DEVELOPMENT OF AN ENTERPRISE RISK

MANAGEMENT MODEL FOR RENEWABLE POWER

PROJECTS IN INDIA

PADAM NARAYAN

DEPARTMENT OF CIVIL ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI

JULY 2025



© Indian Institute of Technology Delhi (II'TD), New Delhi, 2025



DEVELOPMENT OF AN ENTERPRISE RISK
MANAGEMENT MODEL FOR RENEWABLE POWER
PROJECTS IN INDIA

by

PADAM NARAYAN

Department of Civil Engineering

Submitted

In fulfilment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
JULY 2025



Dedicated to My Dad



CERTIFICATE

This is to certify that the thesis entitled “Development of an enterprise risk management model for
renewable power projects in India”, being submitted by Mr. Padam Narayan to the Indian Institute
of Technology Delhi for the award of the degree of Doctor of Philosophy is a boanfide record of the
research work carried out by him under our supervision and guidance. The thesis work, in our opinion,

has reached the requisite standard, fulfilling the requirements for the degree of Doctor of Philosophy.

The contents of this thesis, in full or in parts, have not been submitted to any other University or

Institute for the award of any degree or diploma.

Dr. Santu Kar Dr. Kumar Neeraj Jha
(Assistant Professor) (Professor)
Department of Civil Engineering Department of Civil Engineering
Indian Institute of Technology Guwahati Indian Institute of Technology Delhi

Asssam, 781039, India New Delhi, 110016, India



ACKNOWLEDGEMENTS

First and foremost, I would like to thank God for providing me this opportunity, granting capability to

proceed successfully, and helping me to complete this thesis at its best.

I would like to extend my sincere gratitude to my supervisor, Prof. K. N. Jha, Department of
Civil Engineering, IIT Delhi, and Dr. Santu Kar, Department of Civil Engineering, IIT Guwahati, for
their constant support, motivation, enthusiasm, consistent and inspiring guidance, and utmost
cooperation at every stage of this research. Working under their supervision has been a highly educative

and memorable experience.

I am thankful to my student research committee members, Prof. J. T. Shahu and Prof. Sahil
Bansal of Department of Civil Engineering, IIT Delhi, and Prof. Seema Sharma, Department of

Management Studies, IIT Delhi, for providing me with their valuable inputs throughout my study.

I wish to take this opportunity to extend my sincere thanks to the faculty members of IIT Delhi
with whom I interacted occasionally. I also thank all the staff members of the Department of Civil
Engineering, IIT Delhi, for all the possible help rendered in administrative work. I am thankful to Dr.
Ravi Kumar K., Department of Energy Science and Engineering, for the timely help and guidance

rendered in my work.

As is the case with any empirical research, the respondents and interviewees played a major role
in providing me with significant inputs. I am grateful to all the respondents and interviewees who
contributed by filling in the questionnaires, sparing their valuable time, and giving insight into my

research problem.

I am very much indebted to Dr. Y.B.K. Reddy, former Additional General Manager, Solar Energy
Corporation of India Limited, without whom my doctoral research would have never seen the light of
the day. My sincere thanks to all other office colleagues, especially Sh. Vineet Kumar, Sh. Ankit
Agarwal, Sh. Harendra Tomar, Sh. Manohar A. Mate and Sh. C.P. Bhatnagar, for their continuous

support and motivation throughout the journey.

il



I thank my research group colleagues and friends Dr. Sparsh Johari, Dr. Ravindranadh Chowdary
Kamma, Aman Ahlawat, Pralayesh Guha, Abdul Gaffar Shaikjaan, G.S. Jagan, C. Murli Krishna, Sakshi
Katiyar, Venugopal Mahajan, Amit Kumar, Sreedevi A R, Dr. Garima Bhagat, Bhavisha Thakkar, Dr.
Siddharth Shankar and Dr. Sakshi Gupta with whom I have spent a considerable amount of time in
technical discussions at various stages of my research. A special thanks to Mr. Randheer Jha for the

cooperation he extended during my entire IITD tenure.

I would like to extend my deepest gratitude to my mother, brother, and his family, sister, and
her family, as well as my in-laws, for their constant support and encouragement throughout my studies.
I wholeheartedly thank my loving wife, Swati Joshi, and son Madhav Bansiwala for their unconditional

love and cooperation, without which this study would not have been possible at all.

PADAM NARAYAN

il



ABSTRACT

Conventional resources for electricity generation produce over three-fourths of the anthropogenic
emissions responsible for climate change. Therefore, the world is swiftly transitioning to embrace
renewable resources, such as solar, wind, and hydropower, to control climate change and
decarbonization. Further, they proved to be a potential solution to energy access and security concerns.
However, developing renewable power projects imposes numerous challenges, distinct from developing
projects with conventional resources, that require unique risk management strategies to ensure improved

performance and sustainable development.

Risk management in practice is far from the theoretical background and is one of the primary
reasons for derailed project performance, i.e., time and cost. Given the unique characteristics and the
exclusive challenges it imposes, the conventional approach to risk management may not be adequate.
Further, risk management is an enterprise's top management's prerogative, and the adoption of any
approaches depends heavily on their risk perception. Furthermore, the perception of risks and
management perspectives can significantly differ depending on the enterprise's role in the project (i.e.,
developer/ owner and principal contractor) and its listing types (i.e., public and private). Accordingly,
the following questions arise: How do risk perceptions and approaches vary with respect to the enterprise
role and listing type that influence renewable power project performance? What are the governing
factors, and how do we develop a risk management model tailor-made to the renewable sector to

influence their performance and sustainability parameters?

Prevailing literature has rarely examined the enterprise risk perception towards risk
management in developing renewable power projects, especially solar power projects. Moreover,
limited studies have been conducted to investigate enterprises' approach to managing risk based on their
roles and listing types. Further, limited studies are available on investigating solar power project risks
and their impact on project performance, primarily based on empirical evidence, while analyzing the
underlying contractors' approach to addressing them. In addition, risk issues and mitigation strategies

concerning the enterprises' sustainability and the precise analysis of their underlying structure and
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influences in the context of renewable resources are seldom reported. Although past studies illustrated
several risk management practices, their actual impact on project performance and sustainability through
empirical evidence is seldom reported. Further, the aspects were rarely available in the prevailing
literature, especially in the case of addressing the unique characteristics of renewable power project

development.

