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Abstract

This paper demonstrates the role of supply side factors that cause power outages in India.

Using a unique dataset linking the universe of coal mines and power plants, and a judicial

intervention induced quasi experimental variation, I show that when faced with uncertain future

supply of coal, power plants respond by decreasing output through effecting partial shutdown

of their generating capacity. The plants’ behavior is driven by precautionary saving motive,

and I provide empirical evidence that they start stockpiling coal even as the supply of coal

remains unaffected. This is consistent with the plant’s objective to maintain a steady supply of

generation output above a certain threshold in the future, as required by the electricity purchase

contracts. Using data on monthly fuel delivery, I show that the partial shutdown is not due to

actual shortage of coal, but driven by plants most vulnerable to regulatory uncertainty about

future supply of coal. The plants affected by the future uncertainty have lower generation cost

and hence their declaration of outages results in both decrease in total generation output as

well as increase in total cost of generation. I estimate the resulting economic loss to be over

2 Billion dollars. In the longer run, uncertainty devolves into actual fuel shortages leading to

persistent under-utilization of generation capacity and inefficient production of power.
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1 Introduction

Access to electricity has been shown to be strongly correlated with economic development

across countries (Source: World Bank (2015)). In the case of India, its economic development

relies upon cheap power generated from its vast reserves of inexpensive coal with estimated

reserves expected to last more than 150 years. Though there has been a renewed focus on

renewable sources of energy, more than 80 % of the total power generated is still supplied by

coal based power plants1. If energy is the engine of growth, then the importance of coal for

the Indian economy cannot be overstated. And, probably, this is the reason coal and power

sectors are tightly regulated by the Indian government, resulting in extremely limited access

to markets. As a consequence, both the coal and power sectors suffer from persistent unmet

demand and power outages are widespread across the country.

Recognizing the importance of electricity provision for economic growth, India has made

remarkable progress in expanding electricity coverage. In the last two decades, over half a

billion people have been provided new electricity connections2. Through its flagship rural

electrification program3, the Indian government brought the previously unelectrified villages

closer to the grid and in 2018, every village was declared to be covered by a electricity grid
4. Subsequently, in June 2019, every household was declared by the Indian government to

have an electricity connection due to the success of the government’s “Saubhagya” policy.

However, there is a dark side to this achievement, as the increased connectivity has not

resulted in a reliable supply of electricity for the vast majority of connected households.

And despite substantial progress in expanding coverage, electricity provision in India is still

characterized by shortages in power supply.5.

In this paper I study the role of supply side constraints in India’s electricity sector and

demonstrates how uncertainty about future fuel supply affects plants’ production decisions

and leads to power outages. In doing so, I add to the growing academic attention on

the problem of power outages in India that has primarily focused on understanding the

consequences of power outages (Allcott, Collard-Wexler and O’Connell (2016)) and demand

side factors that cause outages (Mahadevan (2019)).

Power outages in India result from both demand side and supply side factors. On the

demand side, the per unit electricity prices paid by the end consumers are regulated to be

1Source: Ministry of Power, India
2Source: IEA South Asia Energy Outlook
3called “Deen Dayal Upadhyaya Gram Jyoti Yojana (DDUGJY)”
4Source: Ministry of Power, India
5Annual Reports, Ministry of Power, India

2



lower than the price at which power distribution companies or utilities purchase electricity

from the power plants6. Since the utilities are engaged in a loss-making operation, they

simply resort to load shedding or power cuts. The amount of load shedding is planned in

advance, and the utilities submit their expected requirement of power, net of planned power

cuts, to the generators7.

On the supply side, the generation capacity is, in fact, in excess of what is needed to

meet the electricity required by the power distribution companies8. However, the generators

suffer from frequent outages that result in failure to supply enough power to meet the energy

requirement of the utilities, which is already net of planned power cuts9. This oddity of excess

capacity and shortage of power is a salient feature of the power sector in India and hints

at barriers on the supply side that might be affecting power generation and contributing to

power outages.

In this paper, I shine light on one such barrier in the form of uncertainty about future fuel

supply. In 2014, the Supreme Court (SC) of India declared 214 coal block mining contracts

illegal due to alleged corruption and ordered the mining leases to be cancelled at a future

date, March 201510. The court ordered Government of India (GOI) to formulate rules for

reallocation of the canceled coal blocks by March 2015. And this led to the beginning of a

period of ambiguity about future coal supply starting August 2014 until, in theory, a new

policy to allocate the canceled mines came into force in March 2015. This landmark judicial

decision led to unprecedented increase in uncertainty for the power plants that had their coal

mining contracts set to be cancelled in the future. The rest of the plants had secure long-term

fuel supply agreements from the state and were immune to the effects of the SC judgement.

I take advantage of this quasi experimental variation in future uncertainty about fuel supply

faced by plants, and use a difference-in-difference empirical strategy to demonstrate how

the incentives and constraints faced by power plants cause inefficient generation and lead to

large economic losses. The empirical results of the paper are derived using a novel dataset I

have assembled that links the universe of coal mines to power plants in India and allows for

a rich analysis.

The court’s decision to annul mining contracts was in response to the irregularities in the

6I use power plants and generators interchangeably throughout this text
7I am careful to refer to demand of power by utilities as requirement. The reason is to distinguish the

utilities’ requirement of power, which already factors in the planned load shedding, with actual demand
for electricity in India which is an abstract concept and numerically unknown. This is in line with the
nomenclature used in the official Indian data and policy documents.

8Source: Central Electricity Authority, India
9Source: Load Generation Balance Reports, Central Electricity Authority, 2013-2017

10The full Supreme Court of India Judgement on coal-gate can be accessed here
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initial awarding of mines, dubbed in popular media as the coal-gate scandal. This judicial

intervention in policy making remains the largest of its kind in India’s history and was

widely unexpected. I show that the affected plants responded to this by declaring generation

capacity under outage as means to engage in precautionary saving of the generation fuel,

coal, even before the cancellation of mines comes into effect. The incentive for plants to

engage in precautionary saving comes from fixed charge component of the power purchase

contracts (PPA) called capacity payments, which is contingent upon plants having at least

85 % of their capacity available for generation on average. In order to be ready to generate

power, plants need to have a minimum amount of coal. So, when faced with possibility of

supply shocks in the future, they try to smooth their consumption of coal by saving for the

uncertain future.

To analyze the effects of the mine cancellation induced future uncertainty, first, I use a

straightforward two-period model to theorize how uncertainty about future fuel supply might

affect power plants’ production behavior. I show that if plants believe future shortages to

be a likely outcome, they engage in precautionary saving and curtail production. Then,

using a difference in differences framework and rich panel data on plant input and output,

I derive empirical estimates of the effect of uncertainty on power plants’ production using a

number of different measures of output. The empirical strategy relies on quasi-experimental

variation in uncertainty faced by plants as a result of the SC decision and compares the

plants affected by the SC decision to the plants that had secure long term fuel supply from

state. The outcome of interest is the output at the plant level and is measured by daily

capacity under outage (MW), monthly coal delivery, consumption and stockpiling (Metric

Tonnes / month), and more directly by monthly electricity generation (GWh / month).

The results of the paper show that regulatory uncertainty has significant negative impact

on firms’ output and the direction of the empirical estimates is consistent with the model’s

predictions. Future uncertainty about coal supply causes plants to declare their generation

capacity to be under outage due to coal shortage and simultaneously stockpile coal even as

their fuel deliveries see no change. This partial shutdown induced by precautionary saving

motive resulted in statistically significant and economically large loss of 7% of monthly

output as measured by monthly electricity generation. And, the longer term results show

that these effects are persistent over a long period of time (> 3 years).

The shutting down of power plants not only causes reduction in output but also increases

the total cost of generation as the plants affected by the mining cancellation were lower cost

generators on account of their proximity to the coal mines. To estimate the increased cost of

generation, I simulate least-cost dispatch supply curves and show that change in production
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decisions by plants led to increase of 290 Million dollars in the total cost of generation.

I estimate the value of lost generation using the results of (Allcott, Collard-Wexler and

O’Connell (2016) showing the impact of outages on manufacturing plants revenue. Sum

of the components adds up to aggregate loss of over 2 Billion dollars due to regulatory

uncertainty about fuel supply.

This paper, demonstrating the role of uncertainty in production decisions of power plans

in India, contributes to the literatures on energy and development, precautionary savings,

and regulatory frictions.

I believe this is the first paper to show how supply side constraints affect the production

decisions of power plants in India and provide causal evidence in support. In doing so, this

paper adds to the growing interest in understanding the electricity sector in India. (Chan,

Cropper and Malik (2014), Alcott, Collard-Wexler and O’Connell (2016)). This paper builds

on the relatively thin literature showing micro evidence-based effects of precautionary saving

(Fuchs-Schündeln and Schündeln (2005), Fuchs-Schündeln (2008), Giavazzi and McMahon

(2012)). To the best of my knowledge, this is the first paper to show the importance of

precautionary saving in incomplete markets where uncertainty can play a big role in firms’

production decisions.

In demonstrating the role of precautionary saving due to uncertain fuel supplies on plants’

production behavior, this paper contrasts itself from ongoing work on supply side of India’s

electricity sector which looks at market power (Nick Ryan (2018) working paper) and cost of

non-market based dispatch (Burlig, Jha and Preonas (2019) working paper) using the Indian

electricity exchange, IEX, which accounts for 5% of the total power transacted in India.

There is a recent literature focused on empirically measuring the effect of policy un-

certainty on economic output. Baker et al (2016) developed a unique index to measure

uncertainty (Economic Policy Uncertainty Index) and provide robust estimates of its effect

on macro output. I complement this literature by providing micro founded causal estimates

of the impact of uncertainty on the output of a firm operating in incomplete markets. More

recently, Bloom and co-authors (Bloom et al, working paper, 2019) show that Brexit induced

uncertainty caused up to 5% reduction in firms’ productivity in the UK. This paper com-

plements these studies by examining the role of policy uncertainty in incomplete markets

specific to highly regulated coal and power sectors in India.

The focus of this paper is to study the behavior of power plants faced with regulation

induced future uncertainty about fuel sourcing. And, in doing so, it contributes to the

understanding of how procurement of fuel by power plants is affected by regulatory frictions

(Cicala (2015)). It also speaks to the broader energy economics literature with a twin focus
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on the natural resource allocation and electricity sector. In showing the uncertainty due

to allocation woes in the coal sector in India, it shines a light on the challenges of natural

resource allocation as a public good for both private and public consumption.

