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Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

EXECUTIVE SUMMARY

Renewable electricity Z&8 Bospr: wues s,
lever for India's seconadaty°-
steel micro, small and piggpgm (rv st ReHuv Do LeeH

elting and rolling operations

en te rp r| Ses (M S M Es) without requiring changes to existing production

routes. At the same time, deep decarbonisation

SHQHZDEOH HOHFWULFLW\ UHsUHV W@twh'“ﬁf‘m_‘a@r&#"’_ IncreagiRgly rely 0';]
decarbonisation opportunity that can simultaneously emerging technologies such as green hydrogen as they

reduce production costs and greenhouse gas emissions progress towards_ commercial maturlty._ Expanding
for micro, small and medium enterprises (MSMES) in RE today also builds the clean energy infrastructure
India's secondary steel sector. Electricity accounts for needed to support future green hydrogen .pI’OdUCtIOH,
up to 40% of the operating cost of India’'s MSMEs. PONLQJ LW D FULWLFDO ¢UVW VWHS L

In several states, renewable electricity is currently decarbonisation pathway.
available at Rs 4.5-6 per unit, compared with grid

WDULcV RI 5V % SHU XQLW PDNL(%(?t B PRI D oMLY (§ipe! is around 11%,

t ) ) o
procurement economically attractive where regulatory alf of.the 22% natlc?nal E share in electricity
generation. The gap is not one of technology or

and operating conditions are favourable. For a sector e g
cost, but of institutional and regulatory work crucial

that produces approximately 44% of India's crude or | ina RE | MSME ] |
steel, and emits an estimated 50-60 million tonnes of or integrating into MS operations at scale.

&2[H DQQXDOO\ HOHFWULFLW\ LV EHW‘IX DLQBQ?&%HHRV‘V@?—?IBWL}H VWUXFWX
and an immediate decarbonisation opportunity procedures, state-level implementation, and cluster-
' level coordination, which make procurement viable in

practice. This report examines why this commercially
attractive opportunity remains underutilised and
LGHQWL{HV WKH SROLF\ LOQWHUYHQWL|

India is well placed to capture that saving, given it
has built one of the world's fastest-growing renewable
energy markets, with annual commercial and
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Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

What the report examined

The study addresses this challenge through three analytical steps:

FIRST , it develops an RE Attractiveness Index to identify India's major secondary steel

clusters with the greatest potential for RE adoption, using state policy, cost savings potential,

electricity consumption, market maturity, and land availability as weighted parameters.

5DLSXU %HOJDXP 6KLPRJD 5DMNRW DQG %KDYQDJDU HPHUJH LC

=

NG
Jm |
p— |

SECOND, it undertakes detailed assessments of two contrasting clusters—Raipur in

Chhattisgarh and Rajkot in Gujarat. Raipur represents an integrated secondary steel
HFRV\VWHP RSHUDWLQJ XQGHU D ORDG IDFWRU EDVHG WDULc |
rolling mill units, and direct reduced iron (DRI)-based sponge iron production. Rajkot

represents a smaller ecosystem of scrap-based foundries, forgings, and bearing units, with

access to both solar and wind resources.

i

THIRD WKH UHSRUW PRGHOV WKH ORQJ WHUP (QDQFLDO SHU
SURFXUHPHQW SDWKZD\V LQ 5DLSXU DQG 5DMNRW FOXVWHUV?2
Group Captive, and Third-party Open Access. Financial outcomes are evaluated over a 25-

\HDU SURMHFW OLIH LQFOXGLQJ DQQXDO FDVKARZ VDYLQJV C

emissions abated.

=

Key findings

JRXU ¢QGLQJY HPHUJH FRQVLVWHQWO\ DEWHRWRZ WKH PYQID@ONQIVIULG WDULC
period of one to two years. The project also abates

1. Renewable energy (RE) integration reduces DSSUR[LPDWHO\ W&2[ DQQXDOO

production costs while lowering emissions
Similarly, for a representative foundry in Rajkot,

Most decarbonisation pathways increase production a 5 MW Group Captive solar project generates
costs and therefore depend on consumers or average annual savings of around Rs 2.2 crore
downstream buyers paying a green premium. DJDLQVW 5V FURUH LQ HTXLW\ D
Renewable electricity in secondary steel presents a 20% below grid. A wind-solar hybrid at the same
GLcHUHQW SURSRVLWLRQ E\ GLUHFWONFD®AHGHQUI YMHOUNFWWLFLWURUH LQ
costs while simultaneously reducing emissions. VDYLQJV RQ 5V FURUH LQ HTXLW\
of 14% below grid. Annual emissions reductions
For a 0.1 million tonnes per annum (MTPA) UDQJH EHWZHHQ DQG W&2[
integrated furnace and rolling mill in Raipur, a 10 RQ WKH WHFKQRORJ\ FRQ¢{(JXUDWLRC

megawatt (MW) Group Captive solar installation

JHQHUDWHY DYHUDJH DQQXDO RDusK AR clvseersl e \prirrary driver for RE

around Rs 2.4 crore against an equity contribution adoption is lower electricity costs, with emissions

Rl 5V FURUH ZLWK ODQGHG WDUGXFWEBQR[EPBWH®LNQJ DQ DGGLWLR:
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2. *URXS &DSWLYH RcHUV WKH PR VAihougtD B&iehaD @dlicy

scalable procurement model for MSMEs

Among the procurement pathways evaluated, Group
&DSWLYH FRQVLVWHQWO\
EHWZHHQ (QDQFLDO UHWXUQV
operational feasibility.

While on-site Full Capex generates the highest lifetime
VDYLQJY LW DOVR GHPDQGV 5V
capital, contiguous land, and dedicated operations
and maintenance capacity—conditions that are
beyond the reach of most MSMEs. Third-party Open
Access eliminates upfront investment but remains
commercially unattractive because cross subsidy
surcharge (CSS) and additional surcharge (AS) keep

RcHUV WRIRPWWERRAOHEWMQEDR WIVQFHRU
F D $1aharBsotra BtaleX8ledt HeRHBDsWBKtidh @@mpany

increasingly supports
UHQHZDEOH SURFXUHPHQW ORFDO
open access procedures and distribution company
(DISCOM) implementation often dilute the

H[DPS(

/LPLWHG 06('&/ RcHUV UHEDWHV RQ
industrial consumers who maintain high load factors.

When an MSME shifts part of its consumption to
solarFitd Brid dons@mpX @I fdlR,@Mhg with its load

factor, and its rebate is reduced.

,Q 5DMNRW 060( RZQHUV ADJJHG W
opposition to increasing the renewable energy
capacity beyond a certain quantum as a live constraint
even though the Gujarat Integrated Renewable Energy

ODQGHG WDULcV FORVH WR JULG U DPalicy\20R23Grmalll Hethblvield dabachyDrEstritidins

are marginal to negative in early years.

for setting up of RE projects in December 2025. No
REMHFWLRQ FHUWL¢FDWH 12& UHTXL

*URXS &DSWLYH SURYLGHV DQ HcHIEWIL YhiplemerEatod, H asdD WdUstB\ perception

combining relatively modest equity commitments of
5V *
and AS under the Indian Electricity Rules, developer-
managed project execution, and consistently lower

continue to hold it in place. These examples illustrate

FURUH SHU 060( ZLWK H[HPiBaVrefe@abld grniry adoption depends not only on

policy intent but also on consistent implementation by
state regulators and DISCOMs.

ODQGHG HOHFWULFLW\ WDULcV 7KH HFRQRPLFV RI WKH *URXS
&DSWLYH PRGHO GHSHQG VLJQL ¢ FB.QQlster-raQed @ppacheés Lare g6sehtial to

i.e., how steadily and continuously a unit consumes
electricity.

Units operating continuously through the day,
like integrated furnaces and larger foundries, typically
UXQ DW
of Group Captive. In contrast, standalone rolling mills
at much lower load factors do not qualify for load-
factor-linked rebates on grid power. Their intermittent
operations also limit renewable electricity utilisation,
resulting in comparatively lower savings.

3. Regulatory implementation is a major
challenge to RE adoption at cluster level

7KH DQDO\VLV (QGV WKDW
projects are frequently constrained by state-level
regulatory implementation rather than technology or
project economics.

FRPPHUFLDOO\

unlocking scale for MSMEs

The economics of Group Captive hinge on aggregation
of RE demand. Five to eight steel units within a 30-50
km radius make the project bankable. Pooling them

ORDG IDFWRUV DQG FDWSSNPHDHE W KIH X XW O IEFHURVMMVWHYHUDO ¢ U

VLQJOH 060( FDUULHVY DQG LPSURYHV
that lenders assess.

DWWUDFWLYH



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

R e C O m m e n d atl O n S fo r t a\l/tv Ile:;?s I_GTou(p;‘ Ié:p::vlé \s/tlr_uitirzsvzln:(iersibI?eK P
en abl | N g p0| | Cy O nVI ro rimdécraf MSMEs operating on thin working

The analysis shows that the principal barriers to
renewable energy adoption are institutional rather than
technological. Policy interventions should therefore
focus on enabling commercially viable procurement
models through regulatory certainty, improved access 3. Standardise the regulatory framework

WR ¢QDQFH DQG FRRUGLQDWHG LPSOHMIg SiaupEgptive implementation
across states

Lead institutions: Ministry of Finance, SIDBI,
IREDA.

Three priority recommendations emerge:
The Green Energy Open Access Rules 2022 has set the

1. Introduce time-bound, targeted open access policy direction but uneven implementation across
concessions for cluster-based MSME states remains the binding constraint. The task at
renewable procurement, accompanied by hand is to standardise how the framework is applied,
compensatory mechanisms for DISCOMs focusing on these. Three areas need standardising:

Open access charges are among the most important a. State-approved  model  power  purchase

determinants of renewable energy adoption at the agreements (PPAs) would stop each consumer

cluster level. Permanent waivers, however, are not group renegotiating contract terms from scratch.
sustainable, given DISCOM dependence on cross-

subsidy contributions. b. Single-window approvals would compress

the interval between a formed group and a

A balanced approach would be to provide time-bound commissioned plant.

FRQFHVVLRQV IRU * \HDUV WDUJHWHG VSHFL{FDOO\ DW

industrial decarbonisation in steel MSME clusters and c. Uniform treatment of banking and load factor

VXSSRUWHG E\ DSSURSULDWH FDSDFLWR poptRE lpgweugyamopenthg digtgytions

mechanisms. The resulting revenue shortfall could that currently penalise a unit for moving load

be compensated through transparent state or central to solar, such as losing a load-factor rebate or
budgetary support, broadly aligned with the direction hitting an unpredictable banking cap.

of the draft Electricity Amendment Bill 2025, rather

than being absorbed implicitly by DISCOMs. To keep implementation aligned with the central

framework, a model state regulation could be
coordinated through the Forum of Regulators and

Lead institutions: Ministry of Power, State
RcHUHG WR VWDWHY DV D UHDG\ WHPS

Electricity Regulatory Commissions (SERCS),

State Governments.
Lead institutions: Ministry of Power, the Ministry

of New and Renewable Energy (MNRE), SERCs,
Forum of Regulators.

2. Establish portfolio-level credit guarantees
for cluster special purpose vehicles

Aggregating MSME borrowing into pooled structures
backed by partial credit guarantees through Small
Industries Development Bank of India (SIDBI) or
Indian Renewable Energy Development Agency
(IREDA) enables lower collateral requirements,
faster approvals, and reduced perceived risk through

10
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India is the world’s second-largest steel producer. The
production landscape is divided between integrated
primary manufacturers operating ore-to-metal

facilities based on the blast furnace-basic oxygen
furnace (BF-BOF) route and a vast, decentralised
secondary segment that produces steel using scrap,
sponge iron, pig iron or combinations thereof in

electric arc furnaces (EAF) or electric induction

furnaces (EIF).

The secondary steel segment, largely driven by
MSMEs, forms a critical pillar of India’s steel supply,

Table 1: Overview of the Indian secondary steel sector

FROQWULEXWLQJ DURXQG * RI ,QGL
steel production. These units are highly fragmented,
with capacities ranging from 1,000 tonnes per annum

to 0.1 million tonnes per annum (MTPA).

India’s crude steel production has seen robust

H[SDQVLRQ ULVLQJ IURP PLOOLRQ

FY2020 to 152 MT* in FY2025 at a CAGR of about
6HFRQGDU\ VWHHO SURGXFWLRQ

rising from 44 MT to 61 MT at a CAGR of 6.4% over

the same period, maintaining its 40% share of total

output.

Parameters Description

Secondary steel production capacity $ERXW 073%
(2023-24)

Share of secondary production in S$ERXW £

Indian crude steel production

Annual production (FY2025) 61 MTPA

Scrap consumption (FY2025) + 073%

Number of units (2024)

1032 ElIFs + 40 EAFs

Estimated energy consumption (2023)

+ SHWDMRXOHV 3- +
consumption in iron and steel sector)

7THUDZDWW KRXUV

Estimated total emissions (Scope 1
and 2 for 2024)

50-60 million tonnes CO , (MTCO,)

Distribution of total scrap across EAF/
EIF (2024)

13-15% in EAF
44-46% in EIF

Distribution of total sponge iron in
EAF/EIF (2024)

44-46% in EAF
+  LQ ()

Products

Steel sheets, coils, TMT bars, pipes, others

Source: Ministry of Steel, BigMint, JMK Research

16 PIB | Current Capacity of Steel Productipduly 2025
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Figure 1: Annual trend of secondary steel production
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Secondary steel manu G . v

rOCeSS DQG HQG SURGXFW SUR{OH )RU WKH S
p WKH VHFRQGDU\ VWHHO HFRV\VWHP FD
as follows:

India’'s secondary steel manufacturing system
RSHUDWHY WKURXJK WZR URXWHYV L?HU QWLIDWHG E\ WKI-||. .

ol wg; mills® * —Includes standalone rolling mills

PL[ RI UbDzZz PDWHULDOV XVHG VHH )LtJX H S TKH. ¢

. _ _ Rat procure billets or ing

and dominant route blends sponge iron, produced via

coal-based or gas-based direct reduction, with scrap.

VW
oLgs from the market and
integrated units where melting and rolling are co-

) located.
The second route combines blast furnace-produced
pig iron with scrap. These raw materials feed into EIFs
Foundr¥| segment — Encoml__passes grey cast
RU ($)V DQG LQ VRPH FDVHV FRDO ¢(UHG HV

iron, ductl?e iroLn, andI %(pLeJc%I%ed processes such
as investment casting, typically serving automotive
and engineering supply chains.

such as Cupolas, to produce molten metal.