The study aims to evaluate the risk perceptions and management approaches by an enterprise in
developing a renewable power project concerning its role in the project, i.e., developer and principal
contractor, and its listing types, i.e., public and private. The study also aims to identify the critical risk
management practices specific to the sector and evaluate their influence in improving project
performance and sustainability parameters. Moreover, the study focuses on identifying the critical risks
in renewable project development and the appropriate risk mitigation strategies to control the risk

impact.

To address the research objectives, it was essential to identify and understand the current state
of risk management practices in renewable sector enterprises and test hypotheses for their influence on
performance and sustainability parameters. Thus, pragmatism research philosophy, which combined the
use of both positivism and interpretivism philosophies, was adopted in this study. Moreover, the study
adopted a combination of deductive and inductive approaches to address the questions, enabling data

collection through quantitative and qualitative means.

The study explored the differences in risk perceptions and management approaches concerning
enterprise role in the project and listing types, as well as the governing underlying factors through case
studies with similar attributes. The study revealed significant differences in the risk management
approaches, primarily in risk planning, risk sharing between the stakeholders, decision-making systems,
and coordination and reporting mechanisms, leading to differences in the project outcomes. While public
enterprises are more process-oriented, the private sector has a result-oriented inclination. Further, public
entities are document-driven, inflexible, and bound by bureaucratic decision-making systems that
consume more time, thereby preferring conventional approaches to risk management. Further,
developers in developing renewable projects, regardless of their listing types, prefer to transfer all the
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project risks to the contractor through a lumpsum turnkey (LSTK) mechanism. In contrast, contractors,
irrespective of their listing types, consciously accept the conditions. Contractor entities are result-
oriented, flexible, quick in decision-making, and perform collaborative risk management. By
determining and evaluating the differences in enterprises' perspectives and approaches under their listing
types and role in the project, underlying factors leading to their adoption, and their efficacy in developing

solar (renewable) power projects, the study fills a critical gap in the body of knowledge.

Given that when developing renewable power projects, developers prefer to transfer the risks,
perceived or non-perceived, to the contractor through an LSTK contract, the risk perception and
approaches of a contractor enterprise become more significant. To address the research questions, the
contractors' risk perceptions in their differing listing types, i.e., public and private, were studied through
case studies with similar attributes. While analyzing the contractors' management approach, the case
study evaluated the risks encountered and the impact they had on the project outcome. The study
outlined 16 key risk factors and their impact on project outcome, such as reworks, cost and time variance,
imposition of liquidated damages, loss of revenue, and disputes and claims. Further, the discussion with
the project team and functional leaders suggested potential mitigation measures. Further, the study
revealed that irrespective of the contractor's listing type, the approach toward risk management remains
casual, leading to derailed project outcomes. Moreover, lax planning, absence of formal risk
management, and non-adherence to the risk portfolio during all project phases were revealed. By
identifying the critical risks encountered and evaluating the contractors' perspective and adopted
approaches in their management through empirical evidence from India, the study fills the crucial gap

in the body of knowledge.

The comprehensive literature review identified limited studies that were focused on existing
practices and their state of implementation, critical risk issues, and mitigation strategies in the context
of the renewable industry. Further, the influence of these practices on improving the performance and
sustainability objectives was rarely explored. Therefore, this study investigates the current state of
practice of risk management, focusing on Indian renewable sector enterprises, based on discussions with

risk management practitioners and a questionnaire survey. The first section (referred to as Q1) of the
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questionnaire evaluated the influence of risk management practices on projects' performance and
sustainability parameters. The analysis of QI survey data, using exploratory factor analysis (EFA),
determined the critical risk management practices such as inclusive and long-term planning, engaging
dedicated risk officers, identifying, documenting, and updating risk management policy, and systematic
risk assessment, recording, and training. Further, by analyzing data using structural equation modeling
(SEM), the study determined that these practices significantly and positively influence the renewable
power project's performance and sustainability parameters. The study also provided comprehensive
insights into the current risk management practices being followed in Indian renewable power sector
enterprises. The study fills the critical gap by narrowing the vital practices and determining their level
of implementation in the Indian renewable power sector. Moreover, by determining their influence on

improving performance and sustainability, the study expands the existing body of knowledge.

The second section of the questionnaire survey (referred to as Q2) evaluated the influence of
risk mitigation strategies in containing the risk issues. The analysis of Q2 survey data, using EFA and
SEM, determined the key risk issues and mitigation strategies that were tailored for the development of
renewable power projects. Critical risk issues included a lack of project management, operational issues,
resource and infrastructure constraints, supply chain constraints, impractical regulations and
expectations, lack of technical standards, and industry and business risks, covering the entire gamut of
risks to the enterprises in the development of renewable power projects. Further, critical mitigation
strategies, such as digitalization, standardization, creating databases, policy framework, proactive
planning and process development, and improved stakeholder interaction and liaison, were found to
have a significant positive impact in mitigating risk issues. The study would allow enterprises to
recognize risks proactively, adopt an appropriate mitigation strategy, allocate risks appropriately, and
avoid disputes. This study adds value to the existing body of knowledge by exploring the risk mitigation
measures, their underlying structure, and their precise influence in reducing the impact on renewable

sectors' sustainable development through empirical evidence.

The risk professionals and enterprises can adopt the output of the study to modify/ adopt

appropriate approaches to address risk issues and enhance performance and sustainability. Further,
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practitioners can plan the identified risks in this study proactively and adopt appropriate mitigation
strategies to minimize the impact. Proactive action from decision-makers can provide a pronounced
understanding of risks and their impact. Further, it allows the timely deployment of appropriate
mitigation measures, thereby minimizing threats and maximizing opportunities. Moreover, enterprises
and practitioners can adopt the identified critical risk management practices to align project objectives

with the enterprise's long-term goals.

viii



LIS

STaarg uRadH & forg forieR AMHa-SIHd SaToi & di-a1dTs 3 3ferd &7 IdTe- [T Sared
& forT fpd M aret URURe® 818 GRT 81T 8 | ST, STaarg uRaa $fR faad= &1 M
T & o0 U Uhed & U T giam doll I sfer Samel, S fos WR, gaT SR Siafdgqd, §RIT
foroTeht JaTed TR OIR ¢ X8 81 $HP HTRad, 316/ ISl T Bl 3ol ugd 3R JReq fefansft &
fere we TuTfad Ay & T § ot wifid 5 o @1 81 gaifss, Tdievuiy fastdt uftarerrai
DI fAHRd 1 | $3 ISR Pt FANADl BT AT BT 8, S DI IRURS Jq1eql & Iq1Y
faomraxite aRaieHsl ¥ fird g, dawR forgd s8R UG 3R ad fasm gHfEa o= & fig
Sffgcia SRGY Teied YOIl &1 Sa=adhd il g

