiov mov  elte
kaAvTitovtatl and to [TpwtokoAAo tov Kioto (CO2, CH4, N20O, HECs, PECs,
SF6) eite oxL (rt.x. CFC, NOx,) pe ot Toug KavovIoHoUG TG XWAS;
Anpuootevel n etawpela Eexwotot ékOeon Etaloucric Kowvwvikrig EvBovvng/
Buwowpotrac;

Exmadevet 11 etagelar tovg vmaAAnAovg g oe mepBaAdoviucd Kat
eveQyelaka Oéuata;

H ¢x0eon Erawwknc Kowwviknic EvOvvne/ Buwowotntag, edv vmaoxey
efetaletal amd eEWTEQIKOVG EAEYKTEG;

Anpootevetat ) ékbeomn Etaouwrc Kovwvuerigc EvOUvng/ Buwowpotntag, eav

LTTAQXEL OVUPVA e TIG katevOuvtrotes yoaupéc tov GRI;
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* 'ExetL evtomioel 1 etapeia onuavTikovg pakpomobeopovg avadvopevoug
KLvOUVOUG MOV OXETICOVTAL [LE TNV EVEQYELX;

* 'ExeL moaypatomomoet 1 etatgeior meQBAAAOVTIKES eTeVOVOELS — OATIAVES
Y TN Helwon TV LEAAOVTIKWV KIVOUVWYV TOL OXTILOVTAL e TNV EVEQYELX
1 TNV avENOT HEAAOVTIKWV EVKALOLOV;

* Egaoupolet o ogyaviopog to TCFD 1) omowodrote dAdo kaOtepwpévo
TALO10 Yix T dtax elplon KIvOUVWV KAl EVKALQLWV TOL OXeTICovVTaL He TNV

evéQyeln;
MeAétn [IaAvdgounong

Ztnv evotnta avt) eEetdletal ) ovoxéTion twv kottneiwv ESG pe v alia kat
TO QLOKO ETALQELWV TOV eVEQYELRKOL Topéa. 'l avtd to oKomo, dnuoveyeltat
uix Baon dedopévwv pe 122 evepyelakés etalpeleg mov éxovv ewoaxOel oto
Xonuatiomowo te Néag Yookne (NYSE) kal éxovuv AaBel tovAaxiotov o
BaOpoAoyia ESG éwg to 2020. Tax dedopéva cvAAEyovTaL amod v MAATEOQUa
Refinitiv Eikon tn¢ Thomson Reuters yiax t mepiodo 2015-2020. Ta povtéAa
Kataokevdlovtat yx v mepiodo 2015-2019, eva to 2020 xonoomoteitat Yo

aLOAGYNON TWV €K TWV LOTEQWV TEOPAEPEWV TWV HOVTEAWV.

ITooodwopiCetar N peBodoAoyia ™G MAAWVOQEOUNONG TOL akoAovOn|Onke,
ONAadr) to HOVTEAO TNG YOAHUUIKTG TAALVOQOUNONG, O LTOAOYIOUOS TwV
oLVTEAEOTWV TIAALVOQEOUN oG e TN nébodo twv EAaxiotwv Tetoaywvwy, 1
HEAETN OLOYXETIONG TWV UETAPANTWY, OL LETOLKES TOV HOVTEAOL (OLVTEAEOTH|G
TMEOODIOQLOTHOV R? Katt OpAApATA TV PHeTaBANTOV), 1] TOALOLYYQAUUKOTITA,
N HEAET) VTTOAEUHATOV (YIX KAVOVIKOTNTA KoL €TEQOOKEDATTIKOTITA), KAL 1

a&0AGYNON TV €K TV LOTEQWV TIEOPAEPEWV TOL HOVTEAOUL.

Zan ovvéxew, dnuiovgyovvtal ta HovtéAa. To mMEwTo HovTéAo eTtucevTowveTal
oV ala g etaueiag kattnv empor] tov ESG oe avtyv. H alia expodletal
ATIO TNV KEPAAALOTIOMNON TG EKAOTOTE ETALQEIAG OTO XONUATIOTAQLO, 1) OTTOlo
TIQOKVTITEL WG TO YIVOUEVO TOU AQLOUOV TV HETOXWV TNG KAL TNG TLUTG TG
pnetoxns. O @uowodc AoydolOpoc g kKepaAalomoinone amoteAel v
eEapmnuévn  petafAnt) tov  povtéAov. Qg avefapmnreg  peTaPAnTég,
xonotporowvvtat 11 Baduoroyia ESG, o puowds AoyaolOpog twv etowwv
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€000V KAL) XOTNUATOOLKOVOULKT] LOXAELOT) TWV ETALQELWV, EKPOATHEVT] WG O
AGYOC TOL OLVOAWKOU XQEOUG TIROG TA OLVOALKA TTEQLOVOLXKA OTOLXElX TNG
emxelononge. I'tvovtat ot katdAANAoL éAeyxol kat tagatnoeltot OTL To HOVTEAO
éxet mMOAV kaAn wavotta mEOPAeYmc. Xvumepatvetal OTL TO HOVTEAO
1teoodop(let Ot N avénon g PadpoAoyiag ESG kata pa mooootiaia povado
odnyet oe av&nomn g anoAvng aiac katd 1.73%, diatnowvtag otabeQég Tic
aAAeg dvo aveEaptnteg petaBAntéc. INa pa etapela péong a&lag g taé&ng
twv $2.041 dic. (Yia to mEog peAétn detypa), 1 av€nomn tov 1.73% avtiotol et o€
amdAvTn avénon e aéiag kata $35.2 ex.

Ev ovvexela, extipiétal éva evaAAaxTiko HovtéAo to omoio aviikadlotda )
petaBAnt) ESG ue tic ewwovikég petaBAntéc HSD ko LSD. H HSD AapBavet
v TN 1 0tav TovAdxLoTov dLO ek TV TOLWV eTtUéQovs BabuoAoywv ESG
(avagopika Environmental, Social, Governance) eivat avw tov 0.75, aAAwwg
Aaupaver v tun 0. Avtiotoixa, 11 LSD Aaufaver m povada otav
TOVAAXLOTOV OVO €K TV TOLWV ETIEQOVS PabpoAoywwv ESG etvat katw Tov
0.25, edaAAwg undeviCetat. Opolws pe mEonyovuévws, Yivovtal ot kKatdAAnAot
EAeyxol kol magatnEeltat Ot to HOVTEAO €xeL TOAV kaAn] kavotnta
neoPAeYnc. To povtéAdo ovumepatvel Mwe Otav Ui eTaQelar KatapéQel va
vrtepBel 10 75% oe tovAdylotov dvo eTpuéQovg BabuoAoyieg ESG, 1 alla g
vrepdmAaotdletat (142%), evad avtiBétws, dtav TOLAGXLOTOV dVO ETILUEQOUS

BaOpoAoytec méoovv katw amod 25% 1 a&la e pewwvetal kata 21.2%.

To devTeQo HOVTEAD e0TLdEL OTO QIOKO MOV AVTIHETWTILCEL ) ETALQEIX KAL TNV
emppor] Tov ESG oe avto. To etagkd pioko vmoAoyiletal péow g peAétng
TWV JAKVUAVOEWY TNG TIUNG TNG HUETOXTG TNG, OL OToleg elte w@eAovv elte
PAamttouv g etaeia. H magovoa peAétn aflomolel v etrjox TuTUKT
ATIOKALOT) TWV AOYaQLO UKWV ATIODOCEWV TWV HETOXWV TWV ETILYELONTEWY YLt
va mpooeyyloet to ploko tovg. H nueprnot AoyaolOpikr) anodoorn meokvTtTeL
WS 0 PLOKOS AOYAQRLOHOS TOL AGYOUL TNG TEEXOLOAG TLUNG TNG KETOXNG TEOG
TNV T TG LETOXT]S TNG TTQONYOVHEVTG EQYAOLUNG NHEQAGS. LUYKEVTOWVOVTOG
OAEC TIG NHEQNOLES ATIODOCELS TOV £TOVG, dVVATAL VA TTEOTOLOQLOTEL 1) TUTIKN
TOUG ATOKALOT, 1) oTtolax TMOAAATIAQOTIACOMEVT] UE TNV TETOAYWVIKT] Olla TOov

OLVOAOV TV EQYATIHUWY NHEQWY TOL £TOVG dIVEL TO €TNOLO QLOKO TNG EKATTOTE
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eruxelonone. O @uowog AoyaplOpog avtov Tov plokov amoteAel TNV
eCapmuévn  petapAnty tov  povtédov. Qg avefdotnteg petaPAntéc,
xonotporowvvtat 1 AoyaolOukr)  Pabuoroyiae  ESG, mov  AapPavet
ATIOKAELOTIKA AQVNTUKES TIHEG, 1) ATODO0T EVEQYNTIKOV, TTOL LTIOAOYICETAL WG
0 AGY0G ToL KABAEOL ELOODTUATOG TIROG TA CUVOALKK TLEQLOVO LKA OTOLX Lo TNG
ETALQELNAG, KAL 1] XOTUATOOLKOVOLKT] HOXAELOT), €KPOACTUEVT] WS O AOYOG TOU
OLVOALKOU X0€0UG TIROG TA OLVOALKA TEQLOVOLAKA OTOLX el TNG T ELONOTG.
I'tvovtat ot kataAAnAor éAeyxol kat magatnEeitatr OtL TO pHOVTEAO €Xel
tcavortomTikn kavotnta meoPAeYnc. To povtéAo mpoodlopilel OTL 1] avEnon
e Pabuoloyiag kata 10% odnyel oe pelworn tov glokov kata 5.99%,
duxtnowvtag otabepéc Tic aAdeg dvo avefaptntes petapPAntéc. TN pia
etapeia e péoo eTrolo ploko G tdéng tov 48.97% (Yix to TEOg HEAETN)
delypa), n peiwon avtr) avtiotolyel oe amoAvtn pelwor) tov piokov katda 2.93

TOO0OTIALEG HOVADEC.

Ev ovveyxela, extiptétal éva evaAAaxktikd povtéAo to omolo avtikabotd )
petaBAnT) ESG pe tig encovikeg petaBAntéc HSD kat LSD. O vmoAoylopog twv
ELKOVIKWV UETAPBANTWV €lval OO0 HE AVTWV TOL eVAAAAKTIKOU HOVTEAOL
etapknc a&lag. To povtéAo ovumegaivel WS OTAV I ETALQEIX KATAPEQEL VAL
vrtepBel 10 75% oe TovAdxloTov dvo emipéQoug BabuoAoyieg ESG, to ploko tng
pewwvetat katd 33% (mepimov 16 mooootwaieg povddes vy etageia péoov
0LloKOV) eV avTIOETWS, OTAV TOLVAXXLOTOV dVO emtiuéQovs BabpoAoyieg méoovv
K&t atd 25%, to ploko avéavetal kata 12% (Tepimov 6 mooootiales POVADES

Ywx etaeio pEcov Plokov).
LuumeQAopaTa

IToArtikég xat epyadeio oxetkd pe to ESG etvat 1on oe 1ox0 kat otadiaka
dnuoveyovvtat véeg, BeAtiwpéves peBodoAoyleg a&loAdynomg tov, agov,
OTlwg amodewvoetal, 1 dnuoveyla ekBéoewv yix to ESG kat n emitevén
vimAwv BabuoAoywwv emnoedlovv TV alla Kat to ploko piag Ty elpnong.
Zvumegaivetat Ot oL emevVOUTES KAl OAX T eVOLpeQOEVA EQT TIQETIEL VX
emkevtowOovv oto ESG wg mapdyovia mov emmnoedlel tnv moela g
etawpeiag, kat mov Ba ovvexioel va avanmtvooetal pe Taxelsc puOuovg ta

eTMOMEVA XOOVIA.
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List of Abbreviations

ESG
CSR
UN
us
EU
KPI
SDG
COPs
NDC
LTS
EFRAG
SMEs
ETS
GRI
GHG
CSA
CcDP
TCFD
WBCSD
FI
BoD
VOC
DSS
BLUE
OLS
SE
VIF
NYSE
JB
MAE
MSE
ROA
EBITDA

Environmental, Social, Governance

Corporate Social Responsibility

United Nations

United States

European Union

Key Performance Indicator

Sustainable Development Goals

Conferences of the Parties

Nationally Determined Contribution
Long-Term Strategy

European Financial Reporting Advisory Group
Small and Mid-size Enterprises

Emissions Trading System

Global Reporting Initiative

Greenhouse Gas

Corporate Sustainability Assessment

Carbon Disclosure Project

Task Force on Climate-related Financial Disclosures
World Business Council for Sustainable Development
Financial Institution

Board of Directors

Volatile Organic Compounds

Decision Support Systems

Best Linear Unbiased Estimators

Ordinary Least Squares

Standard Error

Variance Inflation Factors

New York Stock Exchange

Jarque-Bera

Mean Absolute Error

Mean Square Error

Return on Assets

Earnings Before Interest, Taxes, Depreciation,
Amortization
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1. Introduction

Increasing evidence suggests that a company’s market value is affected by factors
other than its financial performance. Within the last quarter-century, intangible
assets, such as reputation, intellectual property, and brand value, emerged as the
leading asset class. In 2020, in particular, intangible assets were commanding 90%
of the S&P500 market value (Ocean Tomo, 2020). Many of these intangibles are
related to “sustainability”, “environmental, social, and governance”, and

“corporate social responsibility”.

This trend emerges because a company’s voluntary actions to manage its
environmental and social impact and to increase its positive contribution to society
result not only in achieving social goals but also in increasing shareholder value
(“doing good by doing well”) (Benabou & Tirole, 2010).

1.1 Sustainability

The growing awareness of an imminent ecological crisis has been one of the
driving forces around the end of the 20% century. Sustainability as a social,
environmental, and economic ideal emerged in the late 1970s and 1980s
(Caradonna, 2017). By the 1990s, it had become a familiar term. It was not until
the second half of the 20th century, however, that the terms “sustainability” and
“sustainable” appeared for the first time in the Oxford English Dictionary (Pisani,
2007).
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The most frequently quoted definition of Sustainability states that “Sustainable
development is the development that meets the needs of the present without
compromising the ability of future generations to meet their own needs”

(Imperatives, 1987).

Sustainability nowadays has become a popular topic, prompting governments,
communities, businesses, and individuals to implement various new measures to
survive and grow. Sustainable development centers around three connected
dimensions, the environment, the economy, and society. Decision-makers must
not only be aware of these dimensions, but also be constantly mindful of their
relationships, complementarities, and trade-offs (see Figure 1) to maintain and
promote Sustainability (Mensah, 2019).

Economic

Smart Growth

Long Range Planning
Cost Savings

R & D Spending

Cost of Living

Figure 1 Relationships among social, environmental, and economic Sustainability (Mensah,
2019).

1.2 Corporate Social Responsibility

In 1953, the first book on Corporate Social Responsibility (CSR) was published
(Bowen, 1953), remarking the importance of the companies’” moral behavior
towards society and the relevance of ethical behavior towards stakeholders. Since

then, the topics of “Corporate Social Responsibility” and “Corporate
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Sustainability” have received much attention, with companies creating
departments and functions to address them and academics building scientific

disciplines and courses on the topics (Taticchi & Demartini, 2021).

While Sustainability emphasizes a common agenda for all sectors of society, CSR
focuses on the corporate practices that promote sustainable development. CSR is
the voluntary commitment of businesses to contribute to the sustainable

development of every entity influenced by their activities.

CSR centers around the same pillars as Sustainability; the economy, the society,
and the environment. Through CSR, the companies define criteria and actions to
influence their environment and work towards human rights, labor rights,

environmental responsibility, and anti-corruption (Hoéllerer, 2012).

As a result, the traditional approach of businesses, focused primarily on
calculating the return on investments, is rapidly changing. While CSR by
definition refers to voluntary measures, investors’” and buyers’ behaviors prove

that organizations will have to actively contribute in order to grow.

CSR is not a theoretical concept but an analytical business strategy with precisely
defined steps. A CSR strategy may include the following (Galbreath, 2009):

*  Awareness and training

*  Stakeholder mapping and analysis

*  Sustainability assessment that identifies strengths and areas for
improvement

*  Comprehensive strategy design for each one of the three pillars

=  Activation programs

*  Results measuring and reporting

1.3 Environmental, Social, Governance

Environmental, social and corporate governance (ESG) metrics have emerged
from Sustainability as specific and essential factors that reflect the companies’
ability to generate value, manage risks, and evolve. The value of the ESG metrics
is evident by their investment performance and the increased client demand

towards sustainable investment practices.
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The ESG index is a quantitative indicator of the evaluation and comparison of

companies based on environmental, social, and corporate governance criteria.

The environmental criteria relate to the efficient utilization of a company’s
resources. For example, the indicator can refer to the company’s energy footprint

and the undertaken initiatives to reduce the energy consumption.

The social criteria refer to the measures taken by the organization for the well-
being of society. For example, they may refer to the organization’s relationships
with suppliers and customers, the workforce management, and the working

conditions.