Electricity is the central energy input for both EIFs

and EAFs, making power cost, reliability, and quali . . . .
S Ing pow s lability quality F \r/%wﬂq?unlts — Power-intensive downstream

0
FULWLFD HWHUPLQDQWYV RI RGXE FLHOF\ . ORVW

l,J_ , O_ ,G v Q Q i SURG processor% {F'\aq conv%rt \b|II8ts into shaped
facilities then solidify the molten steel into billets or

. . . i components through mechanical deformation and
ingots through continuous casting. Although this

heat treatment.
FRQVWLWXWHY WKH EURDG PDQXIDFWXULQJ ARZ VLJQL;FDQW

on-ground variations exist in how units handle molten

Integrated direct reduced iron (DRI)
steel beyond the EAF/EIF stage.

steelmaking units  — Facilities combining DRI
production with melting operations.

17 InIndia, primary steel colloquially refers to steel produced by integrated steel plants via the BF-BOF route, while secondary steel
UHIHUV WR SURGXFWLRQ E\ XQLWV XVLQJ VSRQJH LURQ SLJ LURQ DQG RU VFUDS 7KLV G
GLVWLQFWLRQ LV EDVHG RQ IHHGVWRFN 1RWDEO\ WKH -QGLDQ FODVVL4FDWLRQ LV PRUF

13
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Figure 2: Steel manufacturing value chain

representation

I

Coal-based Gas-based (vertical shafts), — = —» Raw material input |
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80% | ) Process |
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Oil furnace - Natural gas or LPG

P ——
Sponge iron production shar e by fuel | Arrow I
I

| .
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L ey

Direct
reduction

Re-heating Rolling mills

—) or forging

press

Sponge iron
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ingots
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pellets
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casting processes

furnace [ Output stee | p roducts
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| Beams, TMT, etc.

, I
Raw materials "« Reduction in blast / | |
N furnace 1 | |
Bla st
furnac e Ferrous Flat sted products |
scrap Sheets strips, etc. |
Raw material
| Casting-based |
Pig iron production Coal-based Steel products —

0 O Pump, gears,

share by fuel 100% I tools, bearing etc.

Source: Sameeksha, SIMA, JMK Research

E m I S S I O n p r Ofl I e This distribution points to clear intervention priorities:

upstream ironmaking requires process transformation,
ZKLOH WKH PHOWLQJ DQG ¢QLVKLQJ VW
decarbonisation potential through renewable electricity
ZLWKRXW UHTXLULQJ SURFHVV PRGL¢F

Emissions across the secondary steel value chain
concentrate upstream. Coal-based sponge iron

roduction (or DRI) accounts for 60% of the sector's . . .
production ( ) 8 ° primarily examines secondary steel MSMEs and

carbon footprint. The EAFs and EIFs contribute . .
excludes DRI-based units, as these operations are
DURXQG 'RZQVWUHDP XQLWYV L.N|—| UﬁOOL%J PLOQV
. : pically highly” consdlidated and operate at scales
account for the remaining share (see Figure 3).

VLIQL,FDQWO\ ODUJHU WKDQ 060(V

Figure 3: Share of greenhouse gas emission across DRI-based secondary steel value chain

(Scope 1 and Scope 2)

Rolling mills, 13%

__ Electric arc furnace, 0%
Direct reduced iron, 60%

Induction furnace, 26.8%

Source: TERI, JMK Research
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GEOGRAPHIC CONCE
OF SECONDARY STEI
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India’s secondary steel industry clusters are distinct secondary steel units typically range from 1,000
manufacturing belts that have evolved around raw TPA to 0.1 MTPA, these DRI-based integrated
material linkages, labour availability, and established operations tend to be at the upper end of this
industrial ecosystems. These comprise foundries, spectrum or exceed it.

forging units, and steel rolling mills, along with

associated operations such as ferro-alloy producers f Port-adjacent and scrap-accessible regions

and scrap processing units. Figure 4 below illustrates such as Maharashtra, Gujarat, and parts of
the distribution of these clusters across states. southern India exhibit higher scrap usage because

of easier access to imported scrap and established
5HJLRQDO FKDUDFWHULVWLFV |IXUWddstdl logis@& XHQFH WKH
technological pathways and raw material choices

adopted across clusters: f Clusters located near major consumption
centres like Mandi Gobindgarh in Punjab
[ Ore-rich belts in central and eastern India, and Howrah in West Bengal lean towards the
particularly Chhattisgarh, Jharkhand, and SURGXFWLRQ RI ¢(¢QLVKHG SURGXI
Odisha, tend to support DRI-based ecosystems, proximity to construction, engineering, and
where integrated melting-rolling facilities often automotive markets.

include their own sponge iron kilns. While

Figure 4: Key Indian secondary steel clusters

Orange —Foundry
Blue — Forge
Green — Steel Rolling

Punjab Red —Mixed (DRI, Foundry, forg e or
Mandi Gobindgarh, 1277 steel rolling mills)
Ludhiana, 372 |
Xtta rlPlBadesh
Haryana gra,
Samalkha, 36 Saharanpur, 21 Jharkhan d

Giridih, 1124

Rajasthan
Jaipur, 143

Guijara t
Bhavnagar (Sihor), 1300
Rajkot, 894

Ahmedabad, 530 -+ West Benga |

" Howrah, 750
Durgapur, 4536
Maharashtr a

Kolh 600 Chhattisgarh
olhapur, .
Pune, 108 Sundergarh, 4000 R@iPur11000
Jalna, 1200
Karnat aka Madhya Pradesh
Belgaum, 360 Indore, 42
Shimoga, 50
Tamil Nadu
- Chennai, 193

Coimbatore, 600

Note: Values beside each cluster name indicate annual production output (in thousand tonnes per annum).
Source: Sameeksha, JMK Research
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Electricity-intensive  MSME secondary steel units Standalone rolling mills, due to their non-continuous
operate under rising cost pressure, with electricity operating pattern, have limited demand-side
being a critical driver of operating expenditure amid AH[LELOLW\ DQG UHGXFHG DELOLW\ WR

LQFUHDVLQJ JULG WDULc YRODWLO lgevératbh,URVYV WKH YDOXH FKDLQ
electricity cost exposure, or the sensitivity of the
businessto changesin electricity cost, varies for melting As India’s steel decarbonisation agenda accelerates,

and rolling mills. For units operating on thin margins, reducing indirect emissions (scope 2) has emerged
HOHFWULFLW\ WDULc AXFWXDWLRQas a@ linurtediate ind BaakhlflaMevErX paltiQuiaki)/for

viability. Simultaneously, tightening environmental electricity-intensive  MSMEs. Renewable electricity
compliance requirements add additional operational LOQWHJUDWLRQ RcHUV D SUDFWLFDO S

DQG (QDQFLDO REOLJDWLRQV U H Ttes&Jdn@xdions@hil/impraviRg Brier@yxddt stability.
cost exposure alongside regulatory alignment. The
table below summarises the electricity demand

characteristics across major secondary steel segments. W h y re n ewa b I e e | e Ct rl C I t‘
As shown in Table 2, EAF units operate with a stable m akeS eCO n O m IC Se n Se

KRXU EDVHORDG SUR¢OH UHAHFWLQJ WKHLU ODUJH
scale continuous operations. EIF units display more Electricity consumption in the steel sector is projected
heterogeneous load characteristics. Medium-sized EIF WR GRXEOH IURP WHUDZDWW KRXUV
XQLWV UXQ FRQWLQXRXVO\ ZLWK S HWhRE3 Wk realyhsifoiine gemand expected
ZKLOH VPDOOHU XQLWV RSHUDWH PROMERIEPEH \secendary Rigel ynity This growing

day with variable load patterns and greater seasonal ~ deémand presents an opportunity for RE integration.
sensitivity. India’'s Greening Steel Roadmap underscores this

shift, setting a target of around 43% renewable

Table 2: Electricity demand characteristics across key secondary steel units

Scale Large Medium to small

Estimated units in India Around 34 1,030

Operating hours 24 hours per day with stable | Medium: 24 hours a day continuous

baseload RSHUDWLRQ ZLWK VRPH ORDG AXF

6PDOO + KRXUV D GD\ ZLWK YD!
SUR¢OH

6SHFL;F HOHFWULFLW\x N : Kper tonne + N:K SHU WRQQH RI FUXGH

consumption of crude steel

Seasonal impact Operates near-continuously Medium: Moderate seasonality

BRIl ClfEeel Small: High seasonality during summer

and monsoon periods

Source: Ministry of Steel, TERI, Sameeksha, GlIZ, BEE, JMK Research

1RWH ,Q DGGLWLRQ WR XQLWYV DERYH WKH VHFRQGDU\ VWHHO VHFWRU DOVR LQF
operating reheating furnaces, and some foundry units using cupola furnaces. These are not included due to their highly
I[IUDJPHQWHG DQG KHWHURJHQHRXY RSHUDWLQJ SUR;{OHYV

18
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electricity penetration by 2031, with the potential to Immediate emissions reduction:
UHGXFH HPLVVLRQV LQWHQVLVREE\ DSSURQRWVDWHMLQJ WR UHQHZDEOH H
in secondary steel is supported by several structural near-term opportunity to reduce scope 2 emissions
advantages: without waiting for large-scale technology
transitions.
Cost competitiveness: RE procurement can
GHOLYHU ORZHU WDULcV WKDQ JHVGLWNRZHUHQHEZPERPHLEOHFWULFLW\ Rc
long-term cost visibility for MSMEs. Electricity predictable costs, RE adoption among secondary steel
constitutes up to 40% of operating costs for EIF/ units is estimated at only around 11%? This is notably

EAF-based units (see Figure 5). Across most lower than renewable electricity’s share in India’s
VWDWHYV ',6&20 WDULcV UDQJH Ilav&&l &éattricty fkeniération mix, which stands at

while RE can be procured for Rs 4.5-6/kWh. roughly 22%.

Operational compatibility: Renewable Against this backdrop, this study examines the

electricity integration requires minimal process barriers of scaling RE adoption in the sector, evaluates

changes, making it one of the least disruptive high- WKH HFRQRPLF IHDVLELOLW\ RI GLcHU
impact decarbonisation options for electricity- PRGHOV IRU 060( XQLWY DQG LGHQWL¢
intensive units. Unlike upstream ironmaking, policy enablers required to accelerate clean electricity

which will require breakthrough technologies uptake across major secondary steel clusters.

such as hydrogen-based reduction, melting and
rolling operations can run on RE without altering
the furnace or production route.

JLIXUH (OHFWULFLW\ FRVW H[SRVXUH DQG UHQHZDEOH HQHUJ\xJU
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Source: BEE, JMK Research

3 Ministry of Steel | Greening the Steel Sector in India _ 6HSWHPEHU
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Figure 6: Key characteristics of secondary steel clusters and the case for

renewable energy adoption
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India’s secondary steel landscape consists of various
PDQXIDFWXULQJ FOXVWHUYV
consumption, production scale, and regulatory
HOYLURQPHQW
variation in the economic feasibility and attractiveness
of RE adoption across clusters.

To compare these clusters and identify those with
the greatest potential for RE adoption, a scoring-

based analytical approach was adopted. This enables
a structured, quantitative evaluation that moves

beyond anecdotal evidence and provides a clear
basis for prioritising clusters for deeper analysis and

engagement.

Methodology

Given the heterogeneity across clusters, direct

was standardised using z-score normalisation, which
HDF K cariveltsalwv@alta iniQ a eb@iddn \dtdtidtiEdl svale while

preserving the magnitude and direction of variation

7KHVH GLcHUHQFHai¢rosE tiustersv H VLIQLLFDQW

In addition to quantitative indicators, several
parameters, including State Open Access Policy
adoption and its on-ground implementation, are
qualitative. These were evaluated using a categorical
scoring scale (High/Medium/Low) based on regulatory
analysis and industry interactions. The qualitative values
were drawn from state open access policy documents,
WDULc RUGHUV DQG UHODWHG UHJXOL
guantitative inputs were compiled through secondary
research and primary interactions with more than 15
stakeholders, including manufacturers, association
representatives, and RE developers.

The table below summarises the parameters

comparison of raw values is not meaningful. Parameters
such as electricity consumption, land availability,

RU SROLF\ IDYRXUDELOLW\ DUH
scales. To ensure fair comparability, each parameter

considered, their weightages (and sub-weightages),
DQG WKH LQAXHQFLQJ IDFWRUYV
PM(P/MG?& Yrd Gatidh&e f@T'—v&W et Mﬁrameter was
VHOHFWHG DQG KRZ LW DcHFWYV 5( DGF

7TKH

Table 3: Weighted parameter framework for secondary steel cluster assessment

Parameter otal Sub- ,QAXHQFLQJ | Description
weightage weights parameter

State GEOA | 35% 10% State Open Access | Assesses overall openness and clarity
policy policy adoption of the state’s green energy open access
favourability (GEOA) framework. States with
transparent approval procedures,
predictable regulations, and supportive
OA norms enable smoother RE adoption
by steel clusters
15% Banking ecosystem | High banking charges, shorter settlement
(charges®, cycles, or restrictive withdrawal rules
settlement?!, and VLIQL;FDQWO\ UHGXFH WKH HFR!
withdrawals) 2 of RE for steel units
10% On-ground Includes operational aspects such as ease
implementation of securing evacuation pathways® and
substation connectivity 24

20 $ UHIJXODWRU\ PHFKDQLVP WKDW DOORZV VXUSOXV UHQHZDEOH HQHUJ\ LQMHFWHG LQWR
WLPH VXEMHFW WR WLPH OLPLWV FKDUJHV DQG ORVVHV VSHFL4HG E\ WKH VWDWH UHJX!
21 7KH GH4QHG SHULRG RYHU ZKLFK LQMHFWHG DQG ZLWKGUDZQ HQHUJ\ LV QHWWHG RU 4QC
22 7KH FRQGLWLRQV JRYHUQLQJ ZKHQ DQG KRZ EDQNHG HQHUJ\ FDQ EH ZLWKGUDZQ H J W
KRXU H[FOXVLRQV ZKLFK GLUHFWO\ DeHFW WKH XVDEOH YDOXH RI EDQNHG UHQHZDEOH S
23 7KH DYDLODELOLW\ RI WUDQVPLVVLRQ RU GLVWULEXWLRQ LQIUDVWUXFWXUH UHTXLUHG W
WR WKH JULG RU HQG FRQVXPHU
7KH DELOLW\ WR FRQQHFW D JHQHUDWLRQ DVVHW RU FRQVXPHU WR DQ DSSURSULDWH JU]I
FRPSDWLELOLW\ DQG WLPHO\ DSSURYDO IRU SRZHU LQMHFWLRQ RU ZLWKGUDZDO
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Parameter otal Sub- ,QAXHQFLQJ | Description
weightage weights parameter

Electricity 25% 'LcHUHQFH EHWEZHKHY WDULc GLcHUHQW L
cost savings VWDWH JUL G| \tbihpktitiveDe30f RE
potential RE landed costs
Electricity 20% 10% Current electricity Captures the existing power demand
consumption consumption of the cluster. Higher electricity
consumption indicates stronger economic
incentives for shifting to RE
10% Future electricity Assesses the expected growth in electricity
consumption demand based on planned expansions,
new units, and increasing production
volumes.
Unexplored 10% - Potential of RE Indicates the remaining untapped RE
market penetration in the potential in the cluster based on developer
cluster presence
Land 10% 5% Land availability Assesses availability of contiguous land
parcels suitable for RE projects
5% Right of way Evaluates the ease of securing
issues® transmission corridors, grid connectivity,

and power evacuation

Source: JMK Research

Final cluster scores were computed as the weighted
sum of the normalised (z-score) values across all
selected parameters. This produced a single composite
score for each cluster, enabling a comparative ranking
across India’s major secondary steel hubs.