Lastly, it contributes to understanding of regulatory obstacles faced by firms in developing

countries. Uncertainty arising from incomplete markets or regulatory frictions are not unique

to power plants in India and affect a wide spectrum of firms in developing countries. This

paper aids in understanding of firms’ decision making in such non-market set-ups common

in developing countries.

The end of this introduction is followed by section 2 where I give a detailed description of

the background of coal sector in India and the origin of uncertainty for some of the coal-fired

power plants. After that is section 3, which provides a theory model to anchor the empirical

results. The data sources used in this paper and the information contained in those datasets

are reported in section 4. Then in section 5, I describe the estimation strategy and discuss the

assumptions needed for identification. Section 6 starts by describing the main results of the

paper which relate to the first phase of regulatory uncertainty and calculates the associated

welfare costs. Welfare calculations are followed by longer term results and robustness checks

in the same section. Section 7 concludes.

2 Background on Coal and Power sectors in India

2.1 Brief History of Coal Allocation in India

Power generation in India is dominated by coal power plants11, and a vast majority of

the coal burnt by these plants comes from mines within India. In the year 2014, almost 95%

of the coal consumed by the power plants came from Indian coal mines with the rest being

sourced from imports12. However, thermal power plants in India frequently declare their

generation capacity to be under outage causing the total supply of electricity to consistently

fall short of the power requirement of the utilities. Figure 1 shows the aggregate supply of

power by the generators and the requirement or assessed demand of power by the utilities.

The trend shows that generators are unable to meet even the already rationed amount of

11Coal fired plants account for ≈ 80% of the total electricity generated in India. Source: Ministry of
Power, 2017

12In terms of volume of coal consumed, in the year 2017, the total coal consumed in India was 800
million Metric Tonnes (MT) of which the power sector’s share was close to 500 million MT (Provisional Coal
Statistics 2017, Ministry of Coal).
Indian coal is 3-4 times cheaper than the alternative imported coal from Indonesia, South Africa or Australia
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power required by the utilities which weakly increases the blackouts at the consumer level.

Figure 1: Total power supply by generators and demand by utilities
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Notes: This figure shows the total supply and demand of power in TWh as reported in monthly power supply position reports
by the Central Electricity Authority of India. The trend shows that generators are unable to meet the power requirements of
the utilities.

The supply of coal used by these power plants has historically been controlled by the

state through a public-sector utility company, Coal India Limited (CIL). The coal mines

are a property of the state and, initially, private sector participation was not permitted. As

India’s economy grew, the demand for coal increased, and the inefficiency of allocating coal

through a state-owned non-profit maximizing monopoly started showing up in the form of

unmet demand for coal.

To ease the demand pressure on CIL, in the year 1993, India’s Ministry of Coal starting

allocating individual coal mine blocks to industries with exclusive extraction rights13. These

13A natural solution to this problem would have been to open the coal sector to private sector and allow
commercial mining. Market forces would then dictate that the firm with highest willingness to pay for coal
would receive fuel for their operations. However, there was limited political support in the 90’s for opening
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exclusive mining contracts were awarded for use of coal for a specific power plant or in a few

cases a specific set of power plants, and any diversion of coal was prohibited. These mines

are referred to as captive use mines or, simply, captive mines. The contract also specified

the amount of coal a firm could extract based on their projected need of the existing plant.

Unconsumed extracted coal was supposed to go back to the state at pre-notified fixed rate.

The awarding of captive mines for exclusive use of coal created two broad categories of

power plants – 1) Plants that sourced coal from the state through long term fuel supply

agreement (FSA), and 2) Plants that at least partially relied on their captive mine contract

for fuel supply. The cancellation of captive mines thus only affected the latter category of

plants.

The process of awarding captive mine contracts was slightly different for private firms

and state-owned firms. Both state-owned and privately-owned utilities had to apply for a

contract to the central government and a screening committee comprised of GOI cabinet

ministers and other policy makers made the decision whether to award the contract or not.

However, in some cases state owned utilities could also directly get a coal block allocated

without going through the screening committee14. Neither the public sector firms nor the

private firms owned the mines but only had the rights to extract coal from it.

The central issue with the allocation of captive mines in this manner was the absence

of a defined rule to determine who gets the mining leases and who doesn’t. This lack of

transparency in awarding the mining leases made the allocation process seemingly arbitrary

and impartial. And, this potentially corrupt allocation process of captive mining contracts is

what formed the basis of coal-gate scam. In the year 2012, the Comptroller and Auditor Gen-

eral (CAG), the chief audit authority in India, published a report questioning the procedure

followed in allocating coal blocks for captive use since the year 1993. This report formed the

basis of a public interest litigation against the Government of India in the Supreme Court

which led to the eventual de-allocation of these captive mines.

2.2 Coal-gate: Judicial decision led to future uncertainty

On August 25th 2014, the Supreme Court of India declared all captive coal block alloca-

tions made since 1993, total of 214 coal blocks, illegal - both to private and public entities.

However, the mines that were producing coal were allowed to stay functional until March

2015, making March 31st 2015 the effective mining contract cancellation date for plants

up coal sector to the market.
14It is unclear how some state utilities got mining leases without going through the screening committee.

I suspect that there were non-market forces at play but do not have any evidence in support
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sourcing coal from the producing captive mines. As a part of the same judgment, the Gov-

ernment of India was asked to formulate a new policy to reallocate the cancelled mining

leases by March 201515.

The SC decision to intervene in the allocation of state-owned natural resources was a

widely unanticipated development, and it remains to date one of the biggest judicial inter-

vention, in India.

For the power plants affected by the SC judgement, the immediate impact was unprece-

dented uncertainty about future supply of coal. These plants that were going to lose their

captive mines, now depended on the outcome of reallocation of cancelled coal blocks after

March 2015 for fuel supply. The resulting uncertainty about future fuel supply was starker

for plants that were already receiving coal from their producing captive mines. At the time

of the August 2014 SC judgment, 42 out of the 214 coal blocks were under production and

26 coal blocks were ready for extraction to begin. The remaining canceled coal blocks had

not started production yet.

The power plants linked to the non-producing captive mines had been given temporary

fuel supply contracts (called linkages) by the state as a stop gap arrangement until they can

start extraction from their captive mine. Importantly, these ‘temporary’ supply arrange-

ments came with the possibility of an extension beyond their end date. The August 2014

judgment canceled both the non-producing captive mine allocations as well as the temporary

linkages that were made against the non-producing captive mine allocation. However, the

temporary linkages were restored shortly afterwards subduing the uncertainty about future

coal supply for the corresponding plants.

The process to reallocate the cancelled coal block started in March 2015 and involved a

need-based allotment to some public generation companies and an auction mechanism for

private and public generation companies. However, the reallocation of these coal blocks did

not yield the desired results due to regulatory interference and the design of the new mining

contracts. As a result, more than three years after the SC decision, by the end of 2017, less

than half of the cancelled mining contracts had been reallocated. For the plants that lost

their mining contract in 2015 and had not received an alternate supply of coal, this implied

a continuation of uncertainty about future fuel deliveries.

In the rest of the paper, I refer to the time period between August 2014 and March 2015

as the first phase of uncertainty. This phase one of uncertainty should have ended in March

2015 when the new policy to reallocate the cancelled coal blocks came into force. But the

15Coal Mines (Special Provisions) Act, 2015
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unsuccessful reallocation of cancelled blocks after March 2015 meant that uncertainty about

future supply continued in the coal sector. I refer to the period after March 31 2015 as the

second phase of uncertainty. The timeline of the evolution of this uncertainty is presented

in figure 2 followed by the relevant details for each phase.

Figure 2: An illustration of how coalgate led to policy uncertainty

Mining Contracts
Canceled by SC

Reallocation of
Canceled Mines Begins

Uncertainty
Phase 1

Uncertainty
Phase 2

Aug 25, 2014 Mar 31, 2015

Timeline of Policy Events and Phases of Uncertainty

Notes: This figure illustrates the timeline of the cancellation of mining contracts by the Supreme Court (SC) of India and
subsequent uncertainty about future coal supply. The first vertical line represents the day SC declared the mining contracts
illegal. Second vertical line represents the end of first phase of uncertainty when the reallocation of cancelled mining blocks
began. The time period between the two vertical lines represents the first phase of uncertainty. Second phase of uncertainty
starts after the second vertical line.

2.2.1 Uncertainty Phase 1 & High vs. Low Uncertainty facing Plants

The first phase of uncertainty refers to the time period time between the SC decision

to declare mining contracts illegal and the effective cancellation date, March 31st 2015.

The rationale behind the SC verdict to allow the plants to have access to their respective

captive mines until March 2015 was to give the plants some ‘breathing room’ and minimize

disruption. The ‘breathing room’ however created a unique period of future uncertainty
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where power plants still had access to their existing supply of coal but knew that supply of

coal was uncertain after March 31 2015.

For the plants linked to a non-producing coal mines, the SC judgment had two important

consequences. First, they lost their right to extract coal in the future from their captive mine.

Second, the temporary fuel linkage granted to them against the captive mine allocation was

also annulled. The temporary fuel linkages were however quickly restored by Ministry of

Coal and stayed in effect for the entire post-cancellation period covered in this study16.

Since the plants linked to non-producing mines had a renewal clause in their temporary

fuel supply arrangements, these plants were, to a large extent, immune to the consequences

of whether or not they receive a new captive mining lease after March 2015. On this basis,

I argue that these plants faced lower future uncertainty as compared to the plants linked to

producing mines. In the rest of the paper, I refer to these plants as low uncertainty plants.

By contrast, the plants linked to producing mines had no such backstop for future fuel

supply. These plants faced an uncertain future as securing future supplied at least partially

relied upon the outcome of reallocation of cancelled mines after March 2015. I argue that

these plants faced higher uncertainty and refer to them as high uncertainty plants in the rest

of the paper.

2.2.2 Uncertainty Phase 2

After the cancellation of mining contracts, the GOI started allocation of coal blocks afresh

in a new two-pronged policy starting march 2015. The private sector generation companies

were invited to submit bids for coal mine leases to be awarded through reverse bid auctions17.