The corporate governance criteria refer to the actions taken by the organization to
ensure its transparency and independence. They relate to factors such as the
decision-making methods, the adherence to the regulatory framework, and the

satisfaction of the interested parties.

In annual surveys asking institutional investors to rate the characteristics of a
company that they respect, “ethical business practices” have surpassed categories
such as “strong management” (Hill, 2020). The importance of ESG practices is also
supported by numerous researches, which conclude that ESG has implications on
risk and return (Limkriangkrai et al.,, 2017, Maiti, 2021, Sassen et al., 2016). An
analysis of the effect of the ESG practices on risk and return is presented in Chapter
3.

1.4 Sustainability risks and opportunities

In order to achieve sustainable development, actions must be implemented at the
international, national, community, and individual levels. The significant
sustainability challenges are summarized by the United Nations’ (UN’s)
Sustainable Development Goals (see Section 1.6.1). Following the UN’s call for
action, an increasing number of companies are measuring, disclosing, and

managing sustainability risks and opportunities.

The World Economic Forum annually assesses the negative impact of threats for
countries and industries within the next ten years. The “Global Risks Report”

relies on the “Global Risks Perception Survey”, completed by over 650 members
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of the World Economic Forum’s diverse leadership communities (World Economic
Forum, 2021).

In the 2021 report, extreme weather, climate action failure, and human-led
environmental damage were among the highest likelihood risks of the next ten
years. Among the highest-impact risks of the next decade, infectious diseases are
in the top spot, followed by climate action failure and weapons of mass destruction

(see Figure 2and Figure 3).

Infectious diseases ’
@ cimate action faiture
‘ Weapons of mass destruction
’ Biodiversity loss
‘ Natural resource crises . Human environmental damage
Debt crises ’ Livelihood crises
‘ Extreme weather
IT infrastructure breakdown ‘ ’ " ’Cybamcurny failure
Interstate conflict Prolonged Social cohesion erosion
stagnation
Social security collapse‘
‘ Involuntary migration
Average ’ Interstate relations fracture
>
340 Asset bubble burst ’ ‘ Digital power concentration
‘ Resource geopolitization
Public
’ State collapse infrastructure ’Youth disillusionment

failure

Geophysical disasters

Backlash against science ’ <’ A Wk idancas
Commodity shocks

Tech governance failure
Digital inequality
‘Mul(ilmmahsm collapse ’ e Risk categories

Price instability .
Industry collapse
4 Economic

’ Mental health deterioration
4@ Environmental

T ‘Tenonsl attacks @ Geopolitical
S ’ @ Societal
g lilicit economic activity
4@ Technological
E
- 25 A
Likelihood — Average
3.28

Figure 2 Likelihood and Impact diagram for future threats to Sustainability (World Economic
Forum, 2021).
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Top Risks Top Risks
by likelihood by impact
€ Extreme weather € Infectious diseases
€ Climate action failure € Ciimate action failure
0 Human environmental damage 0 Weapons of mass destruction
€ Infectious diseases € Biodiversity loss
© Biodiversity loss © Natural resource crises
6 Digital power concentration 6 Human environmental damage
€ Digital inequality € Livelihood crises
© Interstate relations fracture ©  Extreme weather
€ Cybersecurity failure € Debtcrises
& Livelinood crises @ Tinfrastructure breakdown

Figure 3 Top risks to Sustainability by likelihood and impact (World Economic Forum, 2021).

The responders also rank the most concerning global risks and their drivers (see

Figure 4).
) 2
Extreme Debt Social Infectious Climate Livelihood  Biodiversity  Prolonged Human
Weather Crises Cohesion Diseases Action Crises Loss Stagnation  Environmental
Erosion Failure Damage
AssetBubble _ Youth  Prolonged
Debt Burst Disillusionment - Stagnation
Crises Social Security
Infectious Collapse
Diseases Uvelihood
Crises
Digital
Inequality
Extreme
Soclal Cohesion
Erosion
Multitateralism
Collapse
Adverse s
Tech Advances
Climate Action
Failure
Interstate
Conflict
Biodiversity
Loss
Involuntary
Migration
Resource
Geopolitiization
Digital Power
Concentration
Interstate
Relations
m Fracture
Infrastructure
Breakdown
Human
Environmental
Damage

Outer Arc = Drivers

Inner Arc = Risks

Figure 4 Drivers of the most concerning risks to Sustainability (World Economic Forum, 2021).
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Risks and opportunities can also be identified by examining the “megaforces” that
drive change. A KPMG analysis has identified several “megaforces” as critical
drivers for business change to 2035 and beyond (KPMG International, 2012). These

include:

*  (limate Change

*  Energy & Fuel

*  Material Resource Scarcity
*  Water Scarcity

*  Population Growth

*  Urbanization

*  Wealth

*  Food Security

*  Ecosystem Decline

= Deforestation

The “megaforces”, individually, are expected to impact business significantly, but

the drivers are also interrelated (Tennant, 2013).

1.5 Current sustainability practices

1.5.1 Sustainability figures

The global efforts for Sustainability greatly affected the environment and society.

Indicatively, meaningful results are presented below:

*  More than 130 countries have committed to net-zero emissions (Net Zero
Tracker, 2022).

* 155 companies signed to urge governments to align the COVID-19 recovery
effort with the energy transformation challenges (IISD, 2020).

*  The US investments in Sustainability increased by 42%, between 2018 and
2020, from 12tn USD to 17.1tn USD (Global Sustainable Investment Alliance,
2021).
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*  Sustainable investment assets under management in 2020 made up for 35.9%
of total assets under management, compared with 33.4% in 2018 (Global
Sustainable Investment Alliance, 2021).

*  The United States and Europe represent more than 80% of the global
sustainable investing assets from 2018 to 2020 (Global Sustainable Investment
Alliance, 2021).

=  70% of US assets cannot be analyzed without referring to ESG intangible
assets. Assets tied to reputation, brand, and intellectual property have
reached record highs for the S&P 500 companies (Bank of America Merrill
Lynch, 2019).

*  ESG could have helped avoid 90% of bankruptcies. 15 out of 17 bankruptcies
in the S&P 500 between 2005 and 2015 concerned companies with poor
Environmental and Social scores five years prior to their bankruptcies (Bank
of America Merrill Lynch, 2019).

*  An analysis found that more than 500bn USD in market value has been lost
from 2014 to 2019 due to ESG controversies (Bank of America Merrill Lynch,
2019).

1.5.2 Sustainability trends

In the last decade, the amount of assets invested in socially responsible investment
products and services has increased dramatically. Investors have a growing
interest in the ESG practices of companies they invest in, and Millennials and

Generation Z are expected to accelerate this trend further (Hill, 2020).

As presented in Figure 5, the proportion of sustainable investing assets to total
managed assets has a positive trend. It should be noted that for Europe and
Australasia, the results may not be representative due to the significant changes in

the way sustainable investment is defined during the last years.
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70%-
63.2 618

60%- 588 A _M Canada

526 506
50%-

0.6 488 416
40%- 37.8 Europe

Australia/NZ

United States
30%-

20%-

10%-

0%-

2014 2016 2018 ‘ 2020 ‘

REGION 2014 2016 2018 2020
Europe* 58.8% 52.6% 48.8% 41.6%
United States 179% 216% 25.7% 33.2%
Canada 31.3% 378% 50.6% 61.8%
Australasia* 16.6% 50.6% 63.2% 379%
Japan 34% 18.3% 24.3%

Figure 5 Proportion of sustainable investing assets relative to total managed assets 2014-2020
(Global Sustainable Investment Alliance, 2021).
Figure 6 is presented for identifying the European trends. The diagram suggests
that sustainable funds have a positive trend, with flows in 2020 being almost
double those of 2019, at EUR 233bn. (Morningstar, 2021)

W Active B Passive
250

_ Billiong

2m 2012 2013 2014 2015 2016 201 2018 2018 2020

Figure 6 Annual European Sustainable Funds (EUR Billion) (Global Sustainable Investment
Alliance, 2021).
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1.6 Sustainability-related frameworks and policies

Aiming to promote sustainable development, governments have established
several frameworks and policies. Some of the most critical policies include the

following:

*  The Sustainable Development Goals

*  EU’s Green Deal

*  UN Global Compact

=  COP21 and COP26

*  EU’s Directive on Mandatory Reporting
*  EU’s Climate and Energy Framework

= Canada’s Carbon Tax

The frameworks are discussed below.

1.6.1 Sustainable Development Goals

The United Nations Member States adopted 17 Sustainable Development Goals
(SDGs) in 2015 for the present and potential peace and prosperity of the people
and the planet. These goals, introduced in the context of the 2030 Agenda for
Sustainable development, constitute an urgent call for action by all countries for a
global partnership (United Nations, 2015). They address the global challenges,
including poverty, inequality, climate change, environmental degradation, peace,

and justice. The goals are presented in Figure 7.

In order to monitor the SDGs, a yearly ESG progress chart is presented. The chart
is a snapshot of global and regional progress towards selected targets under the
17 Goals of the 2030 Agenda for Sustainable Development. The progress chart
provides an overview of global and regional trends towards achieving the
Sustainable Development Goals and helps readers visualize the progress towards

targets and goals based on specific indicators (United Nations, 2021).
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Figure 7 UN’s Sustainable Development Goals (United Nations, 2015).

1.6.2 EU’s Green Deal

Aiming to become the world’s first climate-neutral continent by 2050, the
European Union presented in 2019 the European Green Deal, an ambitious
package of measures aiming to enable European citizens and businesses to benefit
from the green transition. The measures are followed by an initial roadmap of
policies, including, among others, decreasing emissions, investing in cutting-edge
research and innovation, and preserving Europe’s natural environment (European

Commission, 2019).

In order to deliver the European Green Deal, it is imperative to rethink policies for
clean energy supply across the economy, industry, production, consumption,
large-scale infrastructure, transport, food and agriculture, construction, taxation,
and social benefits. These areas of action are strongly interlinked and mutually
reinforcing; thus, it is vital to consider potential trade-offs among economic,

environmental, and social objectives.

The Green Deal could be a new EU growth strategy, provided that it is supported
by investments in green technologies, sustainable solutions, and new businesses.
The public’s and other stakeholders” involvement and dedication are critical for

safeguarding the well-being and health of the EU citizens and future generations.
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The goal of the Green Deal is a just and socially fair transition, aiming to engage

all individuals and regions in providing (as presented in Figure 8):

= Fresh air, clean water, healthy soil, and biodiversity

*  Renovated, energy-efficient buildings

*  Healthy and affordable food

*  More public transport

*  (Cleaner energy and cutting-edge clean technological innovation

*  Longer-lasting products that can be repaired, recycled, and reused
*  Future-proof jobs and skills training for the transition

*  Globally competitive and resilient industry

The new measures are not sufficient, on their own, for achieving the European
Green Deal’s objectives. In addition to launching new initiatives, the Commission
will work with the Member States to ensure that current legislation and policies

relevant to the Green Deal are enforced and effectively implemented.

Mobilising research
and fostering innovation
Transforming the
Increasing the EU's Climate e coonomy fore A zero pollution ambition
ambition for 2030 and 2050 sustainable future for a toxic-free environment
\

Supplying clean, affordable Preserving and restoring

and secure energy ecosystems and biodiversity

/
[
\

Mobilising industry From ‘Farm to Ifork': a fair,
for a clean and circular economy’ healthy and environmentally
friendly food system

/
Building and renovatingin an Accelerating the shift to
enerqgy and resource efficient way sustainable and smart mobility

Leave no one behind
(Just Transition)

Financing the transition

A European
Climate Pact

TheEUasa
global leader |

Figure 8 The goals of the European Green Deal (European Commission, 2019).

1.6.3 UN Global Compact

The UN Global Compact is a non-binding United Nations pact that encourages

organizations to adopt sustainable and socially responsible policies and report on
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their implementation, launched in 2000 (UN, 2010). It consists of 10 principles for
Corporate Sustainability that refer to human rights, labor, environment, and anti-

corruption. The environmental principles are the following;:

*  Businesses should support a precautionary approach to environmental
challenges,

*  Businesses should undertake initiatives to promote greater environmental
responsibility,

*  Businesses should encourage the development and diffusion of

environmentally friendly technologies.

1.6.4 COP3, COP21 & COP26

The UN members states participate in global climate summits, called Conferences
of the Parties (COPs). The COP assesses the effects of the measures taken by the
parties and the progress made towards achieving the ultimate objective of the
United Nations Framework Convention on Climate Change (UNFCCC, 2022).

The COP meets annually unless the Parties decide otherwise. The first COP
meeting was held in Germany, in 1995.

COP3

COP3, also known as the Kyoto Protocol, is an international UN treaty, which was
adopted in 1997, aiming to engage the United Nations Framework Convention on
Climate Change (UNFCCC) by reducing the greenhouse gases emissions (GHG)
of the member states, working towards limiting the human impact on global
warming. Due to a complex ratification process, the Protocol was enforced in 2005
and is currently signed by 192 countries, with Canada being the only country that

has withdrawn from it since 2012.
The following GHG, for which the Protocol is applied, are listed in Annex A.

. Carbon dioxide (CO,)

. Methane (CH,)

. Nitrous oxide (N,0)

. Hydrofluorocarbons (HFCs)
. Perfluorocarbons (PFCs)
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. Sulfur hexafluoride (SF)
. Nitrogen trifluoride (NF3) (added during the Doha Round)

The Kyoto Protocol, based on the principle of “common but differentiated
responsibility and respective capabilities”, is only binding for developed nations,
admitting that these countries are more responsible for the increased GHG
emissions and should, therefore, play a more significant role in remedying them.
The countries bound by the Protocol are required to adopt the agreed policies and

measures and to report on their progress periodically.

The first commitment lasted from 2008 to 2012 and included 37 industrialized
nations. Overall, the imposed measure resulted in a 5% emission reduction from
the 1990 levels. In 2012, the Doha Amendment of the Kyoto Protocol was agreed,
signifying the beginning of the second commitment period from 2013 to 2020. The
amendment was enforced on December 2020 and included a revision of the
reported GHG, updates of various articles of the original Protocol, and new
commitments for the second commitment period, specifically an at least 18%
emission reduction from the 1990 levels by 2020. Negotiations concerning the steps
to be taken after the end of the second commitment period in 2020 resulted in
adopting the Paris Agreement in 2015, which consists of a separate instrument

under the UNFCCC umbrella rather than a Kyoto Protocol amendment.

COP21

In 2015, during the COP21, also referred to as the Paris Agreement, 197 countries
pledged to work together to cut greenhouse gas emissions to limit the global
average temperature growth below 2 degrees Celsius, preferably to 1.5 degrees
Celsius, from the pre-industrial levels (UNFCCC, 2015). It should be noted that
climate change has already caused global temperatures to rise about 1°C above the
pre-industrial levels (National Centers for Environmental Information (NCEI),
2021).

Countries are legally required to reconvene every five years, starting from 2023, to
publicly report their progress in cutting emissions compared to their pledges.
While the pledges are voluntary, the countries are legally required to monitor and

report their emissions levels and reductions using a universal system.
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Specifically, the governments agreed (European Commission, 2015):

*  On limiting the global average temperature rise to well below 2 degrees
Celsius above pre-industrial levels.

*  On limiting the global average temperature rise to 1.5 degrees Celsius.

*  On the need for global emissions to reach their peak and start declining as
soon as possible, recognizing that this will take longer for developing
countries.

*  Toundertake rapid reductions, utilizing the scientific advancements.

*  To come together every five years to set more ambitious targets.

*  Toreport to each other and the public on implementing the targets through
a robust transparency and accountability system.

*  To strengthen societies’ ability to deal with the impacts of climate change.

*  To provide support for adaptation to developing countries.

If warming continues to follow the current trend, projections show that the 1.5 °C
increase in temperature will be achieved by 2040, while the increase may grow up
to 5 °C by the end of the century (WWFEF, 2018). The increase in temperature would
result in melting ice caps and glaciers, leading to a rise of the sea level, which
would damage coastal communities and infrastructures. The submergence of
entire island countries is also a possibility. Furthermore, the population may be
subjected to extreme heat, resulting in the extinction of numerous habitats and

species.

It is important to note that, even though climate change is classified as an
environmental problem, it impacts all industries. Examples are the agriculture and
food industry (as extreme weather conditions heavily affect productivity and
capacity), the insurance industry (as companies in this industry pay for the
damages caused by extreme weather events and the difficulties inflicted on
business activities), the automotive industry (with electric mobility) and the oil
and gas sector (the transition to alternative energy sources is accelerated by climate

action).
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COP26
The COP26 summit in Glasgow, scheduled to take place in 2020 but delayed by a

year due to the pandemic, was the fifth anniversary of the Paris Agreement,
aiming to ensure that temperature rises limit to 1.5 degrees Celsius (UNFCCC,
2021).

During the Glasgow Climate Pact, all countries agreed to keep the 1.5-degree limit

and finalize the outstanding elements of the Paris Agreement.