With the scoring framework established, it was applied
to India’s major secondary steel clusters to derive a
composite measure of their RE adoption potential

Renewable energy
electrification attractivent

Index

relative

(see cluster deep-dives on Raipur Steel Cluster

and Rajkot Steel Cluster
7KH UHVXOWLQJ

in subsequent sections).
5HQHZDEOH (QHUJ\

Attractiveness Score provides a comparative ranking

of clusters.

potential for RE adoption.

(OHFWUL¢{FDWLRQ

DOV LF

7KH 5HQHZDEOH (QHUJ\ (OHFWUL¢{(FDW
Score ranks secondary steel clusters based on their

5HIXODWRU\ DQG ODQG DFFHVV FOHDUDQFHYV QHFHVVDU\ IRU FRQVWUXFWLQJ DQG PDLQW
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Figure 7: Cluster-wise Renewable Energy Attractiveness Index
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Source: JMK Research

1RWH &OXVWHU UDQNLQJY DUH EDVHG RQ D UHODWLYH DVVHVVPHQW XVLQJ WKH ]
comparative performance across the evaluated clusters and should not be interpreted as an absolute measure of renewable
energy attractiveness.

Raipur (Chhattisgarh) ranks the highest score, a greater potential to demonstrate RE adoption across

UHAHFWLQJ LWV ODUJH DQG GLY Hhlltiplg s¢@nehtQ Rajkut\has hebrCsel&cRa/fbr deeper

substantial electricity consumption across induction assessment for this reason and its stronger ecosystem

furnace and rolling mill operations, and strong readiness, which can support implementation

economic viability for RE integration. pathways and facilitate stakeholder alignment for RE
LQWHJUDWLRQ %KDYQDJDU 6LKRU FF

The Karnataka clusters of Belgaum and Shimoga ZLWK D VFRUH RI DQFKRUHG E\ LW

IROORZ VFRULQJ DQG UHVSHVYWLY HHBIF\FREQRWWRHANHG FRQVXPSWLR!

by favourable policy conditions and steady industrial
loads. However, their relatively homogeneous &ROOHFWLYHO\ WKHVH WRS ¢YH FOX)\
LQGXVWULDO SUR¢{OHV OLPLW W KH ltHeir Bdnirtat@Wot dodle, YoRsisBeht Blec@isity\usbDa)N H

replicability across diverse unit types. and supportive state-level conditions, placing them in
the highest tier of attractiveness for RE deployment.
5DMNRW UDQNV QH[W DW XQGHUSLQQHG E\ D GLYHUVH

MSME ecosystem spanning forging, foundry, casting,
and precision engineering. This broad industrial mix
FUHDWHYVY D YDULHG DQG VWDEOH HOHFWULFLW\ GHPDQG ,W RcHUYV
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7TDEOH 6XPPDU\ RI WRS ¢YH FOXVWHUV IRU 5( LQWHJUDWLRQ

Estimated Favourable factors
electricity

consumption

(as of 2024)

Chhattisgarh | Raipur *: K Mixed (DRI, e High electricity demand and
foundry, strong industrial scale
fo_rl?'”g’ﬂ:""'”g « OL[HG FOXVWHU SUR¢OH HQE
mifls, ensrs) GLYHUVL¢HG 5( DGRSWLRQ

e High un-explored market potential

e Supportive banking provisions
with manageable implementation
risks

Karnataka Belgaum Belgaum: Foundry e Favourable state-level regulatory

and GWh and banking provisions
Sllesd Shimoga: e Stable foundry-dominated
GWh electricity demand
e Low implementation risks and
favourable withdrawal rules
e Strong policy alignment for RE
integration

Gujarat Rajkot 1,250 GWh Mixed (foundry, | ¢« High developer presence and
forging, others) market maturity

»  Favourable policy adoption with
low on-ground barriers

» Stable medium-scale electricity
consumption

Guijarat Bhavnagar *: K Rolling mills e Rolling mill-dominated cluster

(Sihor) with consistent load patterns
e High policy favourability and low
implementation challenges
e Good land availability supporting
solar deployment
e Medium electricity demand with
strong RE savings potential

Source: JMK Research

7KH IROORZLQJ ¢(JXUH VXPPDULVHV WKH NH\ WDNHDZD\V
from the cluster-level renewable energy attractiveness
assessment.
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Figure 8: Key takeaways from the cluster-level renewable energy attractiveness analysis

Key takeaways

RE potential varies significantly across clusters, driven by differences in electricity
: n ! ® demand, industrial scale, land availability, and state-level policy frameworks.
n A weighted Renewable Energy Electrification Attractiveness Index was developed
n r using parameters such aspolicy support, cost competitiveness, power consumption,
— market potential, and land access to objectively prioritise clusters.

The top five clusters identified were Raipur, Rajkot, Belgaum, Shimoga, and
‘@' Bhavnagar, distinguished by their scale, stable electricity demand, and
PAS favourable state conditions, placing them in the highest tier for RE adoption.

Source: JMK Research
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Following the development of the Renewable 1

(onun (onrwuLcrowirg  swwuorkdynERAIPYLDIEEl Cluster

deeper assessment was undertaken to understand

the practical feasibility of RE adoption within high-

potential clusters. As part of this phase, the JMK

5HVHDUFK WHDP FRQGXFWHG ¢ HO G RapwLisvanewpR IngiaisHlakgesk Rg oy diverse

steel clusters in Raipur (Urla and Siltara) and Rajkot secondary steel clusters, with over 300° MSME-
OHWRGD DQG 6KDSDU 7KHVH YLV LSeal indoaienduinace ang ywllikd milGunits. The

interactions with steel MSMESs and cluster associations FOXVWHU EHQH/;WV TURP VWURQJ UD

to understand on-ground challenges, operational with sponge iron and ferrous scrap readily available,

realities, and industry perspectives on RE adoption. PDNLQJ LW ODUJHO\ VHOI VXdFLHQW
The industrial belt is anchored by Urla and Siltara

reas. Urlj, the older steel-processing zone, now
lo

PurpOSG Of the CIUSter'll@sVﬁ pment restrictions due to expanding

residential areas and environmental sensitivities,

aSS eSS m e nt while Siltara has become the primary centre for new

capacity additions and modernisation.
This analysis had two objectives:

Over the years, the Raipur cluster has been shifting

Validate the scoring model against ground towards more induction-furnace-plus-rolling-mill

realities, by examining the production mix, energy FRQ¢{;JXUDWLRQV %DVHG RQ VWDNHKF
consumption patterns, policy implementation roughly two-thirds of units operate as integrated
challenges, and RE adoption perceptions among  facilities, while the remaining third continue as

steel units. standalone rolling mills. The region also has a

high concentration of coal-based sponge iron units
'"HYHORS D FRQVXPHU FHQWULFoperQiRy@brizéhfal roRafy GilhsOreinforcing Raipur’s
to quantify cost savings and carbon abatement  position as a major DRI-producing hub. Stakeholder
potential of RE adoption in Raipur and Rajkot interactions indicate that many standalone rolling
XQGHU GLcHUHQW SURFXUHPHQW VWUXFWXUHYV

Table 5: Raipur cluster overview (as of 2025)

Parameter Description

Number of MSMEs 200-300

&OXVWHU SUR¢OH Mixed (induction furnace with rolling mills, standalone rolling mills and
DRI units)

Finished steel via EIF 073%$ PLOOLRQ WRQQHV SHU DQQXP

Annual sponge iron output (DRI) |5.34 MTPA

Steel rolling mill production 0.5 MTPA

Total energy consumption 152 PJ (about 42 TWhl/year)
Share of scrap usage 25-30%

Electricity consumption 7:K \HDU
Employment 15,000+ people

Source: Stakeholder consultations, Sameeksha, JMK Research

6 D P HH N \&kuBtion Analysis of Raipur Secondary Steel Cluster
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mills face limited long-term business viability due
to sustained margin pressure and the ongoing shift

towards integrated operations. The Raipur steel cluster is supplied by Chhattisgarh

State Power Distribution Company Limited (CSPDCL).
As an energy-surplus state with strong infrastructure,

of energy consumption among secondary steel SKKDWWLVIDUK RcHUV KLJK VXSSO\
clusters, with electricity contributing around 16% and minimal outages even during peak industrial

WKH UHPDLQLQJ GULYHQ SULPDngéfé}ibnsE\ FRDO EDVHG
thermal energy.

This composition results in one of the highest levels

$ NH\ GHWHUPLQDQW RI WKH HCcHFWI
e : : _ secondary steel units is CSPDCL’s Load Factor (LF)-
opportunity in Raipur. Stakeholder discussions and based rebate structure. Units operating above a 50%

resource assessments indicate that wind potential | £ receive rebates on the energy charges that increase
in the region is negligible. Therefore, wind-based OLQHDUO\ XS WR D PD[LPXP RI DW |

SURFXUHPHQW RU KIEULG ZLQG VR Q&Htur’@%gweb%qwe&i@e ndPréble. csPDCL
not practically feasible for cluster consumers. DOVR SURYLGHV DQ DGGLWLRQDO LOQ

consumption, allowing withdrawal of up to 20% extra
Beyond these established hubs, Tilda, located SRZHU EHWZHHQ $0 DQG

northeast of Raipur, is emerging as the next potential
growth centre because of available land and its
proximity to the Raipur-Bilaspur power transmission
FRUULGRU ZKLFK RcHUV IDYRXUDEOH FRQQHFWLYLW\ IRU
future industrial expansion.

From an RE standpoint, solar remains the primary

$0 ZKL
operations capable of shifting load to night hours.

JLIXUH *ULG WDULc SUR¢{OH DQG ORDG IDFWRU SUR¢{OH IRU VHFRQGDU\

Grid tariff profile Load factor rebate profile
10 90%
9 80%
8
70% Load factor
= 75%—85%
s 5 Rs.75-85kWh &
= ~
E o 60%
= _ 2
= 6 Rs. 6.5-7.5 kWh g
s 5 50%
° 5 8 Less than 50% 0%
2 S 40% 50-74% Rebate increases
S, qév linearly from 1% to 24%
E = Above and equal Capped at 25%
[} 30% to 74%
5 3
S
= 20%
& 2
Load factor
1 10% 15%—-25%
0 0%
Induction furnaces Standalone rolling mills Induction furnaces Standalone rolling mills

6RXUFH &6(5& 7DULc 2UGHU -0. 5HVHDUFK

$ PHDVXUH RI KRZ FRQVLVWHQWO\ HOHFWULFDO FDSDFLW\ LV XVHG RYHU WLPH FDOFXOD
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7TKHVH /) OLQNHG LQFHQWLYHV FUFHR2WFH, ©LEVWICQFEW AW DA LG
RXWFRPHV IRU GLcCHUHQW XQLW W\SHYV ,QGXFWLRQ IXUQD+H

= D.V HG XQL W V. ZKLFK WASLFDOO\ R@dé#a@c\é’sl\%'ciﬁr@és pI&Ly a detisive role in shaping the

qualify for the maximum 25% rebate and therefore landed cost of RE for steel units in the Raipur cluster.
UHDOLVH D ORZHU HcHFWLYH WDULc/RL &V | vEHVvEHELPDDDNY WKH EDVH IRU
IXUQDFH RSHUDWLRQV DOVR WDNH QG YERW Ruhbte RobW¥iKis! tRfsnitd® Mrough

power allowance to further optimise electricity costs. the state grid network instead of being consumed at

WKH JHQHUDWLRQ VLWH %HFDXVH R«
through transmission and, in some cases, distribution
infrastructure, multiple regulatory charges and losses

25%. Since they do not quallfy for any LF rebate, their DEEXPXODWH DOR Q J WKH ZD\ VLJ Q L é

HCHFWLYH WDULcV UHPDLQ VLJIQL¢BRAQWED ok ydkile WBRILQJ
IURP 5V £+ N:K DV VKRZQ LQ )LJXUH

The charges include transmission and wheeling

‘KLOH WKLV FUHDWHV DQ DSSDUHQWgel Bihkfisdoh Vd2das Q¥R [dsses, and
for rolling mills, the relative attractiveness of RE surcharges such as the Cross Subsidy Surcharge
FDQQRW EH LQIHUUHG IURP WDULc @Qd)RUVARIRDRR SlircHdidd (B HhBHg Bhese,

economics of RE procurement also depend on factors  ¢gs constitutes the largest share of total open access

VXFK DV ORDG IDFWRU HOLJLELOLWY IR WRAMNLSpWHERAWBG BREFWLQI w

the applicable open access charges, which vary across procurement for MSME consumers.
consumer categories. Together, the interplay of

LF, rebate eligibility, and voltage-level connectivity $V LOOXVWUDWHG LQ WKH ¢JXUH DERY
VKDSHV WKH WDULc ODQGVFDSH LQ#JEH SRESEY, FROWVERPBREHQW RI Wi
LV. D FHQWUDO IDFWRU LQAXHQFLQg MsWESReaWihiR th Rediblirk- R @Mposition

across unit types. charts also show that CSS dominates the OA cost

In contrast, standalone rolling mills operate
intermittently and generally maintain LFs of only 15—

Figure 10: Open access charge composition and landed cost comparison for MSME steel units

in Raipur
Share of open access charges Captive vs Third Party procurement
models
m Cross subsidy
surcharge
40 ~160% . Third Party Rs 6/ kWh
M Transmission and
distribution
losses
Distribution
charge Rs 4. 38/kWh,
. CSS and AS are
Solar group captive
group cap waived off
W Transmission
charge
0 2 4 6 8
B Other charges
(SLDC, banking Per unit cost (Rs/kWh)
etc.)
Bus bar tariff m Open access charges

6RXUFH &6(5& 7DULc 2UGHU -0. 5HVHDUFK
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VWDFN PDNLQJ LW WKH VLQJOH~RRVWALOAXHQWLERO
determinant of renewable power competitiveness in
the cluster.

