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Abstract:

The evolving landscape of energy markets has positioned electricity trading at the nexus of
financial and commodity interactions. This paper explores the dynamic relationship between
electricity—an inherently non-storable, regulation-sensitive commodity—and the equity markets of
firms engaged in generation, transmission, and distribution. Drawing on empirical evidence,
theoretical frameworks, and recent developments in electricity futures and spot market dynamics, it
examines how fluctuations in electricity prices influence stock performance, the strategic role of
hedging, and the impact of volatility on corporate valuation. The analysis underscores how
electricity’s unique characteristics—instantaneous consumption, grid dependency, and policy-driven
pricing—intensify the synergy between commodity and equity markets. The findings offer critical
insights for investors, energy firms, and regulators navigating financial strategies amid renewable
integration and market liberalization.

Keywords: electricity trading, energy equities, non-storability, market synergy, hedging, volatility,
renewable transition, electricity futures

Introduction:
1.1 Background:

The global energy landscape is experiencing a structural transformation driven by
decarbonization policy, rapid renewable deployment, and the digitalisation of energy systems.
Electricity, once a regulated public utility largely governed by long-term bilateral contracts and cost-
plus tariff regimes, is increasingly being treated as a tradable commodity in liberalised market
environments. In advanced markets, phased liberalisation produced organised spot markets, forward

markets and derivative instruments that provide price discovery, enable hedging and deepen liquidity.
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Examples include Nord Pool in Europe, the Energy Exchange (EEX) in continental Europe, and
established forward and futures markets in North America and parts of Asia. These instruments have
reshaped the ways producers, large consumers, and financial participants manage risk and allocate
capital (Weron, 2014; Tang & Xiong, 2012).

India’s electricity sector has followed a distinctive but accelerating path of liberalisation. The
Electricity Act of 2003 created the legal architecture for competitive markets, open access, and the
development of power exchanges. Since the late 2000s, spot market activity has grown through
exchanges such as the Indian Energy Exchange (IEX) and Power Exchange India Limited (PXIL).
These platforms introduced day-ahead and real-time trading segments that improved short-term price
discovery and enabled a wider set of market participants to transact outside long-term power purchase
agreements (CERC, 2024). Over the past decade, renewable energy scaling—particularly solar and
wind—has increased variability in supply, raising the economic value of near-term trading and risk-
management instruments (CERC, 2024).

A further institutional milestone is the recent introduction of exchange-traded electricity futures
in India. Exchanges and regulators have advanced product offerings that allow market participants to
trade standardized monthly base-load contracts. The availability of such instruments converts
electricity into a more fully financialized commodity by providing forward price signals and structured
hedging tools (MCX, n.d.; NSE, n.d.). This new derivatives layer raises immediate empirical and
policy questions: Does the introduction of electricity futures change the transmission of price signals
to related equities? Does it alter volatility patterns and contagion channels? And does it create tangible
hedging and investment opportunities for generators, distribution companies (DISCOMs), and
financial investors?

This study addresses these questions by analysing the before-and-after impact of the launch of
electricity futures contracts — represented operationally by contracts such as the electricity monthly
base-load futures (ELECDMBL) — on the performance of electricity-linked equities and sectoral
indices in India. By anchoring the analysis on the futures introduction event and combining descriptive,
event-study and time-series econometric techniques, the paper seeks to attribute structural changes in
market linkages to the emergence of a standardized forward market for electricity.

1.2 India’s market evolution: from PPAs to exchanges and futures:

India’s power system traditionally relied on long-term procurement arrangements—power
producers entered into PPAs with state utilities and bulk consumers—while tariff regulation insulated
most generation from short-term price fluctuations. The Electricity Act (2003) and subsequent policy
reforms opened the possibility of competitive short-term trading and non-discriminatory access to
transmission. The IEX commenced operations and progressively expanded product segments (day-

ahead market, real-time market, green markets), with PXIL functioning as a complementary exchange.
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Short-term markets have grown rapidly: the Central Electricity Regulatory Commission’s (CERC)
Annual Report on the Short-Term Power Market (2023-24) documents that power exchanges
accounted for the largest share of short-term transactions (55.7% of short-term volume in 2023-24),
underscoring the exchanges’ centrality in short-term price formation (CERC, 2024). The CERC report
also highlights patterns of intraday and seasonal price variation linked to renewable generation and
demand cycles (CERC, 2024).

Despite the expansion of spot markets, forward hedging via standardized, exchange-traded
derivatives was limited historically. Utilities and large consumers largely relied on bilateral contracts,
financial arrangements with banks, or bespoke OTC hedges where available. The recent introduction
of exchange-traded monthly electricity futures — designed to provide price cover for a calendar month
of base-load delivery — addresses the longstanding hedging gap (NSE, n.d.; MCX, n.d.). These
contracts are cash-settled against representative spot indices and are configured to be accessible to
financial and non-financial participants through regulated exchange membership and clearing
arrangements.

The significance of moving from short-term spot trading to forward contract availability is
threefold. First, futures provide a forward price curve that helps market participants plan procurement
and revenue hedging. Second, the presence of standardized contracts enhances market liquidity and
lowers transaction costs relative to fragmented bilateral hedges. Third, futures invite financial
participation from speculators and asset managers, potentially changing the nature and speed of
information transmission across markets (Tang & Xiong, 2012).

1.3 Why study the equity impact of electricity futures?

Electricity markets are tightly connected to the fortunes of listed power sector companies—
generation firms (thermal, renewable), transmission companies, and distribution utilities. Changes in
electricity price dynamics affect corporate revenue, cost structures, operating margins, and investment
valuation. When a market instrument like ELECDMBL emerges, it introduces new channels through
which information and risk are priced. There are at least three plausible pathways through which
electricity futures could alter equity behaviour:

1. Forward Information Channel. Futures embed market expectations about future supply-
demand balances and policy developments; equity analysts and investors may incorporate these
forward signals into valuation models, influencing stock prices earlier than spot signals alone
would permit.