In these auctions, the generators were asked to submit their extraction costs as bids and the

utility with lowest extraction cost was to win the lease to extract coal. This was done to

keep the electricity prices in check, as fuel cost is the largest component of the variable cost

of power generation18. A separate non-market mechanism was followed to apportion mining

16At first, the temporary linkages were restored until March 2015. Source: File No. 23014/3/2014-CPD,
Ministry of Coal, India.

Then, they were again renewed till May 2015. Source: File No. 23011/106/2014-CPD, Ministry of Coal,
India.

They were renewed a third time in June 2015 until March 2016. Source: File No. 23011/19/2015-CPD,
Ministry of Coal, India.

Finally, these temporary fuel supplies were renewed again in 2016 and stayed in effect till at least the end
of 2017, spanning the entire time period of this paper.

17Reverse bid auctions were conducted to award mining leases to power generation companies. First price
auctions were conducted for steel and cement manufacturers.

18Electricity prices in India are rate regulated and determined at the state level by the respective state
regulators. A lower extraction cost would imply a lower fuel cost which in turn would reduce the cost of
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leases to the public sector generation companies. The state-owned generation companies

were awarded captive mines on the basis of their unmet demand for coal and distance from

the said mine19.

The reverse bid auctions offer a first glimpse into the extent of uncertainty faced by the

power plants. In all the auctions conducted for awarding captive mines to the power sector,

the winning bids quoted zero extraction costs and, in addition, bid to pay a royalty to the

state. In other words, the winning power plant owners bid negative extraction costs in order

to win captive mining leases. The rationale behind this, from the power plants’ perspective,

was that the total bid amounts would be a complete pass-through as fixed charge in their

respective power purchase contracts (PPAs) and hence came at no cost to them. This would

turn out to not be the case.

In a strange decision, the GOI decided to cap the pass through of the auction bids after

the auctions had concluded. This decision, which was later found to have been against the

spirit of the law by the highest courts, essentially altered the conditions under which the

auction was conducted and created a disincentive for the utilities to extract coal from their

newly won captive mines20. Consequently, the demand for captive mines hit bottom and

by the end of year 2017, only 89 of the 214 cancelled blocks had been reallocated, out of

which supply of coal had only started from 28 mines. The total coal production form these

reallocated mines stood at half of the pre-cancellation level in 201421. This shows that the

reallocation of cancelled coal blocks was largely unsuccessful and, to a large extent, did not

abate the uncertainty regarding coal allocation and supply.

It wasn’t until the SHAKTI22 policy announced in 2017 to auction longer term fuel supply

agreements that the uncertainty surrounding coal supply was finally put to rest. The first

auctions to award long term supply contracts were conducted in September of year 2017

and the fuel supply contracts were signed in December 2017. The time period of this paper

includes data until December 2017 and hence covers the entire evolution of policy uncertainty

regarding coal supply to the power plants in India.

generation and the final price paid the end consumers.
19The explicit criteria mentioned in the official policy documents states two factors - requirement of coal

and distance of the end use plant(s) from coal mine. The implicit objectives were to maximize generation of
electricity and minimize cost of generation.

20At least 3 generation companies subsequently went to the courts and won against the GOI. SC allowed
the utilities to annul the mining lease won in the auctions and receive their money back from the GOI.

21Source: Provisional Coal Statistics 2015, Ministry of Coal, India
22Scheme to Harness and Allocate Koyla(hindi for coal) Transparently in India
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3 Theoretical Framework

In this section, I provide a conceptual framework to describe how future uncertainty

affects firms’ production behavior. The aim of the model is simply to provide theoretical

foundation for the empirical results to follow.

How might uncertainty about future supply of coal affect power plants operating in

incomplete market in India? The answer to this question lies in the way power supply

contracts called Power Purchase Agreements (PPAs) are structured. As per the terms in the

PPA, the generators’ payoff consists of a fixed component (capacity payments) and variable

component (fixed charge). The capacity payment is conditional upon declared availability

to generate and the plants need to have at least 85 % of their contracted generating capacity

to be available in order to receive this fixed component of their payment. This capacity

payment is not contingent upon the plants actually generating power. When faced with an

uncertain coal supply in the future, the pursuit of capacity payment would then create an

incentive for the plants to engage in precautionary saving of coal to ensure enough fuel for

future periods when fuel deliveries are going to be unreliable. This way the plants can avoid

having to declare outages due to fuel shortage and ensure at least 85 % of their capacity is

available for generation.

I present a simple two period model to show how uncertainty about future supply of

coal impacted the plants affected by the mine cancellations. The model is akin to a “divide

the pie” problem where the size of pie is not known with certainty. For profit maximizing

plants, the dominant strategy involves a production schedule that allows the plants to receive

capacity payments in every period. The model assumes that the representative plant follows

such a production schedule to receive capacity payments in every period and that it is this

incentive that drives the fuel consumption smoothing.

Power plants are assumed to be risk-neutral, forward looking firms that maximize the net

present value of profits. In a cost-plus regulated setting such as electricity sector in India,

the unit price of output is determined by the regulator and is fixed. The per unit cost of

fuel is also similarly pre-determined and fixed. In such a scenario, the profit maximization

exercise is equivalent to output maximization.

A representative power plant generates power for two periods. At the beginning of period

1, power plant finds out that its exclusive mining contract has been cancelled. This leads the

plant to believe that the fuel supply in period 2 might vary from the fuel supply in period 1.

Let the per period production function Y of a representative power plant affected by

future uncertainty of supply of coal be:
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Yt = g(Kt, Ct, Lt)

Yt represents the output of production in period t using Kt amount of capital, consuming

Ct amount of fuel and utilizing Lt amount of labor. t denotes the period t and takes the

values 1 and 2. I assume that the marginal product of consumption of fuel, C, is greater

than zero, that is more coal produces more power.

The consumption of fuel Ct is determined by the inflow of fuel in period t and the

amount of fuel left over from the previous period. Let the amount of fuel received by the

representative plant in period t be denoted by Ft.

The cancellation of mines at a future date implies that an affected power plant faces

uncertainty about the amount of fuel that it will receive in period 2, while the fuel deliveries

for period 1 remain unaffected.

Let the uncertainty faced in period 2 be characterized by the possible state of period 2,

s ∈ S, which occurs with probability πs. State s ∈ S of period 2 implies a supply shock of δs

such that δs = N(0, σ2). Thus, ex-ante, plants believe that they might experience a positive

or a negative supply shock.

The model progresses as follows: At the beginning of period 1, plant receives F1 amount

of fuel and learns that the fuel supply for period 2 is uncertain due to the cancellation of the

captive mines. The fuel supply for the two periods of the plants affected by uncertainty can

be written as:

F1 = F1 , and

F2 = F1 + δs for a given state s∈S in period 2

Then, after receiving F1 and learning that F2 is subject to uncertainty, the plant divides

up the fuel /textitpie sized F1 + E1[F2] into consumption bundles for the two time periods,

C1 and C2. The consumption bundles at the beginning of period 1 can be written in terms

of the fuel supply as follows:
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C1 ≤ F1 , and

C2 = E1[F2] + F1 − C1

Before going to the plant’s objective function, let us pause and look at how the capacity

payment incentive affects fuel consumption. Let the amount of coal required to sustain 85%

of generating capacity of this plant be K. Then, at the beginning of period 1, plant wants to

allocate consumption bundles, C1 and C2, such that C1 ≥ K and C2 ≥ K. Writing

C2 in terms of C1 and combining the two constraints in a single expression shows how the

capacity payment incentive induced fuel stock requirements affect consumption:

K ≤ C1 ≤ E1[F2] + F1 −K

The above expression shows that as the available capacity requirement increases, driving

up the value of K, the per period consumption of coal will become more constrained. More

importantly, the basic intuition behind precautionary saving is clear from the expression

above: If plants expect fuel shortages in the future, then as E1[F2] decreases, the right hand

side constraint tightens up leading to decrease in C1. In this framework, the change in

expected future fuel supply is being potentially driven by changes in both first and second

moment of future fuel supply and the model is unable to differentiate between the two. With

this caveat, I show below how uncertain future supply can lead to precautionary saving and

affect output.

In this paper’s setting, the output (electricity) and input (coal) prices are pre-determined

by the regulator and fixed. Thus, the power plant’s profit maximization objective is equiva-

lent to maximizing quantity of output. The cost per unit of fuel, labor and capital are held

fixed and as such do not change the nature of the maximization problem. To focus on the

intuition of the results, I do not include the costs in the optimization exercise. Including the

cost functions do not alter the results in any way. The expected utility of the plant can be

written as:
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EV = Y1 + E1[Y2]

= g(K1, C1, L1) + E1[g(K2, C2, L2)]

= g(C1) + E1[g(C2)] holding K and L fixed

= g(C1) +
∑
s∈S

[πs g(2F1 − C1 + δs)]

Subject to these two constraints, plant will maximize the net present value of its ex-

pected profit inflow. I assume away the per period capacity payment as it is fixed and take

the discount rate to be one. The maximization problem takes the form of the following

Lagrangian:

max
C1,C2

[ g(C1) + E1[g(C2] + λ1(C1 −K) + λ2(C2 −K) ]

or, max
C1

[ g(C1) +
∑
s∈S

[πsg(2F1 − C1 + δs)] + λ1(C1 −K) + λ2(F1 + F2 − C1 −K) ]

Differentiating the above expression with respect to C1;

0 = [g′(C1)−
∑
s∈S

[ πsg
′(2F1 + δs − C1)] + λ1 − λ2

or, g′(C1) =
∑
s∈S

[ πsg
′(2F1 + δs − C1)] + λ2 − λ1

Here, λt represents the shadow value of consuming marginal unit of coal above the thresh-

old K in period t. For fixed values of electricity and coal, λ1 should be equal to λ2 as the

value of producing an extra unit of power is the same in both periods.

Thus, we can rewrite the above first order condition as:
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g′(C1) =
∑
s∈S

[ πs g
′(2F1 − C1 + δs) ] + λ2 − λ1

=
∑
s∈S

[ πs g
′(2F1 − C1 + δs) ]

= g′(
∑
s∈S

[ πs (2F1 − C1 + δs)) ]

The above expression implies:

C1 =
∑
s∈S

[ πs (2F1 − C1 + δs) ]

or, C1 = F1 +

∑
s∈S(πsδs)

2
]

≤ F1 if
∑
s∈S

πsδs ≤ 0

The last expression shows how future uncertainty could lead firms to stockpile coal. If

a plant affected by the cancellation of mines believes ex-ante that the future fuel deliveries

will be negatively affected, then it will start conserving coal in the present even before the

supply gets affected. The high uncertainty plants faced a greater likelihood of fuel shortage

in the future as compared to the low uncertainty plants that had renewable temporary fuel

supply.

