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ABSTRACT

Energy consumption contributes to economic growth in the long term (Ayres and Warr, 2009;
Kummel et al., 2015). India is the fourth-largest nation globally after China, the United States,
and the European Union in energy consumption (India energy outlook 2021). A recent
international report revealed that economic growth, population, urbanisation, and
industrialisation will be the drivers for the increase in energy demand in India by 2040, as
envisaged in the stated policies scenario (India energy outlook 2021, IEA). To meet the ever-
increasing energy demand, the role of renewable energy as an alternative energy source has
recently come to prominence. It addresses the adverse impacts of climate change due to the
consumption of conventional energy sources like coal, oil, and natural gas (Apergis and Payne,

2010).

Review of literature revealed limited studies on the association of segregated renewable energy
sources with the industrial production in India. Further, the steps for restructuring the REC
trading mechanism to facilitate renewable energy and the impact of the electricity market

determinants on the REC market, justified the necessity for this study.

Based on the perspective and gaps in existing literature, certain questions arise- Is there a
relationship of segregated RE consumption, e.g., solar, wind, biomass, bagasse, small
hydropower, waste-heat, with industrial production in India? Which of the four energy-growth
hypotheses (growth, conservation, feedback, and neutrality) applies to India? What factors in
the Indian electricity market impact the REC market? How are they related and support the
promotion of renewable energy in India? How can the REC mechanism in India be redesigned

to increase the uptake of various RE sources in the REC market?



To provide appropriate answers, a comprehensive study has been conducted using both primary

and secondary data techniques.

The association of the segregated renewable energy sources with industrial production in India
has been studied utilizing quantile regression and non-linear granger causality at the all India
level. Secondary research has been validated by conducting interviews of Indian experts in the
small hydropower domain and analysing the response of survey questionnaire in order to
harmonize the findings and come out with appropriate recommendations. Our findings indicate
that the impacts of small hydropower and bagasse energy on IIP are statistically significant in
practically all the quantiles. Furthermore, the study findings show unidirectional non-linear
Granger causality going from segregated renewable energy source development to industrial

growth, suggesting the validity of India's asymmetric "Growth Hypothesis".

The interplay between Indian REC market and the electricity market in the long and short-run
has been analysed. The study's novelty is that the symmetric and asymmetric impact of the
electricity market variables on the solar and non-solar segment of the REC market in the long
and short run are studied. Using symmetric autoregressive distributed lag specification, we
found evidence of significant association between the solar and non-solar segment of the REC
market in the long run. The association between the REC market and the electricity market is
established only in the short-run using ARDL method, wherein there is negative effect of day-
ahead market cleared volume on the REC non-solar segment market-clearing price. However,
the findings from the asymmetric specification using the NARDL method reveals that the
dynamics between the REC and Day-ahead markets is indeed asymmetric. The positive impact
of the Day-ahead electricity market-clearing price on the REC non-solar segment market

cleared volume, in the long run, validates the argument.

\



The Renewable Energy Certificate (REC) Mechanism, a market-based tool to facilitate
renewable energy growth, was launched in 2010 by the Central Electricity Regulatory
Commission (CERC) through REC Regulations. Our study presents the detailed study of the
REC mechanism in India since its inception, examines the REC market data available through
graphical and empirical analysis to understand the regulatory changes in the REC mechanism
and its impact on the REC certificates inventory, and lists the challenges and way forward. The
international and national literature review reveals the strength and weaknesses of the green

certificates/REC mechanism.

The study came out with few recommendations (1) Small hydropower to aid industrial growth
in remote & hilly areas (2) Bagasse based generation for industrial growth in rural areas (3)
Stringent REC penal mechanism (4) Need for secondary markets in REC (5) Non-solar REC

categorisation (6) Harmonisation of policies across electricity and REC markets.
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L3108

Sl T Gud o Iafer # e fahra A AereeT w §(3RE 3R AR, 2009; FAST TC 3|,
2015)| R Foll @ad # HIeT, I T IARA AR FANT @6 & dre faeq &R W) dter qod
ST A § (AR FaAT TOCHIUT 2021)| TUeh FITHAT HIWSET RUE & uar e § & ¥+ [,