TUTdT ST eie & gRT uRaerT & UeR B GUR far ot G § SR fRRdT &1 agrar
T 8 | gTaiier, agR B ey et Sgifas geyfi & 9gd @R § SR uRasH1 % TR1e ye=H
¥ o iR wrufiies SR I VU 81 TR0 Juii GareHl &1 3 fagivarstt ok sad
URESHT e & Urg S aTelt faRiw gHifadl & gd gu, SiRaw Ueie & forg uruies efdeion
T 7Y 81 39 3ifafed, Il # Sif9H TeeH 39 i e &1 faRiwieR 8, 3ik sifeH
Teie DI B o i Usie Bt SifEH YRUm IR sgd 3ifdie 1R Brar 31 i ik
I ey & fore Iferd efBhivr ot yRon aRaeH1 § I9d &t YT @, STAuR 31al Tgd
SHER) 3R 39 Il yeR @, IrdeifAe 3riar s & SMUR W 1! i 8 It 3l
IR, Efafad Uy ST 81d §: SIRaH YRUME SR VB0 S8 ITH BT YHHT 3R e
TR & oo 7 Fr g1 & S 31 faoielt uRasm1 & UerlF o) gHIidd ovd 82 Tl R a1
2, 3R 89 3 Ui 3R fRRAT AT St &Y uHIidd A & g 3rerg & & e Uep ey weiem
sd golf 3 fasfyd ovd g2

Taferd Aifecd 2 31&r fotelt ufkaierre, =iy U § IR SHoit uRaierrsi, i fasfid
A B ORI YeieH 3 Ul S SHRa 4RO iR TR0 &1 WG 8 HH i &1 8 | 59 S,
gREeTTS B 3@t YH@Tsit iR fIfeT UeRi & SR W SR UeieH & e efdei &1 o
FRA & o rcdd T sreage & Iuas 81 AR Fholt IRTSHT SRaAT iR ufRaieH T & Ueri
TR 3% YHTT BT 911 A g AR AR ShaR! gRT I Halled B & [ Iugad DI
&1 faRANr X gU, T U ¥ SFHaSTT 16T TR SYTRA, 3199 Hi Suasd 3fdd i g
I B FRRET 3R e Tyt & gl o 37 sfafed TemT 3iR yHTal & Tdtes fazayor
el SifeH g 3R - UMl o1 -G gt Bt Raie fasan mar o giaifes, s srerami
= B SN Tee= gutsii &1 fRifd foean, afee srvas=a J1eg & Arend I URareHT & UeRH
3R FRRAT TSN IR I7h1 aRATAD THTE RIS 51 Bt RIS fovan T g1 S 3refmar, faRiy =y
¥ TaIHRuy faotell uRaoHT & fasm &1 3T faRmarstl & daifid H1 & AFd 8 98 Ugd,
TMge gt Hft vaiferd wnfee o Suas 3|

T 31T BT I 3H&fd Soll IR & I & IgHl gRT uRarer 1 & S9! YT,
YT, STAR AT YW SheR, 3R 3T RS ISR, 314fd, Ardeids a1 foft, & SR W Sifey
YRUTSHT 3R Tae B HI0N b1 Hetiich BT S | 31T BT 3,0 TAIhRuiIg 3ot & 3 forg fafry
AEAYUl SITEH Y& GUTSHf & Uga o3T SR URAISHT & UaRH iR fRRdT Avcs! & gur
A T I THIA BT Hed i 1 2 | 39 ifaad, T8 sreaa 31er uiaiorT [aery & Hegut

X



SR 3R 39 goal &I Fafd wa & fore IR Sifew 2= orHifadt &1 ugam &a W
W BT g

MY IEAT Bl SITUT DI D [AY, 3&d &F & Il & SIRGH Taie gu1sf H1 adqH™
U Y Uga BT 3R FHSAT 9UT YRl 3R fRRAT ATudS! IR 399 UHTd & forw uRepegmrait
BT TRIEUT HRAT SAAD AT | TH UBR, T AT H ATTGIRD T ST SR B ORI 14T,
S8 vgerare iR aRaAaTe T <RI &1 IuANT fhar Tl 39S 3farar, 3rena | Ul ol
ISIfd B P fore RIS IR M-S BN & T & -, 9 Asrds
3R O FreAT & A1 ¥ ST W8 GHT 8 THh|

T 37 A TR B 39 &1 YFdT 3R et eRT @ Tefid shiem yromaf 3ik
T&e EVH 0N T SiAR &1 Ul T, T B 1 Sfd-iigd BRI o1 Ht sreaad foedm| 59 srgaH
3 TaM faRydrelt arel ST R IR SHeit uikarerFet, dfe faftd STawR Sk U
SHER TSI & 1Y, 3T, Foh-Fon 3R Ao -Trae-e, HARE:, ¥ B Woidcy & ugarH
@1 URISH GXITde], YHER o@ 3R UHIMId Rulel &1 sierme fear T, $96 a8 34
REHIST & STAWR 3R ShaR & ARy UGG & AT Uh SRRFId =i off g3/ st |
ST vee eI & Heayqul 3faR &1 udT Iar, St &t aRarerT & aRomal & ofaR & forg sroft
€, 379 T ®U q SR Ao, RauRe! & s Sifaw AqrenesRur, Fofg o= &t goreR, 8iR
T 3R RUIfén o= 2nfiyd &1 S8t ArdeiHe a9 S Ufehar-3=44 ¢, o & & gRom-
3G DT ¢ | TP FATAl, Hdolf-oh YT GXATIA-HATTerd, SR SR ThAe! o o areft
JOTITerdl R a1 § S 3T THT T ITHI xd &, o SReH vefe & forg aRuives e
DI 31fere T fopar SITaT 8 | 39 3rdrdT, Fdte ity uRareTet o fasiid o3 o Saaud, =R
g8 foraft oft foifeT U R & 8, U arud et (LSTK) 3 & H1ed § SheR & gt afeaier
SR Y RIFTARE AT URig oRd & | 39 [Ausid, ShaR, 918 98 i off ffn R & &,
TId ¥ U S Xl DI WIHR B ¢ | SHER IRITY YROMH-I8, Tdia, ok o o aRd gid
g 3R weantt Sy yee FRa §1 Il B =RBT T SR BT YR IR GeuicT IRp
RS # It [T URT SR Y{HeT & dgd RHIU, I9d IUART o & forg siaffed
PRSP, 3R IR (AdiHRoiy) faoredt ulRarsHren &1 fdeRa w9 § S5 THEaHIRGT o7 3ieqa-
FRP, TG T T & Arglel g # fAfed U Heayuf 3ick &1 1Rar B

