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Disclaimer

This study has been undertaken through extensive secondary research, which involves compiling inputs from publicly
available sources, including official publications and research reports. Estimates provided by Dun & Bradstreet (“Dun
& Bradstreet”) and its assumptions are based on varying levels of quantitative and quadlitative analysis including
industry journals, company reports and information in the public domain.

Dun & Bradstreet has prepared this study in an independent and objective manner, and it has taken all reasonable
care to ensure its accuracy and completeness. We believe that this study presents a true and fair view of the industry
within the limitations of, among others, secondary statistics, and research, and it does not purport to be exhaustive. The
results that can be or are derived from these findings are based on certain assumptions and parameters/conditions. As
such, a blanket, generic use of the derived results or the methodology is not encouraged.

Forecasts, estimates, predictions, and other forward-looking statements contained in this report are inherently uncertain
because of changes in factors underlying their assumptions, or events or combinations of events that cannot be
reasonably foreseen. Actual results and future events could differ materially from such forecasts, estimates, predictions,
or such statements.

The recipient should conduct its own investigation and analysis of all facts and information contained in this report is a
part and the recipient must rely on its own examination and the terms of the transaction, as and when discussed. The
recipients should not construe any of the contents in this report as advice relating to business, financial, legal, taxation
or investment matters and are advised to consult their own business, financial, legal, taxation, and other advisors
concerning the transaction.
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Global Macroeconomic Scenario

Global Economic Overview

The global economy, which grew by 3.3% in 2023, is expected to record a sluggish growth of 3.2% in 2024
before rising modestly to 3.3% in 2025. Between 2021-2022, global banks were carrying a historically high
debt burden after COVID-19. Central banks took tight monetary measures to control inflation and spike in
commodity prices. Russia's war with Ukraine further affected the global supply chains and inflated the prices
of energy and other food items. These factors coupled with war-related economic sanctions impacted the
economic activities in Europe. Any further escalation in the war may further affect the rebound of the economy

in Europe.

While China, the largest manufacturing hub of world, was facing a crisis in the real estate sector and prices of
properties were declining between 2020 - 2023, with the reopening of the economy, consumer demand is picking
up again. The Chinese Government took several steps to help the real estate sector including cracking down on
debt-ridden developers, announcing stimulus for the sector and measures to encourage the completion and
delivery of unfinished real estate projects. The sector is now witnessing investments from developers and

demand from buyers.

Global headline inflation is set to fall from an estimated 6.8% in CY 2023 to 5.8% in CY 2024 and to 4.4% in
CY 2025. This fall is swifter than anticipated across various areas, amid the resolution of supply-related
problems and tight monetary policies. Reduced inflation mirrors the diminishing impact of price shocks,
particularly in energy, and their subsequent influence on core inflation. This decrease also stems from a
relaxation in labour market pressure, characterized by fewer job openings, a slight uptick in unemployment, and

increased labour availability, occasionally due to a significant influx of immigrants.

Regional economic outlook

The global economy started to rise from its lowest levels after countries started to lift the lockdown in 2020 and
2021. The lockdown was a key factor as it affected economic activities resulting in a recession in the year CY

2020, as the GDP growth touched -3.3%.

In CY 2021 disruption in the supply chain affected most of the advanced economies as well as low-income
developing economies. The rapid spread of COVID Delta variant and the threat of other new variants in mid of

CY 2021 further increased uncertainty in the global economic environment.

Global economic activities experienced a sharper-than-expected slowdown in CY 2022. One of the highest
inflation in decades, seen in 2022, which forced most of the Central banks to tighten their fiscal policies.

Russia’s invasion of Ukraine affected the global food supply resulting in a further increment in the cost of living.

Further, despite initial resilience earlier in 2023, marked by a rebound in reopening and progress in curbing

inflation from the previous year's highs, the situation remained precarious. Economic activity lagged its pre-
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pandemic trajectory, particularly in emerging markets and developing economies, leading to widening
disparities among regions. Numerous factors are impeding the recovery, including the lasting impacts of the
pandemic and geopolitical tensions, as well as cyclically driven factors such as tightening monetary policies to
combat inflation, the reduction of fiscal support amidst high debt levels, and the occurrence of extreme weather

conditions. As a result, global growth declined from 3.5% in CY 2022 to 3.3% in CY 2023.

Historical GDP Growth Trends
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Source — IMF Global GDP Forecast Release July 2024
Note: Advanced Economies and Emerging & Developing Economies are as per the classification of the World Economic Outlook (WEO).
This classification is not based on strict criteria, economic or otherwise, and it has evolved over time. It comprises of 40 countries under
the Advanced Economies including the G7 (the United States, Japan, Germany, France, Italy, the United Kingdom, and Canada) and
selected countries from the Euro Zone (Germany, Italy, France etc.). The group of emerging market and developing economies (156)

includes all those that are not classified as Advanced Economies (India, China, Brazil, Malaysia etc.)

Slow growth in developed economies will affect the GDP growth in CY 2024 and global GDP is expected to
record a flat growth of 3.2% in CY 2024. The crisis in the housing sector, bank lending, and industrial sectors
are affecting the growth of global GDP. Inflation forced central banks to adopt tight monetary policies. After
touching the peak in 2022, inflationary pressures slowly eased out in 2023. This environment weighs in for

interest rate cuts by many monetary authorities.