This leads to two important predictions for the empirical results:

1. Uncertainty in future supply of coal will lead to precautionary savings in the current

period if plants believe uncertainty to devolve into a ‘bad state’.

2. Plants facing a more uncertain fuel supply will reduce their consumption of coal more

than the plants facing relatively lower uncertainty. Hence, more uncertain the faced,

greater the loss in output.

In the next sections I discuss the datasets used and the empirical strategy employed to

provide causal evidence in support of both these predictions.
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4 Data

This paper uses a number of publicly available datasets and one confidential dataset

rich in information about coal mines and power plants in India. Combining these different

datasets, I form a monthly panel linking fuel from coal mines to electricity produced by

power plants. Ultimately, the dataset contains information on coal-fired plants’ fuel source,

fuel delivery, consumption and stock, and measures of production outcome such as declared

outages and power generation.

From a data perspective, the innovation in this paper is that, using a confidential dataset

linking coal mines to power plants, I am able to map all thermal power plants to their

respective source(s) of coal. Being able to link the power plants to their corresponding

captive mine allows me to identify the exact power plants that were affected by the SC

decision to cancel the mining contracts.

Details on the source of the datasets, information contained in them and variables of

interest follows:

Coal Mines

The first source of data are the annual reports published by the Ministry of Coal, India.

The annual reports contain detailed information on the production status of every coal block

in the country. Two pieces of information important for this study come from these reports

– 1) the reports for years 2014 and 2015 identify the coal blocks that were canceled by the

Supreme Court, and 2) it provides information on which coal blocks were producing coal

at the time of the contract cancellation. The reports also list the utilities or the firms that

owned the mining rights to these mines, however, it does not identify the exact beneficiary

power plant (called the End-Use Plant)23.

Linking Captive Coal Mines to Power Plants

I use confidential data obtained from Central Electricity Authority (CEA) and Ministry

of Coal, India that identifies the power plants linked to every captive mine allocated to the

power sector. Using this, I can identify the plants that faced uncertainty over future supply

of coal as a direct consequence of losing access to their captive mines. The rest of the power

23Captive mine allocations were made against a specific plant or set of plants. The mine lessee was
contractually obligated to only use the extracted coal for the End-Use plant. This applied to all firms,
generation companies, steel plants, cement manufacturers etc.
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plants sourced coal through long term fuel supply contracts and hence were not affected by

the uncertainty24.

Combining this dataset with the information on producing captive mines from the Min-

istry of Coal annual reports, I can categorize plants as facing high uncertainty or low uncer-

tainty.

Thermal Power Plants’ Outcomes and Characteristics

For information on power plants, I rely on reports published by the Central Electricity

Authority (CEA). CEA collects and disseminates rich data on power plants and electricity

sector in India through various publications and reports.

The daily outage reports provide information on the capacity declared to be under outage

by all thermal, hydro and nuclear power plants. Data on outage declared by coal-fired plants

comes from these reports. The outage reports, by its very nature, only contain information

on plants that report outage on a given day. Therefore, for the plants missing from the

report on any given day, I impute zero capacity under outage.

Data on monthly receipts and consumption of coal comes from the monthly coal re-

ports published by CEA. For every month, these reports provide data on total coal received

and consumed at the plant level in thousand Metric Tonnes (MT). The generation reports

published by CEA give information on power produced at all power plants at a monthly

frequency. From these reports, I use the data for coal fired plants.

Other variables of interest are plant characteristics such as plant age and name plate

capacity. To compute plants’ age, I use the commissioning date provided in their annual list

of stations. A plant’s age is simply calculated as the difference between given year and the

year of their commissioning. Information on plants’ nameplate generating capacity comes

from the generation reports.

Monthly and Daily Panels

Using these sources of data, I construct two panels for coal fired power plants – a daily

panel for capacity reported to be under outage and a monthly panel for coal receipts, con-

sumption and generation of power. Both panels start from first month in 2013 and end in

last month of 2017, covering a period of 60 months. In July 2014, prior to the SC decision

24A handful of coastal power plants are set up based on use of imported coal which is lower in ash content
than Indian coal. These plants were also unaffected by the SC decision to cancel mining contracts.
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affecting the power plants, there were 140 coal fired plants that were supplying electricity

to the grid. The monthly coal statements however only contain data on coal receipts and

consumption for 124 of these plants. I restrict my main sample to these 124 plants for which

I have complete information on all outcomes of interest. My main sample then consists of a

slightly unbalanced panel of 124 power plants for the time period 2013 to 2017.

In addition to these, I also collect data on distance between coal mines and power plants,

coal grade and coal field specific fuel prices, and heat rates for all power plants based on

multiple sources. Using this information, I am able to compute marginal cost of generation

for all the plants in the sample.

Figure 3 shows the locations of the entire sample of coal fired plants on a map of India.

The plants are categorized by how they were affected by the future uncertainty resulting

from cancellation of mining contracts – plants unaffected by the cancellation of mines, plants

that faced high uncertainty as they were linked to producing mines, and plants that faced

low uncertainty. The spatial distribution of the plant shows that both the “treated” and

“control” samples draw plants from across the country and are spatially widely distributed.
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Figure 3: Map of all coal fired power plants in India

Power plants with:

captive mine (non−producing)

captive mine (producing)

long term fuel supply contract

Notes: This figure shows the spatial distribution of all coal fired power plants on a map of India. The plants are categorized
based on where they received coal from: non-producing captive mine (temporary fuel supply form state), producing captive
mine, and long term fuel supply form the state. The map shows that power plants are widely dispersed throughout India.
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5 Empirical Strategy

Difference-in-Difference

I employ difference-in-difference estimation method to estimate the impact of the policy

shock induced future uncertainty on power plants’ behavior, The SC judgment inducing

policy uncertainty was an unanticipated shock to the power plants but it might still be

correlated with some unobservables at the plant level. I avoid assuming that the treatment

and control plants are balanced on observables as well as unobservables, and instead rely

on difference in differences estimation framework with plant fixed effects. By controlling

for time invariant plant characteristics, the effect of policy uncertainty on plants’ outages is

estimated off within plant variation in the outcome of interest.

The linear relationship for estimating effect of policy uncertainty on outages then is:

Yjt = β11.(cancellationj) + β21.(postt) + β31.(cancellationj)× 1.(postt)

+Xjt + φj + κt + εjt

where Yjt is the outcome of interest for a plant j. 1.(cancellationj) is an indicator

variable that takes the value 1 for plants that had their captive mines declared illegal and

faced uncertainty over future supply of coal as a result, and 0 for plants that were unaffected

by the SC decision as they did not have any captive coal mines. 1.(postt) equals 1 for the

time period after the cancellation of contracts and 0 before. And, β3 is the coefficient on the

interaction of these two indicator functions and represent the estimate of average treatment

effect on treated (ATT). Xjt represents a plant’s time varying characteristics namely age

and generation capacity. φj, j dummies; one for each plant, represent plant fixed effects and

absorb plant time invariant characteristics such as location. κt represent year fixed effects,

month fixed effects and month by year fixed effects.

To explore heterogeneity by level of uncertainty, I estimate a version of the main specifi-

cation where 1.(cancellationj) indicator is interacted with a binary variable producing mine

which takes the value 1 / 0 for plants that were linked to producing / non-producing captive

mines and faced high / low uncertainty respectively after the loss of their mining leases.

I argue that the cancellation of mining contracts induced uncertainty about future supply

of coal. Based on this, I test the hypothesis that supply constraints in the form of policy shock
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induced future uncertainty decrease power plants’ current output. I test this using direct

measure of output, power generated, and indirect measures of output such as generation

capacity under outage and fuel consumption. Given the objective of this paper on explaining

why outages exist, the primary outcome of interest is the daily reported capacity under

outage at the plant level.

The estimation strategy assumes that the plants that had captive coal mines (“treated”)

and plants that did not (“control”) are valid comparison groups. Since both groups of

power plants consist of thermal power plants use coal to produce a homogeneous product,

electricity, and operate under the same jurisdiction, this is a reasonable assumption.

To understand how the two groups of plants compare, table 1 shows the comparison

between “treated” and “control” plants across all the relevant variables for the month of July,

2014. Even though the empirical strategy does not require equality of means at baseline,

the similarity between the two groups of plants across all characteristics except age shows

that the groups of plants were similar at the baseline. The one variable where difference is

significant is the age of the plants. This is by design as most of the captive mine allocation

were given out to newer plants that were commissioned in the 1990s. After controlling

for plants fixed effects, the mean age difference is no longer significant. All the regression

estimates will control for plant age among other characteristics.

The second identifying assumption is specific to the difference-in-difference empirical

strategy, and assumes that in the absence of the contract cancellation, the “treated” and

“control” plants would have had similar trends in the outcomes of interest over time. While

this assumption is fundamentally untestable, I can show that prior to the SC decision, the

two groups of thermal plants had parallel trends. Figure 4 shows the daily average capacity

under outage for plants facing uncertainty and plants unaffected by the cancellation of mining

contracts. The two black vertical lines represent the start of the first and second phase of

uncertainty respectively. A visual examination of the trends for the two groups of plants

before the day of SC judgement shows that the parallel trend assumption is justified here.
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Table 1: Baseline means comparison of plants facing no uncertainty and
plants facing uncertainty due to SC decision

(1) (2) (3) (4)
Variable No Uncertainty Uncertainty Difference Difference

(with Plant FE)

Total Monthly 329.694 379.362 49.669 80.000
Coal Receipt (in MT) (328.095) (325.483) (59.688) (0.000)

Coal Receipt 264.373 329.000 64.627 103.000
from State (in MT) (257.512) (310.986) (55.307) (0.000)

Monthly Coal 331.565 403.017 71.453 -51.000
Consumption (in MT) (313.725) (333.826) (59.233) (0.000)

Monthly Generation 478.419 521.276 42.857 -135.000
Target (in MWh) (498.622) (458.622) (87.388) (87.388)

Monthly Electricity 506.923 548.451 41.527 -65.200
Generation (in MWh) (503.615) (484.935) (90.251) (90.251)

Annual Electricity 419.551 464.602 45.051 -105.510
Generation till date (482.250) (478.069) (87.700) (0.000)
(in MWh)

Plant Capacity 1,042.540 1,179.405 136.865 -0.000
(in MW) (899.633) (842.154) (159.003) (0.000)

Plant Age 16.903 22.948 6.045** -6.000
(in years) (15.953) (14.496) (2.780) (0.000)

Observations 62 58 120 120

Notes: This table presents the results for difference in means for various plant level characteristics in the month prior to
the start of first phase of uncertainty. Column 1 and 2 present the mean of “control” and “treated” plants respectively.
Column 3 report the difference in mean between the two groups. Column 4 reports the mean after controlling for plant
fixed effects. Robust standard errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Figure 4: Average daily outages due to coal shortage by treatment and
control
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Notes: This figure shows the pre-trends for the raw means of daily capacity under outage (MW / day) with 95 % confidence
interval for the “treated” and “control”.group of power plants before the mine cancellations. The time trends of capacity under
outage for the two group of plants are parallel before the SC judgement.