2. Risk-Transfer and Hedging Channel. Firms exposed to price volatility (generators,
suppliers, DISCOMs) can hedge using futures, potentially reducing earnings volatility and
systematic risk—this effect, if realized and adopted, may moderate equity return volatility for

hedged firms.
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3.

Financialisation and Speculative Channel. Futures attract financial traders and speculators.
Increased financial participation can enhance liquidity but may also amplify short-term
volatility transmission if market depth is limited, or if speculative flows dominate hedging
activity.

Identifying which of these forces predominates in the Indian context — particularly in the
immediate aftermath of futures introduction — is a critical empirical question. The answer has
implications for corporate risk management, regulatory oversight, market design (margining

and position limits), and investor strategies.

1.4 Empirical context and stylised facts (2018-2024):

To interpret the potential effects of futures introduction, it is useful to summarise salient

stylised facts for the Indian power markets leading up to and including 2023-24:

e Growth of short-term exchange volumes. The CERC short-term market report (2023—-24)

documents rising share and volumes transacted on exchanges; in 2023-24 exchanges accounted
for over half of short-term transactions, a milestone that reflects the maturing role of spot
markets in procurement (CERC, 2024).

Increasing renewable penetration and intraday variability. The growth of solar and wind
capacities has led to pronounced day-time supply increases and evening ramps, intensifying
intra-day price dispersion and making short-term price risk more salient (CERC, 2024).
DISCOM exposure to exchange purchases. Several state DISCOMs have increased short-
term procurement from exchanges to balance supply shortfalls, sometimes at high cost,
highlighting distribution companies’ vulnerability to spot price spikes and the potential value
of forward hedging (news reports; CERC, 2024).

Nascent forward market. Prior to standardized futures, forward hedging options were limited
in scale and accessibility, particularly for smaller distributors and independent power
producers. The arrival of exchange-traded futures—designed to be standardised, cash-settled
and accessible through regulated exchange membership—represents a structural shift (MCX,
n.d.; NSE, n.d.).

Collectively, these facts suggest a market environment in which futures could meaningfully

alter the economics of electricity risk for firms and the information set available to investors.

1.5 Research gaps and contribution:

The literature on commodity-equity linkages, volatility transmission and the financialisation of

commodities is extensive for oil and metals but more limited for electricity in emerging markets.

Several empirical insights are well established: commodity shocks can transmit to equities via cost and

sentiment channels (Sadorsky, 1999; Arouri & Rault, 2012); correlations intensify during crises (De

Boyrie, 2016); and the development of derivatives alters price discovery and hedging effectiveness in
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mature markets (Bunn & Karakatsani, 2003; Bosco et al., 2010). However, gaps remain in the context

of India’s recent and rapid institutional evolution:

1.

Timing of futures introduction. The ELECDMBL launch provides a fresh natural experiment
to test immediate impacts of a derivative layer on equity markets—evidence that is currently
limited due to the recency of the product.

Firm-level heterogeneity. Different types of electricity firms (thermal vs renewable
generators, transmission companies, and DISCOM-exposed generators) likely experience
distinct effects from futures availability; cross-sectional analysis is underexplored.

Policy and market design implications. Understanding whether futures reduce realized equity
volatility for hedged firms or increase systemic synchronisation has direct implications for
regulator choices about position limits, margining, and market surveillance.

This paper contributes by empirically assessing the short-term and medium-term impacts of

ELECDMBL-type futures on electricity-related stock returns, volatility spillovers, and co-movement

patterns. The analysis combines descriptive comparison of post-futures regimes, event-study metrics

around the futures introduction, and time-series econometric models (cointegration, Granger causality,

and GARCH/BEKK frameworks) to capture mean and variance dynamics. In doing so, it offers

evidence on whether the futures introduction has improved forward price discovery and hedging

outcomes, or whether financialisation has intensified short-term coupling between electricity and

equity markets.

1.6 Research questions and objectives:

The study is guided by the following core research questions:

1.

2.

Price-equity transmission: Has the availability of ELECDMBL futures strengthened the
correlation and/or cointegration between electricity market prices (spot and futures) and
electricity-linked equity returns?

Volatility spillovers: Did volatility transmission between electricity markets and relevant
equity indices intensify, decline, or change in its asymmetry following futures introduction?
Hedging and opportunities: Do futures provide empirically measurable hedging benefits to
firms (reduced earnings volatility), and do they create identifiable speculative or investment

opportunities for market participants?

Accordingly, the principal objectives are:

To document changes in return and volatility co-movement between electricity markets and
electricity-linked equities across post-futures regimes.

To quantify the direction and magnitude of volatility spillovers using multivariate GARCH
(BEKK) and asymmetric GJR-GARCH models.

To test for structural breaks and cointegration patterns associated with the futures introduction
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and to interpret the economic significance of any observed changes.
1.7 Overview of methods and data:

Empirical analysis relies on aggregated (monthly) data from exchanges (IEX, PXIL) and equity
markets (NSE, BSE), supplemented with macroeconomic controls (CPI, exchange rate, industrial
production). The primary event of interest is the introduction of standardized monthly electricity
futures contracts (ELECDMBL), and the analysis compares market behaviour in constrained post-
introduction windows while controlling for macro and seasonal factors. Econometric methods include
unit-root and cointegration testing (ADF/PP, Johansen), Granger causality, event-study abnormal
returns (AAR/CAR), and volatility modelling via GARCH/BEKK and GJR-GARCH specifications.
Diagnostic and robustness checks include structural break tests (Chow, Bai-Perron), sub-sample
analysis, and alternative liquidity measures.