Key factors impacting global macroeconomic landscape

Several key factors influence the global macroeconomic landscape, shaping economic trends and policies

worldwide. These include:

Monetary Policy: Central banks' actions regarding interest rates and money supply management (e.g., Federal
Reserve, European Central Bank) impact inflation, investment, and consumption. Tightening or loosening

monetary policies can either stimulate or slow down economies globally.
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Fiscal Policy: Government spending and taxation policies affect aggregate demand, budget deficits, and public
debt levels. Expansionary fiscal policies (e.g., stimulus packages) can boost economies, while austerity

measures can dampen growth.

Geopolitical Events: Political instability, wars, trade disputes, and sanctions (e.g., Russia-Ukraine conflict,
U.S.-China trade tensions) disrupt global trade, supply chains, and capital flows, leading to uncertainty and

market volatility.

Inflationary Pressures: Rising energy and commodity prices, supply chain bottlenecks, and labor shortages
lead to higher inflation. Central banks may respond with interest rate hikes, influencing borrowing costs and

consumer spending globally.

Global Trade and Supply Chains: Trade agreements, tariffs, and disruptions (like the COVID-19 pandemic

or geopolitical conflicts) can affect global supply chains, impacting production, trade flows, and prices.

Technological Innovation: Technological advancements, such as automation, artificial intelligence, and
digitalization, impact productivity, employment, and economic growth patterns globally. They also shape

industry competitiveness and job markets.

Climate Change and Environmental Policy: The transition to green energy, carbon regulations, and climate
change adaptation affect industries, investment flows, and government policies. Global commitments to reduce

emissions influence sectors like energy, manufacturing, and transportation.

Demographic Shifts: Aging populations in developed economies (e.g., Japan, Europe) and growing working-

age populations in emerging markets affect labor force dynamics, social spending, and economic growth trends.

Global Debt Levels: Rising public and private debt, exacerbated by the COVID-19 pandemic and high
borrowing during low interest-rate periods, poses risks to financial stability. High debt levels can limit

governments’ ability to respond to future crises.

Commodity Prices: Oil, natural gas, metals, and agricultural commodity price fluctuations significantly impact
economies, especially those dependent on resource exports. Energy crises and price shocks (e.g., due to

geopolitical instability) affect inflation and growth.

Pandemics and Health Crises: Global health crises like the COVID-19 pandemic cause widespread economic
disruption, affecting labor markets, travel, and consumption patterns, while forcing governments to rethink

healthcare and social support systems.

Globalization vs. Regionalization: The balance between global integration and regional economic blocs (e.g.,

the EU, ASEAN) affects trade policies, foreign investments, and economic interdependence.
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Global Growth Outlook
GDP growth of major regions including Europe, Latin America & The Caribbean, Middle East & Central Asia,

and Sub-Saharan Africa, were showing signs of slow growth and recession between 2020 — 2023, but leaving
Latin America & The Caribbean, 2024 is expected to show resilience and growth. Meanwhile, GDP growth in
Emerging and Developing Asia (India, China, Indonesia, Malaysia etc.) is expected to decrease from 5.4% in
CY 2023 to 5.2% in CY 2024, while in the United States, it is expected to decrease from 2.5% in CY 2023 to
2.1% in CY 2024.

Global GDP Growth Forecast (%)
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Source — IMF Global GDP Forecast Release 2024, D&B Estimates
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Source-IMF World Economic Outlook July 2024 update
Except for Emerging and Developing Asia, Latin America & The Caribbean and the United States, all other
regions are expected to record an increase in GDP growth rate in CY 2024 as compared to CY 2023. GDP
growth in Latin America & The Caribbean is expected to decline due to negative growth in Argentina. Further,
growth in the United States is expected to come down at 2.1% in CY 2024 due to lagged effects of monetary

policy tightening, gradual fiscal tightening, and a softening in labour markets slowing aggregate demand.
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Although Europe experienced a less robust performance in 2023, the recovery in 2024 is expected to be driven
by increased household consumption as the impact of energy price shocks diminishes and inflation decreases,
thereby bolstering real income growth. Meanwhile, India and China saw greater-than-anticipated growth in
2023 due to heightened government spending and robust domestic demand, respectively. Sub-Saharan Africa's
expected growth in 2024 is attributed to the diminishing negative impacts of previous weather shocks and

gradual improvements in supply issues.

Forecasted GDP Growth Across Major Regions (%)
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Source-IMF, OECD, and World Bank, D&B Estimates

At the midpoint of the year, so far in 2024 we have seen divergence in outcomes and prospects around the world
in terms of economic growth, inflation, and policy responses. On balance, global short-term economic prospects
have improved over the course of the year. We expect this momentum to continue through the second half of
2024 and into 2025 as inflation eases further and monetary policy continues to loosen, supporting steady growth.

Macroeconomic risks, in our view, have become more balanced.

The U.S. has performed better than other developed economies, particularly those in Europe where the consumer
sentiment has been relatively weak — though the picture in Europe has been varied. A sustained recovery in
tourism this year has boosted the economies of Greece and Spain, whereas Germany, France, and Italy have
been held back by the slower recovery of manufacturing. Nonetheless, the European Central Bank (ECB)
lowered the three key interest rates in June — for the first time since September 2019 — which will support

stronger regional growth.

Growth in the Chinese Mainland has held up well so far this year despite challenges from the property market
amid ongoing rebalancing, and the export cycle is supporting growth in the rest of Asia. In Latin America, larger
economies, such as Brazil and Mexico, tend to be performing more moderately than smaller economies, such

as Chile and Peru, indicating slower regional growth overall.
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Globally, industrial production has been relatively sluggish because of restrictive trade policies, persistent
supply chain disruptions, high interest rates, and anemic growth. We expect industrial production to gather
steam later this year and into 2025 on the back of a gradual recovery in global trade, stimulated by stronger

domestic demand for goods.