A third assumption required is the stable unit treatment value assumption (SUTVA)

which requires that the uncertainty faced by the plants that lost their exclusive mining

contracts should not have affected the behavior of plants that were unaffected by the SC

decision. If the plants facing uncertainty as a result of the policy shock changed their

production behavior, then this might have affected the control plants’ production behavior -

perhaps at the behest of a state regulator. However, this is of limited concern as the extent

to which the control plants can ramp up generation is constrained by their total capacity

and availability of fuel via their fuel supply contracts. Still, this is an important disclaimer

for the results that follow.
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6 Results

The results section is organized in two subsections – short term results and longer term

results. Short term results refer to the uncertainty phase one period of seven months, which

started on August 25 2014 when SC announced that the captive mining contracts will be

effectively cancelled on March 31 2015.

Longer term results cover the time period starting at the same time as the short term and

lasting till end of 2017 when the market based allocation of long term fuel supply contract

starts. All the regressions results are estimated using the empirical specification discussed in

previous section and control for plant fixed effects, plant’s age and total generation capacity

and month, year and month by year fixed effects.

6.1 Short term results

6.1.1 Plants respond to future uncertainty by declaring partial outages

I start by estimating the impact of supply side frictions in the form of uncertainty about

future fuel deliveries on plant level outages. The SC decision to take away plants’ exclusive

mines made the future supply of coal uncertain and the plants responded by declaring partial

outages. This decision to reduce production of power was made to smooth consumption of

fuel in the face of future uncertainty.

I report estimated effect on plant level outages for the 124 plants for which coal receipt and

consumption data is available. The results for the universe of plants that started operations

before the policy shock are similar and documented in appendix A.

Table 2 reports the ATT estimates of the effect of policy uncertainty on generation

capacity outage and the results provide confirmation of the mean trends seen in figure 3.

Columns 1 compares the plants affected by the SC decision to all the other plants and the

estimates show that the resulting uncertainty about fuel supply caused a daily increase of

46 MW of capacity under outage. The results are statistically significant and lie within the

95% confidence interval.

To explore heterogeneity in treatment effect, columns 2 interacts the cancellation indi-

cator variable with a binary for inferred level of uncertainty faced by the plants, producing

mine, which takes the value 1(0) for plants that had producing (non-producing) mining con-

tract cancelled. Among the plants affected by SC decision, the plants that were receiving coal

from the producing mines at the time of cancellation faced higher uncertainty over future
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Table 2: Short term effect of uncertainty on daily generation capacity
under outage

Capacity under Outage (MW/day)

(1) (2)

cancellation 45.84**
(23.15)

cancellation × (producing mine) 68.95**
(29.17)

cancellation × (non-producing mine) 14.38
(25.96)

Observations 96,396 96,396
R-squared 0.043 0.045
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on daily outages at the power
plant level. Column 1 compares all treated plant units to all control plant units. In column 2, the treatment
is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for plants linked
to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing mines. All
regressions control for plant level time-invariant characteristics. Robust standard errors clustered at the
plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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coal supply as compared to the plants that were linked to non-producing mines.

The estimates for the high uncertainty facing plants are larger than the overall results

as well as the plants that faced less uncertain future fuel supply. Column 2 estimates report

that on average, plant linked to producing mines reported 69 MW of daily capacity under

outage in anticipation of future fuel shortages. Based on the theoretical framework section,

this suggests that the plants linked to producing mines believed future fuel shortages to be

a much more likely outcome than the plants linked to non-producing mines. This is not

surprising given that the non-producing mine linked plants had the temporary fuel supply

agreements which acted as a backstop. Overall, these results show that the estimated result

for the full sample in column 1 is largely due to the plants that were more vulnerable to

future fuel shortages.

Further, we can see how the treatment effect on capacity under outage evolves over time.

Figure 5 plots the monthly estimates of ATT in an event study style graph. The y axis plots

the coefficient corresponding to the interaction term of cancellation and a monthly binary

which takes the value 1 for a given month and 0 otherwise25. And the x axis represents

a month-year. cancellation interacted with the indicator for the month prior to the SC

decision, July 2014, is the omitted variable and all the estimates are relative to this omitted

variable. The monthly evolution of the treatment effect shows that the uncertainty due to

mine cancellations causes an increase in capacity under outage and the partial shutdown

lasts for the entire first phase of the uncertainty.

25Using daily or weekly binaries produces a similar trend but a noisy picture.
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Figure 5: Monthly treatment effect on capacity under outage
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Notes: This figure is an event study plot of the evolution of the ATT estimate of the effect of mining contract cancellation
on generation capacity under outages due to future fuel uncertainty. The estimated coefficient is plotted along with 95 %
confidence interval constructed using standard errors clustered at the plant level. Plants face uncertain future due to future
mine cancellation and respond by declaring partial outages to conserve fuel.

The outage dataset also contains information on the reason behind a plant declaring

outages. The reasons provided for outages are self-reported by plants and it is up to the

plants to report the cause of outage in their words. To further uncover the mechanism behind

the estimated effects on outages, I utilize the valuable information contained in the reported

reasons for the capacity outages. I construct a new dependent variable for capacity under

outages to only include the magnitude of capacity reported to be under outage due to “fuel

shortage” or “coal shortage” in the data. Table 3 reports the regression estimates for the

effect of policy shock induced uncertainty with the dependent variable being the capacity

reported to be under outage due to fuel shortage. Column 1 reports that in comparison

to “control” group of plants, the “treated” plants declared 35 MW/day of capacity to be

under outage reported due to fuel shortage. The coefficient is statistically significant and,

importantly, the magnitude of the coefficient is comparable to the estimate for capacity
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under outage due to all reasons in table 2.

Table 3: Short term effect of uncertainty on capacity under outage due to
reported fuel shortage

Capacity under Outage due to
reported coal shortage (MW/day)

(1) (2)

cancellation 35.19*
(18.13)

cancellation × (producing mine) 46.92**
(23.68)

cancellation × (non-producing mine) 19.24
(21.28)

Observations 96,396 96,396
R-squared 0.028 0.029
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on daily outages reported due to
coal shortage at the power plant level. Column 1 compares all treated plant units to all control plant units.
In column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes
the value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Robust standard
errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Figure 6 shows analogous version of figure 5, but this time only for capacity reported to

be under outage due to fuel shortage. The monthly evolution of the ATT estimate follows a

similar trend to the total capacity under outage.

At first, this result is surprising given the fact that the cancellation of mines had not come

into effect yet for producing mines and hence there was no change in existing coal supply

(I formally test for this below). Interestingly, it points towards the underlying mechanism

behind the result on outages that the plants believed the future uncertainty about coal
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supply to devolve into a negative shock to the coal supply even though their fuel supply had

not yet been affected.

Figure 6: Monthly treatment effect on outages reported due to fuel short-
age
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Notes: This figure is an event study plot of the evolution of the ATT estimate of the effect of mining contract cancellation on
capacity reported to the regulator to be under outage due to fuel shortage. The estimated coefficient is plotted along with 95 %
confidence interval constructed using standard errors clustered at the plant level. Facing uncertainty fuel supply, plants resort
to partial shutdown and report lack of fuel even as fuel supplies remain unchanged.

6.1.2 Mine cancellation did not affect fuel deliveries

For the plants receiving coal from their exclusive producing mines, the cancellation of

mining contracts did not come into effect until the end of the first phase of uncertainty. And,

the low uncertainty plants, linked to non-producing captive mines, had their temporary fuel

supply restored after the initial cancellation. This suggests that during the first phase of

uncertainty, the SC judgement induced uncertainty did not have any effect on the actual

supply of coal to the power plants.
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Using the same main estimation framework, I can formally test for the effect of uncer-

tainty on coal receipts, if any. Table 4 reports the estimated coefficient of interest for all

plants, and high and low uncertainty plants. All three estimated coefficients are statistically

indistinguishable from zero. These null results rule out fuel shortages as a potential driver of

the effect of SC judgement on determining plants’ production behavior in the short run. This

lends further support to the underlying mechanism driving plants’ behavior being perceived

future coal shortages.

Table 4: Short term effect of uncertainty on monthly receipts of coal

Coal Supply (’000 Metric Tonnes/month)

(1) (2)

cancellation -4.982
(10.03)

cancellation × (producing mine) -7.423
(12.18)

cancellation × (non-producing mine) -1.605
(12.87)

Observations 3,163 3,163
R-squared 0.192 0.193
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly receipt of coal at the
power plant unit level. Column 1 compares all treated plant units to all control plant units. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Further, figure 7 shows the short term trend of the effect of uncertainty on monthly

average amount of coal received. The y axis represents the monthly ATT estimate with 95%

confidence interval. The x axis represents year-month. The estimated coefficient remains
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close to zero for the entire duration of the first phase of uncertainty confirming that the

first phase of uncertainty saw no differential change in fuel supply as a result of the contract

cancellation.

Figure 7: Time trend of ATT estimate of uncertainty on total coal received
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Notes: This figure is an event study plot of the evolution of the ATT estimate of the effect of mining contract cancellation
on fuel deliveries. The estimated coefficient is plotted along with 95 % confidence interval constructed using standard errors
clustered at the plant level. The fuel supply remained unaffected during first phase of uncertainty.