T W gU s sier foorett ufkaierrst &1 fawmRig R Hd, Saauy Ue LSTK 38y
S AT Y SheR Bl BT T1 TR-BRAT SGA} &) RIMTART BT T4 R 8, Th dhaR STH
& SIREH YROM SR DI 3R 34 Hg@yul 81 SI1d & | MY P FaTal DI Haed P P T,
IR fAfeT R @, grdvie) Ifed g9 favarsit & Ty ITAfar-dum o IR Sl
gfegorTel & ¥ 3 9 uRTSHN, SET dheR! & e UeR HHT: grdue iR sl 4, &
=0 H g T | SR\ T YR SR =fPeior 1 g fman e, R S &1 Qe A
" ShERI & UeYH TRDHI0 FHT fIRAT01 FHordl gU URASHT & GRUIME TR 391 WHIG 3¢9 fohar
7| ez H URaSHT & A H Ffed, Tad Wrge Yedid, dure iR fFame srare &
8, vee & uftadH, smurdt TaR SR v, Sl &1 sEfd fadRu, s srfed, SR
Ut 0T dF 1 BT ied 16 9T SIRT HRe! &1 Ugdr fbdr 111 39 UgE Sifed] o
gyt A 1 TRIGRY, AT 3R T faeror, aRamfid I, Ioa o1 81, $iR Jare sk e
M & 1§D SHTal, IR S 3R HrIfdS Ui & 1Y g 3 GHIfad T Ui &1
gama fean, o1 for afora SR ema=h arerr, uiaierT faRivdTsll &1 Ue T8+ SR, IT & SuanT

X



BT, TRIEOT 3R [, SR FRAR R SR Az, St SRy wyTal 1 %1 - 9dhd 3| 396
S[QATAT, ST Y Ul Ial § [ ShaR, dTe I8 bt Hi fIReT yR & g, Shifaw Uaied 1 ok
ERHI HTHATH gl 8, o) a1 & IRome} W AHRITS THTT TSl ¢ 1 $9b ST,
TIorT & Ufd S XaaT, siuaTie SiRed e @1 sufufd, ok 9t uRaeHT TRl & R
ST OICwIferdt & TR-Ie &1 Udl Iadl &1 Hedqu! IRaSH shieHt, St &1 fare gu
REISHT Y& BT BRI ST 8, B UG- $HRb 3R HRA I SHIoRT 183} & H1EH J SheR!
& YEY URDeT 3R I% VBV o1 Hedich1 BReb, T8 LT - & Hiolal Forg § fiflgd te
TAEAYU! 3R BT HRAT 5|

3 8 & I & fore fafRry U SRy ueye Aisd & 9w & Ue aags i
e B SIS gl 5, o HF 3R 3T% W, Adee T J Iuds ITH A,
o o anftfep U, fRRar Ruid SR Sifam geiem ot stk g iy aa fAfka § | v samaes
g Tetem = it sreaa=i &1 gy &t oM gRT HislaT wuTsht SR 3% srf-aa- & R,
AUl SIRIA & gl 3R HRdTT Adidruiig I & daof & 3o+ JoFifad, iR fade=n &1 o
T | 3P ST, UG SR fRRAT & Il § GUR WR 7 w13ft & guTd &1 e gt Haft v
THITT TTT 4T | ST, I8 ST ST Yo Sa™iaa) & 9ry gdi & 3R W 3R U ggracit
&1 GRT YR 3187 Jolt &5 & I H SIIRIH TSE= & 31T &1 g RUTA BT i el
21 UTae & Ugd WS (Q1 & =u H Heffa) 7 uiaiemrsii & uexi ik fRRar Amuds) w sy
T TAT3T o THTG o1 b+ [T | Q1 TA&UT STl I [a=eIyUl &1 JIoTYUl dhReb [a=eIoUT (EFA)
BT ITANT HRd U, THTART 3R reiapIfere drorr, JAfdd Sifaw w1l & Iagm, siied
TS A BT I5aH B, SXAASHRUN SR S B, AR YT Shiad Gediad, Rapifan
3R TIfRI&0T SR Aaqu Siad ee waft &l Aefid fasar| S9e sraman, SRa-Ted THidmR0
TS (SEM) BT ITANT b Sl o1 [AZawur & gRT, 3= = RuiRa foar fo 3 wurg srerm
o1l URETSHT & YeRH 3R FRRAT AT S! ! Agaqyl U ¥ SR YHRIAS U I YHIfAd el
g1 S AT A YR Aoy fosrell 8 & Il § a0 S weied wrsit & o
LY USH Pl g S Hgayul ursft &l Ipfad axab ok YR 3ierg faoia & o
HATagT & I7h TR BT YR HRe Ager e § ffed T He@yu Sidk &) WRal g1 39%
3{TaT, TeRH SR fRRA # YUR R SRIA TeeH TuTE & JuTa &1 HURo e, Sieree dieal
T & I & HiceT TR &7 AR BRaT 7