Policy responses have diverged so far this year and are set to remain so in the near term. Central banks have
begun rate cutting cycles in several developed economies, including the Eurozone, Canada, Sweden, and
Switzerland. However not every economy has followed suit. Disinflation has not been as predictable as it was
in 2023, and underlying price pressures mean inflation is likely to remain bumpy this year — hence, policy will
remain more restrictive than was anticipated at the start of the year. With relatively stronger economic growth
and stickier inflation, the timing of the first interest rate cut by the U.S. Federal Reserve (the Fed) and the

onward path of interest rates remains ambiguous.

The global economy is showing signs of stabilizing, yet growth will remain subdued this year before picking
up pace in 2025. We forecast global growth of around 2.5% in 2024, half a percentage point softer than in the
decade following the financial crisis. The weaker outlook reflects fiscal consolidation, lagged tight monetary
policy, restrictive trade policies, and elevated levels of geopolitical uncertainty. Looking ahead to 2025, global
growth is likely to pick up slightly to 2.8% as the impact of these factors declines and stronger growth becomes

more entrenched.

Emerging economies look set for softer growth in general this year. On a regional basis, growth is likely to be
markedly slower in Eastern Europe, but only slightly softer in Asia Pacific and Latin America, with growth only
moderately slower in key economies such as the Chinese Mainland, India, and Brazil. Outcomes in developed

economies are also mixed but largely remain subdued because of tight policy settings.
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India Macro- Economic Overview

Historical analysis of economic growth: annual GDP growth pattern

India’s economy showed resilience with GDP growing at 8.2% in CY 2023. The GDP growth in CY 2023

represents a return to pre-pandemic era growth path. Even amidst geopolitical uncertainties, particularly those

affecting global energy and commodity markets, India continues to remain one of the fastest growing economies

in the world.

Real GDP

Growth (CY Projected GDP Projected GDP

2023) Growth (CY 2024) Growth (CY 2025)
India 8.20% 7.00% 6.50%
China 5.20% 5.00% 4.50%
Russia 3.60% 3.20% 1.50%
Brazil 2.90% 2.10% 2.40%
United States 2.50% 2.60% 1.90%
Japan 1.90% 0.70% 1.00%
Canada 1.20% 1.30% 2.40%
Italy 0.90% 0.70% 0.90%
France 1.10% 0.90% 1.30%
South Africa 0.70% 0.90% 1.20%
United Kingdom 0.10% 0.70% 1.50%
Germany -0.20% 0.20% 1.30%

Source: World Economic Outlook, July 2024, Countries considered include - Largest Developed Economies and BRICS (Brazil,
Russia, India, China, and South), Countries have been arranged in descending order of GDP growth in 2023).

There are few factors aiding India’s economic recovery — notably its resilience to external shocks and rebound
in private consumption. This rebound in private consumption is bringing back the focus on improvements in
domestic demand, which together with revival in export demand is a precursor to higher industrial activity.
Already the capacity utilization rates in Indian manufacturing sector are recovering as industries have stepped
up their production volumes. As this momentum sustains, the country may enter a new capex (capital
expenditure) cycle. The universal vaccination program by the Government has played a big part in reinstating

confidence among the population, in turn helped to revive private consumption.

Realizing the need to impart external stimuli, the Government stepped up its spending on infrastructure projects
which in turn had a positive impact on economic growth. The capital expenditure of the central government
increased by 37.4% increase in capital expenditure (budget estimates), to the tune of INR 10 trillion in the Union

Budget 2023-2024. The announcement also included a 30% increase in financial assistance to states at INR 1.3
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trillion for capex. The improvement was accentuated further as the Budget 2024-2025 announced an 11.1%
increase in the capital expenditure outlay at INR 11.11 trillion, constituting 3.4% of the GDP. This has provided

much-needed confidence to the private sector, and in turn, attracted private investment.

On the lending side, the financial health of major banks has witnessed an improvement which has helped in
improving the credit supply. With capacity utilization improving, there would be demand for credit from the
corporate sector to fund the next round of expansion plans. The banking industry is well poised to address that
demand. Underlining the improving credit scenario is the credit growth to the micro, small, and medium
enterprise (MSME) sector as the credit outstanding to the MSME sector by scheduled commercial banks in the
fiscal year 2024 grew by 14% to INR 10.31 trillion compared to INR 9.02 trillion as on 24 March 2023. The
extended Emergency Credit Linked Guarantee Scheme (ECLGS) by the Union Government has played a major

role in improving this credit supply.

As per the provisional estimates 2023-24, India’s GDP in FY 2024 grew by 8.2% compared to 7.0% in the
previous fiscal on the back of solid performances in manufacturing, mining, and construction sectors. The
year-on-year increase in growth rate is also partly due to by a strong growth in investment demand led by

public capital expenditure.

Growth Trend (Constant 201 1-12 Prices)

FY 2022 2nd RE FY 2023 Ist RE FY 2024 PE

EGDP mGVA

Source: Ministry of Statistics & Programme Implementation (MOSPI), National Account Statistics, 2023-24

RE stands for Revised Estimates, SAE stands for Second Advance Estimates
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Sectoral GDP Growth Pattern

Sectoral GVA Growth Sectoral Contribution to GVA
(at constant prices 2011-12)
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Source: Ministry of Statistics & Programme Implementation (MOSPI)

Sectoral analysis of GVA reveals industrial sector recovered sharply registering 9.5% y-o-y increase in FY 2024
against 2.1% in the previous fiscal. In the industrial sector, growth across major economic activity such as
mining, manufacturing and construction sector rose significantly and it registered a growth of 7.1%, 9.9% and
9.9% in FY 2024 against a y-o-y change of 1.9%, -2.20%, and 9.44% in FY 2023, respectively. Utilities sector
observed a marginal moderation in y-o-y growth to 7.5% against 9.44% in the previous years.