6.1.3 Uncertainty about future fuel supply led to precautionary saving

The theoretical framework predicts that when faced with uncertainty about future supply

of coal, plants will respond by reducing their consumption and engage in precautionary

saving of coal. This is indeed the motive behind the plants declaring partial outages of their

generation capacity. I can test for this hypothesis this using the monthly coal consumption

data at the plant level.

Table 5 reports the estimated effect of uncertainty on monthly coal consumed at the plant

level. Column 1 estimates show that, on average, there was a reduction in consumption of
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coal totaling 22,310 Metric Tonnes (MT)26 per month. The monthly coal receipt data also

contain plants’ stated requirement for coal in a given month. Using this plants’ stated

requirement of coal information, a simple back of the envelope calculation suggests that

the 22,310 MT of coal would have been sufficient to feed 60 MW of generation capacity

for a month. Though admittedly this is a crude bench-marking of coal requirement for

power plants, and one that engineers would probably not approve of, I find comfort in the

fact that it is consistent with the estimated effect on outages. The significant negative

impact on consumption of coal shows that when faced with uncertainty, plants smooth their

consumption of coal to reduce the variability in consumption in the future.

Column 2 shows the estimates of the effect of uncertainty for plants facing high uncer-

tainty and low uncertainty. For plants linked to producing mines, the decrease in consump-

tion is 31,150 MT and within the 95% confidence interval constructed using standard errors

clustered at the plant level. For plants facing low uncertainty, the coefficient is negative but

the null hypothesis that the estimate is equal to zero cannot be rejected. Given the earlier

result on increase in power plants’ declared outages, this significant decrease in consumption

of coal is unsurprising and lends support to the earlier result showing the effect of uncertain

fuel supply on plants’ production decisions.

The effect of mine cancellations on reduction in coal consumption by power plants is

indicative of precautionary saving in light of future uncertainty. Using fuel delivery and

consumption information, monthly coal saving can be calculated as the difference between

the two. Table 6 reports the regression results for effect of uncertainty on monthly coal

savings which can be inferred as the level of precautionary savings. Column 1 shows that on

average plants added 17,330 MT of coal to their stockpile every month as a result of mine

cancellations. The coefficient is algebraically a linear combination of the effect on receipts

and consumption and is statistically significant. Column 2 shows that these savings are

mainly due to plants that had their producing mines declared illegal. On the back of the

estimated effects on receipts and consumption, the results on savings follow mechanically

and are expected.

The monthly addition to plants’ fuel stockpile in the form of precautionary saving also

gets reflected in the closing monthly stock of coal. Figure 7 plots the monthly ATT estimate

for the effect on monthly closing coal stock. The estimated coefficient has a distinct upward

trend and shows the stockpiling response of the plants to mining contract cancellation. In the

face of potential future fuel shortages, plants start stockpiling fuel for generation by reducing

their capacity being utilized for generating power. This shows how future uncertainty can

261 Metric Tonne = 1000 Kilogram
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Table 5: Short term effect of uncertainty on monthly consumption of coal

Coal Consumption (’000 Metric Tonnes/month)

(1) (2)

cancellation -22.31**
(10.93)

cancellation × (producing mine) -31.15**
(12.65)

cancellation × (non-producing mine) -10.08
(11.97)

Observations 3,163 3,163
R-squared 0.202 0.204
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly consumption of coal
at the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 6: Difference in difference estimates of the effect of uncertainty on
monthly precautionary coal savings

Coal Savings (’000 Metric Tonnes/month)

(1) (2)

cancellation 17.33**
(6.789)

cancellation × (producing mine) 23.73***
(8.184)

cancellation × (non-producing mine) 8.477
(7.757)

Observations 3,163 3,163
R-squared 0.202 0.204
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly precautionary coal saving at the power
plant level. Column 1 compares all treated plants to all control plants. In column 2, the treatment is interacted with a dummy
for high uncertainty; high certainty dummy takes the value 1 for plants linked to producing mines and 0 for plants that had
temporary linkages in lieu of their non-producing mines. All regressions control for plant level time-invariant characteristics.
Robust standard errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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affect firms’ output even as the current state remains unchanged.

Figure 8: Evolution of treatment effect on end of month coal stock
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Notes: This figure is an event study plot of the evolution of the ATT estimate of the effect of mining contract cancellation on
closing monthly stock at the plant level. The estimated coefficient is plotted along with 95 % confidence interval constructed
using standard errors clustered at the plant level. Power plants curtailed generation capacity utilization to engage in precau-
tionary saving of coal in face of future uncertain supply. As a result, the stockpile of coal increased during the first phase of
uncertainty even as the plants declared outage due to coal shortage.

6.1.4 Uncertain future supply led to decrease in current output

Lastly, I look at the effect on the direct measure of plants’ output, power generation.

Table 7 reports the regression estimates for the effect of contract cancellation on monthly

generation of power at the plant level. In line with earlier results, the coefficient of interest

corresponds to the interaction term of cancellation binary and binary for post which takes

value 0 before the mining contract cancellation and 1 after. Column 1 shows that during the

first phase of uncertainty, uncertainty led to an average monthly loss of 36 GWh of electricity.

As a sanity check I benchmark these to the result on capacity under outage. The overall

generation loss estimates in column 1 correspond to the outages estimate in table 2 column
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1 at a 70% capacity utilization (or plant load factor). The average capacity utilization in

the sample for “treated” plants in the pre-treatment period is 67%. Thus, all the estimated

effects on the different measures of output are consistent with each other.

Column 2 shows the results for plants facing high uncertainty and low uncertainty. The

generation loss for plants that were linked to producing mines at the time of cancellation

was greater in magnitude and statistically significant at 5%. Estimates for plants facing low

uncertainty are negative in magnitude but not statistically different from zero. Again, these

results are similar to the earlier results on outages and coal consumption.

Table 7: Short term effect of uncertainty on electricity generation

Power Generation (GWh/month)

(1) (2)

cancellation -36.13**
(15.14)

cancellation × (producing mine) -51.47***
(19.17)

cancellation × (non-producing mine) -14.89
(15.44)

Observations 3,163 3,163
R-squared 0.295 0.297
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly amount of power
generated at the plant level. Column 1 compares all treated plants to all control plants. In column 2, the
treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

To put the generation loss results in context I compute the counterfactual gap between

supply and utilities demand of power sans the generation loss due to uncertain fuel supply.
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The percentage outage defined as the average gap between the supply and demand was 3.49

% during the first phase of uncertainty. Figure 8 shows that in the absence of precautionary

stockpiling of coal, the simulated generation would have exceeded the power demanded by

the utilities and reduced the supply deficit to zero. This forms the basis of computing the

value of lost generation loss.

Figure 9: Total power supply by generators and demand by utilities
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Notes: This figure shows the total supply and demand of power in TWh as reported in monthly power supply position reports
by the Central Electricity Authority of India. In absence of precautionary saving due to uncertain future supply of coal, the
aggregate supply would have been sufficient to meet the power demanded by the utilities.

6.2 The Cost of Regulatory Uncertainty

The previous section shows that the uncertain fuel supply led plants to engage in pre-

cautionary saving of coal by shutting down generation capacity. The resulting welfare loss

comes from a) value of lost power generation and b) potential out of merit costs due to

increased supply by expensive generators. I calculate these two below:
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6.2.1 Value of Generation Loss

To compute the value of the lost power generation, I rely on the results of Allcott, Collard-

Wexler and O’Connell (2016). In their paper, they estimate that a percentage point increase

in gap between supply of power by generators and requirement by utilities leads to a “1.091

percent decrease in revenues” of manufacturing plants in India.

The average revenue in of a manufacturing plant in their sample is 3 Million dollars.

Using that and the fact that the average percentage gap between supply and demand was

3.5 % during the first phase of uncertainty, I compute the value of lost generation to be 1.76

Billion dollars.27

6.2.2 Out-of-merit Generation Costs

The plants that had mining contracts were predominantly mine-mouth or pit-head plants

that were located close to the coal mines. The proximity to the coal mines meant that these

plants had lower fuel transportation cost which resulted in lower generation cost. When

these plants declared outages due to coal shortages even as they stockpiled coal, the utilities

had to compensate some of the generation deficit by relying on the more expensive plants

to supply power. This would have resulted in increase in total cost of generating the same

amount of power.

To demonstrate this, I generate least-cost dispatch supply curves for every month of

the first phase of uncertainty. The least cost dispatch entails minimizing the total cost of

generation by generating power form the plants in the ascending order of their marginal cost.

I do this exercise for two scenarios:

Case 1: I take the declared outages as given, and dispatch the plants in ascending order of

their marginal cost of generation till the total supply matches the actual generation for that

27From table 7, page 611, of Allcott et al (2016):

Total revenue loss caused by 1 % increase

in outages over 19 years = $3, 000, 000× 0.0109× (N =)501130

= $16, 401, 984, 900.00

Revenue loss for this paper = $16, 401, 984, 900.00× (1/(12× 19)× 7)× 3.49

= $1, 758, 818, 687.91

40



given month.

Case 2: is the counterfactual lease cost dispatch where I add back the generation from

capacity that was reported to be outage due to coal shortage due to uncertain fuel supply,

even as the plants were stockpiling coal. When generating power from the capacity under

outage, I assume capacity utilization rate to be 85% which is benchmark used in the official

fuel supply agreements (FSA) and power purchase agreements (PPA).

The supply curves from case 1 (solid line on top) and case 2 (dashed line at bottom) are

shown in figure 9 for the first month of uncertainty after the SC judgement, September 2014.

The area between the two supply curves represents the increased generation cost to produce

the same amount of electricity and gives an estimate of welfare loss due to out-of-merit

generation as a result of uncertain fuel supply.

Figure 10: Increased generation cost due to uncertain fuel supply
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of September 2014. The area
in gray represents the out-of-merit generation costs under least-cost dispatch and totals 72.56 Million US Dollars.

I draw similar supply curve comparisons for all 7 months of the first phase of uncertainty
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from September 2014 to March 2015. These figures can be found in appendix D.

The total cost of uncertainty due to increased generation costs is the sum of out-of-merit

costs across the first phase of uncertainty from loss in producer surplus comes to 291 million

dollars for uncertainty phase 1.

Thus, the aggregate cost of regulator uncertainty in the context of this paper is repre-

sented by the sum of the value of lost generation and out-of-merit costs, and is estimated at

over 2 Billion dollars.