The outcome includes a series of actions that all Parties are expected to undertake

to accelerate their efforts.
Specifically, the results of the COP26 were:

* A more substantial commitment to limit global temperature rise to 1.5
degrees Celsius.

*  The introduction of the phrases “phase-down of unabated coal power” and
“inefficient fossil fuel subsidies”, as well as “mid-century net-zero”.

*  Parties will review their 2030 emission reduction targets in 2022 and, if
required, enhance them to align with the Paris Agreement.

*  Parties that did not submit new nationally determined contributions
(NDCs) are requested to do so before COP27 and propose long-term
strategies (LTS) that set out plans to reach net-zero by mid-century.

*  Annual Synthesis Reports were decided to be prepared to provide the latest
information on the progress of NDCs and LTS.

*  The UN Secretary-General will host a Leader Level Summit in 2023 on
ambition to 2030.

1.6.5 EU’s Directive on Mandatory Reporting

The European Commission has assigned the European Financial Reporting
Advisory Group (EFRAG) to develop EU sustainability reporting guidelines
(EFRAG, 2020). Large companies will be required to comply with the guidelines,
while Small and Mid-size Enterprises (SMEs) would benefit from a simplified
reporting regime. A taskforce convened by the European Commission has already

commenced work and published recommendations in March 2021.
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The guidelines will consider established global standards, such as GRI and SASB;
still, other EU legislations and initiatives must also be considered, such as the

Sustainable Finance Disclosure Regulation, the EU Taxonomy, and others.

1.6.6 EU’s Climate and Energy Framework

2020 climate and energy package

In 2007, EU leaders decided on a set of targets for climate and energy that was

enforced in 2009 (European Commission, 2020).

The 2020 package is a set of laws passed to ensure that the EU meets its climate

and energy targets for 2020.
The package sets three key targets:

*  20% cut in greenhouse gas emissions (from 1990 levels)
*  20% of EU energy from renewables

*  20% improvement in energy efficiency

2030 climate and energy framework

In January 2014, the European Commission presented a framework for EU climate
and energy policies for the 2020-2030 period (European Council, 2014). The 2030
Framework builds on the experience of, and lessons learned from, the 2020
Climate and Energy package. It also considers the Commission’s longer-term
perspective set in 2011 in the roadmap for moving to a competitive low carbon

economy in 2050, the Energy Roadmap 2050, and the Transport White Paper.

These documents reflect the EU’s goal of reducing GHG emissions by at least 80%
below 1990 levels by 2050, as part of the effort needed from developed countries
as a group. The climate and energy targets to be met by 2030 are (European
Council, 2014):

*  Reducing greenhouse gas emissions by at least 40% below the 1990 level
*  Increasing the share of renewable energy to at least 27%

* Increasing energy efficiency by at least 27%

*  Reform of the EU Emissions Trading System (ETS)

*  New governance system
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1.6.7 Canada’s Carbon Tax

In 2019, Canada implemented a carbon tax system to reduce emissions by at least
30% below the 2005 levels by 2030, aiming to reduce the human impact on the

environmental crisis (Canada.ca, 2019).

The carbon tax is imposed on the amount of carbon emitted into the atmosphere
due to human activity. The carbon emitted is usually in the form of carbon dioxide

(CO2) that is produced from burning fossil fuels.

The goal of a carbon tax is to create incentives for individuals and businesses to
reduce their amount of carbon emissions to limit climate change. The carbon tax is
also referred to as carbon pricing, price on carbon, greenhouse gas tax (GHG tax),

or fuel charge.
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2. ESG checklist

Climate change is one of the most critical and perhaps most misunderstood threats
organizations face today. While it is widely recognized that continuous
greenhouse gas emissions would result in further global warming, that would
have implications in the economy and society, predicting the exact time and
severity of the physical impacts is challenging. The problem’s large-scale and long-
term character makes it particularly difficult to solve, especially in the context of
economic decision-making. As a result, the effects of climate change may be
wrongfully characterized as long-term and, therefore, irrelevant to actions taken

today.

Climate change’s consequences on organizations, however, are already evident.
Governments, societies, organizations, and individuals are already recognizing

the consequences and taking action to mitigate the risks.

The efficient use of energy, as well as the use of renewable sources are essential for
combating climate change and other key environmental issues, such as air
pollution and species’ extinctions, and reducing an organization’s total
environmental footprint. This Chapter aims to introduce a set of guidelines and
indices that will be used as a checklist to assess companies in the Energy Sector in

terms of Sustainability.

Natalia Vavoula 19



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

The Energy Sector consists of organizations with a primary activity relating to
producing or supplying energy. Energy can have various forms, such as fossil fuel,

electricity, heating, cooling, or steam.

Energy can be self-generated or purchased from external sources and can come
from renewable sources (such as wind, hydro or solar) or non-renewable sources
(such as coal, petroleum, or natural gas). Energy consumption can occur in both
upstream and downstream activities associated with a company’s operations. It
may refer to the use of the company’s products by the customers and their end-of-

life treatment.

2.1 Risks from inefficient reporting

A common practice that has been identified in Sustainability reporting is setting
vague targets. In 2017, the World Business Council for Sustainable Development
(WBCSD) found that 79% of the analyzed companies acknowledged the SDGs
somehow. Only 6%, however, have aligned their strategy and targets with the
specific target-level SDG criteria and measured their contributions to key SDGs
(World Business Council for Sustainable Development (WBCSD) & Radley Yeldar,
2017). Nowadays, the number has improved significantly, with 30% of the
companies discussing target-level ESG information (World Business Council for
Sustainable Development (WBCSD) & Radley Yeldar, 2021). The percentage,
however, is still not satisfactory. The most common practices of disinformation are

greenwashing and bluewashing.

2.1.1 Greenwashing

Greenwashing is the malpractice of using deceptive marketing to persuade the
public that an organization’s products, services, goals, and policies are
environmentally friendly (Delmas & Burbano, 2011). Greenwashing consumes
significant resources in the battle against environmental challenges such as climate

change, plastic ocean pollution, air pollution, and global species extinctions.

Greenwashing is a deceptive marketing strategy to garner customers who want to

support environmentally conscious companies. It has been found that particularly
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members of Generation Z are more likely to prefer companies and brands that

follow ethical practices (McKinsey & Company, 2018).

Two characteristic cases of Greenwashing concern Volkswagen and Nestlé.
Volkswagen has admitted to cheating emission tests by having in various vehicles
defect emissions detecting devices (INDEPENDENT, 2015). Nestlé released a
statement in 2017 aiming at addressing the growing plastic pollution crisis with
vague targets, that was strongly criticized by various environmental groups
(Greenpeace, 2018) and, three years later, was named one of the top three world’s
plastic polluters for the third year in a row, in 2020 (The Guardian, 2020).

2.1.2 Bluewashing

Bluewashing is the malpractice of overstating the organizations’ alignment with
socially responsible practices. It is similar to Greenwashing but focuses primarily

on social and economic factors (Berliner & Prakash, 2015).

Bluewashing was introduced, referring to companies that volunteered to comply
with the UN’s Global Compact but were not using the UN’s ten principles. The
color blue originates from the blue logo of the United Nations. Four years after the
Global Compact was agreed upon, a study indicated that 33% of the responders
indicated that they did not have any policy changes since joining the UN Compact
(McKinsey & Company, 2004).

Aware of those false claims of CSR, investors and consumers become reluctant
towards Sustainability. In order to promote Sustainability, it is, thus, crucial to use

ESG indices that are clearly defined, measurable, and easily validated.

2.2 Sustainability standards

It is evident that traditional, financial key performance indicators (KPIs) are
insufficient to monitor an organization’s evolution. As ESG-related opportunities
and risks are becoming a noteworthy part of a company’s intangible capital, ESG

metrics tend to complement the traditional indicators.
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There is no single model for calculating Sustainability and ESG. In order to
measure and assess the company’s performance in terms of Sustainability, various

methodologies have emerged.

The results of the calculation of the ESG index may be disclosed to the Stock
Exchange for the listed companies, as well as voluntarily published in individual
reports by companies. It is also necessary to publish the methodology followed
and the connection of the criteria with the financial performance of the companies.
Using the published data, stakeholders can interpret the results and decide on

their accuracy based on the available sources.

Indicatively, the following are presented.

2.2.1 Reporting quidelines for Sustainability — ESG

In response to the need for sustainability reporting, internationally recognized
standards have emerged. The guidelines are either used as standalone reporting
tools or integrated with rating and reporting indices. Some of the most widely

used standards and guidelines are the following:

*  Global Reporting Initiative (GRI)

=  SASB Standards

. Greenhouse Gas (GHG) Protocol

. Corporate Sustainability Assessment (CSA)

*  <IR>Framework

. Task Force on Climate-related Financial Disclosures (TCFD)
*  Carbon Disclosure Project (CDP)

2.2.2 Rating & ranking tools for Sustainability — ESG

Several ethical investment rating and ranking tools have emerged to help investors
identify the companies that demonstrate good sustainability practices in the last
twenty years. Some of them are based on sustainability standards and guidelines,

such as the GRI. Indicatively, some of these indices are the following;:

= ATHEX ESG index
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*  Refenitiv

*  Dow Jones Sustainability Index
*  FTSE4Good

*  Morningstar

*  Bloomberg

=  MSCI

*  Sustainalytics

2.2.3 Standards related to Sustainability - ESG

Lastly, a set of standards has been developed to promote Sustainability. These
standards focus on management systems, social responsibility, environmental

performance, etc. Some of these standards are presented below:

=  SAS8000

*  Accountability1000 (AAIOOOQO)
= ISO 26000

= ISO 14000

2.3 Selected guidelines and tools

In order to create a checklist to assess the companies that are active in the Energy
Sector, established methodologies are examined. The standards that the checklist
is primarily based on are presented below. For each of them, a selection of

reporting questions that apply to the Energy Sector has been made.

2.3.1 GRI

GRI has created independent international standards for reporting on the impact
of organizations on the economy, the environment, and the society. Some data that

prove the importance of this standard in ESG reporting are the following;:

*  There are currently over 10,000 GRI reporters in over 100 countries.

*  More than 125 policies across 60 countries and regions refer to GRI.
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*  75% of the 250 largest companies in the world use GRI's sustainability

reporting framework.

GRI Standards (GRI, 2021) are organized in collections of interconnected
guidelines. The GRI 100 refers to standards that apply to every organization. GRI
200, 300, and 400 are topic-specific standards, referring to the economy, the

environment, and the society respectively.

All standards have been examined, but the selection that follows is based

primarily on GRI 300: Environmental, and more specifically, GRI 302: Energy.
The following GRI reporting guidelines have been selected:

*  Total fuel consumption within the organization from non-renewable
sources and including fuel types used.

= Total fuel consumption within the organization from renewable sources,
including fuel types used.

*  Total electricity consumption, heating consumption, cooling consumption
and steam consumption.

*  Total electricity sold, heating sold, cooling sold and steam sold.

*  Total energy consumption within the organization, calculated as the sum of
non-renewable and renewable fuel consumed, electricity, heating, cooling
and steam purchased for consumption and self-generated electricity,
heating, cooling and steam, which are not consumed, minus electricity,
heating, cooling and steam sold.

*  Energy consumption outside of the organization (e.g., use of sold products,
waste generated in operations, business travel etc.).

*  Energy intensity ratio for the organization, as the absolute energy
consumption by an organization-specific metric, chosen by the organization
(e.g., production volume, number of full-time employees, monetary units
etc.).

*  Amount of reductions in energy consumption achieved as a direct result of
conservation and efficiency initiatives, and their types (fuel, electricity,
heating, cooling, steam).

*  Reductions in energy requirements of sold products and services achieved
during the reporting period.
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Standards’ guidelines:
The following should also be reported:

*  Standards, methodologies, assumptions, and/ or calculation tools used.
*  The basis for calculating reductions in energy consumption, such as base

year or baseline, including the rationale for choosing it.

2.3.2 GHG Protocol

GHG Protocol supplies greenhouse gas accounting standards (World Resources
Institute (WRI) et al., 2012). In 2016, 92% of Fortune 500 companies responding to
the CDP used GHG Protocol directly or indirectly through reporting standards
based on GHG Protocol.

The protocol defines three “scopes” (scope 1, scope 2, and scope 3) for GHG
accounting and reporting purposes. Companies shall separately account for and
report on scopes 1 and 2 at a minimum (World Resources Institute (WRI) et al.,
2012).

Scope 1: Direct GHG emissions

Direct GHG emissions occur from sources owned or controlled by the company,
such as emissions from combustion in owned or controlled boilers, furnaces,
vehicles, or emissions from chemical production in owned or controlled process

equipment.

Scope 2: Electricity indirect GHG emissions

Scope 2 accounts for GHG emissions from the generation of purchased electricity
consumed by the company. Purchased electricity is defined as electricity that is
purchased or otherwise brought into the organizational boundary of the company.

Scope 2 emissions physically occur at the facility where electricity is generated.

Scope 3: Other indirect GHG emissions

Scope 3 is an optional reporting category that allows for the treatment of all other
indirect emissions. Scope 3 emissions are a consequence of the activities of the

company but occur from sources not owned or controlled by the company. Some

Natalia Vavoula 25



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

examples of scope 3 activities are extraction and production of purchased

materials, transportation of purchased fuels, and use of sold products and services.
The following GHG reporting guidelines have been selected:

*  Total scope 1 and 2 emissions independent of any GHG trades such as sales,
purchases, transfers, or banking of allowances.

= Emissions data for all six GHGs separately (CO2, CH4, N2O, HECs, PFCs,
SF6) in metric tonnes and in tonnes of CO2 equivalent.

*  Emissions from GHGs not covered by the Kyoto Protocol (e.g., CFCs,
NOXx,), reported separately from the scopes.

*  Emissions data for direct CO2 emissions from biologically sequestered
carbon (e.g., CO2 from burning biomass/biofuels), reported separately from
the scopes.

= Emissions attributable to own generation of electricity, heat, or steam that is
sold or transferred to another organization.

= Emissions attributable to the generation of electricity, heat, or steam that is
purchased for re-sale to non-end users.

*  Relevant ratio performance indicators (e.g., emissions per kilowatt-hour
generated, tonne of material production, or sales).

*  An outline of any GHG management/reduction programs or strategies.

Standards’ guidelines:

Reported information shall be “relevant, complete, consistent, transparent, and
accurate” (World Resources Institute (WRI) et al., 2012). The information should:

*  Bebased on the best data available at the time of publication while being
transparent about its limitations.

*  Communicate any material discrepancies identified in previous years.

* Include the company’s gross emissions for its chosen inventory boundary,

separate from and independent of any GHG trades it might engage in.

The following should also be reported:

*  The year that was chosen as the base year, and an emissions profile over
time that is consistent with and clarifies the chosen policy for making base

year emissions recalculations.
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*  Appropriate context for any significant emissions changes that trigger base
year emissions recalculation (acquisitions/divestitures,
outsourcing/insourcing, changes in reporting boundaries or calculation
methodologies, etc.).

*  Methodologies used to calculate or measure emissions, providing a
reference or link to any calculation tools used.

*  Any specific exclusions of sources, facilities, and/ or operations.

2.3.3 SASB Standards

SASB Standards identify the subset of environmental, social, and governance
issues most relevant to financial performance in 77 industries (SASB, 2021). The
Standards are designed to help companies disclose financial-material
sustainability information for investors. In 2021, 48% of the reports reviewed by
WBCSD referenced the SASB standards, compared to just 9% in 2018 (World
Business Council for Sustainable Development (WBCSD) & Radley Yeldar, 2021).

The following SASB Standards have been selected:

*  The entity shall disclose its fatality rate for work-related fatalities (RR-WT-
320a.1.2).

*  The entity shall disclose the total amount of energy it consumed as an
aggregate figure, in gigajoules (GJ) (RR-ST-130a.1.1).

*  The entity shall disclose the percentage of energy it consumed that was
supplied from grid electricity (RR-ST-130a.1.2).

*  The entity shall disclose the percentage of energy it consumed that is
renewable energy (RR-ST-130a.1.3).

*  The entity shall disclose its emissions of air pollutants, in metric tons per
pollutant, that are released into the atmosphere (RR-BI-120a.1.1).

*  The entity shall disclose the total number of instances it found itself in non-
compliance, including violations of a technology-based standard and
exceedances of a quality-based standard. (RR-BI-120a.2.1).

*  The entity shall describe its strategic approach to managing its risks
associated with the use of critical materials in its products, including

physical limits on availability and access, changes in price, and regulatory
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and reputational risks. A critical material is defined as a material that is
both essential in use and subject to the risk of supply restriction (RR-FC-
440a.1.1).

*  The entity shall identify the critical materials that present a significant risk
to its operations, the type of risk(s) they represent, and the strategies the
entity uses to mitigate the risk(s) (RR-FC-440a.1.2).

Standards’ guidelines:
Some relevant guidelines include the following:

*  The entity shall consistently apply conversion factors for all data reported
under specific disclosures.