While the full suite of OA charges applies by %XLOGLQJ RQ WKH FOXVWHU OHYHO LC
default, certain components such as CSS, AS, or Mmodelling framework, this section assesses the
transmission OA charges may be waived depending ~ €conomic viability of RE adoption for integrated

RQ WKH SURFXUHPHQW VWU XFW X U Hfurngceaplagirriag-riluwts \Wg anedysisevalyates
FRQFHVVLRQV 7KHVH ZDLYHUV SO Bved procuementr pathwaysy FrdlHCapgx, Group
GHWHUPLQLQJ WKH ¢QDO ODQGHG FRntive, fnd BhirdsmizyHPDemASEESH U H

discussed in subsequent sections.
Inter-State  Transmission System  (ISTS)-based

procurement is not considered in this analysis, given
the phasing out of transmission charge waivers, limited
suitability for MSME steel consumers operating at
lower voltage levels, and delays associated with ISTS
connectivity and approvals.

Despite Raipur's strong RE potential, on-ground
interactions with rolling mills and integrated units
revealed a set of practical constraints that shape the

pace and feasibility of RE adoption. Understanding . . .
. . . ) Table 6 provides below provides a comparative

these issues is essential because they directly . L

R verview of the key characteristics of the three
LQAXHQFH WKH EDQNDELOLW\ RI 5 SURMHF\(/ij 7TKH W%.EOH -
below summarises the kev on-around challenges that rocurement models assessed in this study. A critical

. y orng . g GLCcCHUHQWLDWRU DFURVVY WKHVH PRGF

emerged during the stakeholder consultations across

. open access charges. On-site Full Capex systems avoid
Urla and Siltara.

Table 6: Key challenges to renewable energy integration in Raipur

Land Limited availability of contiguous land parcels for RE projects and fragmented
landholding patterns.

6KDUS LQFUHDVHYVY LQ ODQG SULFHVY RQFH SORWY DUH LGHC

GLdFXOW
Evacuation /[LPLWHG DYDLODELOLW\ RI DcRUGDEOH ODQG QHDU PDM
and substation securing evacuation connectivity.
f:onnectivity Existing substations around Siltara and Tilda are already load-constrained, creating
ISSUES bottlenecks for new connections.
Financing access Tight working-capital cycles restrict MSMES’ ability to allocate funds for high-capex

RE projects.
/LPLWHG DFFHVV WR ORQJ WHQXUH ORZ FRVW (QDQFLQJ 1

Awareness and Many MSMEs lack awareness of the Group Captive procurement model, equity
coordination participation rules, and procedural requirements.

Smaller units struggle with coordination for aggregation-based RE procurement.

Operational +HDY\ GXVW DFFXPXODWLRQ LQ 8UOD DQG 6LOWDUD UHG X
constraints cleaning requirements.

Limited rooftop and ground space restrict the feasibility of on-site solar projects.

Source: Stakeholder Consultations, JMK Research
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all major open access because the generation is not DQ LOGXFWLRQ IXUQDFH DQG UROOLQ

routed through the grid, while Group Captive projects with an annual production of approximately 0.1

qualify as captive generation under the Electricity MTPA. This scale is aligned with typical on-ground

Rules, enabling CSS and AS waivers when equity RSHUDWLQJ SUR¢OHV DQG UHAHFWV D
and consumption criteria are met. These structural product manufacturer. The assumed production level
exemptions materially lower the landed cost compared provides a realistic baseline for assessing renewable

to Third-party Open Access, where the full suite of OA procurement strategies for a secondary steel unit with

charges continues to apply. a steady, high-load power demand.

7TKH ¢QDQFLDO PRGHO LQFRUSRUDWHY NH\ DVVXPSWLRQV
presented in the table below. The model considers a
representative secondary steel consumer operating

Figure 11: Comparative matrix of renewable energy procurement options

Full Capex 100% owned Full project ~ Consumer Consumer raises Within Fully Lowest
(on-site) by the capex borne and services debt consumer with the long-
consumer by consumer premises consumer term
cost
Full Capex 100% owned Full project  Consumer Consumer raises Consumer Fully Lower
2c VLWH by the capex borne and services debt procures land  with the than
consumer by consumer consumer OA;
higher
than on-
site
Group Captive  Shared Consumers  Developer Equity Developer Shared Lower
ownership invest only  handles O&M contribution; procures land than
. their equity debt at third-
consumer share consumer level party;
equity; 51% (if needed) higher
consumption) than
Full
Capex
Third-party 100% owned No capex Developer fully None Developer Developer Highest
Open Access by developer from manages O&M procures land landed
consumer cost

Source: JMK Research

Note: Operations and maintenance (O&M) responsibility refers to the party responsible for the day-to-day operation,
performance monitoring, maintenance, and repair of the RE asset throughout its lifecycle, including ensuring plant
availability and managing technical risks.

32



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

Table 7: Key assumption parameters for integrated units at Raipur

Project size 10 MW, ; 12.5MW . 10 MW, Jconsumer; | 10 MW, ; 12.5
12.5 MW/ MW .
consumer
Debt-equity ration (project FRQVXPHU ¢QDQFHG 639 OHYHO
level) cQDQFHG
Capex (including Induction and rolling mills - Solar o 5V &URUH O :A%- RYRO DU
transmission and land) crore/MW)
Debt terms (as of October UHSD\DEOH LQ \HDUV Nil
2025)
Steel unit load factor ,OQGXFWLRQ IXUQDFH UROOLQJ PLOOV +#
Grid emission factor WZMNh

Source: JMK Research

Note: Alternating Current (AC) refers to the usable electrical output capacity delivered to the grid or consumer connection

point, while Direct Current (DC) refers to the installed solar module capacity before conversion through inverters. During
FRQYHUVLRQ IURP '& WR $& VRPH HQHUJ\ ORVVHV RFFXU GXH WR LQYHUWHU HdFLF
projects are typically sized higher in MW __thanMW,. WR FRPSHQVDWH IRU WKHVH FRQYHUVLRQ ORVVF
RXWSXW *ULG HPLVVLRQ IDFWRU UHSUHVHQWY WKH DYHUDJH &2[ HPLVVLRQV LQWI
using the Combined Margin methodology published by the Central Electricity Authority (CEA).

For each procurement pathway, the model calculates of emission reductions, creating an additional revenue

three core outputs over a 25-year RE project lifespan: stream for early adopters of low-carbon electricity.
& DV K A R@mputed annually over the 25-year The following subsections present the results for each
SURMHFW OLIH WR TXDQWLI\ WK HpQddrament pathwayD @lldwzd @y V& Rcompatative
consumer. VXPPDU\ RI VDYLQJV SRWHQWLDO ODQ

and carbon abatement across procurement models.
Average annual cost savings per consumer:
A single representative value that captures )XOO &DSH[ RQ VLWH DQG Rc VLWH
the typical yearly savings from renewable

procurement, enabling comparison across models. 7KH \HDU FDVKARZ SUR¢OH IRU LQ
VKRZV D GLVWLQFW JDS EHWZHHQ R
Average annual carbon abatement: FRQ¢(JIJXUDWLRQV ZLWK RQ VLWH LQVW

&DOFXODWHG XVLQJ WKH JULG Kddhexing LtReQhigHa$t ValriRl imost  sustained savings

W&2[ 0:K UHAHFWLQJ WKH D Yétaubelall gehétdddd @lectricity is consumed directly

&2 UHGXFWLRQ DFKLHYDEOH WaKthePpMdtKk UHQHZDEOH

electricity.

$FURVV ERWK FRQ¢{JXUDWLRQV HDUO

,Q DGGLWLRQ WR WKH PRGHOOHG gre ghgped RrgehDhy GebH $eividing. Rrpdal savings
outcomes, emerging carbon pricing mechanisms in increase steadily through the loan tenure and rise
India, such as the proposed Carbon Credit Trading sharply once debt obligations end, allowing the full
Scheme (CCTS), are expected to be operationalised GLcCHUHQFH EHWZHHQ UHQHZDEOH SR:
over the next few years and could enable monetisation HOHFWULFLW\ WDULcV WR DFFUXH WR '
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A10 MW, on-site solar installation requires an upfront Group Captive

investment of roughly Rs 35 crore, delivering average

DQQXDO FDVKARZ VDYLQJV RI DERXNé¢ Grdup Capive Reduits SHRW strong and stable

debt tenure, compared to approximately Rs 2.3 crore VDYLQJV SUR¢{OH RYHU WKH \HDU S|

IRU Rc VLWH FRQ¢JXUDWLRQV 7KH is/EsEMHdéaMWely\VsntaN/ Stidré DfVidrdj&t \agRity of

DEDWH DSSURJ[LPDW Hn@ually. The Wl 2 5V FURUH IRU D 0: DOORFDWLR

REVHUYHG LQ WKH QDO \HDU UHAFB® \E AV I 1 DWDFHYD JHKYRRXKH FRQVXPHU

LQFRUSRUDWHG LQWR ERWK DVVHWWKRQ SIXRNMAVR @QWHYEHRPRYQYYRBYWPHQW |

end-of-life returns. A practical factor unique to Raipur through Special Purpose Vehicle (SPV)-level debt

is the region’s heavy dust deposition, which increases managed by the developer. As a result, the consumer’s

panel cleaning frequency and can reduce on-site solar balance sheet exposure remains minimal, yet the

output if not managed proactively. VDYLQJV SUR¢{OH UHAHFWV WKH HFRC
fully debt-leveraged utility-scale project.

JLIXUH $QQXDO FDVKARZ VDYLQJV SUR¢{OH IRU LQGXFWLRQ IXUQDFH
)XOO &DSH[ RQ VLWH YV Rc VLWH VRODU SURFXUHPHQW

8 12,509tCO , 7
Average annual carbon abatement N u
6
6 Grid

4 energy
® charges,
o €5 6.65
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8 1] “
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= << < <X <X <X < < <X < < =< < 3
© o @ [0} [0} [0} [0} D ] (v} [0} [0} ¢} [0} o
@ g2g g2 72 2 2 2 82 3 2 2 2 1 =
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= 22
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-8 1

-10
On-site cash flow savings m Off-site cash flow savings 0

On-site  Off-site
Source: JMK Research

1RWH (VFDODWLRQ DSSOLHG LQ WKH PRGHO HQHUJ\ FKDUJH HVFDODWLRQ RI
annum thereafter. Dip in the ninth to tenth year corresponds to the expiry of the tax loss carry-forward period. The spike in
LQFOXGHYV VDOYDJH YDOXH RI WKH 5( DVVHW
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7KH FDVKARZ SUR¢{OH IRU WKH *UR%$ \KDSONV WKHP R[HUQ cLMDGYDQWDJIH W

shaped by two factors: model also reduces operational responsibility for
the consumer, as the developer manages project
f Limited upfront equity contribution construction, performance, and O&M. This shifts key

implementation risks away from the consumer while
f 6WURQJ WDULc VSUHDG EHWZHHQY WKGOOBQRWHIGGYRODRZ QRVWKLS OLQNEF
DQG HQHUJ\ FKDUJHV PHDQLQJ predicthbld bHg-te¥Ynh Metdrng D U L ¢
UHPDLQV VLIJQL;FDQWO\ ORZHU WKDQ WKH SUHYDLOLQJ
grid energy charge, allowing consumers to realise As shown in the figure below, the Group Captive

consistent per-unit savings over the project life. configuration delivers an average annual carbon

abatement of approximately 12,531 tCQ, while

During the years in which the SPV services its project- maintaining a competitive landed solar tariff of
level debt, consumer savings rise steadily. Over the DERXW 5V N:K FRPSDUHG WR SU

SURMHFW OLIH DYHUDJH DQQ XD OenErgy\ckakdeg of voDghly RS 6.65kWH.
approximately Rs 2.4 crore, driven by the relatively

lower and stable landed cost of solar power compared

WR JULG WDULcV DORQJ ZLWK WKH KLJK DQG FRQVLVWHQW
utilisation levels typical of furnace-plus-rolling-mill

units.

J)LIXUH $QQXDO FDVK ARZ VDYLQJV IRU LQGXFWLRQ IXUQDFH SOXV U
the group captive model

1,2531tCO , 7
Il Grid energy

Average annual carbon abatement charges, 6.6¢

6
2.5
5
4.38
1. 4
E3
0.
2
0

Yea Year Year Year Year Year Year Year Year Year Year Year Year
05 0 2 4 6 8 10 12 14 16 18 20 22 24 1

N

o1

Tariff (Rs./kWh)

&)

Annual cashflows savings (Rs crore)
=

-1 0
Solar landed
-1.5 cost

Source: JMK Research

1RWH *ULG HQHUJ\ FKDUJH HVFDODWLRQ DW DQQXDOO\ IRU WKH ¢UVW \HDU
HVFDODWLRQ DW DQQXDOO\
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Third party

The Third-Party model produces the weakest savings
curve of all options. Savings are not realised in the
initial years and improve only gradually over time,
turning marginally positive in the later years.

The model's performance is highly sensitive
to regulatory changes. Any increase in open
access charges (CSS or AS) or tightening of the
transmission-charge waiver can erode the projected
savings. Operational factors such as Power Purchase
Agreement (PPA) tenor, billing and settlement
timelines, and exposure to curtailment or scheduling-
related losses also shape realised savings and can
directly reduce the already-thin margin.