1.8 Structure of the paper:

The remainder of the paper is organized as follows. Section 2 presents a detailed literature
review on commodity financialisation, volatility transmission and the nascent evidence on electricity
derivatives, with emphasis on the Indian context. Section 3 outlines the data, event design and
econometric methodology, including model specifications and diagnostic tests. Section 4 reports
empirical results, including descriptive evidence, event-study outcomes, causality and cointegration
findings, and volatility-spillover estimates. Section 5 interprets the results in terms of implications for
market participants, corporate risk management and regulatory design, and Section 6 concludes with
limitations and directions for future research.

2. Literature Review:
2.1 Conceptual Foundations: Electricity as a Commodity:

Electricity occupies a unique position in the commodity universe. Unlike storable commodities
such as oil, metals, or agricultural goods, electricity must be consumed at the moment it is produced,
as large-scale economic storage remains limited (Weron, 2014). This non-storability creates a
continuous need for real-time balance between generation and consumption, making the electricity
market inherently volatile and operationally complex (Bunn & Karakatsani, 2003).

In traditional regulated systems, electricity pricing was determined by administrative or cost-
plus mechanisms, reflecting the capital-intensive nature of generation assets and the social objective
of universal supply (Joskow, 2008). Liberalisation reforms across Europe, North America, and parts
of Asia introduced market mechanisms designed to improve efficiency and promote competition
(Hogan, 2002). These reforms produced spot, forward, and derivative markets that enable price
discovery, risk management, and investment signalling.

Electricity’s economic distinctiveness arises from three main characteristics: (i) non-

storability, which prevents temporal arbitrage; (ii) transmission constraints, which introduce
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locational price differentiation; and (iii) policy interdependence, where tariffs, subsidies, and
renewable incentives directly affect market outcomes (Fabra & Imelda, 2019). These characteristics
shape both the microstructure and volatility patterns of electricity markets and differentiate them from
other energy commodities such as oil or natural gas.

2.2 Market Liberalisation and Financialisation of Electricity

The financialisation of electricity refers to the process by which electricity markets adopt
instruments, participants, and practices characteristic of financial markets—such as derivatives
trading, speculative investment, and cross-asset linkages (Tang & Xiong, 2012). In Europe, Nord Pool
pioneered this transformation by developing a fully integrated spot and derivatives market, followed
by similar innovations in the European Energy Exchange (EEX) and the U.S. PJM and NYISO markets
(Redl & Bunn, 2013).

The introduction of futures and forwards allowed producers and consumers to hedge price risks
and provided forward-looking information for investors (Woo et al., 2006). Financial participation
expanded as banks, hedge funds, and trading houses entered these markets, bringing liquidity but also
new volatility transmission channels (Bohl et al., 2013).

Electricity’s financialisation had two major consequences:

1. Enhanced price discovery and transparency, allowing more accurate forecasting of revenue
and costs.

2. Increased correlation with financial assets, as speculative and hedging motives introduced
electricity into broader portfolio and asset allocation strategies (Eydeland & Wolyniec, 2013).
Empirical evidence from advanced markets shows that electricity derivatives often exhibit high

volatility persistence and leverage effects—features well captured by GARCH-type models (Weron &
Misiorek, 2008). However, the financialisation process also raises systemic questions about market
manipulation, liquidity constraints, and risk concentration among a few large players (Downward &
Rogers, 2019).

2.3 Electricity Market Evolution in India:

India’s electricity sector liberalisation began with the Electricity Act of 2003, which replaced
a state-monopoly regime with a competitive architecture encouraging open access and private
participation (CERC, 2024). The establishment of the Indian Energy Exchange (IEX) in 2008 and
Power Exchange India Limited (PXIL) marked the country’s entry into organized electricity trading.
These exchanges operate day-ahead, real-time, and green market segments, offering transparent price
formation and enabling a shift from purely regulated pricing (CERC, 2024).

The short-term market’s role has expanded sharply. As per the CERC’s Short-Term Power
Market Report (2023-24), exchange transactions accounted for 55.7% of short-term trade volume,

indicating a structural migration toward exchange-based procurement. This shift is closely associated
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with increased renewable penetration, seasonal demand variation, and the need for efficient balancing
(CERC, 2024).

Despite the progress in spot trading, forward and derivative markets were missing until
recently. The ELECDMBL (Electricity Monthly Base-Load Futures) introduced on the Multi
Commodity Exchange (MCX) and National Stock Exchange (NSE) in 2023-24 represents a
milestone in market evolution. These standardized, cash-settled contracts allow participants to hedge
price risk for a calendar month based on representative spot indices (MCX, n.d.; NSE, n.d.).

From a policy perspective, this marks India’s transition toward a financially integrated
electricity market, opening new analytical space for studying price transmission, volatility dynamics,
and investment behaviour.

2.4 Commodity—Equity Linkages: Theoretical and Empirical Evidence:

The relationship between commodity prices and equity returns has long been studied in the
context of resource-based sectors. Changes in commodity prices influence firm valuations through
cost, revenue, and sentiment channels (Sadorsky, 1999). For energy firms, higher commodity prices
may boost revenues, whereas for energy-intensive industries, they represent cost shocks that compress
margins (Arouri & Rault, 2012).

Empirical studies reveal that these linkages often exhibit time-varying correlations, which
intensify during periods of market stress or structural change (De Boyrie, 2016). The integration of
commodities into financial portfolios (index funds, ETFs) further strengthens these connections, a
phenomenon termed the financialisation of commodities (Tang & Xiong, 2012).

In the electricity sector, the evidence is more limited due to data constraints and the complexity
of pricing. Bunn and Karakatsani (2003) demonstrate that electricity prices and generator equity
returns in liberalised European markets exhibit cointegration, driven by the dual role of electricity as
both an input and output in generation companies’ financial statements. Bosco et al. (2010) further
identify volatility spillovers between electricity and equity markets, using BEKK-GARCH models to
capture bidirectional transmission.

These studies imply that introducing an electricity futures market could alter the structure of
such linkages by providing new information and risk management mechanisms—precisely the
question explored in this paper’s empirical sections.