Talking about the services sector's performance, with major relaxation in COVID restriction, progress on
COVID-19 vaccination and living with virus attitude, business in the service sector gradually returned to
normalcy in FY 2023. Economic recovery was supported by the service sector as individual mobility returned
to the pre-pandemic level. The trade, hotel, transport, communication, and broadcasting segment continued to
strengthen in FY 2023 and grow in FY 2024, although the growth hasn’t shown substantial increases. In FY

2024, services sector grew by 7.6% against 10% y-o-y growth in the previous year.

Expansion in Service Sector

Total Services Sector, GVA Contribution Break-up Of Services
(INR Trillion) Sector, FY 2024
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Services sector is a major contributor to the country’s overall economic growth. In absolute terms, services
sector GVA has increased from INR 68.78 trillion in FY 2019 to INR 86.6 trillion in FY 2024 (as per the
provisional estimated), registering a CAGR of nearly 5%. Within Services sector, the GVA by financial, real
estate and professional services-the largest contributing segment observed 6.3% CAGR while Public
Administration, defense and other services 1 observed 4.5% CAGR and Trade, hotels, transport, communication,
and services related to broadcasting witnessed 3.1% CAGR between FY 2019-24.

India's HSBC Services Purchasing Managers' Index, an important indicator to track service sector performance,
measured 60.3 in July 2024 against 60.5 in the previous month. Since August 2021, the services sector has

consistently remained above the threshold of 50, which distinguishes growth from contraction.

Mapping the industrial activity in India: Analysis of changes in Index of Industrial Production (I1P)

Industrial sector performance as measured by IIP index; in FY 2024 it is growing at 5.9% (against 5.2% in FY
2023). Previously IIP index exhibited temporary recovery in FY 2022 from the low of COVID induced
slowdown in industrial growth during FY 2020 and FY 2021. Manufacturing index, with 77.6% weightage in
overall index, grew by 5.5% in FY 2023 against 4.7% y-o-y growth in FY 2022 while mining sector index too
grew by 7.5% against 5.8% in the previous years. Mining & manufacturing both shown improvement according
to previous except the Electricity sector Index, witnessed an improvement of 7.1% against 8.9% in the previous

year.

Annual IIP Growth

11.4%

-1.4%

0.8%mm
o . — B
ﬂb th FY22
=)
2 ?
=)
&
Mining s Manufacturing mmm Electricity General

Source: Ministry of Statistics & Programme Implementation (MOSPI)

! Other services include Education, Health, Recreation, and other personal services.
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Use-Based Classification: lIP {Y-O-Y Growth)
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As per the use-based classification, most of the segments has shown growth for FY 2024 as compared to FY

2023. Capital good and primary goods were segments which faced less growth as compared to previous year.

The contracting IIP data points towards adverse operating business climate as global headwinds, high inflation,

and monetary tightening cumulatively impacted the broader industrial sector performance. In contrast all the

segments except the above two have shown growth.

Monthly ITP Growth Trend
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Source: Ministry of Statistics & Programme Implementation (MOSPI)

[ ]
In the current fiscal FY 2025, the monthly IIP measured index has reported steady improvement over the
last fiscal. However, the IIP index slowed to a 5-month low and just grew by 4.24% y-o-y in June against

6.18% in the previous month on the back of slowing growth in the manufacturing section. In June 2024, the
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manufacturing index growth slowed to 2.6% against 6.3% y-o-y growth in June 2023 and 5% in May 2023
while the electricity sector index and mining index exhibited substantial improvement and they grew by

8.6% and 10.3% in June 2024 against 0.9% and 6.4% growth in April 2023, respectively.

Montly Use-Based Classification: [IP (Y-o-Y Growth)
-4.0% -2.0% 0.0% 2.0% 4.0% 6.0% 8.0% 10.0% 12.0% 14.0%

-1.4%
Consumer non-durable ° N

2.5%

Consumer Durable ‘ 12.6%
Infrastructure / Construction goods - 6.3%
Intermediate Good — 3.9%
Capital Good R - 59
Primary Good _ 73%

M Jun-24 W May-24

Sources: MOSPI
As per the use-based classification, growth in all segments slowed in June 2024 as compared to the previous
month. Consumer non-durable declined by 1.4% in June 2024 against 2.5% increase in the previous month. In

May 2024, all segments showed a substantial increase in growth.

Gross Fixed Capital Formation: Trend Analysis

Other major indicators such as Gross Fixed Capital Formation (GFCF), a measure of investments, gained
strength during FY 2024 as it grew by 9% on a y-o-y basis against 7% yearly growth in the previous fiscal,
while GFCF to GDP ratio measured an all-time high settled higher at 34%.

Capital Investment Trend IN India
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Sources: MOSPI

Private Consumption Trend in India (PFCE Growth)
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Private Final Expenditure (PFCE) a realistic proxy to gauge household spending, observed decelerated and
registered 4% y-o-y growth in FY 2024 against 7% in FY 2023.