2YHUDOO ZKLOH WKH 7KLUG 3DUW\ UF

and zero capital exposure, it remains the least value-
accretive pathway over a 25-year horizon compared to
other alternatives.

Comparative evaluation of RE procurement
models

7KH \HDU FDVKARZ DQDO\VLV
performance hierarchy among the procurement
routes: On-site Full Capex delivers the highest lifetime
EHQH{;W IROORZHG FORVHO\ E\

site Full Capex and third party trailing due to higher

exposure to grid-routed adjustments.

HVWI

*URXS

JLIXUH $QQXDO FDVKARZ VDYLQJV IRU WKH 7KLUG SDUW\ 2SHQ $FFH'
IXUQDFH UROOLQJ PLOO XQLWYV
Year Year Year Year Year Year Year Year Year Year Year Year Year 7
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Source: JMK Research

1RWH 7KH PRGHO DVVXPHVY DQ DQQXDO HVFDODWLRQ RI
WKHUHDIWHU ZKLOH RSHQ DFFHVV FKDUJHV HVFDODWH DW
6DYLQJVY DUH QRW UHDOLVHG GXULQJ WKH LQLWLDO \HDUV GXH WR WKH

LQ JULG HQHUJ\ FKDL

Q

S

ORDG 11

SRVLWLYH RQO\ RQFH JULG WDULc HVFDODWLRQ EHFRPHV VXdFLHQW WR |

33% 3RZHU 3XUFKDVH $JUHHPHQW UHIHUV WR WKH ORQJ WHUP FRQWUDFWXDO DUUDQJHP
UHQHZDEOH HQHUJ\ GHYHORSHU WKDW GH4QHV WDULe WHUPV 7KH FRQGLWLRQV RI WKH 3
WKH VWDELOLW\ RI UHDOLVHG VDYLQJY RYHU WKH SURMHFW OLIH
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$ PDMRU GHWHUPLQDQW RI WKHVH GAREDHQ¥VHD UN WKBLODEORH ZKLOH *U]

of energy ultimately delivered to the consumer. Any highly competitive alternative with far lower upfront
procurement model that injects power into the grid FRPPLWPHQW DQG VPRRWKHU VDYLQJV
faces transmission and distribution losses and other Full Capex and Third Party remain viable but deliver

2$ OLQNHG DGMXVWPHQWY WKDW FRPAZHH\WVD WKRRZHYBDFWQYW GXH WR JU|
WDULc DGYDQWDJH 2Q VLWH )X0OO &b SidlieD deRditi@ty b QdgiRatory Bdu®Oments.
these losses, enabling the highest long-term savings. That said, Group Captive models should be preferred

That said, the on-site model must account for Raipur’s in practice, as it enables steel producers to focus on
heavy dust environment, which necessitates more core steelmaking while outsourcing power supply to
frequent cleaning and may heavily impact performance specialised RE developers.

if not managed proactively.

Landed electricity cost (Rs/kWh) is shown only for
Taken together, the results suggest a clear set of  open-access procurement models (Group Captive and
procurement choices. On-site Full Capex is the 7KLUG 3DUW\ ZKHUH FRQVXPHUV SD\ |
strongest economic option wherever land and capital

Figure 15: Comparative annual cost savings, landed cost, and capex requirements across
renewable energy procurement models for induction furnace—plus—rolling-mill units in Raipur

Average annual cost savings per consumer CAPEX Average annual cost savings per consumer B Landed cost

|
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1RWH *UHHQ VKDGHG EDUV LQGLFDWH (QDQFLDOO\ YLDEOH SURFXUHPHQW PRC
RXWFRPHV ZKLOH UHG VKDGHG EDUV UHSUHVHQW FRPSDUDWLYHO\ OH

37



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

JRU )XOO &DSH[ PRGHOV WKH UHOHYWODWOVE QOIDQRDBOXMHWULYVD WYL RQ UHGXFH)\
upfront CAPEX (Rs Cr/MW) rather than landed cost, as VRODU VDYLQJV DQG ¢[HG RSHQ DFFt
electricity is generated and consumed behind the meter. FRVWVYV IXUWKHU FRPSUHVYV PDUJLQV
site structures.

As compared to the induction-plus-rolling-mills, the
standalone rolling mills in Raipur face comparatively
higher business uncertainty and weaker long-term
operational visibility, which makes committing to
25-year RE assets more challenging. Lower and less

7TKH ¢JXUH EHORZ VXPPDULVHV WKH N
carbon abatement indicators across procurement

models for induction furnace—plus—rolling-mill units

in Raipur.

)LIXUH .H\ ¢QGLQJV IRU 5( SURFXUHPHQW PRGHOV IRU 5DLS

12,500 tCO , abated annually

RE procurement model suitability for a 0.1 MTPA integrated steel producer

Group Captive

Most practical route

Investment required
Rs 2.7 crore

Tariff savings vs grid
34%

Annual cash flow savings of about
Rs 2.4 crore,
over 25 years

Simple payback

Full Capex

On-site and off-site

Investment required
Rs. 35 crore

Tariff savings vs grid
Up to 55-66%

Annual cash flow savings of about
Rs 3.4-2.3 crore
over 25-years

Simple payback
On-site: 4-5 years

Third Party

Least viable route

Investment required
Nil

Tariff savings vs grid
Negligible

Annual cashflow savings
Zero

Simple payback

1-2 years Off-site: 7-8 years -

34% below grid

Heavy dust risk
Frequent cleaning

Regulatory risk
Tariff discount

CSS and waiver exposure

Source: JMK Research

1RWH 7KH QXPEHUV DERYH DUH LQGLFDWLYH YDOXHV 7KH DFWXDO ¢(JXUHV FDQ
KHWHURJHQHLW\ DFURVYV XQLW W\SHV LQFOXGLQJ GLcHUHQFHV LQ VFDOH SUR:
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. sy access to scrap through nearby trading hubs such
5 - 2 R aJ kOt Steel CI u Steisthavnagar, combined with a predominantly scrap-
based production route, contributes to relatively lower

process emissions than in coal-intensive clusters. Raw

material procurement remains largely market-based,
SDMNRW LV RQH RI ,QGLDfV PRVWwhlDRHdAY pig irbf sovirded RQemBIIY rather than

steel and metalworking ecosystems, comprising a mix produced within the cluster.

of foundries (sand casting and investment casting),

forging units, grey iron (cast iron) manufacturers, and A large share of Rajkot's production, particularly

a well-established bearing industry. investment castings, is export-oriented, linking the
cluster closely to international demand cycles and

Based on stakeholder interactions, the industrial H[SRVLQJ LW WR JHRSROLWLFDO WUD(

composition is dominated by grey cast iron units As global markets increasingly prioritise low-carbon

(roughly 55-60% of establishments), followed by manufacturing, through mechanisms such as the

forging units (~15-20%), investment casting (~10— Carbon Border Adjustment Mechanism, producers

15%), and other specialised engineering segments,  face mounting pressure to reduce embedded emissions

including bearing manufacturing, forming the and remain competitive.

remainder.

Table 8: Rajkot cluster overview (as of 2025)

Parameter Description

Number of MSMEs $ERXW JUH\ LURQ DQG GXFWLOH LURQ XQLWYV
casting units; 150—-200 forging units and more than 150 bearing units

&OXVWHU SUR¢OH Mixed (investment casting, sand casting, forging, grey cast iron, bearing
industry)

Production output $ERXW 073% IRXQGU\ 073% LQYHVWPHQW FD\
forging 0.63 MTPA)

Total energy consumption 3- DERXW 7:K

Share of scrap usage $ERXW %

Electricity consumption About 1.25 TWh/year

Employment More than 30,000 in foundries; around 15,000 in forging and bearing

segments combined

Source: Sameeksha, JMK Research

Note: The production output, electricity consumption and energy consumption are estimated.
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From an RE perspective, Rajkot has already seen Gr-ld tarlff proﬁle

adoption across several casting and forging units,
supported by the presence of experienced EPC players

and growing familiarity with open-access procurement by Paschim Gujarat Vij Company Limited (PGVCL),

models. While renewable integration is already visible ZLWK PRVW XQLWV FRQQHFWHG DW WK
ZLWKLQ SDUWV RI WKH FOXVWHU gefidiPdupfiyRSrils theHQBHiEtBle, enabling

remains for further deployment as companies continuous-process operations typical of foundries. As

continue to align project sizing with operational load LOOXVWUDWHG LQ WKH ¢JXUH EHORZ
SUR(OHV DQG HYROYLQJ SROLF\ RRQGHWLREWinatoR Y EbRé bbmand-linked
SDMNRW EHQH WV IURP DFFHVV WR LB EQH L LimGolkshY(RobY &iftdmes, and

nearby districts, enabling wind and wind-solar hybrid periodic fuel cost revisions.
(WSH) procurement pathways alongside solar-based
solutions. Together, these factors position the cluster
as a mature yet still expanding RE market within the
secondary steel ecosystem.

The Rajkot steel and engineering cluster is supplied

Under the tariff framework, industrial consumers
are billed through fixed demand charges, base
energy charges, and the fuel and power purchase

J)LIXUH *ULG WDULc SUR¢({OH DQG WLPH RI GD\ VWUXFWXUH IRU VHFR(

(as of 2025)
10 Grid tariff profile

Energy charge structure by billing demand

9 Billing contract demand  Energy charges
Rs. 7.5-8.5 /kWh applicable

8 Up to 500 kVA of billing Rs 4/kWh
demand
Above 500 kVA and up Rs 4.2/kwWh
7 to 2500 kVA of billing
demand
6 Above 2500 kVA of Rs 4.3/kWh
billing demand
5 PGVCL waivers Time-of-day pricing structure for industrial

® \oltage rebate on energy charges for 11kV or
22kV consumers at 1%

consumers

Time Period Category  Additional
charge/concession

07:00 to 11:00 Peak hours Rs 0.45/kWh

® ToD Concession of Rs. 0.60/kWh for consumption

4 occurring between 11:00 Hrs and 15:00 Hrs

® Rebate of 0.5% if consumer maintains an average
monthly power factor above 95%

Range of electricity grid tariff (Rs/kWh)

3

and 18:00 to (Demand up to 500

22:00 N9$ RU 5V N:K
5 (Demand > 500 kVA)

11:00 to 15:00 Solar - Rs 0.6/kWh

hours (Rebate)

1

15:00 to 18:00 Normal Base energy rate

and 22:00 to hours
0 07:00

Steel units
6RXUFH 3*9&/ 7DULc 2UGHU -0. 5HVHDUFK

Note: Time of day charges and discounts charges are applicable only to consumers with smart meters.

(3& (QJLQHHULQJ 3URFXUHPHQW DQG &RQVWUXFWLRQ SOD\HUV DUH VSHFLDOLVHG SURNMN
H[HFXWLRQ RI UHQHZDEOH HQHUJ\ LQVWDOODWLRQV LQFOXGLQJ VI\VWHP GHVLJQ HTXLSP
SHUIRUPDQFH LQWHJUDWLRQ
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adjustment surcharge (FPPAS). FPPAS reflects Overall, the interaction between 11 kV connectivity,

fluctuations in the utility’s power procurement FRQWUDFW GHPDQG VWUXFWXUHV 7R’
costs and introduces variability in realised tariffs DQG )33%6 YDULDELOLW\ GH;QHV WKH .
even when base energy rates remain unchanged. in the Rajkot cluster. These factors collectively shape
Energy charges also vary by contract demand slabs, electricity cost outcomes and play a central role in
meaning that units with higher sanctioned demand LQAXHQFLQJ 5( DGRSWLRQ GHFLVLRQV

experience different cost structures.

,Q DGGLWLRQ WR WKH EDVH WDULC¢C VWUXFWXUH ~ 3*9&/

DSSOLHV 7R DGMXVWPHQWYV WKD Wk QSIH RENERR EdRMl & REQ kv level,
scheduling. ~ Peak-hour  consumption  attracts where o#pen access charges play a decisive role in

DGGLWLRQDO FKDUJHV ZKLOH VS UeFelran ng%% \Xgl}sgdu:oé?(g? %ne%&ble electricity.

peak windows provide concessional energy rates, As illustrated below, open access char L%lrs account for
HQFRXUDJLQJ ORDG VKLIWLQJ ZKHrUUEF iy 529 o reQaded’ et in WoRErdup Captive
RUGHU DOVR LQFOXGHV HOHFWUIly QIX Hg@lﬂﬂ%@\ﬁ.&%lﬁ%xw LQ :6+

incentives, such as power factor (PF) rebates for

consumers maintaining PF levels above prescribed 7KH FRPSRVLWLRQ RI FKDUJHV UHAHFW
WKUHVKROGYV DORQJVLGH YROW %Mh?ﬁ%&@hm@&‘ ERé*dpéM YeceE Hsts across
higher-tension connections. Unlike clusters such as both solar and WSH pathways. A distinctive feature of

Raipur, where load factor rebates materially reduce *XMDUDWYV I[UDPHZRUN LV WKH DSSOLEL

HCHFWLYH WDULcv SDMNRW{V WD%HaFgeLoY H%rﬁaﬁ’ewh&s&w\}h oh! kel RE.