6.3 Longer term results

The longer term results estimate the effect of uncertainty using the entirety of the post

cancellation time period, i.e. first phase of uncertainty and the second phase of uncertainty.

The first phase of uncertainty ended with a reallocation of some of the canceled mining

contracts. At the end of year 2017, less than half of the cancelled coal blocks had been

reallocated, and even from these reallocated mines, the total coal produced stood at around

half of the pre-cancellation level in the year 2014. Thus, the uncertainty resulting from

cancelled mining leases continued after the end of the first phase though arguably at a

lower level. The lack of productivity from the reallocated mines indicates that after the end

of first phase of uncertainty, the uncertainty stemming from the mines that got reallocated

devolved into a ‘bad state’ with potential negative consequences for the corresponding supply

of coal. Since the rest of the coal mines remained unallocated, the uncertainty stemming

from cancellation of these mines remained. Thus, in the longer term, the “treated” plants

continued to face uncertainty about future supply of coal along with potential coal supply

constraints. Accordingly, I cautiously interpret the longer term results as the effect of two

supply side constraints – policy uncertainty and actual fuel constraints - on the affected

plants.

The estimating equations remains the same as the one for short term results. All regres-

sions continue to control for the same time variant and invariant characteristics at the plant

level.

6.3.1 Outages

The estimates longer term effect of supply side frictions on capacity under outages are in

table 8. The full sample result in column 1 shows that the plants affected by the cancellation

of mining contracts continue to have a significantly higher capacity under outage as compared
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to the plants that were not affected by the uncertainty. The coefficient is slightly larger than

the corresponding short term estimate and lies within the 95% confidence interval. Similar

to the short term results, plants that faced higher uncertainty shutdown more capacity in

response.

Table 8: Longer term effect of mining contract cancellation on daily gen-
eration capacity under outage

Capacity under Outage (MW/day)

(1) (2)

cancellation 55.34**
(25.99)

cancellation × (producing mine) 75.50**
(35.36)

cancellation × (non-producing mine) 27.76
(27.64)

Observations 211,674 211,674
R-squared 0.064 0.065
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on daily outages at the
power plant unit level. Column 1 compares all treated plant units to all control plant units. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

The time trend of estimated treatment effect is shown in figure 9 where all the coefficients

are estimated relative to the omitted interaction term of the uncertainty binary and the day

just before the contract cancellation decision. The trend shows that outages persist rise as

a result of the supply side frictions and only start to subside towards the end of year 2017

as the long term fuel allocation policy (SHAKTI) is set into motion.
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Figure 11: Time trend of ATT estimate of effect on outages
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Notes: This figure is an event study plot of the longer term evolution of the ATT estimate of the effect of mining contract
cancellation on capacity under outage. The estimated coefficient is plotted along with 95 % confidence interval constructed
using standard errors clustered at the plant level. The effect of mining contract cancellation on outages at the plant level
persists for over three years as some of the uncertainty about future coal supply turned into actual coal shortages in the second
phase of uncertainty.

6.3.2 Coal Supply, Consumption and Precautionary Savings

At the start the of the second phase of uncertainty, the mining cancellations go into effect

and this combined with the subsequent inefficient allocation of the cancelled blocks leads to

a negative impact on coal supply. Table 9 shows the estimated effect of mine cancellation

on longer term coal supply. In column 1, the coefficient on the uncertainty dummy is now

negative and significant and 5%. The coefficients for high and low uncertainty plants are

also negative and significant. These results points towards the failure of the reallocation

of canceled captive mines after the first phase of uncertainty and suggests at least partial

devolution of uncertainty into a “bad state” where fuel supply was negatively affected in the

longer run.
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Table 9: Longer term effect of mining contract cancellation on monthly
receipts of coal

Coal Supply (’000 Metric Tonnes/month)

(1) (2)

cancellation -29.73**
(13.36)

cancellation × (producing mine) -31.93*
(16.71)

cancellation × (non-producing mine) -26.71*
(15.07)

Observations 7,341 7,341
R-squared 0.253 0.253
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly receipt of coal
at the power plant unit level. Column 1 compares all treated plant units to all control plant units. In
column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the
value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Robust standard
errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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The longer term estimates of the impact on coal consumption are reported in table 10.

For the full sample, the coefficient of interest increases in absolute size as compared to the

short run and the estimate is precise at 99% confidence interval. The estimated effects for

both high and low uncertainty plants increase in absolute size in comparison to short term

results and are statistically significant at 5% suggesting an overall increase in supply side

constraints.

Table 10: Longer term effect of mining contract cancellation on monthly
consumption of coal

Coal Consumption (’000 Metric Tonnes/month)

(1) (2)

cancellation -37.85***
(13.72)

cancellation × (producing mine) -42.36**
(16.76)

cancellation × (non-producing mine) -31.67**
(15.61)

Observations 7,340 7,340
R-squared 0.272 0.272
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly consumption of
coal at the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Results for savings follow a similar pattern as the short term results and are reported in

table 11. Plants affected by the SC decision to cancel captive mine allocation continue to

save more coal relative to plants with secure long term fuel supply contracts. The bulk of
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the savings come from plants that were linked to a producing captive mine at the time of

SC judgement on coal-gate.

Table 11: Longer term effect of mining contract cancellation on monthly
coal saving

Coal Saving (’000 Metric Tonnes/month)

(1) (2)

cancellation 8.026**
(3.749)

cancellation × (producing mine) 10.26**
(4.064)

cancellation × (non-producing mine) 4.954
(3.899)

Observations 7,340 7,340
R-squared 0.076 0.077
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly coal saving at
the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2, the
treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Robust standard errors clustered
at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

6.3.3 Power generation

Finally, the estimated longer term effect on power generation lost is reported in table 12

and shows the persistence of the estimated effect. The treatment on treated effect for the

entire sample in column 1 is larger in absolute magnitude and within the 95% confidence

interval. Similar to the previous results, the majority of the generation loss comes from the

plants more vulnerable to future coal shortages.
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Table 12: Longer term effect of mining contract cancellation on electric-
ity generation

Power Generation (GWh/month)

(1) (2)

cancellation -47.53**
(20.92)

cancellation × (producing mine) -65.41**
(27.45)

cancellation × (non-producing mine) -22.97
(20.71)

Observations 7,341 7,341
R-squared 0.318 0.320
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes:This table presents the results for longer term effect of mine cancellation on monthly amount of
electricity generated at the power plant level. Column 1 compares all treated plants to all control plants. In
column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the
value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Robust standard
errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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6.4 Robustness Checks

I conduct three robustness checks to further cement the results. All robustness results

are in the appendices attached at the end of this article.

First, appendix A contains the estimates for the effect of mining contract annulment

on outages for the entire sample of 147 plants for which data on capacity under outage is

available. The size and statistical significance of the estimates is similar to the main results.

Second, the panel data sample used to estimate short term results consists of 124 clusters.

To the extent the modest number of clusters affect the estimated standard errors, I compute

standard errors clustered at the plant level using bootstrap method. The standard errors do

not change much and the significance of the estimated coefficients remains unchanged for all

estimations. The results of this exercise can be found in appendix B.

Lastly, the cancellation of coal mines could have potentially affected the coal fired plants

that were unaffected by the mine cancellation if the regulator directed these plants to change

their production behavior. I find no evidence of this in the results section but as an additional

check I compare all coal fired plants to all gas and lignite fired plants. In appendix C, I present

the estimates for impact on outages and generation treating all coal fired plants as “treated”

units and natural gas and lignite (brown coal based thermal power plants as “control” plants.

The results for the effect of mine cancellation on capacity under outage and power generated

are slightly larger but the economic and statistical significance remains unchanged.

7 Conclusion

The main insight from this paper is that regulatory levers on the supply side play a

major role in the persistence of power outages in India. The results of this paper point

towards various inefficiencies in the coal allocation policy and how they affect the provision of

electricity in India. Policy discussions about addressing power outages in India often revolve

around addressing inefficiencies at the generation and distribution of electricity. This paper

shows that there is a more fundamental issue of allocation of fuel to power plants that needs

to be addressed as part of the solution to power outages and provide continuous access to

electricity.

And this is important for environment policy as well as it shows that it is critical to

evaluate the non-market incentives and constraints that are common in India and other

developing countries, in order to make meaningful progress on combating the urgent problem
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of environmental degradation due to fossil fuels.

The persistence of the effects of mine cancellations on firms’ output shows that the effects

can last longer than anticipated in tight regulatory environments. The Supreme Court of

India perhaps had the right intention when they canceled the mining contracts. And the

decision to give the government of India a seven-month window to formulate a new policy

can be, ex-ante, argued to be pragmatic. However, the results of this paper show in the

absence of an immediate fallback option, scrapping the status quo leads to economic loss.

Finally, the large effects on output due to regulatory uncertainty show that waiting is

costly. The cost of uncertainty monotonically increases with the length of time and this

underlines the need to avoid delays in policy making. This has lesson for future natural

resource allocation issues – achieving first best is desirable but there is cost attached to

waiting to arrive at first best.
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Description of Appendices

Appendix A contains the results for the effect of mine cancellation on daily capacity

under outage for the entire sample of power plants that started operations before 2015.

Appendix B replicates all the results of the paper with bootstrapped standard errors.

Appendix C tabulates the ATT estimates of the effect on outages and generation by

comparing all coal fired plants (“treated”) with gas fired plants (“control”).