Y4Taell GA&ul 1 GER1 TS (Q2 & =U H HafHd) Sfen & &l o Hiftid A o siifen
A RO & GHTGT T Hedich-T Rl 81 EFA 3R SEM &1 SUTIT od §Y Q2 JJ&U SeT &
fazayor = T SReH e SR T Xumifad @ Fuffed forar St Adienzofa foore ufkasmrsi
& famr & forg srogad €| Ae@yul SIRgH & e # uRaieHT Jeie,uRara Je, e iR
et o @ it gt SRaa ) i, SreaTagTies faHl SR Sriemaf, da-ie! He! Bt o,
3R SN SR ATGHRIS ST M &, S 31 forsrett uRarerrstt & faewr & 3ot & fou
SR T I[a1 31 9B e, He@yul I oo, S 6 fSforeamzeem, amaisRu,
ST §911, Aifa gt Tfora deHT SR Ufera fawm, Sik SgdR RauURS aradid 3iR WU, gRI
SIRIA & Gl B Y A § TP Ag@yUl GHRIAD THIG U T-T| T8 ST IeHl o SIRGH|
DI TAR Uga, Tdh U JHH UM BT SO, SIRIA &1 Ifad T F 3frdfed a3 3R
faarel & gam @I 3= B SRR HeH 1 T8 ST S 9= U, 3! fafigd SRe,

xi



3R YA W1&T & HIH J 318 &3 & ad [9e™ IR SIRIH & YT BT HH B § 3D
e YT B WIoT HReb [T b HIS[GT e &l 31K +ft e Jeuar ST ]

SR soaursal 3R IgH! &) ST & el &I Jafed B 3R Te=H iR RRdr &Y
deM & forg Iugad = BHIvl &I INfAa/ 3rgm & g sreqg= & fAfgd Riwifvei &1 so-n wa
21 3% 3|, Sy oraarlt 39 e § ugaH fhu U SifQHT & aieHT 991 Iahd g 3R
S THTE & HH B & e Ifad w1 Jurifaat & 3ioer Ied €1 fRofa a1 aral § afeeg
HRATS SRIAT 3R I YUTT P WY JHF U™ HR Tabal ¢ | IHD S(aTdT, g I T Iurd
B T W AT BT AT aT B, TRl ) B fobar ST © SR SawRi b sifiiepad foahar
STaT g1 390 Jifaled, IgH iR ST aari I9H & deiiern daal & Iy RTINS &
Il P AT FHRA T Uga T Hge@qul SR Tefe TUTaf Bl 3T Tabd & |

Xii



TABLE OF CONTENTS

CERTIFICATE. ...ttt et et b et b e ettt s bt et e st e s bt et e s besste b e ebeenee e i
ACKNOWLEDGEMENTS ... oottt ettt sttt e e st et ebesseenseeseeneenseeneenseenes il
ABSTRACT ...ttt h et h ettt e et et s bt et e e be e st e beebe et e sbeeatentesbeeneens v
31 P 1X
TABLE OF CONTENTS ...ttt ettt sttt b e st b et est et sbe et Xiii
LIST OF FIGURES. ...ttt sttt sttt sb et b e et nte b ae e xvii
LIST OF TABLES. ... ettt ettt et et e st et e st e e st et e steent e sesaeensaseennenes xviii
1. INTRODUCGTION. ... ettt b ettt b et bt et et sbe et e st eatebeebeenee e 1
1.1 BaCKGIOUNG. ......ooiiiiiiiiiicie ettt ettt ettt etb e e v e e beesteesebesebeeabeenbeeteesrnessseernes 1
1.1.1 Significance of Renewable RESOUICES.........cccuvvcvirciieriieriieriierie e 2

1.1.2 State of Global Renewable Installations............ccceeeeeiererienieieieceee e 3

1.2 Motivation 0f the StUAY ......ccceeeiiiciieiieieee ettt ssb e enseensaensaens 4
1.3 RESEAICH A ...ttt ettt ettt e te et enbeete e st e seeneensesseeneas 9
1.4 Research QUESTIONS ......c.oeiiiiieiiicciee ettt ettt e ettt e e v e et e e eaveeeteeeeaseeereeenareeas 9
1.5 RESCATCH ODJECIIVES ..c.vviiiiiiiieiiesiieeie ettt ettt et e ettt eebeestaessaessaessseanseenseenseenseessnes 10
1.6 RESCAICH SCOPE.....uviitiiieiiiiieieeetee ettt ettt ettt st e b e et e et e e s teestbeetbeetbeesbeeabeenraensaensnas 10
1.7 Organization 0f the ThESiS.......ccvccieriiiieiieeie et eebe e e snneennas 11
1.8 SUIMIMATY .....teeetie ettt ettt et e et eeebee e taeessbeeessaeeesseeessseessseeassseessseesnseeessessssesansseees 14

2 OVERVIEW OF RISK MANAGEMENT IN CONSTRUCTION .......ccocooiininiiieieenne 15
0 B 1T (T LT (0o VST 15
2.2 Overview of Risk and Risk Management............cceccvereiireiieiiieniienienie e eee e eeeeieesee e sene e 15
2.2.1 DETINIEION ..ottt ettt ettt et e bt e sat e st et e bt e bt e sat e st e eateebeenaeen 15

2.2.2 Importance of Risk Management............cceccuervreriierieerieneenieseeereereeseeesseesseessnessnesssens 18

2.3 Approach to Risk Management and PTrOCESS ........cccccuevevireiieiiieniieiierie et eie e 19
2.3.1 Risk Management PIanning ..........ccccccveeviiiiieriieciienieieesiieeeeereesreesteesteesereseveenesseesseens 20

2.3.2 Risk IdentifiCation.........coueruieriiiiieieiieeee ettt 20

2.3.3 Risk Assessment and ANALYSIS .....c.ccovverieiiiiiiiiieiieenieeeee e ereereeeveesteesteeseneeeneereereens 20

2.3.4 Risk Response Planning...........cccovcuivciiriiiiiienieniesie et eie et see e seresnseenseesaensae s 21

2.3.5 Risk Monitoring and CONtrol...........ccceeviiiiiiiviieniieiiecee e et e st e sveeveeveesveesrne s 21

2.3.0 RISK CIOSUTE. ...ttt ettt ettt ettt sbe et e b eaae e 22

2.4  Risk Management in the Construction INAUSEIY ........c.cccviiviiiiiiiiienieiiecee e 22
2.4.1 Risk Management as @ PrOCESS .........cviviiiiiiieiiicie ettt ere et siee v eveereens 22