7R EHKDYLRXU DQG HOHFWULFDO Hgl GHREW B BH¥KkDoLVP LOWURGXE
LQAXHQFHVY RSWLPDO V\WVWHP VL]LQJ Gt

Figure 18: Open access charge composition and landed cost comparison for solar and WSH
energy procurement

Solar open access charges profile Wind solar hybrid open access charges profile

Share of open access charges Share of open access charges

1
1
11% 1% m Cross subsidy i 1204 3405, ®Cross subsidy surcharge
32% ’ 32% surcharge  27% ’ ’ -
" X Additional surcharge

Share of OA Additional surcharge © Share of OA
charges in Transmission and ; charges in WSH : T_ran_smi_ssion and
solar Group 16% distribution losses i Group Captive distribution losses
Captive Distribution charge ! landed cost Distribution charge

landed cost 5% m Transmission charge -

m Transmission charge

10%

250 = Banking charges 12%

m SLDC charges

26%

m Banking charge

Landed cost solar captive vs Third Party
procurement models

Landed cost WSH captive vs Third Party
procurement models

Bus bar tariff m Open access charges Bus bar tariff ~ m Open access charges

Third Party I Rs 7.85/kWh

Rs 5.33/kWh, CSS
- and AS are waived off

WSH Third Party I Rs 8.22/kWh

i WSH Group Captive I RS 5-70/kwh, CSS

Solar Group Captive
and AS are waived off

0 2 4 6 8 10
Rs/kWh

0 2 4 6 8 10
Rs/kWh

6RXUFH 3*9&/ 7DULc 2UGHU -0. 5HVHDUFK
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Earlier policy frameworks (like Gujarat Solar Power landed costs to about Rs 5.33/kWh and Rs 5.64/kWh,
3ROLF\ SHUPLWWHG UHODWLY H@dpektivglyEOH ZLWKLQ F\FOH
EDQNLQJ ZLWKRXW H[SOLFLW SHU XQLW FKDUJHV RU GH¢{;QHG
guantitative limits, which has since evolved under 8QOLNH FOXVWHUYV OLNH 5DLSXU
the GERC Green Energy Open Access Regulations is driven by load factor rebates, RE adoption in Rajkot
(2024) into a capped, charge-based structure. Gujarat is primarily driven by demonstrated cost savings.
currently permits banking up to 30% of the injected However, realising these savings is contingent on
energy, which becomes particularly relevant given the navigating Gujarat's regulatory framework, where
relatively high-capacity utilisation factors (CUF) of procurement structuring and banking constraints
solar and wind across the region. The combination of present operational challenges.

strong CUFs and capped banking encourages power
consumers to balance renewable capacity with daytime
FRQVXPSWLRQ SUR{OHV UDWKHU WKDQ “WHO\LQJ H[FHVVLYHO\

on banked energy. Stakeholder interactions across Rajkot indicate that

ZKH|

5( DGRSWLRQ LV LQAXHQFHG OHVV E\ ¢

Cost comparisons further highlight the role of than by regulatory design, operational alignment,

procurement.structure N managing opgn access and procurement structuring challenges. The table
exposure. Third-party procurement results in landed below summarises the keg on-ground challenges

WDULcV RI DSSUR[LPDWHO\ 5V Négselr\%h’dyriﬁgos%lyehgl& co?\élultations across the
N:K IRU :6+ ZKHUHDV *URXS &Dsé%ko\{ﬁuﬁev FDSWLYH

arrangements, where CSS and AS are waived, reduce

Table 9: Key challenges to RE integration in Rajkot

Land issues Identifying contiguous land parcels near evacuation infrastructure
remains challenging despite overall industrial growth

Competition from industrial expansion and speculative pricing increases
the complexity of securing land for renewable projects

Banking restrictions and Guijarat’'s 30% banking quantum limit constrains the scale of renewable
capacity downsizing installations.

Gujarat GEOA framework requires energy scheduling and settlement
on 15-minute time blocks, which complicates banking utilisation
and increases the risk of energy lapsing if not precisely matched with
consumption.

Several units intentionally size solar plants conservatively to avoid excess
generation that may not be fully settled against consumption.

Awareness While solar adoption is familiar within the cluster, there is limited
understanding of Group Captive procurement structures.

Scheduling and compliance Steel MSMEs lack the in-house technical capacity to manage forecasting,
requirements scheduling, and settlement processes required under the banking
framework and therefore rely on external scheduling or energy
management agencies.

Operational constraints Limited rooftop and ground space reduce the feasibility of deploying on-
site solar projects

Source: Stakeholder Consultations, JIMK Research
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Renewable energy procurernJéihtthe Raipur assessment, which focused on

integrated furnace units and solar procurement,

an aIyS IS the Rajkot analysis evaluates foundry units and
incorporates both solar and WSH pathways due to the
Building on the RE procurement analysis framework FOXVWHUYTV IDYRXUDEOH ZLQG UHVRXU

introduced in this study, this section applies the

VDPH (QDQFLDO PRGHOOLQJ DSSURKRDFXeWBHWIRRY YRWNRINOG Rc VLWH

cluster to evaluate procurement outcomes under

Gujarat's regulatory context. The assessment  |n Rajkot, several steel MSMEs have already adopted
FRQVLGHUV D IRXQGU\ XQLW UH AH Wi E&héx ¥8lePprdci &ndhSIdppEHAEbRR B cost
characteristics ~ observed  during  stakeholder vyisibility and the ability to maximise direct renewable
consultations, and extends the analysis to include XWLOLVDWLRQ &RQVLVWHQW ZLWK WK
both solar and WSH procurement pathways given the dynamics established for Raipur, on-site solar again
FOXVWHUTY UHVRXUFH SUR¢OH 7K HieldPFthethifhbs® SadingsX ThB RiJHol d3kssment

the key assumptions applied in the analysis. DGGLWLRQDOO\ HYDOXDWHV D :6+ Rc

UHAHFWLQJ WKH FOXVWHUYV ZLQG UH\
Based on stakeholder consultations, representative not available in Raipur.
investment casting units operate at around 2,400
tonnes per annum, while grey iron casting facilities
typically produce 10,000-12,000 tonnes annually.

Table 10: Key assumption parameters for Rajkot foundries

Parameters Solar Full Solar WSH Group |WSH Third Party
Capex (on- | Group Captive
site and Captive
Rc VLWH
Project size 5MW, 5Mw, J 5Mw, J 5MW, 5MwW,J 5 MW, Jconsumer,
6.25MW __ consumer; consumer; |6.25MW__ |consumer; 6.25MW __
6.25MW 6.25MW 6.25MW
Debt-equity 639 639 GHYHORSHU
ratio (project (Consumer | level) (developer |(consumer | level) QDQFHG
level) (QDQFHG (QDQFHGEQDQFHG
Capex (incl Solar,. 5V FURUH 0:$& R6 &%cbte/MW) and WSH — Rs 6 crore/MW
transmission
and land)
Debt terms at UHSD\DEOH LQ |[NikHDUYV UHSD\DEOH LQ |[NI<HDUV
consumer level
(as of January
2026)
Grid emission WZMNh
factor

Source: JMK Research
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1RWH 7KH PRGHO DVVXPHVY DQ DQQXDO HQHUJ\ FKDUJH HVFDODWLRQ DQG )33%$6 RI
thereafter.

The cashflow profile reflects a front-loaded H[SDQVLRQ RSSRUWXQLWLHV DUH PLQL

investment phase followed by steadily rising solar a more practical pathway despite marginally
savings as tariff escalation compounds over time. lower savings. These spatial constraints also explain
On-site systems demonstrate stronger early-period the exclusion of on-site WSH from the analysis,
performance, while off-site configurations show a DV K\EULG FRQ¢{JXUDWLRQV JHQHUDC
more gradual increase in savings. contiguous land parcels that are not feasible within

existing industrial premises.
A comparison of the procurement pathways highlights
FOHDU GLCHUHQFHV LQ FDVKARZ SHUWERWROQFH 2Q VLWH
solar delivers the highest savings, supported by direct
FRQVXPSWLRQ 2c¢c VLWH VRODU H[KBudingan tite Rraddremenksikuciiid autir@dHearlier,
VDYLQJV UHAHFWLQJ WKH LQAXH Q Fthe RSroRS BaptiV2 Frfoddel Vh FR&jRot) démonstrates
RQ UHDOLVHG WDULcV :6+ Rc VLWH DRONDKFFWME WKIRYZL QVUK/H SUR¢;OH ZKLC
ODUJHVW LQLWLDO FDVKARZ GHFOLRZQBUWKWR KILGQKXHG WDILWIEMHQH WV
ZKLOH WKH K\EULG JHQHUDWLRQ SUR{OH HQDEOHY D VWHDGLO\
increasing savings trajectory over the project life. $V LOOXVWUDWHG LQ WKH ¢(JXUH EH
6+ *URXS &DSWLYH FRQ¢JIJXUDWLRQV
As observed across several mature industrial clusters, DQQXDO FDVKARZ VDYLQJV RYHU WKt
OLPLWHG JURXQG VSDFH DYDLODE L @/BM/projettd ghbvg Fdher $AOngdadrivparedLid-aaf,
the realistic scale of on-site installations. Many units while solar Group Captive projects exhibit a smoother
operate within densely packed industrial plots where savings trajectory aligned with daytime industrial
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1RWH (VFDODWLRQ DSSOLHG LQ WKH PRGHO (QHUJ\ FKDUJH HVFDODWLRQ DQG )3
SHU DQQXP WKHUHDIWHU

load patterns. This is primarily due to the higher CUF internal administrative burden of scaling renewable
DQG PRUH GLYHUVL{HG JHQHUDWLRDQGRBRV;)RH) ZKWKRXWDHARBL,;FDQWO\ L
JUHDWHU HQHUJ\ RcWDNH overhead.

7KH WDULc FRPSDULVRQ [IXUWKHUirdpgaltyd KOLIJKWY  WKH

competitiveness of the Group Captive structure within

*XMDUDWITV UHJXODWRU\ HQYLURQRHQREpu/,he Girtiparty B the weakest pathway.
URXJKO\ 5V N:K IRU VRODU DQ QRakdt's cas®\iskmdrBinklly less attractive due to the

WSH remain below prevailing grid energy charges, applicability of open-access surcharges and banking

enabling consistent long-term savings despite the FKDUJHV ZKLFK NHHS ODQGHG WDULC
SUHVHQFH RI ¢([HG EDQNLQJ FKDUJMDWHYG $R WKKHREZ R I&IQ Wd{Hsokad Zid H

access components discussed earlier. 6+ FRQ¢JIJXUDWLRQV H[KLELW OLPLWH(
during the initial years, with meaningful savings

Group Captive adoption within the Rajkot cluster accruing only in the later stages of the project life.

remains limited, with many MSMEs having little

to no awareness of this procurement model. It is an Stakeholder consultations indicate that awareness of

attractive pathway for Rajkot units operating under this model within the cluster is currently limited, with

tight production schedules because forecasting, negligible interest among MSMEs and minimal near-

scheduling, and compliance responsibilities are term viability for new project development under this

delegated to the SPV or developer. This reduces the  structure.
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1RWH (VFDODWLRQ DSSOLHG LQ WKH PRGHO (QHUJ\ FKDUJH HVFDODWLRQ DQG )1
WKHUHDIWHU

Comparative evaluation of renewable energy wind generation is constrained by high capex and

procurement models infrastructure requirements, along with inherent
seasonality in generation.

The comparative evaluation across procurement

pathways shows that Full Capex ownership models Group Captive procurement emerges as a competitive

(across both solar and WSH) deliver the highest alternative to Full Capex models across both

savings. On-site solar Full Capex achieves the highest WHFKQRORJLHV 7KH PRGHO GHOLYHU

DQQXDO VDYLQJV ZKLOH Rc VLWH Mdowietsh)pXliokead fRdihsrayl, WiHIE R&uUENY lower

lower savings for the reasons established in the Raipur upfront investment and reducing execution risk

HYDOXDWLRQ 2c¢c VLWH :6+ )X0OO0O &Dgsufgh e 8PN RrixnddworkR AltHough Full Capex

capital intensive, provides a stronger and more stable FRQ¢{¢JXUDWLRQV GHOLYHU URXJKO\

JHQHUDWLRQ SUR¢OH +RZHYHU LWADVYIDRIGZHBQFRYWUWDHPADI*QRXS &DSWLY

VOLJKWO\ KLJKHU WKDQ VRODU )XCED@DSHH RR Q QDXQUMLWIOR®WUIRUPDQFH 2

making it a complementary option. and operating practicality. In Gujarat, regulatory
requirements such as short-interval scheduling and

7KLV LPSURYHG JHQHUDWLRQ VWD E $e@lériéint BrotessesGuither\tiehgt@dn @@ case for

FRPSRQHQW FRPHV ZLWK WUDGH RpodledRfocuvatmidnt Haptagoxedateld cheduling at the

side. Wind projects typically require land aggregation pooling substation can reduce DSM exposure and

across multiple dispersed parcels, increasing

development complexity and timelines. In addition,

46



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

provide a scalable pathway for integrating battery remain close to prevailing grid rates compress the

energy storage. DFKLHYDEOH VDYLQJVY VSUHDG OLPLWIL
upside.

While battery energy storage systems (BESS) are

gaining policy and market attention, their adoption The Rajkot  analysis  reinforces  the

among steel MSMEs remains absent, given high cQGLQJIV IURP 5DLSXU GHPRQVW

upfront costs and evolving commercial viability. At WKDW WKH *URXS &DSWLYH PRGHO

present, BESS remains a highly nascent and limited EHVW EDODQFH RI ¢(¢QDQFLDO UHWX

segment in this cluster. LOQOWHQVLW\ DQG RSHUDWLRQDO IHD)
¢JXUH EHORZ VXPPDULVHV WKH NH\

Third-party procurement remains the least attractive DQG HQYLURQPHQWDO RXWFRPHV D

pathway for Rajkot MSMEs across solar and WSH. SURFXUHPHQW PRGHOV HYDOXDWHG |
BHUVLVWHQW VXUFKDUJH H[SRVXUH5DRIGROWQGHG WDULcV WKDW

Figure 22: Comparative annual cost savings, landed cost, and capex requirements across
solar procurement models for Rajkot

Average annual cost savings per consumer BCAPEX Average annual cost savings per consumer BlLanded cog
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'60 'HYLDWLRQ 6HWWOHPHQW OHFKDQLVP FKDUJHV UHIHU WR 4QDQFLDO SHQDOWLHV RU
GHYLDWHYV IURP WKH VFKHGXOHG HQHUJ\ SUR40H 8QGHU RSHQ DFFHVV DQG FDSWLYH SUF
are required to follow day-ahead or intra-day schedules.
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J)LIXUH HY ¢ QGLQJV 5( SURFXUHPHQW PRGHOV IRU 5DMNRYV

6,800-9,460 tCO ,abated annually

Solar & Wind - Solar Hybrid procurement options for a 10,000 tonnes per annum foundry unit

( A4 A
Group Captive Full Capex Third Party
Most practical route On-site and off-site Least viable route
SOLAR WSH SOLAR WSH SOLAR W SH
Investment Rs 1.4 Rs 2.24 Investment Rs 175 Rs 30 Investment Ni | N il
required crore crore required crore crore required
Tariff savings  20% 14% Tariff savings 41-67%  37% Tariff savings Negligibl e Negligible
vs grid vs grid vs grid
Annual cash- Rs 2.2 Rs 2.6 Annual cash- Rs2-3.5 Rs 2.5 Annual cash- Zero Zero
flow savings ~ Crore crore flow savings Crore crore flow savings
over 25 over 25 over 25 over 25
years years years years
Simple 1-2yrs 1-2yrs Simple 1-5yrs 7-8 yrs Simple - -
payback payback payback
20% below grid Rs 17.5-30 crore upfront No savings
Tariff discount High capex outlay Tariff above grid rate

(N J J

Source: JMK Research

1RWH 7KH QXPEHUV DERYH DUH LQGLFDWLYH YDOXHV 7KH DFWXDO ¢JXU
RQ JURXQG KHWHURJHQHLW\ DFURVV XQLW W\SHV LQFOXGLQJ GLcHUHQI
operating practices.