Inflation Scenario and Interest Rate movement

The inflation rate based on India's Wholesale Price Index (WPI) exhibited significant fluctuations across
different sectors from March 2023 to July 2024. Overall WPI saw a sharp decline to -1.2% in July 2023,
primarily driven by steep drops in Fuel & Power and Manufactured Products, reflecting reduced global
demand and falling input costs. However, a recovery was noted by June 2024, with WPI reaching 3.4%,
supported by a strong rise in Primary Articles and a rebound in Fuel & Power prices. By July 2024, while
Primary Articles growth moderated to 3.1%, the WPI remained positive at 2.0%, indicating stabilization in the

market after earlier volatility.
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Source: MOSPI, Office of Economic Advisor.
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Y-0-Y Growth in Monthly Consumer Price Indices (201 1-12 Series)

7'4446.83%

= o ancey 4.83%
5.09% 4.85% 5.08%

5.7% 4.87% \ . 4.80%
0, =Q _/'
-\7M 431% 4 = — 354
\'/' . o

5.02% 4.87% 5.55% 5.69% 5.10%

—eo—Rural —+—Urban India
B N S T S . S I I
A R A S - R A L L SR

Source: CMIE Economic Outlook

Retail inflation rate (as measured by the Consumer Price Index) in India showed notable fluctuations between
March 2023 and July 2024. Rural CPI inflation peaked at 7.63% in July 2023, before declining to 4.10% in July
2024. Urban CPI inflation followed a similar trend, rising to 7.20% in July 2023 and then dropping to 2.98% in
July 2024. Overall, the national CPI inflation rate increased to 7.44% in July 2023 but moderated to 3.54% by
July 2024, indicating a gradual easing of inflationary pressures across both rural and urban areas over the period.
CPI measured below 6% tolerance limit of the central bank since September 2023. As a part of an anti-
inflationary measure, the RBI has hiked the repo rate by 250 bps since May 2022 to the current 6.5% while it
has been holding the rate at 6.5% since 8 Feb 2023.

Rupee depreciation: Analysis of historical movement of Indian rupee against USD

From 2019 to 2021, the rupee depreciated gradually, moving from around INR 69.9/USD in 2019 to INR

74.5/USD in 2021. This depreciation reflects factors like inflation differentials, trade imbalances, and moderate

capital outflows.

The rupee experienced a more pronounced depreciation in 2022, reaching around INR 78.6/USD. This drop
was primarily due to aggressive interest rate hikes by the US Federal Reserve, which strengthened the dollar,

as well as higher oil prices and capital outflows from emerging markets like India.

The rupee depreciated further in 2023, reaching a new low of approximately INR 82.3/USD. Continued global
economic uncertainties, high inflation, and rising crude oil prices contributed to this decline, despite RBI’s

interventions to stabilize the currency.
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Historical movement of INR against USD
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Key growth/demographic drivers for economic growth

Economic growth is influenced by several key drivers, with demographics playing a major role in shaping long-

term growth patterns. Here are some primary drivers categorized under economic and demographic factors:

Productivity Growth: The ability of an economy to improve its productivity through innovation, technology,

and efficiency gains is crucial. Higher productivity often leads to more output with fewer inputs, boosting GDP.

Investment in Infrastructure: Infrastructure improvements, such as roads, utilities, and digital infrastructure,

reduce costs, enhance efficiency, and attract both domestic and foreign investment, fueling economic growth.

Human Capital Development: Investments in education, healthcare, and skill development increase the quality

of the workforce, making it more adaptable, innovative, and productive, which drives growth.

Business Environment and Regulatory Reforms: Policies that foster ease of doing business, protect property

rights, and support entrepreneurship stimulate economic activities and attract investments.

Trade and Global Integration: Trade agreements, open markets, and cross-border collaboration help countries

access larger markets, benefiting from economies of scale and spurring domestic industries.

Innovation and Technology: Advancements in technology drive growth by opening up new industries,

improving efficiencies, and fostering competitive advantage in the global market.

Access to Capital and Credit: The availability of finance for businesses and consumers enables expansion,

investment, and consumption, directly contributing to growth.

Demographic Drivers

Population Growth: A growing population increases demand for goods and services, expands the labor force,

and contributes to economic activity. However, this needs to be managed with adequate job creation.
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Urbanization: Migration to urban areas often results in higher productivity and increased economic

opportunities, as cities typically offer better infrastructure, services, and job markets.

Aging Population: While a younger population can provide a strong workforce, an aging population may put
pressure on social services, healthcare, and pension systems. Economies with significant aging populations may

need policies to support older adults while encouraging youth employment and productivity.

Dependency Ratios: The ratio of working-age individuals to dependents (young and elderly) can impact

economic growth. A higher working-age population tends to support economic growth as more individuals

contribute to production and consumption.

Education and Skill Levels: As educational attainment rises, so does the potential for a more skilled workforce,

leading to better jobs and higher income, which drives demand and economic stability.

Female Workforce Participation: Higher rates of female participation in the workforce can boost overall

productivity, expand the labor pool, and increase household incomes, enhancing economic growth.
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An Overview of Pollution Problem in India
India is one of the fastest-growing economies in the world, with a projected GDP growth rate of 7.0% for 2024.

The rapid economic growth has come with significant environmental costs. The country faces a dual challenge:
sustaining economic momentum while addressing the severe environmental pollution crisis that threatens public
health, biodiversity, and economic productivity. India faces severe environmental pollution challenges, with air

quality consistently ranking among the worst globally.

India’s economic growth has been driven by industrial expansion, urbanization, and infrastructure development.
These activities, while crucial for national progress, have significantly exacerbated pollution levels. The
manufacturing sector, which contributes 17% to India’s GDP, relies heavily on energy-intensive processes,
often powered by fossil fuels. Similarly, the construction boom, fueled by urbanization and government
infrastructure initiatives, contributes to dust, noise, and water pollution. Transportation, a key enabler of
economic activities, is another major contributor, with vehicular emissions accounting for over 80% of urban

air pollution.