=  All disclosure shall be sufficient such that it is specific to the risks the entity
faces but disclosure itself would not compromise the entity’s ability to

maintain confidential information (RR-FC-440a.1.3).

2.3.4 CSA

The S&P Global Corporate Sustainability Assessment (CSA) is an annual
evaluation of companies’ sustainability practices. It covers over 10,000 companies
from around the world. The CSA focuses on sustainability criteria that are both

industry-specific and financially material.
The following CSA Standards have been selected (CSA, 2021):
*  Emerging Risks

Please indicate two important long-term (3-5 years+) emerging risks that your
company identifies as having the most significant impact on the business in the
future, and indicate any mitigating actions that your company has taken in light
of these risks. For each risk, please provide supporting evidence from your public
reporting for the description of the risk, the business impact and any mitigating

actions.
] Risk Culture

What strategies does your company pursue in order to promote and enhance an

effective risk culture throughout the organization?
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*  Supplier Code of Conduct:

Does your company have a Supplier Code of Conduct and is it publicly available?

Which of the following issues are covered by the Code?

o Environmental standards for the suppliers” processes, products or
services

o  Child labor

o Fundamental human rights (e.g., labor, freedom of association, ILO
conventions) working hours, lay-off practices, remuneration)

o  Occupational health and safety

o Business ethics (e.g., corruption, anti-competitive practices)

o  Our suppliers should have a sustainable procurement policy in place
for their own suppliers

*  Supply Chain Risk Exposure

Does your company have a formalized process in place to identify potential

sustainability risks in the supply chain?
*  Supplier Risk Management Measures

Please indicate which measures your company has taken in order to manage
sustainability risks amongst your critical suppliers (tier 1 and non-tier 1) and your

high sustainability risk suppliers.
*  ESG Integration in SCM Strategy

Please indicate the main priorities of your company’s general supply chain
management strategy as well as the environmental, social and governance (ESG)
objectives that have been identified in your company. Further, please indicate how

ESG factors are integrated in your supplier selection decisions.
*  Environmental Reporting-Coverage

Does your company publicly report on quantitative environmental indicators? If
yes, please indicate where the coverage of these indicators is clearly indicated in

your public reporting.

*  Environmental Reporting-Assurance
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Please indicate what type of external assurance your company has received in

relation to your company’s environmental reporting.

o The assurance statement is an “External Audit” or “External
Assurance” produced by assurance specialists (e.g., accountants,
certification bodies, specialist consultancies)

o The assurance statement contains a “declaration of independence”
which specifies that the assurance provider has no conflict of interest in
relation to providing the assurance of environmental data for the
company which has been assured

o The assurance statement is based on a recognized international or
national standard (e.g., AA1000AS, ISAE 3000)

o The scope of the assurance statement is clearly indicated in the
assurance statement. If the assurance statement only covers some KPIs
(but not all) it is clearly indicated which data/KPIs disclosed in the
report have been assured (e.g., each KPI assured is marked with an
“assurance” symbol/flag)

o The assurance statement contains a conclusion, i.e., either “reasonable

assurance” or “limited assurance”

We do not have any external assurance on our environmental reporting

Not applicable

Not known

o O O O

Coverage of Environmental Management Policy

Is your company’s environmental management policy publicly available? If so,
please indicate which of the following options are covered by your policy and
indicate and provide supporting evidence of where this is clearly stated in the

public domain.

Production operations and business facilities
Products and services
Distribution and logistics

Management of waste

o O O O O

Suppliers, service providers and contractors
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o  Other key business partners (e.g., non-managed operations, joint
venture partners, licensees, outsourcing partners, etc.)
o Due-diligence, mergers and acquisitions
o  Other, please specify
] EMS: Certification/ Audit/ Verification

Please indicate how your Environmental Management System (EMS) is certified /
audited / verified and indicate the coverage of this verification for the selected

standard.
The standards are:

o International standards (e.g., ISO 14001, JIS Q 14001, EMAS
certification)

o  Third party certification /audit / verification by specialized companies

o Internal certification /audit / verification by company’s own specialists
from headquarters

o Direct Greenhouse Gas Emissions (Scope 1)

Please provide your company’s total direct greenhouse gas emissions (DGHG
SCOPE 1) for the part of your company’s operations for which you have a reliable

and auditable data acquisition and aggregation system.
* Indirect Greenhouse Gas Emissions (Scope 2)

Please provide your company’s indirect greenhouse gas emissions from energy
purchased (purchased and consumed, i.e., without energy trading) (IGHG SCOPE
2) for the part of your company’s operations for which you have a reliable and

auditable data acquisition and aggregation system.
*  Energy Consumption
Please indicate the total energy consumption in the following energy categories:

o Non-renewable fuels (nuclear fuels, coal, oil, natural gas, etc.)
purchased and consumed (MWh)

o Non-renewable electricity purchased (MWh)

o Steam/heating/cooling and other energy (non-renewable) purchased
(MWh)
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o Total renewable energy (wind, solar, biomass, hydroelectric,
geothermal, etc.) purchased or generated. (MWh)

o Total non-renewable energy (electricity and heating & cooling) sold
(MWh)

o Total costs of energy consumption (Currency)

*  (Climate Risk Management

Does your organization apply the TCFD framework in the management of climate-

related risks and opportunities?
*  (Climate-Related Management Incentives

Do you provide incentives for the management of climate change issues, including

the attainment of targets?
*  (Climate Change Strategy

How are your organizations’ processes for identifying, assessing, and managing
climate-related issues integrated into your overall risk management? (e.g.,
integrated into multi-disciplinary company-wide risk management processes, i.e.,
a documented process where climate change risks and opportunities are
integrated into the company’s centralized enterprise risk management program
covering all types/sources of risks and opportunities, a specific climate change risk
management process, i.e., a documented process which considers climate change

risks and opportunities separate from other business risks and opportunities.)
*  Financial Risks of Climate Change

Have you identified any climate change risks (current or future) that have
potential to generate a substantive change in your business operations, revenue or

expenditures?
*  Financial Opportunities Arising from Climate Change

Have you identified any climate change-related opportunities (current or future)
that have the potential to generate a substantive positive change in your business
operations, revenue, expenditure (i.e., opportunities driven by changes in

regulation, physical, or other climate change-related developments)?

*  Climate Risk Assessment-Physical Risks
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Has your company assessed physical risks related to climate change?
*  Climate Risk Assessment- Transition Risks

Has your company assessed transition risks related to climate change?
*  Physical Climate Risk Adaptation

Based on your climate risk assessment, has your company set up a plan to adapt

to the identified physical climate risks?

*  Climate-Related Targets

Does your company have any corporate-level climate-related targets?
*  Scope 3 GHG Emissions

Please specity the top 3 most relevant sources of scope 3 emissions that are relevant

to your organization and account for your scope 3 emissions in financial year 2020.

2.3.5 ATHEXESG index

The Athens Stock Exchange introduced in 2019 a set of guidelines that help
companies identify the ESG-related issues they should consider disclosing and
managing, based on their impact on long-term performance, as well as metrics

companies should use to disclose this information and communicate it to their
stakeholders (ATHEX, 2019).

Based on these guidelines, the ATHEX ESG index has emerged, and the companies
started reporting on their ESG indices during 2021. A total of 49 publicly listed

companies have begun reporting, and the number continues to rise.

The indices are based on practices outlined in international sustainability
guidelines such as SASB’s industry-specific standards and reporting frameworks,
GRI, CDP, and the Greek Sustainability Code, as well as current ESG disclosure
practices in the Greek market (ATHEX, 2019).

The following ATHEX ESG reporting indices have been selected:

*  C-E1: Scope 1 emissions
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Indicator C-E1 requires the reporting organization to disclose its gross direct Scope

1 GHG emissions, in tons of CO2 equivalent.

All GHG emissions covered by the Kyoto Protocol shall be included in Scope 1
emissions. The organization should identify emissions deriving from, but not

limited to the following sources:

o Generation of electricity, heating, cooling, and steam

o Physical or chemical processing

o Transportation of materials, products, waste, employees, and
passengers

o Fugitive emissions
Direct CO2 emissions from the combustion of biomass shall not be included.
=  C-E2: Scope 2 emissions

Indicator C-E2 requires the reporting organization to disclose its gross indirect

Scope 2 GHG emissions, in tons of CO2 equivalent.

All GHG emissions covered by the Kyoto Protocol shall be included in Scope 2
emissions. The organization should report the emissions from the generation of
purchased electricity that is consumed in its owned or controlled equipment or

operations as Scope 2.
*  C-E3: Energy consumption within the organization
Indicator C-E3 requires the reporting organization to disclose the:

o Total amount of energy consumed within the organization, in MWh
o Percentage of electricity consumed (%)

o Percentage of energy consumed from renewable sources (%)
The formula for the total energy consumption within an organization is as follows:

Total energy consumption within the organization = (Non-renewable fuel
consumed) + (Renewable fuel consumed) + (electricity, heating, cooling and steam
purchased for consumption) + (self-generated electricity, heating, cooling and

steam, which are not consumed) - (electricity, heating, cooling and steam sold)

*  C-G1: Sustainability oversight
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Indicator C-G1 requires the reporting organization to disclose whether the
organization’s Board of Directors (BoD) provides sustainability oversight at the
board committee level or whether Sustainability is discussed with Management

during BoD meetings or not.
= A-El: Scope 3 emissions

Indicator A-E1 requires the reporting organization to disclose its gross indirect
Scope 3 GHG emissions, in tons of CO2 equivalent. All GHG emissions covered

by the Kyoto Protocol shall be included in Scope 3 emissions.
*  A-E2: Climate change risks and opportunities

Indicator A-E2 requires the reporting organization to discuss any climate change
risks and opportunities that it pertains to. The organization should disclose the
climate-related risks that TCFD recognizes. TCFD acknowledges two major

climate risk categories, transition and physical risks.
*  A-55: Sustainable product revenue

Indicator A-S5 requires the reporting organization to disclose its revenue
generated from products and services that have environmental and / or social
benefits, in percentage (%). The organization should elaborate on the products and
services it has identified as those with environmental and / or social benefits. These
could include activities that substantially contribute to circular economy,
achievement of the SDGs, mitigation of or adaptation to climate change etc. In
defining sustainable products and services, organizations may refer to green and
sustainability taxonomies and definitions outlined by institutions, international
initiatives and industries, such as the EU classification system for environmentally
sustainable economic activities (EU Taxonomy) and the Climate Bonds Taxonomy
developed by the Climate Bonds Initiative.

=  S5S-El: Emission strategy

Indicator SS-E1 requires the reporting organization to disclose any long and short-
term strategies in relation to the management, mitigation and performance targets

of its emissions.

»=  S5S-E2: Air pollutant emissions
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Indicator SS-E2 requires the reporting organization to disclose the total amount of
NOx, SOx, volatile organic compounds and particulate matter 10 micrometers or

less in diameter emitted, in kilograms.

2.3.6 Refenitiv ESG

Refinitiv is a prominent financial markets data and infrastructure provider that is
a member of the LSEG (London Stock Exchange Group).

Refinitiv reports, among others, on an ESG index, covering more than 450 different
ESG metrics. Refinitiv’s ESG scores are based on publicly available data and are
designed to evaluate a company’s relative ESG performance, commitment, and
effectiveness across ten primary categories (resource use, emissions, innovation,
workforce, human rights, community, product responsibility, management,
shareholders and CSR strategy) (Refenitiv, 2020).

The following Refenitiv ESG metrics have been selected:

*  Does the company report on its environmental expenditures or does the
Company report to make proactive environmental investments to reduce
future risks or increase future opportunities?

*  Does the company have a policy to improve emission reduction?

*  Has the company set targets or objectives to be achieved on emission
reduction?

*  Total Carbon dioxide (CO2) and CO2 equivalents emission in tonnes.

] Does the company report on initiatives to reduce, reuse, recycle, substitute,
or phase out SOx (sulfur oxides) or NOx (nitrogen oxides) emissions?

*  Total amount of NOx emissions emitted in tonnes.

*  Total amount of SOx emissions emitted in tonnes.

*  Does the company report on initiatives to reduce, substitute, or phase out
volatile organic compounds (VOC) or particulate matter less than ten
microns in diameter (PM10)?

*  Does the company report on initiatives to reduce, substitute, or phase out
volatile organic compounds (VOC)?

*  Does the company report on initiatives to reduce, substitute, or phase out

particulate matter less than ten microns in diameter (PM10)?
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Total amount of volatile organic compounds (VOC) emissions in tonnes.
Does the company report on partnerships or initiatives with specialized
NGOs, industry organizations, governmental or supra-governmental
organizations, which are focused on improving environmental issues?
Direct and accidental oil and other hydrocarbon spills in thousands of
barrels (kbls).

Total amount of environmental expenditures.

Does the company report on making proactive environmental investments
or expenditures to reduce future risks or increase future opportunities?
Total CO2 and CO2 Scope Three equivalent emission in tonnes.

The equivalent of the CO2 offsets, credits and allowances in tonnes
purchased and/or produced by the company during the fiscal year.
Environmental fines as reported by the company.

The estimated total CO2 and CO2 equivalents emission in tonnes.

Total amount of environmental R&D costs (without clean up and
remediation costs).

Does the company claim to evaluate projects on the basis of environmental
or biodiversity risks as well?

Does the company develop products or technologies for use in the clean,
renewable energy (such as wind, solar, hydro and geothermal and biomass
power)?

Does the company have an environmental management team?

Does the company train its employees on environmental issues?

Does the company have a policy to improve its energy efficiency?

Has the company set targets or objectives to be achieved on energy
efficiency?

Total direct and indirect energy consumption in gigajoules.

Electricity purchased in gigajoules.

Electricity produced in gigajoules.

Total primary renewable energy purchased in gigajoules.

Total energy produced from primary renewable energy sources in
gigajoules.

Does the company make use of renewable energy?
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Does the company use environmental criteria (ISO 14000, energy
consumption, etc.) in the selection process of its suppliers or sourcing
partners?

Number of controversies related to the environmental impact of the
company’s operations on natural resources or local communities.
Percentage of emission reduction target set by the company.

The year by which the emission reduction target is set.

Percentage of revenue from environmental products and services offered by
the company.

Does the financial company have a public commitment to divest from fossil
fuel?

Total primary renewable energy purchased and produced in gigajoules.
Percentage of Grid or Transmission loss as reported by the company.

Does the company have a CSR committee or team?

Has the company signed the UN Global Compact?

Does the company publish a separate CSR/H&S/Sustainability report or
publish a section in its annual report on CSR/H&S/Sustainability?

Is the Company’s CSR report published in accordance with the GRI
guidelines?

Does the company have an external auditor of its CSR/H&S/Sustainability
report?

Does the company support the UN Sustainable Development Goal 7 (SDG
7) Affordable and Clean Energy?

Does the company support the UN Sustainable Development Goal 11 (SDG
11) Sustainable Cities and Communities?

Does the company support the UN Sustainable Development Goal 12 (SDG
12) Responsible Consumption and Production?

Does the company support the UN Sustainable Development Goal 13 (SDG
13) Climate Action?

Does the company support the UN Sustainable Development Goal 14 (SDG
14) Life Below Water?

Does the company support the UN Sustainable Development Goal 15 (SDG
15) Life on Land?
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*  Number of controversies published in the media linked to responsible R&D.
*  Does the company train its executives or key employees on health & safety?
*  Does the company have a policy to improve employee health & safety?

*  Does the company have health and safety management systems in place
like the OHSAS 18001 (Occupational Health & Safety Management
System)?

*  Total number of injuries and fatalities including no-lost-time injuries
relative to one million hours worked.

*  Number of controversies published in the media linked to workforce health

and safety.

2.4 DSS Lab’s methodology

The due diligence checklist created in this thesis will complement the ESG toolkit
developed by the Decision Support Systems (DSS) Laboratory of the National
Technical University of Athens. The toolkit calculates ESG scores and enables
Banks / Financial Institutions (FIs) to identify and assess potential ESG risks and

opportunities in their investments.

The toolkit functions as follows. The user enters the company’s name, the name of
the project, the investment amount, and the sector in which the company belongs.
The toolkit automatically calculates the ESG score, as high, medium, or low, for
each ESG pillar (Environmental, Social, and Governance) and provides a due
diligence checklist for each pillar based on the scoring. The pillar in the due

diligence checklist is divided into sub-categories, as presented in Table 1.

Based on the checklists, the user is asked to score every pillar’s sub-category with
a score ranging from 0 to 3, where 0 is low and 3 is high, to assess and rate the
company. The filled scores will be used to automatically calculate the company’s
final, numerical ESG score. The user also identifies risks and opportunities for each

sub-category.

Apart from the checklist per each ESG pillar, an additional rating checklist has

been created for critical sectors. The user should also consider the additional
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checklist while scoring for these sectors. One of the nine critical sectors examined

is the Energy Sector.