2.4.2 Risk Analysis MethOdOIOZIES ........ccccviriiiiiieiieiierie ettt seeenseeseeeeens 25



2.5 Risk Management Implementation.............ccvecueeriienienienienie et esieeseeseesnesreereeseesseessnennnes 28
2.5.1 Project Appraisal and Pre-Construction Phase ...........cccoceevvieiiinieiieniccieeieeeecieeeie, 29
2.5.2 Project ProCUremMent STAZE.........ccoecvieeiieriierieriieiiesie et eieesieesteesaessresssesnsessseesseessesssnens 30
2.5.3 Project Implementation StAZE..........cccveeceuieeriieeiiieeiieerreeeieeeseeesebeeeereeseveesreeeseseessseaans 31
2.5.4 Project ClOSUIE STAZE......cccverierirriierieiiesteesieesaestestesseesseesseesseesssesssesssessseesseessassseens 32
2.6  Efficacies of Risk Management PractiCes .........ccccvvvivreiireiieiieniieriieree et eie e 39
2.6.1 Enablers of Risk Management Implementation.............c.ccveveeiieiieevieenieeneeseesee s 41
2.6.2 Barriers to Risk Management Implementation............cccceoeeienineeneneniencncenieneeene, 43
2.7 Regulations in Risk Management............c..cceevuieiieiiiiiiiieeieeieeereesteesee e eeveeveeveesveesenesenesenas 46
2.7.1 Provision for Risk Management in Indian Enterprises..........ccoceeverercenenincienencenene. 47
2.7.2 Typical Constituents of a Risk Management POLICY...........cccocvvevvieviievienieniecreeieeien, 49
2.8 Theoretical LIMITAtION ......ceeertiriirieriieiieieeteetese ettt ettt ettt e st st e e b et e b sae e e 50
2.9 SUIMIMATY ....tiiiiiieciieecieeeetee et e et e et e e bt e e e tbeeeteeesebeessbeeessseessseesssseesssaeassseassseeasseeansseesssessnsseenssens 51
3. RISK MANAGEMENT IN INDIAN POWER SECTOR ENTERPRISES ........................ 52
T B (1 0T 18175 103 4 S S T TSRS 52
3.2 Overview of the Indian POWET SECLOT.......cciiiiiiiriieieeeee sttt 53
3.3 Overview of the Indian Renewable POWer Sector...........ccccoviriiiiiiiiiniiirineeseeeeeeee 56
3.4  Construction Environment for Developing Renewable Projects.........cccoecvvveviieicieeecieecieeeieenn, 59
3.5 Risk Management Practices in the Indian Power Sector Enterprises ............ccoeevrvververvennennen. 63
3.5.1 Risk Management in Public Sector Enterprises..........ccccoevevvereeierieneeiieneeiee e 64
3.5.2 Risk Management in Private Sector Enterprises.........cccovverviererierieseenienrenresieeieenieens 69
3.0 LItEratUure GAPS ....eeciiieceiieeiiieeeieeeteeesteeeteeestteesebeeetaeessseassseeessseessseesssseesssesssseessseessseeessseessseeans 73
3.7 SUIMIMATY ...eeiiiieeiieeciiee ettt ettt e ettt e et estteesate e s bt e eaateesabeesnseeeanseesaseeenseeeanseessaeeanseesnseessnseesnseenns 75
4. RESEARCH METHODOLOGY ......ocoioiiiiiiieeeteee ettt sttt 76
A1 INETOAUCTION 1ttt ettt sttt et e et bt e a et e bt et e st e e at et e sbe et e nbe s bt et e sbeeneenbene 76
O T ) (o] 1B D 1SS P PP 76
4.3  Data Collection TeCANIQUES. ......ccverierireiierieestieseesiestesre et eseesseesseeseaessressseesseesseesseesssesssennses 80
4.3.1 Data Collection for Objectives 1 and 2.........cceeeerierierierinieieeeeeee e 82
4.3.2 Data Collection for Objectives 3 and 4..........cceevevrvieeiiieiienienieniesee e e eseessee e 84
4.4 DaAta ANALYSIS...cccuiiiuiiiiiiiietieiteesteesteeeteereeteesbeesteesbeestseaebeeebeebe e beeataestaeeabeerbeerbeebeeba e taenrreaees 90
4.4.1 Data Analysis for Objectives 1 and 2 ........ccecveveeriieriiiniieieeieeeesee e sresee e eseeseeens 90
4.4.2 Data Analysis for Objectives 3 and 4 ........ccecvevieriieriiieieeieeieeeesee e sre e eeeeneeens 91
4.5 Data Valldation.......ccceeiieiieieiieteie sttt ettt et et e e et et e te et et e sse et eseereensenseeneensens 98
4.0 SUINIMATY ....eeiiuiieeiiieeieeeeieestee ettt eeteeeetteesateesbeeeasteesaseeensaeesnseessseessseesnsaeeanseesnseeesseesnseeensseesnses 98
5.  EXAMINING PRINCIPAL STAKEHOLDERS' RISK PERCEPTION AND
APPROACHES BASED ON THEIR LISTING TYPES ......ccoooiiiiiiieeeeeeeeee 100

X1v



ST R (915 (o e 15 To15 o) s WU OO RRPRRRRRT 100

5.2 Case Project Selection CrIteIia ........cocuierierieriiiiieie ettt ettt ettt et e b e saeeeae 101
5.3  Risk Management Approaches Adopted by Developer and Contractor.............cccceevverveennnnne. 101
5.3.1 Case Study Project I: Private Entities as both Developer and Contractor ................... 102
5.3.2 Case Study Project-1I: Public Entities as both Developer and Contractor................... 106
5.4  Critical Differences in Risk Management Approaches ...........cccccveevveeieevieeniieneesie e e 110
5.4.1 RISK PIANNING.......ciiiiieiieiieiecie ettt ettt eeste e et e e e e taesstesnsesnseenseensaensaensaens 110
5.4.2 Risk Sharing Between the Stakeholders ...........c.cevveiiieiieiieeiiciecieeeeeeeee e 111
5.4.3 DeciSion-making SYSTEIM ........cccevcveriiriiieiiierieesiesieestesreereeseesseesseesseesseesssesssessseesseens 112
5.4.4 Coordination and REPOTTING.........c.eecvieriierieerieiieiieeie et esieesieestessessessseenseesseesseessnens 113
5.5 Key Factors to Risk Management Approaches............ccecveeeeierinieiiineeiee e 114
5.0 DISCUSSION. . .ceutetieiietieitete ettt ettt ettt et h et e bt eat et e sb e et e bt sat e be e bt eaee s bt eat et e ebeenteebeeatebeeneetenaes 116
5.7 COMNCIUSION ..ttt ettt ettt et e b e s bt e s bt e sat e et e eabe e bt e bt e sbeesatesabeebeenbeesbeenas 119
TR TN 31401 1 0 1y USRS 120