Appendix D shows the monthly out of merit costs from August 2014 to march 2015 for

the first phase of regulatory uncertainty.
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APPENDIX A

Table A.1: Short term effect of uncertainty on daily generation ca-
pacity under outage (FULL SAMPLE)

Capacity under Outage (MW/day)

(1) (2)

cancellation 43.53**
(20.69)

cancellation × (producing mine) 64.24**
(27.91)

cancellation × (non-producing mine) 20.17
(22.67)

Observations 110,884 110,884
R-squared 0.042 0.043
Number of plants 147 147
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 34

Notes: This table presents the results for short term effect of uncertainty on daily outages at the power plant
level for the full sample for which information on capacity under outage is available. Column 1 compares
all treated plant units to all control plant units. In column 2, the treatment is interacted with a dummy
for high uncertainty; high certainty dummy takes the value 1 for plants linked to producing mines and 0 for
plants that had temporary linkages in lieu of their non-producing mines. All regressions control for plant
level time-invariant characteristics. Robust standard errors clustered at the plant level in parentheses. ***
p<0.01, ** p<0.05, * p<0.1
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Table A.2: Short term effect of uncertainty on capacity under outage
due to reported fuel shortage (FULL SAMPLE)

Capacity under Outage due to
reported coal shortage (MW/day)

(1) (2)

cancellation 33.25**
(16.11)

cancellation × (producing mine) 47.62**
(22.80)

cancellation × (non-producing mine) 17.03
(17.68)

Observations 110,884 110,884
R-squared 0.025 0.026
Number of station id 147 147
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (high uncertainty) 35
N (low uncertainty) 34

Notes: This table presents the results for short term effect of uncertainty on daily outages reported due to
coal shortage at the power plant level for the full sample for which information on capacity under outage is
available. Column 1 compares all treated plant units to all control plant units. In column 2, the treatment
is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for plants linked
to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing mines. All
regressions control for plant level time-invariant characteristics. Robust standard errors clustered at the
plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table A.3: Longer term effect of mining contract cancellation on
daily generation capacity under outage (FULL SAMPLE)

Capacity under Outage (MW/day)

(1) (2)

cancellation 48.29**
(23.93)

cancellation × (producing mine) 74.07**
(34.75)

cancellation × (non-producing mine) 18.68
(24.07)

Observations 247,484 247,484
R-squared 0.064 0.065
Number of station id 147 147
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (high uncertainty) 35
N (low uncertainty) 34

Notes: This table presents the results for longer term effect of mine cancellation on daily outages at the power
plant unit level for the full sample for which information on capacity under outage is available. Column 1
compares all treated plant units to all control plant units. In column 2, the treatment is interacted with a
dummy for high uncertainty; high certainty dummy takes the value 1 for plants linked to producing mines
and 0 for plants that had temporary linkages in lieu of their non-producing mines. All regressions control for
plant level time-invariant characteristics. Robust standard errors clustered at the plant level in parentheses.
*** p<0.01, ** p<0.05, * p<0.1
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APPENDIX B

Table B.1: Short term effect of uncertainty on daily generation ca-
pacity under outage

Capacity under Outage (MW/day)

(1) (2)

cancellation 45.84**
(23.32)

cancellation × (producing mine) 68.95**
(31.12)

cancellation × (non-producing mine) 14.38
(24.31)

Observations 96,396 96,396
R-squared 0.043 0.045
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on daily outages at the power
plant level. Column 1 compares all treated plant units to all control plant units. In column 2, the treatment
is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for plants linked
to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing mines. All
regressions control for plant level time-invariant characteristics. Bootstrapped standard errors clustered at
the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.2: Short term effect of uncertainty on capacity under outage
due to reported fuel shortage

Capacity under Outage due to
reported coal shortage (MW/day)

(1) (2)

cancellation 35.19*
(20.94)

cancellation × (producing mine) 46.92
(29.60)

cancellation × (non-producing mine) 19.24
(22.12)

Observations 96,396 96,396
R-squared 0.028 0.029
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 32 35
N (non-producing mine) 40 26

Notes: This table presents the results for short term effect of uncertainty on daily outages reported due to
coal shortage at the power plant level. Column 1 compares all treated plant units to all control plant units.
In column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes
the value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Bootstrapped
standard errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.3: Short term effect of uncertainty on monthly receipts of
coal

Coal Supply (’000 Metric Tonnes/month)

(1) (2)

cancellation -4.982
(9.602)

cancellation × (producing mine) -7.423
(13.09)

cancellation × (non-producing mine) -1.605
(11.40)

Observations 3,163 3,163
R-squared 0.192 0.193
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly receipt of coal at the
power plant unit level. Column 1 compares all treated plant units to all control plant units. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.4: Short term effect of uncertainty on monthly consumption
of coal

Coal Consumption (’000 Metric Tonnes/month)

(1) (2)

cancellation -22.31*
(11.42)

cancellation × (producing mine) -31.15**
(13.50)

cancellation × (non-producing mine) -10.08
(11.26)

Observations 3,163 3,163
R-squared 0.202 0.204
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly consumption of coal
at the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.5: Difference in difference estimates of the effect of uncer-
tainty on monthly precautionary coal savings

Coal Savings (’000 Metric Tonnes/month)

(1) (2)

cancellation 17.33**
(8.720)

cancellation × (producing mine) 23.73***
(10.25)

cancellation × (non-producing mine) 8.477
(8.796)

Observations 3,163 3,163
R-squared 0.202 0.204
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly precautionary coal saving at the
power plant level. Column 1 compares all treated plants to all control plants. In column 2, the treatment is interacted
with a dummy for high uncertainty; high certainty dummy takes the value 1 for plants linked to producing mines and
0 for plants that had temporary linkages in lieu of their non-producing mines. All regressions control for plant level
time-invariant characteristics. Bootstrapped standard errors clustered at the plant level in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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Table B.6: Short term effect of uncertainty on electricity generation

Power Generation (GWh/month)

(1) (2)

cancellation -36.13**
(16.87)

cancellation × (producing mine) -51.47**
(20.33)

cancellation × (non-producing mine) -14.89
(16.81)

Observations 3,163 3,163
R-squared 0.295 0.297
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 26

Notes: This table presents the results for short term effect of uncertainty on monthly amount of power
generated at the plant level. Column 1 compares all treated plants to all control plants. In column 2, the
treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.7: Longer term effect of mining contract cancellation on
daily generation capacity under outage

Capacity under Outage (MW/day)

(1) (2)

cancellation 55.34**
(23.56)

cancellation × (producing mine) 75.50**
(34.07)

cancellation × (non-producing mine) 27.76
(26.46)

Observations 211,674 211,674
R-squared 0.064 0.065
Number of plants 124 124
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on daily outages at the
power plant unit level. Column 1 compares all treated plant units to all control plant units. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.8: Longer term effect of mining contract cancellation on
monthly receipts of coal

Coal Supply (’000 Metric Tonnes/month)

(1) (2)

cancellation -29.73**
(12.45)

cancellation × (producing mine) -31.93*
(16.42)

cancellation × (non-producing mine) -26.71*
(14.63)

Observations 7,341 7,341
R-squared 0.253 0.253
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly receipt of coal
at the power plant unit level. Column 1 compares all treated plant units to all control plant units. In
column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the
value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Bootstrapped
standard errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.9: Longer term effect of mining contract cancellation on
monthly consumption of coal

Coal Consumption (’000 Metric Tonnes/month)

(1) (2)

cancellation -37.85***
(12.80)

cancellation × (producing mine) -42.36***
(16.10)

cancellation × (non-producing mine) -31.67**
(15.47)

Observations 7,340 7,340
R-squared 0.272 0.272
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly consumption of
coal at the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2,
the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.10: Longer term effect of mining contract cancellation on
monthly coal saving

Coal Saving (’000 Metric Tonnes/month)

(1) (2)

cancellation 8.026**
(3.981)

cancellation × (producing mine) 10.26**
(4.528)

cancellation × (non-producing mine) 4.954
(3.737)

Observations 7,340 7,340
R-squared 0.076 0.077
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes: This table presents the results for longer term effect of mine cancellation on monthly coal saving at
the power plant unit level. Column 1 compares all treated plants to all control plants. In column 2, the
treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the value 1 for
plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their non-producing
mines. All regressions control for plant level time-invariant characteristics. Bootstrapped standard errors
clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table B.11: Longer term effect of mining contract cancellation on
electricity generation

Power Generation (GWh/month)

(1) (2)

cancellation -47.53***
(17.81)

cancellation × (producing mine) -65.41***
(24.77)

cancellation × (non-producing mine) -22.97
(18.33)

Observations 7,341 7,341
R-squared 0.318 0.320
Number of plants 134 134
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X
N (producing mine) 35
N (non-producing mine) 32

Notes:This table presents the results for longer term effect of mine cancellation on monthly amount of
electricity generated at the power plant level. Column 1 compares all treated plants to all control plants. In
column 2, the treatment is interacted with a dummy for high uncertainty; high certainty dummy takes the
value 1 for plants linked to producing mines and 0 for plants that had temporary linkages in lieu of their
non-producing mines. All regressions control for plant level time-invariant characteristics. Bootstrapped
standard errors clustered at the plant level in parentheses. *** p<0.01, ** p<0.05, * p<0.1

67



APPENDIX C

Table C.1: Effect of uncertain fuel supply on coal plants vs gas plants

Daily outages Monthly generation
(MW / day) (GWh / month)

(1) (2)

cancellation 33.83** 19.22**
(14.63) (9.117)

Observations 140,352 4,592
R-squared 0.016 0.269
Number of plants 177 176
Plant Age X X
Plant Capacity X X
Plant FE X X
Year FE X X
Month FE X X
Month-Year FE X X

Notes: This table presents the results for short term effect of uncertainty on daily outages and generation
at the power plant level for the coal fired plants vs gas fired plants. Column 1 contains the results for effect
on daily outages and column 2 provides estimates for monthly generation. All regressions control for plant
level time-invariant characteristics. Robust standard errors clustered at the plant level in parentheses. ***
p<0.01, ** p<0.05, * p<0.1
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APPENDIX D

Figure D.1: Loss in producer surplus due to uncertain fuel supply -
September 2014
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of September 2014.
The area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 72.56 Million US
Dollars.
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Figure D.2: Loss in producer surplus due to uncertain fuel supply -
October 2014
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of October 2014. The
area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 51.61 Million US Dollars.
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Figure D.3: Loss in producer surplus due to uncertain fuel supply -
November 2014
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of November 2014.
The area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 45.35 Million US
Dollars.
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Figure D.4: Loss in producer surplus due to uncertain fuel supply -
December 2014
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of December 2014.
The area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 48.43 Million US
Dollars.
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Figure D.5: Loss in producer surplus due to uncertain fuel supply -
January 2015
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of January 2015. The
area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 23.54 Million US Dollars.
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Figure D.6: Loss in producer surplus due to uncertain fuel supply -
February 2015
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of February 2015. The
area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 17.79 Million US Dollars.
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Figure D.7: Loss in producer surplus due to uncertain fuel supply -
March 2015
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Notes: The figure shows the actual and simulated least-cost dispatch supply curves for the month of March 2015. The
area in gray represents the out-of-merit generation costs under least-cost dispatch and totals 31.60 Million US Dollars.
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