ENVIRONMENT

1.1 Register of Regulations

1.2 Pollution Abatement and Testing

1.3 Resource Efficiency

1.4 Greenhouse Gases emissions reduction

1.5 Environment Policy and organization structure

1.6 Certification of Environment Management System
1.7 Disclosure and Reporting

1.8 Environment Management Plan
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SOCIAL

21 Social Policy

2.2 Grievance Redressal Mechanism

2.3 Monitoring/ Audits

04 Minimize impacts and provide fair compensation and livelihood
) restoration

2.5 Emergency Plans

2.6 Health and Safety Policy and training

GOVERNANCE

3.1 Promoting a fair and transparent way of doing business
3.2 Ensure good governance practices at the Company
3.3 Ensure adequate internal checks for managing risks

Table 1 Environment, Social and Governance due diligence checklist sub-categories.

2.5 Checklist for the Energy Sector

Based on the standards examined in this Chapter and taking into account the
sustainability-related frameworks and policies, as examined in Chapter 1, the
checklist presented in Table 2 for companies active in the Energy Sector has been
created. The checklist, aiming to be easily integrated into SDD Laboratory’s toolkit,
follows the toolkit structure as presented above. It should be noted that the criteria
covered in the Laboratory’s general Environmental, Social, and Governance due

diligence checklists are not included in the checklist.

Natalia Vavoula 41



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

ENVIRONMENT

1.1 Register of Regulations

Has the company received fines for non-compliance with energy regulations?

Has the company had controversies related to the environmental impact of its
operations on natural resources?

1.2 Pollution abatement and testing

Are the direct and accidental oil and other hydrocarbon spills acceptable
compared to the industry average? Please provide documentation for the
company’s and the industry’s spills.

Does the company report on initiatives to reduce, substitute, or phase out
volatile organic compounds (VOC) or particulate matter less than ten microns
in diameter (PM10)? Please provide supporting evidence from the Company's
public reporting.

1.3 Resource efficiency

Has the company set targets/objectives/policies for energy efficiency? If yes,
please provide supporting evidence from the company’s public reporting.

Has reduction in energy consumption been reported as a result of conservation
and efficiency initiatives? If yes, is the amount acceptable compared with that of
other same-sized companies in the industry? Please provide supporting
evidence from the company’s public reporting.

Does the company have a public commitment to divest from fossil fuel? If yes,
please provide supporting evidence from the company’s public reporting.

Does the company develop products or technologies for clean, renewable energy
(such as wind, solar, hydro and geothermal, and biomass power)? If yes, please
provide supporting evidence from the company’s public reporting.
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Is the amount of renewable energy produced as a percentage of the total energy
produced acceptable compared with that of same-sized companies in the
industry? Please provide documentation for the company’s and the industry’s
energy production.

Is the amount of renewable energy purchased as a percentage of the total energy
produced acceptable compared with that of same-sized companies in the
industry? Please provide documentation for the company’s and the industry’s
energy purchases.

Is the amount of renewable energy sold as a percentage of the total energy
produced acceptable compared with that of same-sized companies in the
industry? Please provide documentation for the company’s and the industry’s
energy sales.

Is the percentage of grid or transmission loss acceptable compared with that of
same-sized companies in the industry? Please provide documentation for the
company’s and the industry’s energy losses.

Is the energy consumption outside the company, resulting from its activity (e.g.,
use of sold products, waste generated in operations, etc.) acceptable, compared
with that of other companies in the industry? Please provide documentation for
the company’s and the industry’s outside consumption.

1.4 Greenhouse gases emissions reduction

Has the company set targets/ objectives/policies for GHG
management/reduction? If yes, please indicate the reduction percentage and the
target year.

Does the company report on greenhouse gas emissions? If yes, please specify
any international methodology/standard used.

Is the amount of total scope 1 emissions acceptable compared with that of same-
sized companies in the industry? Please provide documentation for the
company’s and the industry’s scope 1 emissions.
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Is the amount of total scope 2 emissions acceptable compared with that of same-
sized companies in the industry? Please provide documentation for the
company’s and the industry’s scope 2 emissions.

Is the amount of total scope 3 emissions acceptable compared with that of same-
sized companies in the industry? Please provide documentation for the
company’s and the industry’s scope 3 emissions.

Are the emissions of the GHGs covered by the Kyoto Protocol (CO2, CH4, N20,
HEFCs, PFCs, SF6) and not covered (e.g., CFCs, NOx,) acceptable based on the
Country’s regulations? Please provide supporting evidence from the company’s
public reporting.

1.7 Disclosure and reporting

Does the company publish a separate CSR/Sustainability report? If yes, please
provide the link to the report.

SOCIAL

2.6 Health and safety policy and training

Does the company train its employees on environmental and energy issues?

GOVERNANCE

3.1 Promote a fair and transparent way of doing business

Is the CSR/Sustainability report, if in place, reviewed by external auditors? If
yes, please provide supporting evidence from the company’s public reporting.

Is the CSR/Sustainability report, if in place, published following the GRI
guidelines? If yes, please provide supporting evidence from the company’s
public reporting.

3.3 Ensure adequate internal checks for managing risks
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Has the company identified important long-term emerging energy-related
risks? If yes, please provide supporting evidence from the company’s public
reporting.

Has the company made any environmental investments — expenditures to
reduce future energy-related risks or increase future opportunities? If yes, please
provide supporting evidence from the company’s public reporting.

Does the organization apply the TCFD or any other established framework to
manage energy-related risks and opportunities? If yes, please provide
supporting evidence from the company’s public reporting.

Table 2 Due diligence checklist for the Energy Sector.
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3. Regression analysis

The ESG score provides an easy-to-use metric that quantifies a firm’s
environmental and social policies while also providing valuable information
regarding its management and governance practices, which is often inaccessible

for the majority of the investors.

The rising popularity of the ESG metric is connected with the increased global
concern over environmental, social, and governance issues. Modern-day investors
have become more aware of the environmental and social implications of a firms’
malpractices. Understanding their influence on firms, they seek to finance more
ESG aware companies. Also, since buyers are becoming more interested in
companies that follow ethical practices, investing in companies with high ESG
scores is a good decision from a financial perspective. It is, thus, evident that the
ESG score can shape the opinion of the shareholders and the stock market over a

publicly traded firm, affecting, therefore, its stock price.

The regression analysis presented in this Chapter examines and evaluates the
impact of ESG ratings on energy companies. More specifically, the study
investigates the effect ESG can have on the firm’s market value and risk (as

expressed by the price volatility).
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3.1 Multiple linear regression theory

This Section focuses on briefly presenting the basic theory behind the classic linear
regression model. The structure of the regression model is presented along with
the necessary assumptions. Crucial tests to assess the model's unbiasedness,

consistency, and efficiency are also examined.

3.1.1 Model structure

A multiple linear regression model that relates a y variable to x variables and can
be written as:

Vi=Bo+B1-Xei +BaXpi+ -+ BpXpi HE

where:

* y;:thei-th observation of the dependent variable (response variable).

*  Xxj;:thei-th observation of the j-th independent variable (regressor).

. Bo : the regression intercept term.

*  Bj: the slope coefficient (regression parameter) of the j-th independent
variable.

. g : the error term (residual) of the i-th observation.

*  p:the number of independent variables.

Each {8 coefficient represents the change in the mean response, E(y), per unit
increase in the associated predictor variable when all the other predictors are held
constant. The intercept term, B, represents the mean response, E(y), when all the

predictors are zero.

Assumptions

The model relies on the following assumptions:

* The relationship between the dependent variable and each independent
variable is linear.

* Errors corresponding to different observations are independent.

* The error terms follow a normal distribution of zero mean and constant

variance.
e~N(0,6?)
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* The error terms are not correlated with the independent variables.
* There is no correlation among the independent variables (no multicollinearity).

3.1.2 Coefficient calculation

The regression model aims to determine the relationship between the dependent
and the independent variables of the sample in an attempt to reflect the actual
relationship among the variables of the population. The current study estimates
the regression equation through the Ordinary Least Squares (OLS) method, as
presented below. The OLS regression coefficients can be easily calculated by

employing matrix algebra.
The multiple linear regression model with p regressors and n observations:

Vi=Bo+B1-Xei +BaXpi+ -+ BpXpi HE

can be written in matrix form as:

Y1 Bo+B1 X1+ B2 Xo1+ -+ BpXpa €
I \= Bo+ By Xy2+ Bz Xz + -+ BpXp2 n &

BO+Bl'Xl,n+BZ'X2,n+"'+Bp'Xp,n €n

1 X5 Xo9 * €
1,2 X222 " Xp2 B:1 + .2 SY=X-B+e

\ Il X1,1 X211 " Xp1 Bo €

™ ...

1 X1,n X2n """ Xpn Bp n

Therefore, the residualsaree =Y — X+ 3

The OLS calculation aims at minimizing the residual sum of squares,

ZEf=[£1£2 "‘En]'lsﬂ=5,'€=(Y—X'B)"(Y—X-B)

The first order condition for minimizing the above equation sets the partial
derivative (with respect to ) equal to zero, thus the coefficients can be calculated

as:
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Y =X-B)' - (Y-X-P)]
ap

=0=>-2X-Y=-X-B)=0=X -Y=X X-B=

B=X X)Xy
Best Linear Unbiased Estimators (BLUE)

The OLS method relies on the following assumptions:

* Correct model specification, i.e., linearity of the equation.

* Exogeneity of the regressors.

* Non-randomness of the explanatory variables.

* No multicollinearity among the regressors.

* Homoscedasticity of the error terms (constant variance).

* No autocorrelation in the residuals (error terms independent of each other).
* Normality of error terms.

According to the Gauss-Markov theorem, the OLS estimators that satisfy the above
assumptions are the most efficient estimators among all the linear unbiased
estimators. Therefore, the OLS estimators are BLUE and satisfy the three desired

properties of unbiasedness, efficiency, and consistency.

* Unbiasedness: The expected value of the unbiased estimator ¥ is equal to the

population parameter y.
E@) =y

» Efficiency: It is expressed by the estimator's variance (standard error). The
smaller the variance, the greater the efficiency.

* Consistency: An estimator is consistent if its variance reduces as the sample
size increases.

Var(§) > 0asn —» o

3.1.3 Correlation

The correlation among the examined parameters, both the dependent and the
independent, is calculated by the Pearson correlation coefficients. Given any two
parameters x and y, the Pearson correlation coefficient (p) of the pair (x,y) is

calculated by the following formula:
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0 = YL =) i —9)
YA (-2 I (v — 9)?

where:

* X;,Yj: the observations of the x and y variables.
= X, y: the mean values of the x and y variables.
* n: total number of observations.

3.1.4 Regression metrics

Coefficient of determination

The coefficient of determination, commonly known as R? is a significant
characteristic of regression analysis as it expresses the level of fitness of the model.
More specifically, it determines how much of the variation in the response can be
explained by the independent variables. R? can be calculated by the following

formula:

RZ =1— SSRES

SSTOT

where:

*  SSgres = X(yi — $1)? : the residual sum of squares (J; is the fitted value predicted
by the regression model).

* SStor = X (y; — ¥)? : the total sum of squares of y (¥ is the mean value of y).
R? receives values in the [0, 1] interval:

* R? = 0: The model always predicts §. The outcome cannot be predicted by any
of the independent variables.

* R? = 1: The model always predicts the observed y; value and has no residuals.
The outcome can be predicted without error from the independent variables.

The R? increases as more predictors are added to the model. It should be noted,
however, that adding predictors to a model can lead to worse predictions, despite
the increase of the coefficient of determination. Adding too many variables to a

model makes it overly customized to fit the peculiarities and the random noise of
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the sample rather than reflecting the entire population. This phenomenon is

known as overfitting and is a common problem in regression models.

The spurious increase of the coefficient of determination that occurs by adding
extra predictors to the model can be accounted for by the adjusted R?, which
considers the number of independent variables (p) and the number of observations

(n) in the calculation.

SS n—1 n—1
_ RES | =1—(1—R2)-—
SStor n—p—1 n—p—1

RZAD] =1

Standard deviation

The regression analysis includes the calculation of the standard deviation (S) of

the distance between the data values (y) and the fitted values (§). S is measured in

_ ’2?(Wi —W)?
5= n—-1 '

where w = y — § and n is the number of observations of the sample.

the units of the response.

Standard error of a coefficient

The standard error of a coefficient (SE) is calculated for each predictor variable x

according to the following formula:
S
VEIGG -2

where S is the standard error of the model.

SE =

The standard error of the coefficient is always positive, and it measures the
precision of the model’s estimation of the coefficients. The smaller the standard

error, the more precise the estimate.

t-statistic

The t-statistic is used to test whether a coefficient is significantly different from
zero. In regression models, the t-stat. is used, for each variable, including the
constant, to measure the ratio of the coefficient ({3) to the standard error (SE). It is

calculated by the following formula:
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- B
t-stat. = SE

F-statistic
The F-stat. is used to assess whether all coefficients are jointly significant (at least
one is different from zero) and is calculated as:

SSReG/DFRec _ _R®* n-p-1

E-stat.= =
SSres/DFrgs  1-R? p

where:

* SSreg = X(J; — ¥)? : the regression sum of squares.

* DFRgg = p: the degrees of freedom of the regression model.

*  SSgpes = X(yi — $1)? : the residual sum of squares.

* DFRrgs = n—1— p: the degrees of freedom of the residuals (error).

The F-stat. can also be calculated for each independent variable, similarly to t-stat.,

as:

SSADJREG __ SSADJREG
SSres/DFRres S2

F-stat.=

where:

* SSapjreg : the adjusted regression sum of squares of the independent variable.
*  SSges = X(y; — fi)? : the residual sum of squares.

* DFRrgs = n—1— p: the degrees of freedom of the residuals (error).

The adjusted regression sum of squares of each independent variable occurs as

follows:

1. The respective variable is removed from the model, and a new model is formed
with the remaining variables as predictors.

2. The regression sum of squares is calculated for the new model.

3. The difference between the regression sums of squares of the two models is the
adjusted regression sum of squares of the removed predictor.

It is evident that the SSspjrgg quantifies the amount of variation in the response

explained by the model's respective term.
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3.1.5 Coefficient diagnostics

Multicollinearity

An ideal regression model would consist of independent variables that are highly,
or even perfectly, correlated with the dependent variable but utterly uncorrelated
with each other. In most cases, however, the predictors are correlated at some
level, either positively or negatively. High correlation among the independent
variables may lead to multicollinearity, which occurs when an independent
variable can be linearly predicted from other independent variables with a
substantial degree of accuracy. The model's coefficients behave erratically in
response to small changes in the data under the presence of multicollinearity. As
a result, while preserving its reliability and predicting strength, the regression

model may provide inaccurate results about the predictors.

The severity of multicollinearity is quantified by the Variance Inflation Factors
(VIFs). The numerical value of VIF is the percentage to which the variance of a
coefficient is inflated due to multicollinearity. For example, a VIF of 1.4 suggests
that the variance of the coefficient is 40% greater than what it should be without

multicollinearity.

A Variance Inflation Factor is calculated for each independent variable of the

model according to the following procedure:
1. Assume the following regression model:
y=PBo+PBr- X1 +Paxpg++Bpx,+e
2. For each independent variable x;, a regression model is calculated with x; as

the response and the rest of the variables as the predictors. For example, for the
X, variable the following model is produced:

X1 =0p+ 0 X + 03" X3+ 0y " Xp
3. The coefficient of determination R]-2 is calculated for the above model. The VIF

of the x; variable is given by the following formula:

VIF; = ——
) 1—Rj2
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A high value of VIF corresponds to a high R?, which suggests that the examined
independent variable can be accurately predicted by the remaining independent
variables. Therefore, high values of VIF act as indicators of multicollinearity. On
the other hand, a R} equal to zero suggests that the respective predictor cannot be
predicted by the rest predictors, leading to a minimum VIF value of 1. The VIF’s
threshold value for the presence of multicollinearity is a subject of debate. As a
rule of thumb, VIF’s threshold is set at 10, but some more conservative approaches

set it to 5 or even 2.5.

3.1.6 Residual diagnostics

Normality

As it was previously mentioned, the error terms of a regression model are assumed
to follow a normal distribution of zero mean and constant variance o?. Before
explaining the method that is followed to test the normality of the residuals, it is
vital to define the skewness and kurtosis statistics, as they hold a crucial role in

assessing the normality of a distribution.

The skewness and kurtosis of a distribution are determined by the 3rd and 4th

moment of a variable X, around its mean py. The moments are calculated as:
374 moment: E[(x — py)?]
4™ moment: E[(x — pyx)*]

Respectively, the skewness (a®) and kurtosis (a*) coefficients are defined as:

o = E[(x - ux)3]

Ox

The skewness and kurtosis are useful in assessing the shape of the distribution.

Skewness shows the degree of asymmetry in the distribution, as shown in Figure
9:

» If a3 <0, the distribution has negative skewness, and the left tail of its curve is
longer-flatter.
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If a3 = 0, the distribution is symmetric around the mean and has no kurtosis.

