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Focus on Reducing Industrial Emissions

Emissions Forecasts by Industry, Global
< Industrial emissions = % of total in 2022

Power Transport Industry

(25.8% in India)
= Emissions of other sectors projected to
decline, industrial emissions to rise \\/
« i
< Challenges are technological and .
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uncertainty how to design regulation o ,
Emissions Forecasts by Industry, India

= Robust evidence targeting firm emissions
reduces them
- Often by shifting emissions and polluting
assets elsewhere b
- Mixed evidence on firm-level and _ A
aggregate effects ’ SESSEEEEE PSS EEEEE OSSP S

~ No evidence on within-firm production Units: Million metric tonnes of CO,e.
responses Source: Rhodium Group Climate Deck Database.



Production Response to Emissions Regulation

We combine;

= Quasi-experiment: Pollution index introduced in 2009 in India targeting industrial cluster
emissions; regulations based on pre-defined thresholds

- Difference-in-discontinuity around treatment thresholds
- Fixed effects: Firm and State x industry x Year

= Unique data: Inside the "brown box” of production processes and on firm outcomes

- Product-level inputs and outputs
- Abatement expenditures and action plans

Contributions:

= First to document within-firm production responses, both on the input and output side
= Evidence on which firms respond and which bear the burden

= Focus on industrial clusters and an emerging market
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Results

= Improved pollution metrics at the cluster and product levels
- Hand-collect subsequent evaluations conducted by the CPCB
- Satellite emissions readings
- Product energy inputs and imputed CO, emissions

Treated firms green production, invest in abatement
- Shift from high-emission and coal-dependent products
- Electrify production — lower coal use and purchase electricity
- Abatement investments

Within clusters, firms in high-polluting industries (‘hard-to-abate’) drive results

= Across clusters, those with higher regulator reputation, lower corruption, and
public-private regulatory cost sharing improve

Firm and regulator actions lower cost, but loss of aggregate dynamism
- Decline in new firm entry and product variety
- No evidence of leakage — production location



Contribution to the Literature

© Quantify impact of environmental regulation on emissions

- Command-and-control and cap-and-trade policies can both lower targeted emissions (Fowlie, 2010;
Harrison et al., 2019; Bartram et al., 2022; lvanov et al,, 2023, ...)
Evidence for shifting emissions (Aichele and Felbermayr, 2015; Schiller, 2018; Ben-David et al., 2021; Dai et

al,, 2021a and 2021b; Kim and Xu, 2021, ...)
We focus on industrial clusters and use unique data and identification to study mechanisms

—

* Impact of emissions regulations on firm outcomes
- Mixed evidence on impact on productivity (Duflo et al., 2013; Kalmenovitz and Chen, 2027; Kala and
Gechter, 2023, ...) and financial performance (Lenox and Eesley, 2009; Servaes and Tamayo, 2013; Fan et
al., 2019; Naaraayanan et al., 2021, ...)
— We document firm-level and within-firm production response

© Broader literature on how firms impact the environment

- Highlighted importance of nature of ownership (Dimson et al., 2015, 2021; Krueger et al., 2020;
Naaraayanan et al., 2027; Azar et al,, 2021; Atta-Darkua et al., 2023; Berg et al,, 2023; Ilhan et al., 2023, ...),
disclosures (Jouvenot and Krueger, 2019; Bonetti et al., 2023; Tomar, 2023, ...), financial institutions
(Kacperczyk and Peydro, 2022; De Haas, 2023; De Haas and Popov, 2023; Ivanov et al,, 2023, ...), and
self-commitment (Dahlmann et al., 2019; Comello et al., 20271; Freiberg et al., 2021; Duchin et al.,, 2022;
Bolton and Kacperczyk, 2023, ...), trade (Barrows and Ollivier 2021)

— We demonstrate importance of coordinating emissions policies & cost-sharing



INSTITUTIONAL BACKGROUND






Comprehensive Environmental Pollution Index (CEPI)

= Central Pollution Control Board (CPCB) develops a composite index in 2009 to capturing
the impact of emissions on human health

- Cutoff 1: Clusters with CEPI = 60 subject to central monitoring at the national level, rather
than the relatively weak local control, and quarterly emissions audits

- Cutoff 2: Clusters with CEPI = 70 additionally must submit a remedial action plan for
approval detailing emission reduction actions and timelines at the cluster and firm levels
= Failure to comply with the directives of the action plan:

- Lose their Environmental Clearance and Consent to Operate permits that
allow firms to function within the formal economy