6. ANALYZING RISKS AND THEIR IMPACTS ON SOLAR POWER PROJECT
DEVELOPMENT FROM PRINCIPAL CONTRACTORS' PERSPECTIVES BASED ON

THEIR LISTING TYPES ...ttt ettt sttt ettt et ee e 121
0.1 INETOAUCTION ...ttt bttt et et b ettt et et sb e et e bt et ente e st eeesaes 121
6.2 Case Project Selection Criteria ......c..cccveieriieiiiieeiieeeieeeieeesteeeeteeestreesreeeaeeeseseessseeesaeessseeessnes 122
6.3 Domestic Private-Sector Entity as the Contractor ...........ccecvvevierienienienieeieeneesee e sve e 123

6.3.1 Case Study Project DEeSCIIPtION ......cccviiiiieeiieeiieeciee et ctee et e e e sveeeeae e e enes 123

6.3.2 Critical Risks ENCOUNETed ...........cocieviiiiiiiiiniiiieieieeeeetee e 124

6.3.3 Impact of Risks Encountered on Performance.............ccccoevevienieiieciicreceeiecieeen. 127
6.4 Domestic Public Sector Entity as the Contractor...........cecvecvieeiieriieneeniesieeieeieeriee e sne v 128

6.4.1 Case Study Project DEeSCIIPHION ......cccuvieiiieeiieeiieeetee et sieeeteeeree e sveeetae e e 128

6.4.2 Critical Risks ENCOUNETEd .........c.coiiiiiiiriiiiiiiiieee et 129
6.5 Impact of Risks Encountered on Project Performance ............cccoeveevieiieciieniieniecie e, 132
6.6 Results and DISCUSSION ....cccuieiuiiiiiiiiieii ettt ettt ettt et ettt e bt e sbtesaeesaeeenee e 133
6.7 Mitigation Measures and Solar Project Risk Framework.............cccoccveevvriieniininnienieeieeien, 134
6.8 COMCIUSION ..ottt ettt ettt e b e bt e s bt e s at e et e eab e e bt e bt e sbeesateeateenbeeabeesseenas 137
(TR BN 0401 1 0 1 PSSP 139
7. RISK MANAGEMENT PRACTICES AND THEIR INFLUENCE ON ENTERPRISE
PERFORMANCE AND SUSTAINABILITY ...ooooiiiiiiiiiieeetee ettt 140
8 S €15 (0T 18175 103 4 TSRS 140
7.2 Exploring Risk Management PractiCes.........ccccuvvieriiiriiieriieiieniiesiesiesie e seesenesne e 141
7.3 Relationship between Risk Management Practices with Performance and Sustainability ....... 144

XV



7.3.1 Factor Extracted from Risk Management Practices..........c.ccoveverevvevieeneeneenienienneeene. 144

7.3.2 Theoretical Framework and Establishing Hypotheses..........ccccocveiveeciiccrieiienieiienen. 146

7.3.3 PLS-SEM ANALYSIS .eeutiitiiiieiietieterieeteste sttt ettt ettt st b e st 147
T4 DISCUSSION . ..eeutieiieeiie ettt ettt ettt ettt e s bt e sb e e sat e e bt e bt e bt e bt e eseesabeeabeembeenbeanbeesatesabeeateenbeenne 151
7.5 COMCIUSION ..ottt ettt ettt s b et b et e bt e bt et e st e et e ebe et e ebe et e bt eneeneesaes 155
B N 0401 1 0 T 1 USSP 156
8. INVESTIGATING THE INFLUENCE OF RISK MITIGATION STRATEGIES IN
MINIMIZING RISK ISSUES IN RENEWABLE POWER PROJECTS..........ccoooiiiiiiene. 157
8.1 TNETOAUCLION ..ttt ettt ettt et e st e st et e e et et e s aeeseeseeseensesseensensesseensensens 157
8.2  Exploring Risk Issues and Mitigation Strategies in Renewable Project Development ............ 158
8.3 Influence of Mitigation Strategies in Reducing Risk ISSUES.........cccceevveerieiiicciieiicieeciieevieene. 165

8.3.1 Exploring Critical Risk Issues and Mitigation Strategies ..........cceeverevrrcvrerreerreerverenens 165

8.3.2 Hypothesis DeVEIOPIMENL..........ccciiriiiiiiieiiieeiieeeieeeee et ereeerveesveeevbeesereeeaaeeseneas 168

8.3.3 Data Analysis and RESUILS .........ccceviiriiieiieriierie et ee e 169
B4 DISCUSSION..cuttetieiieeiie ettt et et e st ettt e bt e bt e bt e sbteeateeabeea bt eabe e bt esbteshtesabeemteembeebe e bt esneeeneeeaeas 173

8.4.1 Critical Risk Issues in Renewable Power Projects...........cccvevverienienieninnieeieeeeiens 173

8.4.2 Critical Risk Mitigation Measures in Renewable Power Project...........cccceevvvevvienenn. 176
8.5 COMCIUSION ...ttt ettt et e bt s ht e s it e et e et e e bt e e bt e saeeeateeabeenbeenas 177
I N 0111100 F: 8 oy PSPPSR 179
9. SUMMARY AND CONCLUSION .....oooiiiitieieeetee ettt ees 180
0.1 INETOAUCHION ...ttt bt b e sttt s b et s b et e b sbe et e e beeatente e st eeesaes 180
0.2 Summary of the STUAY .....oeciiieiie ettt b e ere e e abe e enbae e 180
0.3 COMCIUSIONS ...ttt ettt ettt st b e s et et e bt et e s bt et et e sbt et e e bt ente bt eneeneenaes 184
9.4  Research Contribution t0 TREOTY.......ccviviiiiiiiiiiiee ettt et ste e aae e 185
9.5 Research Contribution t0 PractiCe ........cccerieiiriniiiiiiieieeetee et 187
9.6 Limitations Of thiS STUAY .....cccveriiriiiiieiieritereeree ettt ettt ste st e sre e s e esaessaesrnessnesnseenns 188
0.7  Future SCOPE Of WOTK.....oooiiiiiiiieeieees ettt st e e eaae e e sbeeenees 189
APPENDIX-A ...ttt ettt b et b e e st et e bt et e e bt et e bt sat et e bt st e bt sae et e 213
PUBLICATIONS/ SUBMISSIONS BASED ON THIS RESEARCH.............coccoiiiiiiiieee 226
BIO DATA OF THE AUTHOR ..ottt 227