If a® > 0, the distribution has positive skewness, and the right tail of its curve is
longer-flatter.

Negatively skewed Normal (no skew) Positively skewed
Mean
Maedian
Mode Mode

Frequency

X X

| [
| |
| [
' |
| |
: i
| [
| 1
| ]
| |
| L

b - ————————

b —— -

Figure 9 Distribution of negative, zero and positive skewness.

Kurtosis depicts the peakedness or flatness of the distribution, as shown in Figure
10:

» If a* < 3 the distribution is platykurtic.
» If a* = 3 the distribution has no kurtosis (mesokurtic).
» If a* > 3 the distribution is leptokurtic.

Leptokurtic

Mesokurtic

Platykurtic

Figure 10 Platykurtic, mesokurtic, and leptokurtic distribution.

The normal distribution has neither skewness nor kurtosis, therefore o® = 0 and

at = 3.

The Jarque-Bera test (Bera & Jarque, 1981), is employed to test the normality of the

residuals. The test examines the deviation of the skewness and the kurtosis of a
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given series compared to the normal distribution, using the Jarque-Bera statistic
(JB), which is calculated as:

g K [SK2+1 (KU — 3)2
JB = 6 4 '

where SK is the skewness, KU is the kurtosis of the series, k is the number of
estimated coefficients used to create the series, and n is the number of

observations.

The Jarque-Bera statistic is the sum of the squares of two standard normally
distributed random variables and follows a chi-square distribution with two

degrees of freedom (skewness and kurtosis).
JB~X(z)
The normality of the error terms is assessed according to the following procedure.

1. The null and alternative hypotheses are stated:
o Hp: The error terms are normally distributed.
o Hg: The error terms are non-normally distributed.
The level of significance « is specified.
The skewness and kurtosis coefficients of the residuals are calculated.
The Jarque-Bera statistic is calculated according to the provided formula.

o LN

The critical value of the test (x2) is determined from the statistical table of the
chi-square distribution, according to the significance level a and the degrees of
freedom (2) (Figure 11).

o
2
0 X
Figure 11 Distribution of the variables, critical value of the test (x2%) and significance level a.

6. The ]JB statistic is compared with the critical value.
o IfJB > x3, reject the null hypothesis — the residuals are not normally
distributed.
o If]B < x3, fail to reject the null hypothesis — the residuals are normally
distributed.
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Heteroskedasticity

One of the main assumptions of the classic linear regression model is that the error
terms follow a normal distribution of zero mean and constant variance o®. The
assumption of constant variance is called homoskedasticity and is mathematically

expressed as:
E(g; — )% = 02

Heteroskedasticity occurs when the variance of the error terms is not constant:
E(s; —8)? =of

The presence of heteroskedasticity does not affect the unbiasedness or the
consistency of the regression estimators but impacts their efficiency. The estimates
of the standard errors of the regression coefficient are downwardly biased,
meaning that the SEs are smaller than what they should be. As a consequence,

invalid conclusions may be drawn during hypothesis testing.

Heteroskedasticity can often be detected simply by plotting the residual’s graph
(Figure 12).

LU 0 A Rt T AL N, AL ONRE L LA
T IH‘[HH | \“IF"“"‘H]‘HU

Time Time

Figure 12 Homoscedasticity (left) and heteroskedasticity (right).

As observed in the left graph, the variable deviates from its mean in a constant and
stable pattern, suggesting a constant standard deviation that indicates
homoskedasticity. In the right graph, some regions present very high or low
standard deviations, indicating a non-constant standard deviation pattern, which

is a characteristic of heteroskedasticity.
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Despite the practical usefulness of graphically detecting heteroskedasticity, it is
necessary to implement a formal statistical test for determining the presence or
absence of heteroskedasticity. For this purpose, the White test is employed (White,
1980). The procedure followed is explained by the example below.

1. Assuming the following regression model:
Vi = Bo + B1X1i + P2 xpi H g
2. The squared residuals are regressed according to the following auxiliary
regression:

2 _ . . . w2 . w2 . .
& =gty "Xyt 0y Xpi+ 03 X7+ 0 X5+ 05 Xy Xp5 TV

The auxiliary regression is used to assess a possible relationship between the

variance of the residuals and the independent variables of the main regression.

3. The null and alternative hypotheses are stated:
o Hp:ag =ay =+ = a5 = 0 (homoskedasticity).
o Hgy: Atleast one of the coefficients is significantly different from zero.

4. The level of significance a is specified.

5. Then - R? value is calculated, where n is the number of observations of the main
regression and R? is the coefficient of determination of the auxiliary regression.
The statistic follows a chi-square distribution with k degrees of freedom, where
k is the number of regressors of the auxiliary regression.

n - R%~x5,

6. The critical value of the test (x3) is determined from the statistical table of the
chi-square distribution, based on the significance level a and the degrees of
freedom (k) (Figure 13).

o
0 2

Figure 13 Distribution of the variables, critical value of the test (x2) and significance level a.

7. The n - R? statistic is compared with the critical value.
o Ifn-R? > %, reject the null hypothesis — heteroskedasticity in the

residuals.
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o Ifn-R? < xg, fail to reject the null hypothesis - homoskedasticity in the

residuals.

If heteroskedasticity is detected in the residuals, the White correction can be

implemented as a remedial measure.

White correction

The White correction (White, 1980) uses a heteroscedasticity consistent covariance
matrix estimator that provides correct estimates of the coefficient covariances in
the presence of heteroscedasticity of unknown form. It is beneficial in cases that
the form of heteroskedasticity, or simply the variance of the residuals, is not

known.

The White covariance matrix is given by:

T

$ =
WT Tk

T
X0 () &k x) - (K0

t=1
where T is the number of observations, k is the number of regressors and X is the

matrix of the independent variables.

3.1.7 Forecasts

Econometric models are often used for providing forecasts for the observed
dependent variables. Forecasts can be ex-post and ex-ante; in the ex-post forecasts,
the values of the independent and dependent variables are observed and known
with certainty, and, thus, the performance of the forecast can be evaluated; in the
ex-ante forecasts, the values of the independent variables may or may not be
known. The ex-post forecasts are, therefore, unconditional forecasts since all
explanatory variables are known with certainty, whereas the ex-ante forecasts may
be conditional if at least one of the explanatory variables is not known with
certainty for the examined period. A visual representation of the models is shown
in Figure 14. For the current work, forecasts are used to assess the model, thus

forecasts have been made only for the ex-post period.
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Figure 14 Ex-post and ex-ante forecasting period.

Forecasting errors can occur due to:

The random error terms of the regression (unexplained variation).

The estimation process of the regression parameters.

The estimation of the independent variables (for conditional forecasts).

The model specification (e.g., use of linear model instead of non-linear).

Assuming the following regression model,

Vi=Bo+B1-Xei +BaXpi+ -+ BpXpi HE

an unconditional forecast for yj, 1, given the X; j41, X241, -+, Xpji+1, iS:
Vi+1 = E(Vir1) = Bo + B1 Xiiv1 B2 X4+t Bp *Xpit+1
The forecasting error can be calculated as
€i+1 = Yi+1 — Vi1
and has two basic properties:

* The mean of the forecasting errors is zero (unbiasedness).
* The forecasting error variance has the minimum variance among all the
possible linear-based forecasts.

The evaluation of the forecasting performance relies on assessing the degree to
which the forecasted values track the actual values. Assuming a variable vy, for
which y? are the actual values and yf are the forecasted values over a forecasting
sample of size M, then the following metrics are calculated for the evaluation of

the forecasting performance.

Mean absolute error — Root mean absolute error

M

1
e =Ly

i=1
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RMAE = Z|y1 —yi|

Mean square error — Root mean square error

MSE = Z(y1 -y’

M
1
RMSE = M.Z(yl — i)’
i=

In order to maximize the forecasting accuracy, the errors must be minimized.

Another interesting method for forecast evaluation is the Theil’s inequality
coefficient, or simply the Theil’s U statistic (Theil, 1966), which is calculated as:

o S8~ )
\/ 2?41(3’5) +\/_ L1(y)?

The Theil’s statistic ranges between 0 and 1:

Theil's U =

» If the Theil’s U is 0, there is a perfect fit between the actual and the forecasted
values.

» If the Theil’s U is 1, the forecasts are highly inaccurate.

The numerator of the Theil’s U can be decomposed into three components as:

M
1
Y0P =) = (-7 — = o+ 2 (1= p) 0o

where:

= i, 72 the mean values of the forecasted and actual data.
" 0y, 0,: the standard deviations of the forecasted and actual data.
= p: the correlation coefficient between the forecasted and the actual data.

Therefore, three proportions of the Theil’s U are defined:
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Bias proportion

UB =

f a2
(v -5

1

M2 O] —v)?

The bias proportion measures the extent to which the average forecasted and

actual values deviate from each other and, therefore, indicates the degree of

systematic error.

Variance proportion

US — (Gf - Ga)z

1
M2 O] —vh)?

The variance proportion quantifies the ability of the model to replicate the
variability of the dependent variable for which the forecasts are given. Large
values of the variance proportion suggest that the actual values fluctuated

significantly higher (or lower) than the forecasted values.

Covariance proportion

Ut = 2-(1—-p)-of0,
1
M ?11(}’{_3’?)2

The covariance proportion represents the unsystematic errors that remain after the

deviations from the average values have been accounted for.
The three proportions have the following property:
UB+US+UC=1

3.2 Models

The Section aims to analyze and interpret regression models that are estimated for
US energy firms. The models aim at reflecting the relationship between the ESG
scores and the market value and risk of the companies. Once this relationship is
defined, an ex-post forecast is made for 2020, and the forecasting efficiency is

assessed.
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For the study, a dataset of 122 US energy companies is formed. All firms currently
trade in the New York Stock Exchange (NYSE) and have received at least one ESG
rating by the end of 2020. The necessary financial data, as reported in the official
tfinancial statements and metrics, as calculated by financial analysts, are collected
from the Thomson Reuters’ Refinitiv Eikon platform for the 2015-2020 period. The
models are constructed for the 2015-2019 period, while 2020 is used for forecasting.

Correlation
In order to identify the variables that best describe the models, a set of potential
variables have been identified based on the bibliography. The variables selected

are the following:

LMYV: Natural logarithm of market value

LMV = In(Market Cap) = In (# ordinary share - share price)
* LRISK: Natural logarithm of annual risk
LRISK = ln(st. dev(Ry) - \/# trading days)

= AT: Asset Turnover

It helps to understand how effectively companies are using their assets to
generate sales.
Net sales
~ Total assets
* CURR: Current asset ratio
Current assets are those that can be easily converted into cash (within one

year).

Current assets
CURR =

Total assets
* TANG: Tangibility ratio
Tangible assets are the assets that have physical form, such as cash, inventory,
vehicles, equipment and buildings.

Tangible assets
TANG =

Total assets
* CH: Cash Holdings
Cash
CH =

" Total assets
» SIZE: Natural logarithm of sales used as a firm size proxy
SIZE = In (Total sales)

* LREV: Logarithmic revenues
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LREV = In (Total revenues)

LEV: Leverage-debt ratio
Total debt
~ Total assets
BL: Book leverage
Total debt

L=
Total debt + Total equity

PR: Profitability ratio
Earnings before interest, taxes, depreciation, and amortization (EBITDA), is a
measure of a company's overall financial performance and is used as an

alternative to net income.
EBITDA
- Total assets
ROA: Return on assets
A financial ratio that indicates how profitable a company is in relation to its
total assets.
Net income

ROA=———
Total assets

TQ: Tobin’s Q
It equals the market value of a company divided by its assets' replacement

cost.
Market value

TO =
Q Total liabilities + Total equity
RD: Environmental R&D costs
ESG: ESG score on a [0-1] scale

A correlation matrix has been generated for the aforementioned variables (Figure

15). Variables with values closer to 1 or -1 have been primarily examined for the

models. However, the correlation matrix is only an indicator of values that may

fit the model. Other variables have also been tested, and the final models have

been constructed with the trial-and-error method.
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Figure 15 Correlation matrix. Green represents positive correlation and red negative
correlation. The darker colors represent a higher absolute value.
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3.2.1 Market value model

The market value of a firm is represented by its market capitalization, which
occurs by multiplying the number of the issued ordinary shares by the share price.
The utilization of the market cap deems appropriate given that all the examined
companies are publicly traded, and, thus, their market value is defined by the
stock exchange. The regression model developed uses the natural logarithm of the
market cap as the dependent variable (LMV). The rationale behind this decision is
that the extremely high numerical values of the market cap (billions of USD)
would significantly reduce the usableness and practicability of the model, whereas

the logarithmic values lead to beta coefficients that are easier to interpret.
LMV = In(Market Cap) = In (# ordinary share - share price)

The model attempts to assess and quantify the impact of ESG scores on the market
value of US energy companies. For this purpose, the ESG score is used as a
predictor in the regression. Apart from the ESG element, the regression model
needs to employ further independent variables to make accurate predictions for
the firm’s market value. For this purpose, the firm’s total debt and revenues are
selected. Both measures are easy-to-use since they are reported on the balance
sheet and the income statement respectively and have an impact on the firm’s
market value. The amount of debt undertaken is a crucial financing decision that
the company’s shareholders, as well as the overall stock market, need to consider
when investing. Similarly, the revenues express the company's profitability and
affect the number of dividends that the firm pays to the shareholders. Many
studies have used a debt-over-assets ratio as well as the natural logarithm of total
revenues for modeling a firm’s financial performance and market value (Ahmad
et al., 2021; Alareeni & Hamdan, 2020; Elsayed & Paton, 2005; Velte, 2017; Wong
et al, 2021). Under the above perspective, the present model employs the
following variables to account for the effect of debt and revenues on the market

value of US energy companies.

_ Total debt
" Total assets

LREV = In (Total revenues)

The regression model constructed can be expressed as:
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LMV:C+BI'LREV+62'LEV+B3'ESG+£

Descriptive statistics

The mean value of LMV is 21.437, which suggests that the mean market value of a
US NYSE-inducted energy firm, for the examined period, is approximately $2.04
billion. A similar pattern is observed for the distribution of logarithmic revenues,
which has a mean value of 21.172 but is significantly more leptokurtic (kurtosis >
3). The firm’s leverage cannot take negative values since the LEV variable is
calculated as the ratio of debt over total assets, whose minimum value is 0 (no
debt). Finally, the ESG scores can range between 0 and 1, while the present dataset
has a mean of 0.374 and a maximum of 0.881. The distribution is positively skewed
(o« = 0.61) and slightly platykurtic (a* = 2.38).

The descriptive statistics of the model’s variables are summarized in Table 3.

LMV LREV LEV ESG
Mean 21.437 21.172 0.344 0.374
Median 21.225 20.959 0.322 0.332
Standard deviation 1.804 1.955 0.234 0.201
Minimum 16.715 0.260 0.000 0.045
Maximum 26.649 26.356 2.784 0.881
Skewness 0.431 -1.328 2.166 0.610
Kurtosis 2.796 20.402 20.114 2.384

Table 3 Market value model - Descriptive statistics.
Regression results

The regression results are summarized in Table 4.
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Dependent variable: LMV
Observations: 429
Variable B S.E. t-stat. Probability VIF
C 6.261 0.623 10.044 0.0000 -
LREV 0.700 0.031 22.314 0.0000 1.690
LEV -0.529 0.228 -2.327 0.0204 1.006
ESG 1.717 0.285 6.029 0.0000 1.682
R? 0.740 SSrEs 353.562
Ripy 0.738 F-stat. 402.889
S.E. 0.912 Prob. (F-stat.) 0.0000

Table 4 Market value model — Regression results.

The model has a significantly increased R? value, that exceeds 70%, which is not
relatively common in econometric regressions. Consequently, it can be concluded
that the model has a very good fitting and that the 3 independent variables provide
a reliable estimation for the firm’s market value. At the same time, the adjusted R?
does not deviate from the R? signifying that there is no spurious increase of the
R? due to the inclusion of redundant variables. This conclusion is supported by
the t-statistic and the respective probabilities, which are below the 5% threshold,
suggesting that all variables are statistically significant at the 5% confidence level.
As far as multicollinearity is concerned, the Variance Inflation Factors (VIF) are all
below the usual thresholds of 5 and 10, verifying that the model does not have

multicollinearity.

Once the model’s fitting, significance, and multicollinearity are assessed, it is
important that the coefficients are analyzed, as they quantify the relationships
among the regressors and the dependent variable. Both the revenues and the ESG
scores appear to positively affect the market value as their coefficients have
positive signs, while the leverage variable has a negative coefficient and,
consequently, a negative impact on the market value. Focusing on the impact of
the ESG, the effect of an 0.01 (1%) unit increase of the score on the firm’s market

value can be calculated as follows:

Assuming that all other variables remain constant and that LMV’ is the new

logarithmic market value:
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LMV =z = c + B, - LREV + B, - LEV + B5 - ESG
LMV’ =z’ = ¢ + B, - LREV + B, - LEV + B5 - (ESG + 0.01)

The change in the market value can expressed as:

"—e? g7
= = ? -1 = e63'0'01 -1 = e0'017 —-1=1.73%

Z

e
oMV =

Therefore, a 0.01 absolute increase in the ESG score causes a 1.73% increase in the
absolute market value of a firm. Considering the average LMV value of 21.437, it
can be derived that the corresponding average market value is $2.041 billion. As a
result, an averagely valued company that manages to increase its ESG score by

0.01 units (1%) experiences a $35.2 million increase in its market value.