According to IQAIr, India was the third most polluted nation in 2023, with a population-weighted average of
PM2.5% concentrations at 54.4 pg/m?, but the WHO’s recommended safe limit is 5 pg/m?. Cities like Delhi,
Kanpur, and Lucknow consistently report hazardous air quality levels, resulting in severe respiratory and

cardiovascular health issues and an estimated annual economic loss of $95 billion, equivalent to 3% of GDP.
Rise of Health Issues due to prevailing pollution problem in India

This alarming pollution level leads to significant health issues, economic losses, and a deteriorating quality of
life. Pollution in India has led to significant health challenges, with air and water contamination contributing to
a range of diseases and premature deaths. Quantitative data and graphical representations provide a clearer

understanding of this pressing issue.
1. Premature Deaths Due to Air Pollution:

e The World Health Organization (WHO) estimates that air pollution contributes to approximately 7
million premature deaths globally each year, with a significant portion occurring in India. In 2019, air
pollution was responsible for an estimated 1.67 million deaths in India, accounting for 17.8% of the

country's total deaths.

2 PM2.5 refers to particulate matter with a diameter of 2.5 micrometers or smaller. These fine particles are used as an
indicator of air pollution and are capable of penetrating deep into the lungs and bloodstream.
PM2.5 levels are typically measured in micrograms per cubic meter (Lg/m?)
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2. Life Expectancy Reduction:

e The Air Quality Life Index (AQLI) report by the Energy Policy Institute at the University of Chicago
indicates that air pollution reduces the average life expectancy of an Indian citizen by 5.3 years. In

regions like the National Capital Territory of Delhi, this reduction can be as high as 11.9 years.
3. Economic Impact:

e A study published in The Lancet Planetary Health journal estimated that in 2019, air pollution led to

economic losses of approximately $36.8 billion in India, equivalent to 1.36% of the country's GDP.
4. Disease Burden:

e The Global Burden of Disease Study 2019 attributes a significant number of respiratory and
cardiovascular diseases in India to air pollution. Chronic obstructive pulmonary disease (COPD) and

ischemic heart disease are among the leading health issues exacerbated by poor air quality.
5. Child Health:

e UNICETF reports that approximately 620 million children in South Asia, including India, are exposed to

severe air pollution, leading to respiratory illnesses and developmental issues.
6. Waterborne Diseases:

e The National Health Profile 2019 by the Central Bureau of Health Intelligence reported over 1.3 million

cases of acute diarrheal disease in India, with a significant number linked to contaminated water sources.

These statistics underscore the urgent need for comprehensive pollution control measures and public health

interventions to mitigate the adverse health effects of environmental pollution in India.
Types of Pollution:
Pollution can be segmented into following category:

Air Pollution: Air pollution involves the contamination of the atmosphere with harmful substances, affecting
the quality of air we breathe. It can lead to respiratory issues, cardiovascular diseases, and environmental harm.
Pollutants include particulate matter (PM), gases like carbon dioxide (CO-), sulfur dioxide (SO-), and nitrogen

oxides (NOx), which can disrupt ecosystems and cause phenomena like acid rain and global warming.

Impact:
e Air pollution causes an estimated 2 million premature deaths annually, accounting for nearly 18% of all
deaths in the country.
e Children and elderly populations are the most affected, with respiratory illnesses like asthma and

bronchitis rising by over 30% in polluted urban centres like Delhi, Kanpur, and Lucknow.
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e Acid rain, caused by SOx and NOx emissions, damages agricultural productivity and ecosystems,

particularly in industrial regions.

Water Pollution: Water pollution refers to the degradation of water quality in rivers, lakes, oceans, and
groundwater, making it harmful for human consumption, aquatic life, and ecosystems. Contaminants in water
can lead to diseases like cholera, disrupt aquatic habitats, and reduce biodiversity. It also impacts agricultural
activities and industrial processes reliant on clean water. India generates 62 billion liters of wastewater daily,
of which only 38% is treated adequately, leaving nearly 38 billion liters of untreated wastewater to
contaminate rivers, lakes, and groundwater. The Ganga River, a critical water source for over 400 million

people, is heavily polluted with industrial effluents and domestic waste.

Impact:

e Over 70% of surface water in India is contaminated, making it unsafe for human consumption.

e 1.5 million children die annually from waterborne diseases like diarrhoea, cholera, and typhoid due to
contaminated drinking water, per the World Health Organization (WHO).

e Aquatic biodiversity is severely affected, with species like the Gangetic dolphin facing critical
endangerment due to toxic pollutants.

e Economic losses from polluted water sources exceed $9 billion annually, impacting industries like

agriculture and fisheries.

Soil Pollution: High pace of urbanization which has resulted in explosive growth in urban population along
with changes in lifestyle has led to increase in waste generation in the country. As per the 2011 census urban
population in the country is estimated to be 37.7 crores, accounting for 31% of total population. During the ten-
year period 2001-2011 the urban population in the country increased by 32%, which was almost double the rate
of increase of general population. The rise of service sector in the past 10 — 15 years resulted in creation of
thousands of new jobs in urban centers, attracting people from smaller towns and rural areas. Additionally,
dwindling jobs in rural areas and failing agriculture increased the pace of urbanization, as peopled migrated to
urban areas in search of employment. As the number of people in urban centers increased, the volume of urban
waste generated too increased. Apart from increase in population, the changes in lifestyle patter, to a consumerist
society too exacerbated the waste generation scenario in urban. In the last 10 -15 years the income level in the
country has increased, as rapid industrialization and globalization created jobs and added value. Growth in
income levels, higher disposable income and changes in consumption pattern increased the demand for
consumer products. As the consumption of products ranging from food & beverages, paper products, plastic
products, electronic gadgets to textile increased, the volume of waste generated too increased. Thus, a
combination of increase in population levels, and changes in consumption pattern have resulted in an increase

in the volume of municipal solid waste and e-waste generated in the country that results in soil pollution.