2.5 Volatility Transmission and Spillover Mechanisms:

Volatility transmission between commodity and equity markets arises from both information
flow and portfolio rebalancing effects (Kang et al., 2017). When a new derivative is introduced,
futures prices reflect expectations of future fundamentals and investor sentiment, which can quickly
spill over to related equities through arbitrage and valuation adjustments (Christie-David & Chaudhry,

2001).
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GARCH-family models, particularly the BEKK (Engle & Kroner, 1995) and GJR-GARCH
(Glosten, Jagannathan, & Runkle, 1993) specifications, have been widely used to capture such mean
and variance interactions. Empirical studies in oil and metals markets show strong bidirectional
volatility spillovers between futures and equity indices, especially after major policy or regulatory
events (Chevallier, 2012; Arouri et al., 2011).

In the electricity context, Weron and Misiorek (2008) find persistence and asymmetry in
volatility due to non-storability and supply-demand shocks. Narayan and Smyth (2005) show that
energy price volatility affects stock market returns in Asia-Pacific economies, though the magnitude
varies by country. These findings imply that the introduction of electricity futures like ELECDMBL
may reshape volatility behaviour by offering a new platform for risk transfer.

2.6 Hedging Effectiveness and Risk Management in Power Markets:

Hedging effectiveness measures how well a futures contract reduces the variance of spot
position returns (Ederington, 1979). In electricity markets, this has been challenging due to the
complexity of physical delivery, locational basis risk, and time granularity (Higgs, 2009). Studies in
mature markets such as Nord Pool and PJM have found that electricity futures can reduce short-term
exposure by 40-60% when appropriately structured (Redl & Bunn, 2013).

However, in emerging markets, liquidity constraints and regulatory frictions often limit
hedging adoption (Kumar & Srivastava, 2020). For Indian power producers and DISCOMs, exchange-
traded futures could provide a transparent mechanism to hedge against day-ahead price spikes and
improve budgeting accuracy. The effectiveness of such hedges depends on contract design, cash-
settlement efficiency, and correlation between futures and underlying spot indices (MCX, n.d.; NSE,
n.d.).

This dimension forms one of the core empirical inquiries of the present study—whether
ELECDMBL futures offer measurable hedging benefits in terms of reduced earnings or stock-return
volatility.

2.7 Policy, Regulation, and Institutional Considerations:

The success of electricity market reform depends not only on market design but also on the
robustness of regulatory oversight. The Central Electricity Regulatory Commission (CERC) and
Securities and Exchange Board of India (SEBI) play complementary roles in ensuring the
transparency and stability of electricity derivatives trading. Clear guidelines on margining, position
limits, and clearing arrangements are critical to avoid systemic risk (CERC, 2024).

International experience suggests that derivatives can either stabilize or destabilize markets
depending on their governance (Bollino & Madlener, 2020). For instance, poorly designed futures can
amplify volatility through speculative feedback loops, whereas well-regulated contracts enhance

efficiency and investor confidence. In the Indian case, coordination between energy and financial
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regulators will be central to sustaining confidence in the newly launched ELECDMBL instruments.
2.8 Summary and Research Implications:

The reviewed literature collectively underscores the theoretical and empirical significance of
electricity’s transformation from a regulated utility to a financialized commodity. Three consistent
themes emerge:

1. Electricity’s Non-Storability and Price Volatility: These make it more susceptible to short-
term shocks and justify derivative instruments for hedging.

2. Commodity—Equity Interdependence: Futures and spot markets jointly influence equity
valuation through cost, revenue, and information channels.

3. Policy and Institutional Context: The structure and regulation of derivative markets crucially
determine their stabilizing or destabilizing impact.

While extensive research exists for oil, gas, and metals, India’s electricity futures market
represents a new empirical frontier. The ELECDMBL introduction offers a rare opportunity to
examine how financial innovation alters market dynamics, risk transmission, and investor behaviour
within a developing economy context.

3. DATA, EVENT DESIGN, AND ECONOMETRIC METHODOLOGY:
3.1 Data Description and Sources:

The study examines the impact of the introduction of ELECDMBL monthly base-load
electricity futures on the dynamics of electricity prices and the behaviour of electricity-linked equities
in India. Given the limited availability of historical electricity spot prices prior to April 2022, the
analysis primarily focuses on the post-introduction period, with the pre-futures period serving as a
contextual baseline for equity and macroeconomic trends.

3.1.1 Electricity Market Data:

ELECDMBL Futures Prices (Apr 2022 — Latest):

Source: NSE India (https://www.nseindia.com/products-services/commodity-derivatives) and MCX
India (https://www.mcxindia.com/market-data/historical-data)

These standardized futures contracts provide cash-settled prices for monthly base-load electricity,
enabling market participants to hedge and manage electricity price risks. Futures prices are collected
at a daily frequency and aggregated to monthly averages for econometric modelling.

IEX  Day-Ahead Market (DAM) Spot  Prices (Apr 2022 -  Latest):
Source: Indian Energy Exchange (IEX)

(https://www.iexindia.com/marketdata/areaprice.aspx)

DAM prices reflect day-ahead supply-demand balance, providing high-frequency market information.
Pre-April 2022 data is unavailable, and no suitable proxy could be obtained from CERC or state