Residual diagnhostics

The residuals of the regression model should be tested for normality and
homoskedasticity to assess the unbiasedness, consistency, and efficiency of the

OLS estimators. The descriptive statistics of the residuals are presented in Table 5.

Mean 0.000
Median -0.007
Standard deviation 0.909
Minimum -2.610
Maximum 2.673
Skewness -0.084
Kurtosis 2.726

Table 5 Market value model — Residual diagnostics.

The normality of the residuals is assessed by the Jarque-Bera test. The null and

alternative hypotheses are stated:

* Hj: The residuals are normally distributed.
* H,: The residuals are not normally distributed.

The Jarque-Bera statistic follows a chi-square distribution with 2 degrees of

freedom. At the 5% significance level:
X(2yerit = 5.99 > 1.85 = |B
The null hypothesis is, therefore, accepted (fail to reject), and the distribution of

the error terms is normal. A histogram of the residuals along with a normal
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distribution curve is presented in Figure 16. It can be observed that the normal
curve fits the histogram sufficiently, despite the slightly negative skewness,
depicted by the longer and flatter left tail of the histogram, and the slightly
negative excess kurtosis, depicted by the slightly platykurtic shape of the

histogram.

Figure 16 Market value model - Histogram of the residuals on a normal distribution curve.

The presence of heteroskedasticity is assessed by the White test. Initially, the
squared residuals are regressed over the independent variables, their square

values as well as their cross-products.

The results of the regression are summarized in Table 6.
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Dependent variable: €2
Observations: 429

Variable § S.E. t-stat. Probability
C 14.112 8.648 1.632 0.1034
LREV -1.690 0.857 -1.972 0.0493
LEV 0.842 4.792 0.176 0.8606
ESG 22.946 5.825 3.939 0.0001
LREV 2 0.050 0.021 2.335 0.0200
LEV 2 -0.802 0.773 -1.038 0.2997
ESG 2 2.362 1.845 1.280 0.2011
LREV-LEV 0.029 0.244 0.119 0.9049
LREV-ESG -1.142 0.301 -3.800 0.0002
LEV-ESG -1.597 2.224 -0.718 0.4731
R? 0.078 SSREs 463.710
Rip) 0.058 F-stat. 3.924
S.E. 1.052 Prob. (F-stat.) 0.000

Table 6 Market value model — White test results.
The null and alternative hypotheses are stated:

* Hp: By =B, = = By = 0 (homoskedasticity).
* H,: Atleast one B # 0 (heteroskedasticity).

The auxiliary regression has 9 degrees of freedom, therefore n - R ~X%9)- At the 5%

significance level:
X{oyerit = 16.92 < 33.35 = n - R?

Therefore, the null hypothesis is rejected, and the residuals of the model suffer
from heteroskedasticity, which affects the efficiency of the estimators. The White
correction is applied to remedy the heteroskedastic error terms. The correction
concerns the biased standard errors and has no impact on the regression

coefficients.

The White-corrected regression results are presented in Table 7.
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Dependent variable: LMV
Observations: 429
Huber-White-Hinkley (HC1) heteroskedasticity consistent SE and covariance

Variable B S.E. t-stat. Probability VIF
C 6.261 0.678 9.228 0.0000 -
LREV 0.700 0.036 19.660 0.0000 2.719
LEV -0.529 0.214 -2.478 0.0136 1.004
ESG 1.717 0.315 5.449 0.0000 2.715
R? 0.740 SSrEs 353.562
Ripy 0.738 F-stat. 402.889
S.E. 0.912 Prob. (F-stat.) 0.0000

Table 7 Market value model - Regression results after White correction.

A comparison between Table 4 and Table 7 verifies that only the standard errors
of the coefficients are corrected to allow for solid hypothesis testing under the
presence of heteroskedasticity. Correspondingly, the t-statistics and their
probabilities are also altered. As far as the variance inflation factors are concerned,
they are still below the “5” threshold, indicating the absence of multicollinearity

from the regression.

Forecast

The regression models are constructed based on observations for the 2015-2019
period. The ESG score model is employed to make a forecast for 2020. Overall, 89

forecasts are made, as 33 companies fail to provide substantial data for 2020.

The statistics employed for evaluating the forecast are shown in Table 8.

MAE RMAE MSE RMSE
0.955 0.977 1.486 1.219
Theil’'s U Bias Variance Covariance
0.029 0.282 0.099 0.620

Table 8 Market value model — Forecast results.

The model has a very satisfactory forecasting ability as the Theil’s U is significantly

low, approaching its minimum value. The covariance proportion, which is slightly
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increased, expresses the unsystematic error and is regarded as a less problematic

component.

3.2.2 Market value alternative, dummy model

An alternative model with dummy variables for the market value model is also

examined. The model used is given as:
LMV:C+Bl'LREV+Bz'LEV+B3'HSD+B4'LSD+£

This model replaces the ESG score variable with the two dummy variables HSD
(High Score Dummy) and LSD (Low Score Dummy) (Limkriangkrai et al., 2017b).
The definition of the ESG dummies relies on the subscores of the 3 ESG

components:

=  ENV: environmental score.
= SOC: social score.
* GOV: governance score.

The dummy variables are defined as follows:

* If atleast two of the three individual ESG scores are greater than 75% (B+ rating
and above), the HSD is equal to 1. In any other case, it is equal to 0.

* If at least two of the three individual ESG scores are lesser than 25% (D+ rating
and below), the LSD is equal to 1. In any other case, it is equal to 0.

Regression results

The regression results are summarized in Table 9.
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Dependent variable: LMV
Observations: 429
Variable § S.E. t-stat. Probability VIF
C 5.994 0.662 9.060 0.0000 -
LREV 0.743 0.030 25.134 0.0000 1.470
LEV -0.476 0.230 -2.068 0.0393 1.010
HSD 0.883 0.189 4.679 0.0000 1.170
LSD -0.238 0.105 -2.274 0.0234 1.324
R® 0.735 SSREs 359.930
Ripy 0.734 F-stat. 294.247
S.E. 0.921 Prob. (F-stat.) 0.0000

Table 9 Market value alternative dummy model — Regression results.

The model has a significantly increased R* value that exceeds 70% and is not
relatively common in econometric regressions. Consequently, it can be concluded
that the model has a very good fitting and that the three independent variables
provide a reliable estimation for the firm’s market value. At the same time, the
adjusted R? does not deviate from the R?, signifying that there is no spurious
increase of the R? due to the inclusion of redundant variables. This conclusion is
supported by the t-statistic and the respective probabilities, which are below the
5% threshold, suggesting that all variables are statistically significant at the 5%
confidence level. As far as multicollinearity is concerned, the Variance Inflation
Factors (VIF) are all below the usual thresholds of 5 and 10, verifying that the

model does not suffer from multicollinearity.

Once the model’s fitting, significance, and multicollinearity are assessed, it is
important that the coefficients are analyzed and discussed as they are the ones that
quantify the relationships among the regressors and the dependent variable. Both
the revenues and the HSD dummy appear to positively affect the market value as
their coefficients have positive signs, while LEV and LSD have a negative
coefficient and, consequently, a negative impact on the market value. Focusing on

the impact of the dummies, the following cases are examined:
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Achieving an over 75% score in at least two of the ESG subcategories and,
assuming that all other variables remain constant and that LMV’ is the new

logarithmic market value:
LMV =z =c+ B, -LREV + B, - LEV + B3 - 0 + B, - LSD
LMV'=z'=c+ B, LREV+ B, -LEV+B5-1+ B, LSD

The change in the market value can be expressed as:

! !
Z _ ot ez

—=——1=efs —1=e08% _1=142%
e e
On the other hand, if the scores fall below 25% score in at least two of the ESG

subcategories, then, assuming that all other variables remain constant and that

e
oMV =

LMYV’ is the new logarithmic market value:
LMV'=z'"=c+ B, LREV+B,-LEV+B5;-HSD+B,-1

The change in the market value can be expressed as:

"—e? 7
. =_Z_1=e34_1=e_0'238—1=—21.2%
e e
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e
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The results can be interpreted as follows. A company that succeeds in increasing
its ESG scores above 75% in at least two sub-categories while maintaining constant
revenues and leverage can more than double its market value. On the other hand,
if it fails to meet high, or even mediocre, ESG standards, the market value may
reduce by approximately 20%. The current findings support the hypothesis that

modern investors significantly value a firm’s ESG performance.

Residual diagnostics

The residuals of the regression model should be tested for normality and
homoskedasticity to assess the unbiasedness, consistency, and efficiency of the
OLS estimators. The descriptive statistics of the residuals are presented in Table
10.
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Mean 0.000
Median -0.030
Standard deviation 0.917
Minimum -2.975
Maximum 2.371
Skewness -0.098
Kurtosis 2.731

Table 10 Market value alternative dummy model - Residual diagnostics.

The Jarque-Bera test assesses the normality of the residuals. The null and

alternative hypotheses are stated:

* Hj: The residuals are normally distributed.
* H,: The residuals are not normally distributed.

The Jarque-Bera statistic follows a chi-square distribution with 2 degrees of

freedom. At the 5% significance level:
XCyerit = 5-99 > 1.99 = |B

Therefore, the null hypothesis is accepted (fail to reject), and the distribution of the
error terms is normal. A histogram of the residuals and a normal distribution curve
are presented in Figure 17. It can be observed that the normal curve fits the
histogram sufficiently, despite the slightly negative skewness depicted by the
longer and flatter left tail of the histogram, and the slightly negative excess
kurtosis, depicted by the slightly platykurtic shape of the histogram.
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Figure 17 Market value alternative dummy model - Histogram of the residuals on a normal
distribution curve.

The presence of heteroskedasticity is assessed by the White test. Initially, the
squared residuals are regressed over the independent variables, their square
values as well as their cross-products. The results of the regression are

summarized in Table 11.
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Dependent variable: €2
Observations: 429

Variable § S.E. t-stat. Probability
C -9.443 9.942 -0.950 0.3427
LREV 0.849 0.883 0.961 0.3372
LEV 0.815 5.237 0.156 0.8763
LREV 2 -0.017 0.020 -0.876 0.3816
LEV 2 -0.998 0.808 -1.236 0.2172
HSD 2 -0.009 0.240 -0.038 0.9698
LSD 2 2.305 5.301 0.435 0.6639
LREV-LEV 0.187 2.072 0.090 0.9283
LREV-HSD  -0.124 0.212 -0.586 0.5580
LREV-LSD -0.017 0.098 -0.172 0.8639
LEV-HSD -0.798 1.988 -0.401 0.6883
LEV-LSD 0.638 0.705 0.905 0.3662

R? 0.059 SSrEs 491.804
Rip) 0.034 F-stat. 2.379
S.E. 1.086 Prob. (F-stat.) 0.007

Table 11 Market value alternative dummy model — White test results.
The null and alternative hypotheses are stated:
* Hp: B =B = = B9 = 0 (homoskedasticity).
* H,: Atleast one B # 0 (heteroskedasticity).

The auxiliary regression has 11 degrees of freedom, therefore n - R ~xf9). At the
5% significance level:

Xtinerie = 19.68 < 25.33 = n - R?
Therefore, the null hypothesis is rejected, and the residuals of the model suffer
from heteroskedasticity, which affects the efficiency of the estimators. The White
correction is applied to remedy the heteroskedastic error terms. The correction

concerns the biased standard errors and has no impact on the coefficients of the

regression.

The White-corrected regression results are presented in Table 12.
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Dependent variable: LMV
Observations: 429
Huber-White-Hinkley (HC1) heteroskedasticity consistent SE and covariance

Variable & S.E. t-stat. Probability VIF
C 5.994 0.659 9.090 0.0000 -
LREV 0.743 0.030 24.773 0.0000 2.252
LEV -0.476 0.212 -2.243 0.0254 1.014
HSD 0.883 0.129 6.817 0.0000 1.770
LSD -0.238 0.107 -2.227 0.0265 1.572

R? 0.735 SSRrEs 359.930
Rip 0.733 F-stat. 294.247
S.E. 0.921 Prob. (F-stat.) 0.0000

Table 12 Market value alternative dummy model - Regression results after White correction.

A comparison between Table 9 and Table 12 verifies that only the standard errors
of the coefficients are corrected to allow for solid hypothesis testing under the
presence of heteroskedasticity. Correspondingly, the t-statistics and their
probabilities are also altered. As far as the variance inflation factors are concerned,
they are still below the “5” threshold, indicating the absence of multicollinearity

from the regression.

Forecast

The statistics employed for evaluating the forecast are shown in Table 13.

MAE RMAE MSE RMSE

0.914 0.956 1.370 1.170
Theil’s U Bias Variance  Covariance

0.028 0.249 0.111 0.640

Table 13 Market value alternative dummy model — Forecast results.

The model’s results are similar to the ones examined in the original model. The
model has a very satisfactory forecasting ability as the Theil’s U is significantly
low, approaching its minimum value. The covariance proportion, which is slightly
increased, expresses the unsystematic error and is regarded as a less problematic

component.
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3.2.3 Risk model

Various theories and methodologies for approximating the risk of a company have
been introduced. A common way to evaluate the total risk that a publicly-traded
firm faces is through the volatility of its share price, which reflects all fluctuations
that either benefit or harm the company. The study utilizes the annualized
standard deviation of the daily stock returns as a proxy of the total risk that the
examined US energy companies are exposed to (Sassen et al., 2016b). The daily
stock return Ry is calculated as the natural logarithm of the current stock price over

the stock price of the previous trading day.
Re = In (P/P-1)
Once all daily stock returns have been collected, their standard deviation is

calculated and annualized by multiplying it by the square root of the total trading

days of the examined year.

Risk = st.dev(Ry) - /# trading days

This approach estimates the company’s annual risk, which is necessary given that
the regression models are constructed on an annual frequency. The total risk of the
tirst calendar year during which each firm entered the NYSE, is not calculated.
This omission is because during their first year in the stock exchange, companies
are traded for significantly lesser days, which could incur bias in the risk

estimation.

The developed regression model uses the calculated risk's natural logarithm as the
dependent variable (LRISK).

The regression model seeks to define and understand how the risk that the US
energy firms face can be affected by their ESG ratings. For this purpose, the
logarithmic ESG score (LESG) is used as a predictor in the regression. Apart from
the ESG element, the regression model needs to employ further independent
variables to make accurate predictions for the firm’s market value. For this
purpose, the firm’s total debt and Return on Assets (ROA) are selected. Both
measures are easy-to-use since the amount of debt is reported on the balance sheet,
and return on assets can be easily calculated as the net income (income statement)

over total asset (balance sheet) ratio. The amount of debt undertaken is a crucial

Natalia Vavoula 80



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A
REGRESSION STUDY

financing decision that the company’s shareholders, as well as the overall stock
market, need to consider when investing; similarly, the ROA expresses the
profitability of the company in relation to its assets and affects the number of
dividends that the firm pays to the shareholders. Many studies have used a debt-
over-assets ratio as well as the ROA metric for modelling a firm’s price volatility
and risk (Sassen et al., 2016; Shakil, 2020). The present model, under the above
perspective, employs the following variables to account for the effect of debt and

ROA on the risk faced by the US energy companies.

Total debt
LEV=————
Total assets

Net income
ROA=———
Total assets

The regression model constructed can be expressed as:

LRISK = c+ B, - LEV + B, - ROA + B3 - ESG + ¢

Descriptive statistics

The mean value of LRISK is -0.714, which suggests that the mean annual market
risk of a US NYSE-inducted energy firm for the examined period is approximately
48.97%. The distribution of the logarithmic risk is mesokurtic and has slightly
positive skewness. The firm’s leverage cannot take negative values since the LEV
variable is calculated as the debt ratio over total assets, whose minimum value is
0 (no debt). The mean return on assets for the examined dataset is -2.1%, while the
standard deviation is greater than 23%. The ROA distribution is positively skewed
and severely leptokurtic (38.591>>3). Finally, the ESG scores can range between 0
and 1, which suggests that the LESG is non-positive. The mean LESG value is -
1.141, which reflects a 0.32 ESG score, and the distribution is negatively skewed
(a® = —0.28) and slightly platykurtic (a* = 2.35).

The descriptive statistics of the model’s variables are summarized in Table 14.