48



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

49






Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

51



Powering India's Secondary Steel Transition: The Business Case for Cluster-Based Renewable Electricity Procurement

Addressing the barriers to RE adoption in the Several MSME steel owners often view sustainability
secondary steel sector will require a multi-faceted as secondary to topline growth and capacity expansion.
DSSURDFK VSDQQLQJ (QDQFLQJ D-ZDQFHHQ HDVAD LIBXKQ BB @QIQG FDSDFLW\ EX
and policy support. While the clusters have unique EH FULWLFDO WR DFWXDOLVH RQ SDSFt

industrial characteristics and regulatory contexts, level facilitation desks, workshops led by peer MSMEs
their business operations and many of the underlying who have adopted solar and formulating standard
challenges are the same, making the recommended evaluation and decision support tools will enable the
interventions broadly applicable across clusters. secondary steel entities to actively participate in the

5( WUDQVLWLRQ RSSRUWXQLWLHYV LG
Improving accessto DcRUGRBOKWFH LV FHQWdyDO WR
scaling RE procurement among MSMEs. Green credit
lines, credit risk guarantees, Debt Service Reserve
Account (DSRA)® and cluster-based Special Purpose
9HKLFOH 639 FDQ LPSURYH ¢(¢QDQFLQJ WHUPV UHGXFH
lending risks, and enable MSMEs to aggregate demand
DQG VHFXUH PRUH IDYRXUDEOH (QDQFLQJ WHUPV

J)LIXUH SHFRPPHQGDWLRQVY FODVVL{FDWLRQ WR VFDOH UHQHZDEO
secondary steel entities
4 )
Financial Awareness and Policy and
enablement capacity building regulatory
Improve financing access Build RE awareness Enable policy and regulatory
and borrowing terms among steel units support for RE adoption
1 Dedicated green 1 Cluster-level RE 1 Open access
credit facilities facilitation desks charge waivers
2 Credit guarantee 2 Peer MSME-led 2 Implementation
mechanisms cluster workshops support
3 Debt service 3 Decision support 3 Cluster-level
reserve accounts portal green targets
\§ J

Source: JMK Research

16 '65%$ 'HEW 6HUYLFH 5HVHUYH $FFRXQW UHIHUV WR D GHGLFDWHG UHVHUYH PDLQWDLQHG
UHSD\PHQWY IRU D SUHGH4QHG SHULRG SURYLGLQJ OHQGHUV ZLWK DGGLWLRQDO UHSD\P
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Table 11: Recommendations to scale RE adoption by secondary steel entities

l escription Stakeholders

1HDU WHUP + \HDUYV

Dedicated green
credit facilities

fEstainshaVHFWRU VSHFL¢(¢F UHQHZDEOH S

credit line through SIDBI/IREDA tailored for EAF/IF units.

[ Structure loans with concessional interest rates and
reduced collateral requirements

volatility and stable PPA-backed repayment.

fExtend SIDBI's 4E and MSE-GIFT schemes
FXUUHQWO\ IRFXVHG RQ HQHUJ\ HdFL
procurement, for EAF-IF.

17

U Rdficy dite@iehQ W
Scheme expansion:
Ministry of Steel

EDVHG RQ UH G XM Minisiyof

Finance (MoF)

[ Financing and credit

H JEIMRIPRERIREOB L F L wo\ F
SIDBI, IREDA

fProgramme alignment
and oversight: MoF

Credit
enhancement
and risk
mitigation

fDepending on whether MSMEs borrow individually or through

[ Guarantee framework

D FOXVWHU 639 WZR GLcHUHQW JXD U D Qdésigrd Mihistty 5IF W X UHV FI

for de-risk lending:

fPartiaI credit guarantee (PCG) for RE loans taken by
individual MSME units , wherea JRYHUQPHQW RU ¢
agency covers 40-60%  of the loan exposure. This directly
lowers lender risk, enables reduced collateral requirements
and moderately lower interest rates.

f Cluster-level (portfolio) guarantees for loans routed
through a cluster SPV |, where asingle guarantee covers
D GLYHUVL¢HG BRdAe 81RtPI© MSMES are
aggregated into one borrower entity, the perceived credit risk
is lower, allowing 30—40% collateral  at the portfolio level
and faster loan approvals.

[While the guarantee mechanism is similar , portfolio
JXDUDQWHHY EHQH ;W IURP ULWdbsS LY K
many MSMEs, resultingin VLIJQL¢;FDQWO\ KLJKH
FRQ,{GHQFH WKDQ LQGAMIitichxIp, @ cBibtér
SPV supports standardisation of documents and
presents lenders with a single, coordinated borrower interface.

Finance (MoF), RBI

[ Credit guarantee
Q DnPlénhedtdtion:
SIDBI, IREDA

[ Regulatory oversight:
RBI

{UVL:FDWLRQ
U OHQGHU

Working capital
support

Provide working capital linked to support mechanisms such
as Debt Service Reserve Accounts allowing MSMEs or
FOXVWHU 639V WR PDLQWDLQ + PRQWH

[Lending and working

capital provision:
VBanksUNBECs\PHQW E XcHL
[5H¢QDQFH 060(

Financing Support:

SIDBI

17 6-"%- V

DGRSWLQJ HQHUJ\ HIFLHQW WHFKQRORJLHV 7KH 06( *-)7

HQG WR HQG HQHUJ\ H]IFLHQF\

SURJUDPPH SURYLGHYV FRQFHVVLRQDO 4QDQFH
*UHHQ - QYHVWPHQW DQG )LQDC

DFFHVV WR D*RUGDEOH 4QDQFH IRU PLFUR DQG VPDOO HQWHUSULVHY SULPDULO\ WDUJH\
LOQYHVWPHQWYV
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D escription Stakeholders
OHGLXP WHUP + \HDUV

Facilitation desks

Establish facilitation desks  at cluster level to provide

HQG WR HQG VXSSRUW IURP HYDOXDW
completing open access applications and interpreting complex
VWDWH VSHFL¢{¢F UHJXODWLRQV

Provide cluster-level technical advisory sessions on load
SUR¢{OH DVVHVVPHQW WR VXSSRUW LQ
than sales-led persuasion.

Cluster-level
L QriplBreditdtdnESta HYHOR S
Government

Operational
coordination and
| RappiroMas: BISFOMEL RQ PDN

Industry outreach
and capacity building:
Industry associations:
(CII/SIMA)

Targeted peer

Conduct FOXVWHU VSHFL ¢ F [@dbypest KNV

Programme Facilitation

demonstration owners who have adopted RE Industry association
Focus discussionson tangible outcomes  like reduction in Policy support and
landed power cost |, reliability improvements , and how coordination: State
group captive equity structures can be practically managed. Government

Standardised Develop easy-to-usecomparison templates that allow Policy guidance and

evaluation and
decision support
tools

MSMEsto HYDOXDWH T X R W\an&ing\wDds, a3
charges, termination clauses, and escalation terms across
developers.

Develop adecision-support portal that allows MSMEs
WR HQWHU WKHLU FRQWUDFW GHPDQG
consumption, and estimate the optimal renewable

capacity , H{SHFWHG FRVW VDYLQJV DQG
potential.

Create standard PPA term-sheets and model checklists
(especially for Group Captive equity participation and
open access hilling).

national frameworks:
MNRE, Ministry of
Power (MoP)

Tool development
ane 8igserBikhbRopOH DQG H
Industry associations

&2 DEDWHPHQW

7DULc DQG
banking
settlement

Provide time-bound, targeted concessions on wheeling
and transmission charges for cluster-based RE

procurement by secondary steel MSMESs with compensatory
mechanisms WR RcVHW ',6&20 UHYHQXH LR

Allow steel MSMEs to redeem banked energy across any
time block within the settlement cycle without additional
withdrawal penalties in initial phase, with a gradual phase-out
RI VXFK AH[LELOLW\ RYHU WLPH

Account for reduced contract demand post RE installation in
load factor calculations WR HDVH WKH ¢(QDQF
factor incentive losses.

Regulatory
formulation: SERCs

Implementation and
S Blﬁn\ﬁladministration:
DISCOMs

Policy alignment: MoP,
MNRE

LDO LPSDFW RI ORDG
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D escription Stakeholders

Curtailment
compensation
framework

/IRQJ WHUP

Introduce a deemed generation framework for renewable
projects supplying secondary steel MSMEs under open access
or group captive arrangements, where curtailment due

to grid congestion or commercial backing down is
compensated , with the option to carry forward curtailed
units into subsequent banking or settlement cycles.

Mandate time-stamped curtailment reporting by SLDCs
with clear cause attribution , supported by amonthly
reconciliation mechanism to ensure accurate settlement
of compensable curtailment volumes and preserve project
bankability for cluster-level RE investments.

+ \HDUV

Regulatory
formulation: CERC,
SERCs

Reporting and
settlement: SLDCs,
DISCOMs

Policy alignment: MoP

Behavioral
awareness and
perception shift

Owners of MSMEs in the steel sector often viewsustainability
as secondary to topline growth and capacity expansion
Awareness campaigns shouldposition RE adoption as a

EXVLQHVYV HAdFLHQF\HPHEDOXYUMLQJ WDUL

long-term cost savings, and competitiveness in steel value

chains.

Strategic messaging
and sector outreach:
Ministry of Steel (MoS)

C [¥rbgRmMOdudhirt:

MNRE

Industry engagement:
Industry associations:
Industry Associations

Project
implementation
support

Establish a single-window approval cell for open access ,
interconnection and land/evacuation for MSME steel clusters.

Publish state-approved model PPAs for group captive and
third-party OA to reduce time and legal advisory costs.

Single-window
facilitation and state
execution

Grid integration and
approval: DISCOMs

Policy and OA
framework alignment:
MoP

Demand creation

Incorporate mandatory green power procurement

targets for steel units in industrial policy (e.g., 30% of
power from RE by 2030) to give a targeted and clear green
transition signal.

Additionally, introduce a graded incentive—disincentive
mechanism where units not able to achieve RE share face
incremental surcharges or enhanced reporting requirements.

Production-linked incentives tied to RE penetration thresholds
for instance, incentivising secondary steel units that source
30% or 50% of their electricity from renewable sources

Provide demand measures such as ALCM requirements
relaxation for steel open-access renewable projects, and
reduced GST/customs duties for components.

Industrial policy and
targets: Ministry of
Steel (MoS), State
Government

Power market and OA
policy: MoP

Renewable policy
alignment: MNRE

Source: JMK Research
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7TKH ¢QDQFLQJ VWUXFWXUH WbeaXVWUWIWIE DYSIURXHB PRGHO 33%$V DQG F(
highlights how guarantee-backed lending can reduce level green power targets for the clusters will also be
perceived credit risk for RE investments by secondary essential for entities their transition journey.

steel MSMEs. Under an individual credit guarantee,

the guarantee agency partially backs each MSME loan, Going ahead, a clear and phased approach to
typically covering around 40-60% of the exposure and implementing these recommendations will be

enabling lenders to reduce collateral requirements. In essential for ensuring their long-term impact. The

contrast, an SPV-level guarantee aggregates multiple execution of each measure matters, as it strengthens
MSMEs into a pooled borrowing structure, diversifying the viability of RE projects for secondary steel players.

risk across the portfolio and allowing faster approvals, Moreover, some actions will need to be prioritised over

lower interest rates, and improved access to capital. others. For instance, establishing portfolio-level credit

JXDUDQWHHY DQG RcHULQJ RSHQ DFFI

The on-ground experience during this study indicates FRPH ¢UVW JLYHQ WKHLU LPPHGLDWH
that policy support and long-term regulatory clarity Beyond the recommendations outlined above, several

will be the most important enablers of RE adoption emerging pathways could further enhance renewable

in the secondary steel sector. Time-bound, targeted energy procurement options for steel MSMESs over the
waivers on open access charges can improve RE project  long term.

SUR{WDELOLW\ ZKLOH VLIQDOOLQJ JRYHUQPHQW FRPPLWPHQW

WR JUHHQ HOHFWUL{FDWLRQ )DVWHU SURMHFW DSSURYDOV

Figure 25: Credit guarantee structure for individual MSMESs or cluster SPVs

Provides partial credit guarante e

Applies for loan

\ 4

Needs capital for RE Lends under reduced
procuremen t risk
f Loan disburse d I

. (Lower collateral + Lower interest)
Signs PP A

Source: JMK Research

18 ALCM (Approved List of Models and ManufacturersJ HIHUV WR WKH OLQLVWU\ Rl 1HZ DQG 5HQHZDEOH (QHUJ\ V
SKRWRYROWDLF PRGXOH PDQXIDFWXUHUV SHUPLWWHG IRU XVH LQ JRYHUQPHQW VXSSRUW
India.
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There are some emerging decarbonisation pathways
and enabling technologies on the horizon which have
had little to no adoption in the secondary steel market

XQWLO QRZ EXW KROG VLJQL.FDQW %hrgvxzfﬂ
is driven by prevailing industry constraints, including

Green hydrogen
W0 S IR HII9EY RUEEE BY

XLUHV VLJQLFDOW DGGLWLRQ
H[SHFWHG WR EHFRPH D YLWDO DQG Ht

land availability limitations, grid bottlenecks, existing

IXUQDFH FRQ¢JXUDWLRQV DQG LQF%rﬁtﬁB\?tg%?acgﬂal’—“ﬂr{T%g‘&“te\‘?eb\}\tlsLiﬂt?;?ratiO”

mandates. While the medium- to large-scale players
will be their early adopters, the adoption by the small

manufacturers can gradually rise as it becomes more
prevalent in the overall industry.

e Indian secondary steel units is constrained by
the MSME type and associated furnace technologies
currently in use and the high cost of green hydrogen
relative to conventional fuels.