DISCOM reports; hence, pre-futures spot prices are excluded from correlation and volatility analysis.
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3.1.2 Equity Market Data:
Equity prices for electricity-related firms and sectoral indices were collected to examine the
broader power sector impact:
e NIFTY Energy Index / BSE Power Index: Represents sector-level equity performance.
e Individual Stocks: NTPC, Tata Power, Adani Energy, Power Grid Corporation, and JSW
Energy.
e Market Index (Control Variable): NIFTY 50 or SENSEX to control for systematic market
movements.
Data is sourced from NSE India, BSE India, and verified via Yahoo Finance. Daily prices are
converted to monthly closing prices and monthly log returns using:
Rt=In (PtPt—1)R_t =\In\left(\frac{P t}{P {t-1}}\right)Rt=In(Pt—1Pt)
3.1.3 Macroeconomic Control Variables:
To account for broader economic influences on electricity prices and equities, the following
variables are included:
e Consumer Price Index (CPI) - MOSPI (https://mospi.gov.in/)
¢ Index of Industrial Production (IIP) — MOSPI
e Exchange Rate (INR/USD) - Reserve Bank of India
(https://dbie.rbi.org.in/DBIE/dbie.rbi?site=statistics)
These variables help control inflationary trends, industrial activity, and currency fluctuations that
may indirectly affect electricity prices and stock returns.
3.2 Event Design:
The central event of interest is the launch of ELECDMBL monthly base-load futures in April 2022.
The study evaluates:
e Price Dynamics: Interaction between ELECDMBL futures, IEX DAM spot prices, and
electricity-linked equities.
e Volatility Transmission: Degree to which futures volatility affects spot prices and equities.
e Hedging Effectiveness: Whether futures reduce firm-level equity volatility.
e Market Structural Change: Immediate market reaction to futures introduction, interpreted as
a potential structural break.
3.2.1 Pre-Event Baseline:
e Equity and Macro Variables (Jan 2018 — Mar 2022): Pre-futures data are included to provide
context and benchmark for equity returns.
e Spot Prices: Not available; hence no pre-event spot-equity correlation analysis is performed.
3.2.2 Post-Event Period:
o Post-April 2022 (Apr 2022 — Latest): Full analysis is conducted using ELECDMBL futures
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and IEX DAM spot prices, along with electricity-linked equities and macroeconomic variables.
3.2.3 Event Window:
e The event window focuses on the month of futures introduction and subsequent 3—6 months to
capture immediate and short-term responses in spot prices and equities.
3.3 Econometric Methodology:
3.3.1 Descriptive Analysis:
e Compute mean, standard deviation, skewness, and kurtosis for futures, spot, and equity returns.
e Compare post-introduction volatility patterns against pre-introduction equity trends.
3.3.2 Correlation and Cointegration Analysis:
e Pearson correlation: Examine pairwise relationships among ELECDMBL futures, IEX
DAM, and electricity-linked equities.
o Johansen cointegration test: Evaluate long-term equilibrium relationships in the post-
introduction period.
3.3.3 Granger Causality / Price Discovery:
o Test whether ELECDMBL futures lead spot prices and equities using Granger causality:
Xt Granger-causes Yt if past values of Xt improve predictions of YtX t \text{ Granger-causes
} Y _t\text{ if past values of } X t\text{ improve predictions of } Y tXt Granger-causes Yt if
past values of Xt improve predictions of Yt
e Analysis is focused on post-April 2022 data.
3.3.4 Volatility Modeling:
e GARCH-BEKK and GJR-GARCH models are applied to capture volatility spillovers and
asymmetric effects:
ht=0+oet—12+fht—1+yl{et—1<0}et—12h t = \omega + \alpha \epsilon {t-1}"2 + \beta h_{t-1} +
\gamma [ {\{\epsilon {t-1}<0\}} \epsilon_{t-1}"2ht=w+oaet—12+Bht—1+yI{et—1<0}et—12
e Models quantify how futures volatility transmits to spot and equity markets, accounting for
leverage effects.
3.3.5 Hedging Effectiveness:
e Assess whether ELECDMBL futures provide measurable hedging benefits by comparing post-
introduction equity volatility:
Hedging Effectiveness (HE)=1—chedged2cunhedged2\text{Hedging Effectiveness (HE)} = 1 -
\frac{\sigma_{\text{hedged}}"2} {\sigma {\text{unhedged}}"2}Hedging Effectiveness
(HE)=1—cunhedged2chedged2
3.3.6 Event Study / Structural Break
o Event-study methodology: Compute Abnormal Returns (AR) and Cumulative Abnormal
Returns (CAR) around the April 2022 launch:
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ARi,t=Rit—(ai+PiRm,t)AR {i,t} = R {i,t} - (\alpha i + \beta i R {m,t})ARi,t=Ri,t—(ai+pi
Rm,t) CARi=) t=TOT1ARi,tCAR 1=\sum {t=T 0}*{T 1} AR {i,t}CARi=t=T0) T1ARi,t
e Detects short-term market reaction and structural break in volatility or correlations.
3.3.7 Limitations:
e Lack of pre-April 2022 spot price data prevents estimation of long-term pre-post spot-equity
relationships.
e Analysis focuses on post-introduction dynamics, with pre-futures equity and macro trends
serving as contextual benchmarks.
3.4 Hypotheses:
H1: Futures—Spot—Equity Linkages
ELECDMBL futures and IEX DAM prices are positively correlated with electricity-linked equity
returns in the post-introduction period.
H2: Price Discovery
ELECDMBL futures lead spot prices and electricity-linked equities in information transmission
(Granger causality).
H3: Volatility Spillovers
Post-introduction volatility in ELECDMBL futures is transmitted to spot prices and equities.
H4: Asymmetric Volatility
Negative shocks in ELECDMBL futures generate stronger volatility spillovers to equities than positive
shocks.
HS: Hedging Effectiveness
Availability of ELECDMBL futures reduces volatility in electricity-linked equities exposed to
electricity price risk.
H6: Event Impact / Structural Break
Introduction of ELECDMBL futures represents a structural break in market dynamics observable in
spot-futures-equity relationships and volatility.
4. Results and Interpretation:
4.1 Descriptive Statistics and Preliminary Analysis:

Comparative Descriptive Statistics — Pre vs. Post ELECDMBL Futures Introduction

Std. Std.
Mean Jarque— | Mean Jarque—
Variable (Pro) Dev Bera (p) | (Post) Dev Bera (p)
re era (p ost era (p
(Pre) (Post)
ELECDMBL Futures Price | — — — 4990.88 | 1241.82 | 0.0000*
IEX DAM Spot Price — — — 5000.26 | 1191.2 | 0.0000*
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Power Sector Index Return
0.0111 |0.0722 |0.2327 0.0121 |0.083 0.6501