Soil pollution is the contamination of soil layers with toxic chemicals, reducing its fertility and affecting plant

and animal life. It hampers crop growth, depletes essential nutrients in the soil, and poses risks to food security.
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Polluted soil can also leach harmful substances into nearby water bodies. Soil pollution in India has reached
critical levels, with over 50,000 tons of hazardous waste generated annually, much of it improperly managed.
This includes heavy metals like lead, cadmium, and arsenic, which are frequently found in industrial zones and

urban landfills.

Impact:

e India produces 3.2 million tons of e-waste annually, and only 20% is recycled formally, leaving hazardous
components to contaminate soil.

e Over 12 million hectares of land are affected by soil contamination, leading to reduced agricultural
productivity and economic losses of over 320,000 crore annually.

e The bioaccumulation of heavy metals in crops poses long-term health risks, including cancer and
neurological disorders.

e Contaminated soil reduces forest regeneration and impacts ecosystems, particularly in industrial states

like Gujarat and Maharashtra.

Noise Pollution: Noise pollution involves excessive and harmful levels of sound that disrupt normal activities
and harm human and animal life. Prolonged exposure to high noise levels can cause stress, hearing impairment,
sleep disturbances, and behavioural changes in both humans and wildlife. It also disrupts communication in
natural ecosystems. Noise pollution is a growing concern in India’s urban and industrial zones. Levels in many
cities frequently exceed 85 decibels (dB), far surpassing the permissible limits of 75 dB (day) and 70 dB (night)
set by the Central Pollution Control Board (CPCB).

Impact:

e Chronic exposure to high noise levels affects over 30% of urban populations, causing conditions like
hearing loss, stress, and cardiovascular diseases.

e Sleep disturbances from noise pollution reduce productivity, costing an estimated $2 billion annually in
lost work hours.

e Noise pollution disrupts wildlife behavior, particularly in urban forests and coastal ecosystems, affecting
breeding patterns and biodiversity.

e Urban centers like Delhi, Mumbai, and Bangalore are among the noisiest cities, with construction and

transportation being major contributors.
Major Sources of Pollution
Vehicular Emissions

e Rapid growth in vehicle ownership, particularly budget cars, and two-wheelers, worsens air quality in

India.
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e Vehicles contribute over 80% of urban air pollution, emitting carbon monoxide (CO) and nitrogen oxides
(NOx).

e Vehicle ownership in India increased from 210 million in 2015 to 295 million in 2023.

o Two-wheelers constitute over 75% of the total vehicle fleet.

e Over 1,400 new vehicles are registered daily in Delhi, adding to its persistent smog problem.

e Vehicular pollution contributes 30% of PM2.5 levels in cities like Mumbai and Bengaluru (CPCB).

e Increased CO2 emissions from vehicles contribute 16% of India's total greenhouse gas emissions (IEA
2023).

Industrial Emissions

e Thermal power plants contribute 60% of SOx emissions and 50% of NOx emissions, primarily from coal
combustion.

e Cement and steel industries emit 100 million metric tons of CO2 annually, equivalent to 12% of India's
industrial emissions.

e Industrial output has increased by 8.5% annually over the last five years, leading to higher emissions
without adequate pollution controls.

e Emerging industrial hubs like Chhattisgarh, Odisha, and Maharashtra are experiencing worsening air

quality.
Solid Waste Management

e India generates over 62 million tons of municipal solid waste annually, with only 25% treated or processed
properly (CPCB 2023).

e The remaining waste is often dumped in open landfills or burned, releasing harmful pollutants.

e Urban centers like Delhi NCR, Mumbai, and Bengaluru produce over 10,000 tons of waste daily, with
limited recycling or disposal infrastructure.

e By 2030, India’s waste generation is expected to reach 165 million tons annually, creating a pressing need
for waste management solutions.

e  Open burning of waste contributes 11% of urban PM2.5 levels, worsening air quality in densely populated

areas.
Agricultural Practices

e Agriculture is a major pollution source due to stubble burning and the overuse of chemical fertilizers and
pesticides.

e Farmers in Punjab and Haryana burn over 27 million tons of crop residue annually, contributing 40% of

Delhi’s winter PM2.5 levels.
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e Excessive fertilizer usage has led to groundwater nitrate levels exceeding WHO safe limits in 60% of

agricultural zones.

e Stubble burning releases carbon monoxide (CO), methane (CH4), and particulate matter, worsening smog

and respiratory diseases.

Domestic Cooking

e Despite advancements in clean energy, 40% of rural households still rely on solid fuels like wood, coal,

and biomass for cooking.

e Reliance on solid fuels leads to severe indoor and outdoor air pollution.

e Indoor air pollution from biomass cooking causes 500,000 premature deaths annually in India (Global

Burden of Disease Report).

e Women and children face prolonged exposure, resulting in higher rates of respiratory and cardiovascular

diseases.

e Biomass combustion releases 100 million tons of CO2 annually, contributing to global warming and

deforestation.

Types of Machinery and Equipment Used for Pollution Control

To mitigate health related challenges, pollution control equipment plays a critical role in reducing harmful

emissions from various sources.