Natalia Vavoula 81



ESG IN THE ENERGY SECTOR: A DUE DILIGENCE CHECKLIST AND A

REGRESSION STUDY

LRISK LEV ROA LESG
Mean -0.714 0.344 -0.021 -1.141
Median -0.759 0.322 0.001 -1.102
Standard deviation  0.511 0.234 0.235 0.581
Minimum -2.171 0.000 -1.286 -3.110
Maximum 0.816 2.784 2.554 -0.127
Skewness 0.331 2.166 2.736 -0.281
Kurtosis 2.967 20.114 38.591 2.348

Table 14 Risk model - Descriptive statistics.
Regression results
The regression results are summarized in Table 15.

Dependent variable: LRISK
Observations: 409

Variable B S.E. t-stat. Probability VIF
C -0.761 0.044 -17.331 0.0000 -
LEV 0.380 0.084 4.499 0.0000 1.054
ROA -0.939 0.128 -7.312 0.0000 1.052
LESG -0.648 0.080 -8.067 0.0000 1.003

R2 0.291 SSRES 42.791
R3p 0.286 F-stat. 55.367
S.E. 0.325 Prob. (F-stat.) 0.0000

Table 15 Risk model — Regression results.

The model does not have a very high R? value, a common phenomenon in
econometric regressions. Consequently, it can be concluded that the model has a
satisfactory fitting and that the three independent variables provide a sufficient
estimation for the firm’s risk. At the same time, the adjusted R? does not deviate
from the R?, signifying that there is no spurious increase of the R? due to the
inclusion of redundant variables. This conclusion is supported by the t-statistic
and the respective probabilities, which are below the 5% threshold, suggesting that
all variables are statistically significant at the 5% confidence level. As far as

multicollinearity is concerned, the Variance Inflation Factors (VIF) are all below
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the usual thresholds of 5 and 10, verifying that the model does not suffer from

multicollinearity.

Once the model’s fitting, significance, and multicollinearity are assessed, it is vital
that the coefficients are analyzed and discussed as they are the ones that quantify
the relationships among the regressors and the dependent variable. Both the ROA
and LESG variables appear to negatively affect the firm’s risk as their s have
negative signs, while the leverage variable has a positive coefficient and,
consequently, a positive impact on the risk. Focusing on the impact of the ESG, the

effect of a 10% increase of the score on the firm’s risk can be calculated as follows:

A 10% increase of the ESG score corresponds to an In(1.1) = 0.095 absolute
increase of the LESG

Assuming that all other variables remain constant and that LRISK’ is the new

logarithmic risk:
LRISK" = z" = ¢+ B; - LEV + 8, - ROA + 5 - (LESG + 0.095)

The change in the risk can expressed as:

! !
Z _ ot ez

= C 1 =eBs0.095 _ 1 = ¢=0062 _ 1 = _5990,

e
O6RISK =
e e’z

Therefore, a 10% increase in the ESG score causes a 5.99% decrease in the
annualized firm risk. Considering the average LRISK value of -0.714, it can be
derived that the corresponding average risk is 48.97%. As a result, a company of
average annual risk that manages to increase its ESG score by 10% experiences a

reduction of its risk by 2.93 percentage units.

Residual diagnostics

The residuals of the regression model should be tested for normality and
homoskedasticity to assess the unbiasedness, consistency, and efficiency of the

OLS estimators. The descriptive statistics of the residuals are presented in Table
16.
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Mean 0.000
Median 0.005
Standard deviation 0.324
Minimum -1.019
Maximum 1.019
Skewness -0.104
Kurtosis 3.394

Table 16 Risk model - Residual diagnostics.

The Jarque-Bera test assesses the normality of the residuals. The null and

alternative hypotheses are stated:

* Hj: The residuals are normally distributed.
* H,: The residuals are not normally distributed.

The Jarque-Bera statistic follows a chi-square distribution with 2 degrees of

freedom. At the 5% significance level:
XCyeric = 5-99 > 3.38 = ]B

Therefore, the null hypothesis is accepted (fail to reject), and the distribution of the
error terms is normal. A histogram of the residuals and a normal distribution curve
are presented in Figure 18. It can be observed that the normal curve fits the
histogram sufficiently, despite the slightly negative skewness depicted by the
longer and flatter left tail of the histogram, and the slightly positive excess kurtosis,

depicted by the slightly leptokurtic shape of the histogram.
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Figure 18 Risk model - Histogram of the residuals on a normal distribution curve.

The White test assesses the presence of heteroskedasticity. Initially, the squared
residuals are regressed over the independent variables, their square values, and

their cross-products. The results of the regression are summarized in Table 17.
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Dependent variable: €2
Observations: 409

Variable § S.E. t-stat. Probability
C 0.094 0.048 1.984 0.0479
LEV 0.201 0.141 1.425 0.1550
ROA -0.118 0.164 -0.720 0.4721
LESG -0.295 0.215 -1.374 0.1702
LEV 2 -0.048 0.126 -0.377 0.7061
ROA 2 0.300 0.228 1.311 0.1905
LESG 2 0.332 0.207 1.608 0.1086
LEV-ROA 0.469 0.273 1.721 0.0860
LEV-LESG 0.027 0.262 0.104 0.9169
ROA-LESG 0.185 0.356 0.520 0.6034

R? 0.049 SSREs 10.187
Rip) 0.028 F-stat. 2.305
S.E. 0.160 Prob. (F-stat.) 0.015

Table 17 Risk model — White test results.
The null and alternative hypotheses are stated:

* Hp: By =B = = B9 = 0 (homoskedasticity).
* H,: Atleast one B # 0 (heteroskedasticity).

The auxiliary regression has 9 degrees of freedom, therefore n - R*~x%,. At the 5%

significance level:
X%‘))crit = 16.92 < 20.22 = n-R?

Therefore, the null hypothesis is rejected, and the model's residuals suffer from
heteroskedasticity, which affects the efficiency of the estimators. The White
correction is applied to remedy the heteroskedastic error terms. The correction
concerns the biased standard errors and has no impact on the regression

coefficients.

The White-corrected regression results are presented in Table 18.
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Dependent variable: LRISK
Observations: 409
Huber-White-Hinkley (HC1) heteroskedasticity consistent SE and covariance

Variable B S.E. t-stat. Probability VIF
C -0.761 0.041 -18.354 0.0000 -
LEV 0.380 0.092 4.149 0.0000 1.122
ROA -0.939 0.140 -6.700 0.0000 1.120
LESG -0.648 0.084 -7.739 0.0000 1.002
R? 0.291 SSRES 42.791
Ripy 0.286 F-stat. 55.367
S.E. 0.325 Prob. (F-stat.) 0.0000

Table 18 Risk model - Regression results after White correction.

A comparison between Table 15 and Table 18 verifies that only the standard errors
of the coefficients are corrected to allow for solid hypothesis testing under the
presence of heteroskedasticity. Correspondingly, the t-statistics and their
probabilities are also altered. As far as the variance inflation factors are concerned,
they are almost minimum (slightly greater than 1), indicating the absence of

multicollinearity from the regression.

Forecast

The regression models are constructed based on observations for the 2015-2019
period. The ESG score model is employed to make a forecast for 2020. Overall, 89

forecasts are made, as 33 companies fail to provide substantial data for 2020.

The statistics employed for evaluating the forecast are shown inTable 19.

MAE RMAE MSE RMSE
0.539 0.734 0.379 0.615
Theil’s U Bias Variance Covariance
0.392 0.754 0.101 0.145

Table 19 Risk model — Forecast results.

The model has a mediocre forecasting ability as Theil’s U is slightly lower than 0.5.
The high bias proportion also verifies the reduced forecasting performance of the
model. The variance and covariance proportions, however, are significantly lower,

suggesting that no revision of the model is necessary.
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3.2.4 Risk alternative, dummy model

An alternative model with dummy variables is also examined. The model used is

given as:
LMV=c+ 3, -LEV+3,-ROA+3;-HSD+,-LSD + ¢

This model replaces the ESG score variable with the two dummy variables HSD
(High Score Dummy) and LSD (Low Score Dummy) (Sassen et al., 2016). The

definition of the ESG dummies relies on the subscores of the 3 ESG components:

=  ENV: environmental score.
= SOC: social score.
= GOV: governance score.

The dummy variables are defined as follows:

» If atleast two of the three individual ESG scores are greater than 75% (B+ rating
and above), the HSD is equal to 1. In any other case, it is equal to 0.

= If at least two of the three individual ESG scores are lesser than 25% (D+ rating
and below), the LSD is equal to 1. In any other case, it is equal to 0.

Regression results
The regression results are summarized in Table 20.

Dependent variable: LRISK
Observations: 409

Variable B S.E. t-stat. Probability VIF
C -1.018 0.034 -29.566 0.0000 -
LEV 0.365 0.085 4.293 0.0000 1.059
ROA -0.983 0.129 -7.604 0.0000 1.055
HSD -0.397 0.065 -6.128 0.0000 1.059
LSD 0.116 0.034 3.420 0.0007 1.051

R’ 0.285 SSkes 43.118
Ripy 0.278 F-stat. 40.344
S.E. 0.327 Prob. (F-stat.) 0.000

Table 20 Risk alternative dummy model — Regression results.
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The model does not have a very high R? value, a common phenomenon in
econometric regressions. Consequently, it can be concluded that the model has a
satisfactory fitting and that the three independent variables provide a sufficient
estimation for the firm’s risk. At the same time, the adjusted R? does not deviate
from the R?, signifying that there is no spurious increase of the R* due to the
inclusion of redundant variables. This conclusion is supported by the t-statistic
and the respective probabilities, which are below the 5% threshold, suggesting that
all variables are statistically significant at the 5% confidence level. As far as
multicollinearity is concerned, the Variance Inflation Factors (VIF) are below the
usual thresholds of 5 and 10, verifying that the model does not suffer from

multicollinearity.

Once the model’s fitting, significance, and multicollinearity are assessed, the
coefficients must be analyzed and discussed as they are the ones that quantify the
relationships among the regressors and the dependent variable. Both the ROA and
HSD variables appear to negatively affect the firm’s risk as their 3s have negative
signs, while the LEV and LSD have positive coefficients and, consequently,
positive impact on the risk. Focusing on the impact of the ESG dummies, the

following cases are examined:

Achieving an over 75% score in at least two of the ESG subcategories and,
assuming that all other variables remain constant and that LRISK” is the new

logarithmic market value:
LRISK=z=c+ ;- LEV+ 3, - ROA+ 5-0+ B, LSD
LRISK' = 2" =c+ B, " LEV+ B, ROA+ B3~ 1+, LSD

The change in the risk can be expressed as:

z’_ez ez’
1= 1=t 1= a3y,

e
SRISK =

On the other hand, if the scores fall below 25% score in at least two of the ESG
subcategories, then, assuming that all other variables remain constant and that

LRISK" is the new logarithmic market value:
LRISK =z = c+ B, - LEV + B, - ROA + B3 - HSD + B, - 0
LRISK’:Z, = C+81'LEV+BZ'ROA+B3'HSD+B4'1
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The change in the risk can be expressed as:

z'_ez ez'
=——1=efr—1=¢%1°-1=12%

ORISK =
e’ e’

The results can be interpreted as follows. A company that succeeds in increasing
its ESG scores above 75% in at least two sub-categories, while maintain constant
ROA and leverage, can reduce its annual risk by 33%. On the other hand, if it fails
to meet high, or even mediocre, ESG standards, that could increase its annual risk
by 12%. The current findings support the hypothesis that modern investors
significantly value a firm’s ESG performance.

Residual diaghostics

The residuals of the regression model should be tested for normality and
homoskedasticity to assess the unbiasedness, consistency, and efficiency of the
OLS estimators. The descriptive statistics of the residuals are presented in Table
21.

Mean 0.000
Median 0.003
Standard deviation 0.325
Minimum -0.903
Maximum 1.132
Skewness -0.131
Kurtosis 3.450

Table 21 Risk alternative dummy model — Residual diagnostics.

The Jarque-Bera test assesses the normality of the residuals. The null and

alternative hypotheses are stated:

* Hp: The residuals are normally distributed.
* H,: The residuals are not normally distributed.

The Jarque-Bera statistic follows a chi-square distribution with 2 degrees of

freedom. At the 5% significance level:
XC2yerit = 5.99 > 4.62 = |B

Therefore, the null hypothesis is accepted (fail to reject), and the distribution of the

error terms is normal. A histogram of the residuals and a normal distribution curve
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are presented in Figure 19. It can be observed that the normal curve fits the
histogram sufficiently, despite the slightly negative skewness depicted by the
longer and flatter left tail of the histogram, and the slightly positive excess kurtosis,
depicted by the slightly leptokurtic shape of the histogram.

Figure 19 Risk alternative dummy model - Histogram of the residuals on a normal distribution
curve.

The presence of heteroskedasticity is assessed by the White test. Initially, the

squared residuals are regressed over the independent variables, their square

values as well as their cross-products. The results of the regression are

summarized in Table 22.
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Dependent variable: €2
Observations: 409

Variable § S.E. t-stat. Probability
C 0.068 0.028 2.450 0.0147
LEV 0.106 0.112 0.941 0.3472
ROA -0.067 0.133 -0.504 0.6146
LEV 2 0.092 0.131 0.705 0.4810
ROA 2 0.347 0.234 1.482 0.1392
HSD 2 0.038 0.074 0.514 0.6075
LSD 2 0.000 0.034 -0.009 0.9929
LEV-ROA 0.472 0.279 1.690 0.0918
LEV-HSD -0.225 0.259 -0.868 0.3857
LEV-LSD -0.067 0.096 -0.699 0.4852
ROA-HSD 0.261 0.371 0.704 0.4820
ROA-LSD 0.009 0.138 0.064 0.9489

R? 0.035 SSREs 10.749
Rip) 0.008 F-stat. 1305
S.E. 0.165 Prob. (F-stat.) 0.219

Table 22 Risk alternative dummy model — White test results.
The null and alternative hypotheses are stated:

* Hp: B =B = = B9 = 0 (homoskedasticity).
* H,: Atleast one B # 0 (heteroskedasticity).

The auxiliary regression has 11 degrees of freedom, therefore n - R ~xf9). At the

5% significance level:
Xernerie = 19.68 > 14.27 = n - R?

Therefore, the null hypothesis is accepted (fail to reject), and the residuals of the
model do not suffer from heteroskedasticity.

Forecast

The statistics employed for evaluating the forecast are presented in Table 23.
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MAE RMAE MSE RMSE
0.530 0.728 0.365 0.605
Theil’s U Bias Variance Covariance
0.383 0.758 0.105 0.137

Table 23 Risk alternative dummy model — Forecast results.

The model’s results are similar to those examined in the original model. The model
has a mediocre forecasting ability as Theil’s U is slightly lower than 0.5. The high
bias proportion also verifies the reduced forecasting performance of the model.
However, the variance and covariance proportions are significantly lower,

suggesting that no model revision is necessary.
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4. Conclusions

The main conclusion of the thesis is that ESG metrics are already in place and
widely acknowledged. Reporting on the company’s ESG criteria and scoring high

on ESG metrics has been proved to impact the company’s value and risks.

Global and local guidelines and frameworks focusing on ESG and Sustainability
are already in place. Even though there are opportunities for improvement, clear
goals and implementation strategies have already been defined, and governments,
communities, companies, and individuals are working towards achieving them.
Methodologies for assessing the ESG scores, such as GRI, SASB, CSA, GHG
Protocol, ATHEX, and Refinitv, have been identified and companies employ them
to publicly report on their performance in terms of ESG. Based on the frameworks,
the guidelines, and the tools analyzed, a due diligence checklist has been
introduced for companies in the Energy Sector. The checklist consists of 26 controls
points, divided into environmental, social, and governance practices. Based on the
checklist, the reviewer can assess the company’s performance on the ESG metrics

and identify risks and opportunities.

The regression analysis confirms the rationale that the ESG is an intangible factor
that significantly impacts the market value and risk of the energy firms. More
specifically, the market value model reveals that a 1-unit increase in the overall
ESG score leads to a 1.73% increase in the company’s market value. This increase

corresponds to $35.3m for an averagely-valued US energy company. Moreover,
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the alternative dummy model shows that very high (low) scores in the ESG
subcategories result in a significant increase (decrease) of the firm’s market value,
suggesting that by improving (deteriorating) its ESG performance, a company can
experience important growth (decline) in terms of market value. As far as the risk
is concerned, the corresponding model proposes that a 10% increase in the overall
ESG score leads to a 5.99% reduction in the annual risk faced by the energy firms.
This reduction corresponds to a 2.93 percentage unit decrease for a firm of average
risk. The alternative dummy model concludes that very high (low) scores in the
ESG subcategories result in an important decrease (increase) of the firm’s risk,
suggesting that by improving (deteriorating) its ESG performance, a company can
experience a substantial decline (growth) in terms of risk. Overall, the market
value model is more robust as it has a higher R* and better forecasting
performance. Despite this slight discrepancy, both models suggest that by
focusing on its ESG performance, an energy firm can benefit by increasing its

market value and reducing its annual risk.

In conclusion, investors and stakeholders must focus on the ESG as a factor that
impacts the value of a company that will keep growing due to the purchasing

behavior of the younger generations.
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