Green hydrogen is relevant for ore-based steelmaking

Inter-state transmissionugyapeyy s ron wodsin A

green OA

Sourcing green power through Inter-state transmission
system (ISTS) will be an attractive option for steel
clusters in states with unsupportive policies or low
irradiation potential. However, access to the central
transmission utility (CTU) network will be essential to
ensure RE project viability. CTU connected steel units
are not reliant on local DISCOM infrastructure and
thereby incur no wheeling/distribution or any other
OA charges such as grid support and standby among
others. In contrast, STU-connected units may still
depend on the local DISCOM framework depending

majority’ of the secondary steel units are scrap-based,
where hydrogen has limited applicability, thereby
limiting the use case for green hydrogen integration.
Within the ore-based segment, most existing secondary
steel units in India rely on horizontal rotary kilns,
whereas green hydrogen is more suited to vertical
shaft furnaces. With the ever-increasing emphasis on
green hydrogen integration, upcoming steel units are
likely to deploy vertical shaft furnaces in sponge iron
manufacturing.

Recent studies indicate that hydrogen-based rotary
kilns could emerge as a transitional decarbonisation
pathway for India’s MSME-dominated sponge iron

RQ WKH VSHFL,F QHWZRUN FRQ¢ JRUBW L Yokke yayigal shak fyigacep. hydrogen

structuring and therefore may continue to be subject
to applicable state-level charges.

Steel entities aiming to set up new manufacturing
units in the future should aim to locate them close to
CTU or STU substations, to minimise the additional
feeder laying costs. At the same time, there is a
parallel need for coordinated grid expansion and
strengthening at both central and state levels to enable
industrial growth in logistically optimal locations,
rather than constraining siting decisions purely based
on transmission access.

rotary kilns can leverage existing kiln infrastructure

ZLWK UHODWLYHO\ ORZHU FDSLWDO

in iron ore feedstock, and operate across a wider load
range improving compatibility with renewable power

supply.

However, these concepts remain at pilot and
demonstration stages, and commercial viability will
depend on hydrogen cost trajectories, infrastructure
readiness, and operational validation under Indian
conditions.

19 7 (5 -Hydrogen Rotary Kilndor Ironmaking in India| 2025
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Energy storage System tESsre s Siemntiey en
a n d rO u n d _th e B C I O C k ( Reil‘:ng.:lyggs_evfo? gor:fl’gLeJ Fi)nteg;;raLti:)/nSvl\iIIV\i/rr':pfoSeF o

OW er For states with high or rising industrial power costs
p such as Maharashtra, ESS will grow increasingly

- . . attractive over time.
Energy storage viability will heavily depend on state

DQG VLWH VSHFL¢F G\QDPLFV ORvglrl tI é/l\lepr S\I{jg\”ﬂ]Ho FOXVW

HhU
lectricit hiah priority for DISCOM e e emerging merchant BESS
electricity consumers are high priority for S PRGHO RCHUV D URXWH WKURXJK ZKL

and receive prioritised grid power through dedicated su8pll_yv\c/:<€uld eventually reril:c;l( these clusters. Unlike

IHHGHUV WR HQVXUH DYDLODEL . \{)\Q/KH UUH%W .
_ _ . consumer-side backup storage, a merthant battery is
business case for energy storage integration in

. . . a standalone, developer-owned grid asset that earns
industries is primarily for the backup power supply, . . .

L i R revenue through price arbitrage, charging on surplus
its viability of ESS in secondary steel remains limited,

especially in enerav surplus states like Chhattisaarh daytime solar and discharging into the evening peak.
pecialy! gy surpiu ! Isgarh. 7KH PRGHO LV JDLQLQJ WUDFWLRQ ZL

project commissioned in Rajasthan in December
2025.%° For steel MSMEs, it opens a future pathway
WR SURFXUH ¢UPHG URXQG WKH FORF
through developer-managed structures, though its

ESS adoption remains absent across the broader
Commercial and Industrial (C&l) segment in India,
not just in secondary steel. Despite growing interest,

I I h ligibl high L ) . .
actual deployment has been negligible due to hig viability hm&/es an reg/ulatorcg clarltB around ?rld—
FDSLWDO FRVWY DQG WKH DEVHQFH, R HVWDEOLVKH ¢QDQFLQ

) L charging restrictions.

structures. Stakeholder consultations with industry
associations and unit owners in Raipur and Rajkot
corroborated this. While awareness of storage
solutions is increasing, no units have moved beyond
GLVFXVVLRQV UHAHFWLQJ WKH DEVHQFH RI GHPRQVWUDWHG
use cases in comparable industrial settings.

20 -XQLSHU *UHHIiged Breleh\Energy Commissions India’s First Merchant Battery Energy Storage System (BESS)
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At present, RE adoption across the Raipur and WRZDUG PRUH VWUXFWXUHG DQG ¢C

Rajkot clusters remains largely driven by Full Capex models.

ownership models, where individual units invest

capital upfront and assume responsibility for plant Translating this strategic direction into on-ground
development, operations, and performance risks. execution will require pilot implementation within

Stakeholder consultations during this study indicate representative industrial clusters. Such pilots can

WKDW WKLV RZQHUVKLS OHG DSSURAIiBde Whd AopefafibWal WikhiityE of Ry @Hddptive
pattern observed across India’s steel industry, where structures, clarify regulatory pathways, and build
(¢UPV SULRULWLVH GLUHFW DVVHW FRRQNGRIQ FBHH DPIROHE R HIPGMHW VR GHO HO R

complexity. While this model has enabled early consumers. Establishing proof of concept is
renewable uptake, it also limits scalability, particularly particularly important for a sector where investment

for MSME units with constrained balance sheets or decisions are often driven by peer experience and
limited technical bandwidth. demonstrated outcomes. Successful pilots can

therefore serve as credible templates for replication
The assessment undertaken in this study demonstrates across other secondary steel hubs nationwide.
that the group -captive procurement structure
outperforms traditional ownership-led approaches Cluster characteristics suggest that implementation
across key parameters including operational simplicity SDWKzD\V ZLOO GLcHU EHWZHHQ 5Dl
DQG LPSOHPHQWDWLRQ AH[LELOLWAaipurQlardged p&vétintensiVeRubi® with relatively
FDSWLYH VWUXFWXUHYVY GHOLYHU DVOVMDEG®HGORPWGWSBER S5OHYV DUH ZHOO VX
N: K EHORZ SUHYDLOLQJ JULG Wdaptivec Structured KRakQr,Qby DeOntrast, comprises
FDUERQ DEDWHPHQW RI DSSUR[LPDWRBDDQOHU EW&2[ QRQFLDOO\ UHVLOLHQ
Rajkot, group captive solar achieves a landed cost of units operating at lower voltage levels. These structural
5V N: K EHORZ JULG DEDWLQGLcHWHQFHYV UHLQIRUFH WKH QHHG IRL
W&2[ DQQXDOO\ 'HVSLWH WKH DGY bi@tagies wWhile W& mading/ & ebndnbR Bltfective of
FDSWLYH VWUXFWXUH RcHUV D ZDéhenW@itieMntegiatiQrGn tbeGétedatyRi@el industry.
of this model within the secondary steel ecosystem
UHPDLQV PLQLPDO UHAHFWLQJ JDSU& PDUNHW IDPLlG)LDU

regulatory complexity, and limited demonstration e rathna ISI nLéV\the p I | Ot

projects.
7UDQVODWLQJ WKH *URXS &DSWLYH P
A cluster-based deployment strategy, combined assessment to execution will follow four stages:
with the policy and institutional recommendations institutional - mobilisation, consumer aggregation,
outlined earlier in this report, provides a pathway to project development, and contractual closure.

unlock this opportunity at scale. Aggregating demand
through industrial associations can improve project
bankability, enable optimal plant sizing, and distribute
equity participation across multiple consumers,
thereby lowering individual risk exposure. Such a
coordinated approach can help transition the industry
away from fragmented, asset-heavy procurement
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Figure 26: Implementation framework for group captive renewable energy projects

e A
o . Industrial associations lead mobilisation
Institutional . .
1 . Interface with DISCOMSs, SLDCs, nodal agencies
mobilisation .
. Secure waivers and approvals
\_ J
4 N
. 5-8 units within a 30 —50 km radius
Consumer N .
2 ) . Prioritize stable daytime operators
aggregation - -
. Favour existing commercial linkages
\_ J
e A
) . Detailed Project Report (DPR)
Project
3 . Engage developers and lenders
development S . .
. Select on capability, financing, tariffs
\_ J
e R
. Shareholders and share purchase agreements
Contractual
4 . Power Purchase Agreements (PPA)
closure .
. Open access and energy accounting
\_ J

Source: JMK Research

Strong institutional coordination is critical as it

reduces fragmentation and enables collective action.
Industrial associations such as the Chhattisgarh
Sponge Iron Manufacturers Association in Raipur or
foundry associations in Rajkot could help mobilise

with DISCOMs and secure applicable waivers
and approvals, maximising viability at the outset.

Following the initial pilot, a standardised approval

and facilitation mechanism should be established to
enable faster replication at scale.

SDUWLFLSDWLRQ UXQ DZDUHQHVV DQG RXWUHDFK HcRUWYV

and facilitate peer engagement. In parallel, they
can coordinate with developers, regulators, and
consumers.

They could also serve as the primary interface with
DISCOMs, State Load Dispatch Centres (SLDCs),
and state nodal agencies to align with open access
procedures, banking provisions, and connectivity

Units with stable daytime operations align best

with solar generation and should be prioritised.
$JIJUHIJDWLQJ +* VXFK XQLWV ZLWKLQ |
yields bankable scale without straining coordination.

Units with prior commercial linkages, such as shared

suppliers, logistics, or procurement arrangements, are

preferable because existing trust reduces friction in
HTXLW\ SDUWLFLSDWLRQ DQG RcWDNH

WLPHOLQHV $ IRFXVHG HcRUW LV UHTXLUHG WR FRRUGLQDWH
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JLIXUH ,QGLFDWLYH SLORW SURMHFW VSHFL¢{FDWLRQV IRU 5D
i )
Business model RE technology Implementation
Group Captive Solar 18-24 months
J
N O N
Raipur Rajkot
Induction furnace + rolling mills Foundries/Investment casting
Consumers Consumers
57 6-8
Plant size Plant size
50-70 MW . 30-48 MW
10-12 MW . Per consumer 5-6 MW , . Per consumer
Investment per consumer Investment per consumer
Rs 2.73 crore Rs 1.3 crore
Tariff savings vs grid Tariff savings vs grid
~34% ~20%
Annual cash flow savings Annual cash flow savings
About Rs 2.4 crores About Rs 2.2 crore
Over 25 years Over 25 years
Annual CO, abatement per consumer Annual CO,abatement per consumer
About 12,500 tCO ) About 6,800 tCO ,
(S 2N J
Source: JMK Research
Project development begins once a core consumer Following developer selection, contractual
group is established. A Detailed Project Report (DPR) formalisation should be completed, including

VKRXOG GH¢QH ORDG SUR¢{OHV W HagkeR@R Such- B thd XStdpaholder® Agreement

plant sizing, land availability, evacuation strategy, and (SHA), Share Purchase Agreement (SPA), PPA and,
(cQDQFLDO SURMHFWLRQV 7KLV |IRUB®BpenvAkcEssHDardy\AddRUtirh(adr@ngengedts. This
developers and lenders. Developer selection should VWUXFWXUHG DSSURDFK HQDEOHV HdF
prioritise credible developers with proven technical while creating a foundation for scalable replication
FDSDELOLW\ ¢(¢QDQFLQJ VWUHQJW K adio@sGintl& ih8udthalLciidteysH WDULcV
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India’s commercial and industrial sector is witnessing
steady growth in RE adoption through both open
access and on-site solar, with annual installations
ULVLQJ DW D &%$*5 RI DERXW
Globally, steelmakers are accelerating decarbonisation

structuring bankable projects remain the practical
barriers for MSMEs without dedicated energy
management capabilities. An equally critical constraint

RY H lieswhioperaibndl\Wapability, bld d¢MISMES typically

lack the in-house expertise to manage forecasting,

HcRUWYV DQG 5( SURFXUHPHQW LV stRddllidg,. endl detilertémt idroPeRsésMequired under
DFFHVVLEOH ¢UVW VWHS LQ UHG XF ltHg Jop#'rK &tcEd3 UrErRe@oitk Q¥ Hhwék BohsBhers

electric arc- and induction furnace-based operations.
For India’s secondary steel sector, this transition is
particularly compelling. The RE economics are already
demonstrably favourable on paper, particularly for

rather than generators, they are not equipped to
handle the variability of renewable energy or the
associated regulatory complexity.

WKRVH XQLWYV ZLWK VWDEOH ORDG $hé¢RcuSidi-Naded &opfdadK aRds pilbt Ciidhie@arks

hours.

There is also a clear shift in the behaviour of steel
enterprises. Many are now proactively exploring RE
procurement models, evaluating business cases, and
engaging developers with a sense of urgency. This
growing readiness suggests that the sector is on the
cusp of broader adoption, awaiting supportive policy
and market signals to accelerate investment.

In the near term, early adoption pathways are likely
to diverge across cluster types. Larger integrated
induction-furnace units and rolling mills in Raipur
are positioned to lead. In contrast, Rajkot’s foundry
and casting MSMEs will advance through solar-based
procurement models that accommodate variability in
ORDG SUR¢{OHV

7KH WHFKQLFDO DQG ¢(QDQFLDO
in secondary steel is established; the constraint is no
longer viability but execution. Bridging awareness
gaps, nhavigating regulatory procedures, and
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FDVH

RXWOLQHG LQ WKLV UHSRUW RcHU D
WKHVH FRQVWUDLQWY %XW WKHLU Hc
on timely and coordinated implementation. As initial
SURMHFWY GHOLYHU UHVXOWYV
lenders, developers, and peer enterprises is expected
to deepen, creating a self-reinforcing cycle of adoption
across the secondary steel value chain.

PDUN

The combined analysis of Raipur and Rajkot reinforces

WKH LPSRUWDQFH RI FRQGXFWLQJ VLF
techno-commercial studies in other major steel

regions. Industrial setups, grid constraints, policy
implementations, open access charges, and DISCOM
HQJDJHPHQW YDU\ VLIJQL{;FDQWO\ DF
conducting similar assessments in additional clusters,

we can tailor RE adoption strategies to local conditions

and create a clearer nationwide roadmap for MSME-

led decarbonisation in the secondary steel sector.

IRU 5( LQWHJUDWLRQ