- Consent to Establish permits could not be issued to new operations



Comprehensive Environmental Pollution Index (CEPI)

Methodology and Assessment

Ambient Air Monitoring Station. Surface Water Sampling Point. Isukavagu
Sujana Metals Unit-1V

Ground Water Sample Point. Bollaram Village Ground Water Sample Point. Krishnareddypet



Comprehensive Environmental Pollution Index (CEPI)

Methodology and Assessment




Data and Empirical Strategy

= Combine detailed firm, product input and output data
= Main specification: Difference-in-discontinuity around the CEPI 60 threshold and the
2009 introduction of the pollution index
- Fixed effects: Firm and State x industry x Year
- Cluster standard errors at cluster level
- Estimate within a bandwidth of 10 CEPI ranking
— Compare LATE vs. ATE by estimating DiD specification

= Other specifications
- Controlling for effect of crossing the CEPI 70 threshold (Implementation)
- Interacted with indicator of highly polluting industry (Heterogeneity)

Empirical Specification
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* Industrial clusters
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Testing the Identi cation Assumptions

1. No manipulation of the running variable (Cattaneo, Jansson and Ma (2020))

2. No geographic clustering
3. Nojumps in rm and product characteristics around the threshold

4. Parallel trends G



IMPACT ON CLUSTER-LEVEL EMISSIONS



Cluster-Level Satellite Readings: Industrial Emissions, All Pollutants

Units: mg per month



Cluster-Level Satellite Readings: Particulate Mattek 2.5

Units: mg per month



HOW DO FIRMS REDUCE EMISSIONS?



Product Energy Inputs

Firms reduce energy and coal use while electrifying production

Dependent variable Ln(Value Energy 1coal Use Proportion Purchased
Input) Electricity
Post CEPIf%:70) ( ) -1.006*** -0.289* 0.196%**
(0.219) (0.150) (0.059)
Ln(Production Quantity) -0.208 0.033 -0.034
(0.300) (0.027) (0.036)
2008 Dependent Variable Mean (Control) 8.906 M INR 0.17 0.46
R? 0.795 0.496 0.786
Observations 901 565 901
ATE -0.773 -0.308 0.151
t-statistic [5.465] [3.350] [3.159]

Notes. All models include Firm and State

industry  year FE.

Firm-level



Product-Level Emissions

Product emissions fall, consistent with cluster level evidence

Dependent variable: Ln(Product CQ Ln(Per Unit CQ
Emissions) Emissions)
Post CEPIS%:70) ( ) -1.083* -0.885**
(0.283) (0.306)
Ln(Production Quantity) 0.801**
(0.334)
2008 Dependent Variable Mean (Control) 162,229.58 2.79
R2 0.893 0.774
Observations 901 901
ATE -1.414 -0.755
t-statistic [5.460] [3.709]
Notes. All models include Firm and State industry  year FE.



Product Portfolio Weights

Relative shift away from dirtiest products

Dependent variable:

Product with Highest
Coal Weightgog

Product with Highest
Emissions Weightygog

Post CEPI6%:70) () -0.309% -0.318*
(0.123) (0.118)
2008 Dependent Variable Mean (Control) 0.78 0.65
R? 0.775 0.758
Observations 705 705
ATE -0.181 -0.218
t-statistic [1.438] [1.981]

Notes. All models include Firm and State  industry

year FE.



Abatement Expenditures from Financial Statements

Abatement expenditures increase on extensive and intensive margins

Dependent variable: 1 Apatement Abatement/Assets
Post CEPI®70 ( ) 0.048 0.039*
(0.031) (0.020)
2008 Dependent Variable Mean (Control) 0.06 0.01
R? 0.725 0.753
Observations 10,752 10,752
ATE 0.072 0.038
t-statistic [2.419] [2.385]
Notes. All models include Firm and State industry  year FE.



Abatement technologies: Evidence From Action Plans



WHO COMPLIES?



Intra-cluster dynamics

Who bears the cost?

Pollution Control Board previously classi ed some industries as highly-polluting (HPI)

HPI Firms face stricter enforcement and have less scope to abate emissions (Harrison,
Hyman, Martin and Nataraj (2019))

I Monitoring stations more likely to be placed near HPI plants
| HPI rmsin CEPI %299 clysters subject to speci ¢ emission mandates in action plans

Complementary evidence in our setting that HPI rms received higher treatment intensity



Changes to Firm Emissions: Portfolio Shifts