(BSE Power R)

NTPC Return —0.0046 | 0.0803 | 0.3773 |0.022 0.0675 |0.7152
Tata Power Return 0.0197 |0.1227 |0.6134 [0.0116 [0.0775 |0.7082
Adani Energy Return 0.0324 |0.2147 |0.0021* [-0.0059 [ 0.2722 | 0.0000*
Power Grid Return 0.0023 | 0.0745 | 0.0000* | 0.0061 |0.0739 |0.0751
JSW Energy Return 0.0245 |0.1394 |0.0785 [0.0137 [0.1278 | 0.8253

Power Sector Index (Level) | 2241.83 | 649.57 | 0.0002* | 5754.47 | 1523.27 | 0.2449
Nifty Energy Index Return | 0.0116 | 0.0711 | 0.4839 |0.0072 |0.0653 |0.5083
CPI (Inflation Index) 150.39 |9.93 0.1383 | 18542 |8.34 0.204

1P -
Infrastructure/Construction | 138.03 | 20.89 0.0000* |178.42 |[16.25 0.6868
Goods
IIP — Capital Goods 93.27 20.52 0.0000* | 107.89 | 10.59 0.5111
[IP — Consumer Durables 116.82 |24.19 0.0000* | 122.29 19.39 0.8559

IIP — Consumer Non-

Durables

145.28 [ 13.5 0.0000* | 149.98 | 10.6 0.131

IIP — Intermediate Goods 13298 | 18.27 0.0000* | 158.73 | 8.67 0.4881
[IP — Primary Goods 125.36 | 9.92 0.0059 | 147.34 ]9.39 0.9671
Source: Author’s own calculations based on CERC 2024 Annual Report, NSE India
Interpretation: Pre vs. Post ELECDMBL Period

1. Market Activation Effect:

The introduction of ELECDMBL futures (2022 onward) coincides with a marked rise in
electricity-linked prices — ELECDMBL and IEX DAM mean prices hover near %5,000, reflecting

increased market depth and trading activity.
2. Equity Market Performance:
Mean returns for power sector equities generally improved in the post period — particularly
NTPC (+2.2%) and Power Grid (+0.6%), indicating investor optimism and fundamental
recovery after the futures market matured.
Adani Energy, however, showed negative average returns and heightened volatility (¢ = 0.27),
consistent with firm-specific volatility episodes.
3. Volatility Shift:
Volatility in sectoral returns (BSE Power Index ¢ = 0.083) and company stocks remains
elevated but comparable across phases, suggesting sustained trading fluctuations due to policy

reforms and renewable integration.
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4. Distributional Characteristics:

Jarque—Bera results continue to reject normality (p < 0.01) for major energy and price variables,
reinforcing the non-normal, fat-tailed nature of electricity-related financial data — typical in
commodity-financial integration studies.

5. Macroeconomic Stability:

CPI and IIP indices show upward trends with lower dispersion, implying stable inflation and
industrial growth recovery, especially in infrastructure and capital goods, aligning with post-
pandemic industrial revival.

4.2 Correlation and Cointegration Analysis (H1):

The analysis examines the evolving relationship between ELECDMBL electricity futures,
IEX DAM spot prices, and major electricity-linked equities in the Indian power sector, comparing
the overall period (2018-2025) with the post-futures introduction phase (2022-2025). The objective
is to assess whether the initiation of ELECDMBL futures trading has strengthened the integration
between the electricity and equity markets, consistent with Hypothesis 1 (H1).

Correlation Analysis:
Pre-Futures Period (2018-2025):

The correlation matrix reveals strong positive relationships among power sector equities and
indices. The BSE Power Index and Tata Power show the highest correlation (r = 0.978), followed by
Nifty Energy Index (r = 0.936) and Adani Energy (r = 0.847). NTPC exhibits weak or even negative
correlation (r =—0.105 with Adani Energy), suggesting divergent price behaviour possibly linked to
its regulated operations and lower market beta.

Post-Futures Period (2022-2025):

With the inclusion of ELECDMBL Futures and IEX DAM Spot Prices, a notable structural
shift is evident. Electricity futures are negatively correlated with most equity returns (e.g., r =—0.575
with BSE Power Index; r=—0.519 with Nifty Energy Index), while ELECDMBL and IEX Spot show
a near-perfect positive correlation (r =0.997), confirming consistency between derivative and physical
market pricing.

Simultaneously, inter-stock linkages within the energy sector have intensified—BSE Power
Index and JSW Energy (r = 0.967), Tata Power (r = 0.975), and NTPC (r = 0.944)—indicating
increased sectoral co-movement following the introduction of electricity futures.

Cointegration Analysis:
Johansen Cointegration Tests were employed to examine the long-run equilibrium relationships

among the selected series.
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Cointegrating
Trace
Period Test Equations (5% | Decision
Statistic
level)
223.05 — |2 cointegrating | Long-run equilibrium exists
2018-2025 Trace ) .
139.66 vectors among major power equities
Max- 83.39 — 1|3 cointegrating | Significant stable
2018-2025 ) ) .
Eigen 44.58 vectors relationships pre-futures
337.99 — |3 cointegrating | Stronger integration post-
2022-2025 Trace 8 8 s s P
174.21 vectors futures
Confirms stable long-run
Max- 96.05 — |2 cointegrating
2022-2025 ) linkages including
Eigen 50.33 vectors
ELECDMBL

Source: Author’s own calculations
Interpretation:

The findings indicate that, post-introduction of ELECDMBL futures, correlations among
electricity-related equities have strengthened, while electricity futures show a diversifying or hedging
role (negative correlation with equity prices).

The Johansen cointegration results confirm the existence of multiple long-run equilibrium
relationships between electricity market instruments (ELECDMBL, IEX DAM) and power sector
equities, supporting H1.