XVi



LIST OF FIGURES

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

: Advantages of implementing risk management (Caltrans 2022; PMI 2019) ........ccceeervenenen. 17
: General risk governance framework (SEBI2015) .....cooiiiiiiiiiiiiiiicieceeeeeeee e 48
: Risk management framework for enterprises in power sector (SEBI 2015) .......ccccccveevverivenenns 66
: Research onion (Saunders €t al. 2016) .....c.ccviiiiiiiiiiiieiiccie ettt v e reesvee 77
: Overall research MEthOdOLOZY .......cevvieiiiiiiiciiicieeie ettt et ettt reeebeeveeveesbeesaeans 81
: Project organization chart (Case Study ID).........ccoecvieriierienieniecie e 109
: Critical risk factors impacting the project performance and mitigation measures .................. 136
: Structural equation model for risk management PractiCes ...........coccvevverververvencressreesneeeeenens 150

: Structural equation model for risk management issues and mitigation strategies................... 172

xvil



LIST OF TABLES

Table 1:Managing risks — approaches (Burchett et al. 1999; Gupta 2011).....cccevereeneninieninieeeene 25
Table 2: Methods/ tools used in literature for risk analysis ..........cccceevvieviieviiniieniecie e, 27
Table 3: Critical literature in the construction risk management domain............ccoeceevverreereereenenennnn. 33
Table 4: Typical risk exposure-based risk categorization (NHDC 2017; SECI 2018) .......cccvevvvevrnnee. 67
Table 5: A typical risk register format for equipment unloading..........c..ceceverienerinnenieneeneneeeenn 68
Table 6: Data collection and analysis techniques for different research objectives...........ccccerverenennen. 80
Table 7: List of enterprises surveyed for attribULES. .......ceeciiiiiiiieiieiieeeecee et 87
Table 8: ReSpondents PrOfile ........cvevieriierierieiieiie ettt re e e e st eseaeseressbeessaessaeseennnas 90
Table 9: Differences in developers' risk management approach per their listing types............ceeuv... 115
Table 10: Differences in contractors' risk management approach per listing types..........ccceccvervvernnene 115
Table 11: Key findings on the study 0DJECIVE .....ccveiiiiiiiiiiiieciecciecee ettt 118
Table 12: Risk management practices and their SOUICES ........cveveerieiieeieeiieenteeeeeeie e ereeveesree e 142
Table 13: Factors and associated variables ............ooerieiiriiieriiieieieee et 145
Table 14: Reliability and validity of measurement model..............cceevvieiiiiiieiieiieiiece e 148
Table 15: HTIMT TAHOS -.c.veeuieiieiteieeteei ettt sttt et b et sttt et bt et e b sat et e e bt et e nae e st eeesees 149
Table 16: Hypothesis teSt TESUILS .....ccuiiiiiiiieiieii ettt ettt e eeve e beebeebe e baesaaesrveesvaesreens 151
Table 17: Risk issues in developing renewable POWET PrOJECTS......cuevverveeieerreerieeniresieereereesveesaeens 159
Table 18: Risk mitigation strategies in developing renewable pOWET Projects.........cevvervrrcverrreeriens 163
Table 19: Factors (r-factors) and associated variables...........cccevveiieiiieieeniiccieecieeceeere e 165
Table 20: Factors (m-factors) and associated variables............ccccvevievieniiecieiieieere e 167
Table 21:Measurement model - Reliability and validity.........c.ccccvevieiiiiiiiiicieeeeciecece e, 170
Table 22: HTIMT TAHOS -.c.veeuteieeiieieettei ettt sttt sttt et s b et sttt et s b et e b sat et e e be et e et eseeneesees 171
Table 23: Hypothesis teSt TESULLS .....ccuvevierieeiieciieiierierie ettt e e e sae s b e esse e saessaessnesssesnseensaens 171

XViil



LIST OF ABBREVIATIONS

APTEL

BESS

BoD

CAPEX

CEA

CERC

COSO

CPSU

CRMS

CRO

CUF

Ccv

DISCOM

DPE

EFA

EPC

ERM

FY

GDP

GHG

GW

HDI

IEA

ITP

IPCC

Appellate tribunal

Battery energy storage system

Board of directors

Capital expenditure

Central electricity authority

Central electricity regulatory authority
Committee of sponsoring organization of the treadway commission
Central public sector undertaking
Construction risk management system
Chief risk officer

Capacity utilization factor

Contract value

Distribution company

Department of public enterprise
Exploratory factor analysis
Engineering, procurement, and construction
Enterprise risk management

Financial year

Gross domestic product

Greenhouse gases

Giga watt

Human development index
International energy agency

Index of industrial production

Intergovernmental Panel on climate change

X1X



IPP

IRA

IRENA

ISO

IT

JERC

KMO

KPMG

kWh

LCOE

LSTK

MNRE

MoEF

MoF

MoP

MOSPI

NAPCC

NEEPCO

NHPC

NPCI

NSM

NTPC

OECD

PAT

PIB

PLF

PLI

Independent power producers
Independent regulatory agency
International renewable energy agency
International standards organization
Information technology

Joint electricity regulatory authority
Kaiser-Meyer-Olkin

Klynveld Peat Marwick Goerdeler
kilo-Watt hour

Levelized cost of generation

Lumpsum turnkey

Ministry of new and renewable energy
Ministry of environment and forest
Ministry of finance

Ministry of power

Ministry of statistics and program implementation
National action plan on climate change
North-eastern electric power corporation
National hydropower corporation
Nuclear power corporation of India
National solar mission

National thermal power corporation
Organization for economic co-operation and development
Profit after tax

Press information bureau

Plant load factor

Production-linked incentive

XX



PLS

PMI

PPA

PPP

PV

RM

RMC

SEB

SECI

SEM

SERC

SJVN

THDC

TRANSCO

UN

UNFCCC

VGF

WTO

Partial least squares

Project management institute

Power purchase agreement
Public-private partnership
Photo-voltaic

Risk management

Risk management committee

State electricity boards

Solar energy corporation of India
Structural equation modeling

State electricity regulatory authority
Satluj jal vidhyut nigam

Tehri hydroelectric power corporation
Transmission company

United Nation

United Nations for climate change control
Viability gap funding

World trade organization

XX1