STAEHET, AT AR 3e@RMHOT 2040 T HRA & Foft &I ART H gef&r & T =rele giay, ST

& aifa Afaat & aReew (9IRa a7 eflewior 2021, 3M830) & aR@foud & TEMAR dedr Sl

AT A U S & fou, dFfeus FA A9 & T F Fdeoiy Sl For AR g & 7

YHET & 3§l Fg Higer, dof AR Trepferen I S IRURS ol Hdl T GUT & HROT STorarg

aREceT & fdepel Feral 1 HIftd aar § (TR 3R 95+, 2010)1

aifecd i FHAeT & AR F IS IcuresT & TTY gUH AN ol dal & Fae )W AT

AT T GelraT T SHb AT, AN ol AT ghawr & faw adeolg St gHmoaT

(3RSHT) AR TF & Yeldlosl & e 3R IRGH doR W ¥eTell ao Al & germa o 5@

IETTA dT AT hdT I 3T SEIATI

Aisier @nfecy & JRYeT 3R IR & HUX W, FS 9T 35d §- F1 6Rd # Mk 3cure
& TTY -39 AR Foll WU, S, TR, T, STNATE, 9, TATA §133T, TURISE T Fae
8? IR Soll-fard aRereds 3l & & @i A1 (T4, §a10T, giafshar 3R deeydn) #RT 9 o)
g 82 9T fosTell aaR & &l ¥ FR$ ARSH deR HI FHITAd Fd g7 9 S8 Faad g 3R
IR H ANFONT FAT & Tordm & T FHAT Fd 87 IRSHT TR & FAdGoNT Far Idr &

3319 Pl Fol & foIT RT H ARSHAT dF H o O T Bosa fFar o godr g2



39gFd IR Fald e & v grafAs AR gfadas Ser awedle #1399 Fd §U TH SATH

TS A =T gl

AR # 3 3curesT & ATY G FAAUNT Foll Ficll & AL HT HETT T HARAT TR
R Faifed RAeeT 3R A AR Jor Flafody &1 3o s fhar 3 §1 TATer gissr a9 &

RO fAAvaAr & TmefcpR IAfSd e 3R adefor ueaArgelr $r gfafhar &1 faeeyor axe

ACITA IHTHUTT T A fhar I § dre fshst & qeeed wuifid far o @ 3R 3fa

AR a#er 37 Tk | gAR fasest & Tohd Bedar § ff 3me3msdr W AT grsgl 3R Soma o

& YA SATaEIREG ®q @ F AT F FETHT 7 § Ageaqul g1 $HE 3Heldl, HeATT & forsany

HRA & JIFART "[SFa IREGeT @r%ﬂmwwaﬁ@m—maﬁumﬁmﬁw

¥ e g ao S el FfAsrREesTd dAla-oifaar FeR Hiafad @ gafa gl

AT 3RS I9R 3R Norel ek & & odlr 31k o1 3af® & wew fhar &1 [Jeavor Far
IAT B T FT AdIdT Ig & b ofel AR SIS 3@ 7 AR IR & &R 3K Rk @3
W el SR W & gAfAd 3R ARG vaa & 3egaa By S ¥ sAfRT e
fBRgsges ot fafader &1 3UHT XA §U, &H od FAY A IR IR F AR AR Rk @z
& g Aol HEY & AT fAel| IRSHT S6R 3R fSetel SR & g T9Y dhael TRV
gt & 39ART i Feurafyy 7 wfid farar Jrar g, e s3med -6 @3 areR-aAmiysT
Aed W fOoTell aeiR &1 A T AHRIcHS AT TSl g1 gTelifeh, TAUNRET qeufd &1 39dir
A gU ARG AfAder & kst & gar gear § B AReAr 3R e et & e i
afaelierdr arede & AR Bl IREH IR-EN @3 aeR WSl aeiR-gArNYd Hod @i

HFRICAS YHE, o] AT H dF $ AT T 2



ANRONT Foll GAUTYT (IRSH) o, 3&TT Foit TG & Flatmsielsd ol & AT & deiR-
3meRa 3uERT, 2010 7 FE fagga s smaer (@$aRe) carr s R_faast & areas
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