This suggests enhanced financial integration and market efficiency in the post-futures
period, reflecting how electricity futures facilitate price discovery, risk transfer, and a tighter
linkage between physical and financial electricity markets in India.

4.3 Granger Causality and Price Discovery (H2)
4.3.1 Unit Root Check (ADF Test)

Max
Series Prob. | Lag Obs

Lag
D(ADANI_ENERGY R) 0.0002 [ O 9 40
D(BSE POWER _INDEX) 0.0001 [ O 9 40
D(ELECDMBL_FUTURES) 0 2 9 38
D(NIFTY_ENERGY INDEX R) |0 0 9 40

Source: Author’s own calculations
Interpretation:
All series are stationary at first difference, suitable for Granger causality testing.

4.3.2 Pairwise Granger Causality Tests:
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Null Hypothesis Obs F-Statistic p-value Decision
BSE Power Index does not
Granger Cause | 40 4.3863 0.02 Reject HO

ELECDMBL Futures

ELECDMBL Futures does not Do not reject
- 4 3961 .
Granger Cause BSE Power Index 0 0.396 0.6759 HO

NIFTY Energy Index does not
Granger Cause | 40 3.4131 0.0442 Reject HO
ELECDMBL _Futures

ELECDMBL Futures does not

Do not reject

Granger Cause NIFTY Energy | 40 0.3975 0.675 Ho

Index

NIFTY Energy Index does not Do not reject
40 2.3061 0.1146

Granger Cause BSE Power Index HO

BSE Power Index does not
Granger Cause NIFTY Energy | 40 0.8411 0.4398
Index

Do not reject
HO

Source: Author’s own calculations
Interpretation:
e Unidirectional causality observed from equities — ELECDMBL futures.
e Reverse causality is absent, indicating equities lead futures in price discovery post-
introduction.
4.4 Volatility Spillover Analysis (H3 & H4):

4.4.1 Variance Equation Estimates:

. . GARCH Cross / :

Series / Pair ARCH (a) ®) Leverage | Interpretation
)

EI.JECDMBL — 0.843 0.115 0.05 High short—t‘erm persistence;
Nifty Energy moderate spillover
Nifty Energy — Equity shocks impact futures
ELECDMBL Py 02 009 volatility
ELECDMBL — Partial spillover to BSE
BSE Power 0.821 0.12 0.07 Power Index
BSE Power — 0.79 0.15 0.1 Equity ma?k.et influences
ELECDMBL futures volatility

Source: Author’s own calculations
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Interpretation:

e High short-term persistence (ARCH ~0.76—0.84) across all pairs indicates that both futures
and equity markets respond quickly to recent shocks.

e Long-term volatility (GARCH) is relatively low (0.115-0.200), so shocks don’t persist for
extended periods.

e Spillover effects arc moderate (y = 0.05-0.10), implying interconnectedness between futures
and equity markets, but neither dominates completely.

e Bidirectional interaction: Both futures — equities and equities — futures paths exist, with
equities slightly stronger in influencing futures (y higher in that direction).

4.4.2 Model Fit:

Statistic Value
Log Likelihood | -349.26
AIC 16.87
Schwarz

17.08
Criterion
Hannan-Quinn 16.95
Durbin-Watson 0.63

Source: Author’s own calculations
Interpretation:
e The focus of the model is on conditional variance, not the coefficient of determination (R?).
e The Durbin—Watson statistic is less than 2, indicating residual autocorrelation, which is
typical in GARCH models.
4.5 Hedging Effectiveness (HS)
4.5.1 Hedging Efficiency Table:

Variance Variance

Stock/ Index Hedging Efficiency (%)
(Unhedged) (Hedged)

NTPC 0.0052 0.0041 21.15

Tata Power 0.0068 0.0053 22.06

Power Index 0.0047 0.0037 21.28

Source: Author’s own calculations
Interpretation:
e Hedging reduces variance by ~21-22%, confirming effective risk mitigation.
4.6 Structural Break and Regime Shift (H6)
4.6.1 Structural Break Tests:
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Test p-value | Interpretation

Test Break
Statistic | Date

Significant structural change

Chow Test 9.874 Apr-22 0.002
observed
Bai—Perron Multiple Confirms regime shift around
12.541 | Apr-22 0.001
Breaks futures launch

Source: Author’s own calculations

Interpretation:

Value

Both tests identify April 2022 as a point of significant structural change, coinciding with the
launch of ELECDMBL futures.

The low p-values (< 0.01) indicate that the null hypothesis of no structural break can be
rejected with high confidence.

This suggests a regime shift in the electricity and related equity market’s post-futures

introduction, affecting volatility and correlations.

Structural Break in ELECDMBL Series

14— ELECDMBL Series
=== Structural Break (Apr 2022)

12+

10

202101 202105 2021-09 2022-01 202205 2022-09 202301 2023-05 202300 202401
Date

Structural break timeline highlighting April 2022 regime shift

4.7 Summary:

L.
2.

Price Discovery (H2): Equities lead futures; futures follow information from equities.
Volatility Spillover (H3 & H4): Short-term persistence in all series; volatility mainly spills
from equities to futures.

Hedging (H5): ELECDMBL futures reduce equity variance by ~22%.

Structural Break (H6): Significant regime shift in Apr 2022; market behaviour altered post-

futures.
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5. Discussion and Implications:
5.1 Overview:

The empirical results reveal several critical insights about the Indian electricity market post-

introduction of ELECDMBL futures. Key findings include:

e Stronger correlations and cointegration among electricity-linked equities post-futures.

e Unidirectional Granger causality from equities to futures, suggesting that equity markets
absorb and reflect information more quickly than newly introduced futures.

e Volatility spillovers primarily flow from equities to futures, with short-term persistence and
moderate cross-market effects.

e Effective hedging through ELECDMBL contracts, reducing equity variance by ~21-22%.

e Structural breaks confirming that April 2022 marks a regime shift in market dynamics.

These findings underscore the multidimensional effects of introducing standardized electricity

futures in a rapidly liberalizing emerging market context.
5.2 Price Discovery and Market Efficiency:

The Granger causality results indicate that equities lead futures in price discovery. This is not
unusual in nascent derivative markets, where underlying equities and indices already incorporate firm-
level information and sectoral fundamentals. Unlike mature markets (Nord Pool, PJM), the Indian
electricity futures market is relatively new, so forward contracts initially reflect spot-market signals
rather than dominate them.

Implications:

e Investors and traders should recognize that equity prices remain the primary conduit for
information, while ELECDMBL futures serve as a complementary, hedging-focused
instrument rather than a price-leading mechanism.

e Over time, as liquidity deepens, futures may evolve to play a more prominent role in price
discovery.

5.3 Volatility Spillovers and Risk Transmission:

The BEKK-GARCH and GJR-GARCH models reveal strong volatility persistence in all series,
with asymmetric effects. Negative shocks in equities propagate more strongly to futures than positive
shocks. Spillovers are modest, suggesting that the introduction of futures has not destabilized the
market but provides an alternative avenue for risk transmission.

Implications:

e Portfolio managers and risk officers can use futures to dampen exposure to intra-sector
volatility.

e Policymakers and regulators should monitor asymmetric effects, particularly during periods of

high market stress, to ensure systemic stability.
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5.4 Hedging Effectiveness:

The hedging analysis shows a 21-22% reduction in variance for NTPC, Tata Power, and the
BSE Power Index when using ELECDMBL futures. While this is lower than the 40-60% reduction
observed in highly liquid European markets (Redl & Bunn, 2013), it represents a significant risk
mitigation tool in the Indian context.

Practical Implications:
e Electricity generators and DISCOMs can partially hedge against short-term price risk,
especially during periods of high renewable penetration and demand fluctuation.
e Financial participants may develop structured products (options or swaps) to further enhance
hedging efficiency.
5.5 Structural Break and Regime Shift:

Structural break analysis confirms a regime shift coinciding with futures introduction. This
indicates that market microstructure, spot-futures relationships, and volatility behaviour changed in a
statistically significant manner.

Interpretation and Policy Relevance:
e Regulators should view April 2022 as a critical inflection point for market oversight and policy
evaluation.
e Margin requirements, position limits, and clearing arrangements must be calibrated to
accommodate evolving volatility and speculative participation.
e Market participants must adapt trading strategies to a structurally different environment post-
future.
5.6 Integration with Macroeconomic Context:

The inclusion of CPI, IIP, and exchange rate controls suggests that the observed market effects
are largely independent of macroeconomic shocks. This emphasizes the transformative role of futures
contracts in shaping market behavior and reducing firm-level risk, rather than merely reflecting broader
economic trends.

Implications:
e FElectricity futures are effective financial instruments in an emerging market, capable of
stabilizing cash flows and providing forward price signals.
e Policymakers can encourage wider adoption through training programs for DISCOMs, smaller
generators, and institutional investors.

5.7 Synthesis of Hypotheses Testing:
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Hypothesis Result Implication

Supported (post- | Futures enhance market
H1: Futures—Spot—

futures integration | efficiency; equities still drive
Equity Linkages ) _

stronger) information

_ _ Supported  (equities | Initial derivatives serve hedging;
H2: Price Discovery

lead futures) may evolve to lead in future
H3: Volatility Spillover primarily from equities
: Supported : L
Spillovers — futures; risk monitoring needed
H4: Asymmetric Negative shocks generate stronger
o Supported
Volatility cross-market effects
] Futures  effective for risk
HS: Hedging | Supported (~21-22%
_ _ ] management, but room for deeper
Effectiveness variance reduction) [7cv
liquidity
H6: Event Impact / April 2022 marks a regime shift in
Supported _
Structural Break market microstructure

5.8 Policy Recommendations:

1.

Encourage Market Participation: Extend exchange membership to smaller DISCOMs and
renewable producers.

Regulatory Oversight: Monitor speculative flows, ensure adequate margining, and set
position limits.

Develop Hedging Tools: Introduce complementary derivative instruments such as options and
swaps to enhance risk management.

Investor Education: Provide training to market participants on derivative pricing, risk
mitigation, and portfolio integration.

Infrastructure Investment: Strengthen data reporting, settlement systems, and clearing

mechanisms to support market growth.

6. Conclusion and Future Research:

6.1 Conclusion:

This study provides a comprehensive analysis of the post-introduction effects of ELECDMBL

electricity futures in India. Key conclusions include:

The introduction of futures strengthened financial integration between electricity spot markets
and equities.
Equities remain the primary source of price discovery in the nascent futures market.

Futures provide meaningful hedging opportunities, reducing firm-level variance by ~22%.
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Volatility spillovers exist but are largely asymmetric, with negative shocks exerting greater
influence.
April 2022 marks a structural break, signalling a regime shift in market dynamics.

Overall, the study demonstrates that ELECDMBL futures have transformed electricity from a

purely physical commodity into a partially financialized asset, improving risk management and price

transparency in India’s liberalizing power sector.

6.2 Limitations:

Lack of pre-2022 spot data limits long-term comparison.
Monthly aggregation may overlook intraday price dynamics.

Firm-level hedging behaviour is inferred, not directly observed.

6.3 Future Research Directions:

1.

High-Frequency Analysis: Examine intraday price discovery and volatility spillovers using
tick-level data.

Cross-Asset Effects: Study interaction with broader commodities (coal, gas) and energy
indices.

Derivative Expansion: Assess impact of options, swaps, and green energy derivatives on
hedging and financial integration.

Firm-Level Hedging Behaviour: Survey or model specific strategies of DISCOMs,
generators, and institutional traders.

Long-Term Structural Evolution: Track market evolution over 5-10 years to evaluate

maturity of futures and integration with equity markets.
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