Category
Air Pollution
Control

Product Details Usage/Application Area
Electrostatic Uses high-voltage electrical | Power generation, cement
Precipitators charge to ionize particles in | manufacturing, steel plants, industries
(ESPs) exhaust gases, causing them to | with dust-heavy emissions.
adhere to collecting plates.
Highly efficient at capturing fine
particulate matter (PM).
Fabric Filters | Polluted air is passed through | Cement plants, steel mills, chemical
(Baghouses) fabric filter bags, trapping dust | processing, foundries, food
and particulates. Suitable for | processing, pharmaceuticals.
capturing both coarse and fine
particles with high efficiency.
Combo Filters (ESP | Hybrid system combining ESP | Cement plants, steel mills, and
+ Fabric) (to pre-filter large particles) and | industries with stringent dust control
fabric filters (to capture finer | requirements.
particulates). Achieves
enhanced particulate removal
efficiency in high dust-load
environments.
Scrubbers Employs water or chemical | Chemical plants, metal processing,

solutions sprayed into the gas
stream  to  dissolve/absorb

refineries, waste incineration facilities.
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Air Pollution
Control

pollutants. Effective for acidic
gases like SOz, HCI, and other
water-soluble pollutants.

Oxidizers Thermal oxidizers use high | Paint and coatings industries, printing
(Thermal/Catalytic) | temperatures, while catalytic | presses, chemical manufacturing,
oxidizers employ catalysts to | pharmaceuticals, and food processing
break down VOCs and HAPs | industries with VOC emissions.
into CO: and water wvapor,
reducing harmful emissions.
Flue Gas | Removes SO: from flue gases | Coal-fired power plants, oil refineries,
Desulfurization using lime/limestone slurry, | industrial boilers, and cement kilns.
(FGD) converting it into gypsum (a by-

product useful in construction).
Helps industries comply with
stringent air quality standards.

Catalytic Reactors
(SCR)

Selective Catalytic Reduction
(SCR) units use catalysts to
convert NOx into nitrogen and

Diesel engines, power plants, cement
kilns, and chemical manufacturing
facilities.

water vapor. Effective at
reducing nitrogen oxide
emissions by 80-90%.

Incinerators High-temperature machines | Municipal solid waste management,
designed to burn  waste | industrial hazardous waste disposal,
materials, reducing volume | medical waste incineration.
significantly. Energy recovery
in  waste-to-energy  plants
generates electricity or heat.

Solid Waste | Garbage Compresses waste into dense | Municipal =~ waste =~ management,
Management | Compactors bales, reducing transportation | industrial facilities, retail
and storage costs. Facilitates | establishments, large-scale  food
efficient disposal by minimizing | processing units.
waste volume.

Shredders Breaks down large and bulky | Recycling plants, metal processing,
materials (plastic, wood, metal) | plastic recycling facilities, waste
into smaller pieces for recycling | management sites.
or disposal. Reduces waste
volume and facilitates material
sorting.

Waste  Collection | Specialized trucks equipped | Municipal waste collection, industrial

Vehicles with compactors for collecting, | waste transport, construction site

compressing, and transporting
waste to disposal or recycling
sites. Reduces transportation
trips and emissions.

waste management.

Scrubbers for Solid
Waste Plants

Removes harmful gases like SO2
and particulate matter from the
exhaust during waste processing

Waste incineration plants, recycling
facilities, hazardous waste treatment
facilities.
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(e.g., incineration). Ensures
cleaner air emissions.

Sweepers and | Mechanical equipment for | Urban maintenance, industrial zones,

Vacuums cleaning  streets, industrial | parking lots, and public areas.
floors, and parking lots by
collecting dust, debris, and litter.

Reduces urban air pollution and

public health hazards.
Noise and | Noise Monitoring | Continuous noise monitoring | Industrial zones, construction sites,
Vibration Systems devices record and analyze noise | urban areas, and entertainment venues.
Control levels. Useful for regulatory

compliance and planning noise

control measures.

Vibration Monitors | Devices that detect vibrations in | Heavy machinery industries,
machinery or structures, | construction sites, mining operations,
identifying potential | and power plants.
malfunctions  or  structural
damage. Critical for maintaining
equipment safety and reliability.

Sound Barriers Physical barriers built from | Highways, industrial facilities,
sound-absorbing materials like | construction zones, airports, and
concrete or composites to reduce | residential areas near noisy industries.
noise levels by deflecting or
absorbing sound waves.

Acoustic Enclosures around  noisy | Manufacturing plants, power

Enclosures machinery to isolate and reduce | generation facilities, HVAC systems,
sound exposure. Built using | and mechanical workshops.
sound-dampening materials to
ensure a quieter working
environment.

Vibration Test | Simulates vibrational stresses on | Automotive, aerospace, electronics,

Equipment products for durability testing. | and industrial equipment
Ensures product quality and | manufacturing.
reliability under real-world
conditions.

Active Noise | Produces anti-phase  sound | Manufacturing plants, data centers,

Control Systems waves to cancel out unwanted | consumer electronics (e.g., noise-
noise, using advanced | canceling headphones).
technology for noise reduction
in industrial and consumer
applications.

Other Thermal Heats contaminated soil to | Oil refineries, chemical spill sites,
Pollution Desorption Units volatilize organic pollutants, | industrial land remediation projects.
Control which are then captured and

treated. Useful for remediating
hydrocarbon, pesticide, and
PCB contamination.
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contaminants. Includes | waste sites, and landfill areas.
irrigation and soil conditioning
systems to enhance contaminant

Phytoremediation Employs certain plants to | Low-to-moderate contaminated sites,
Support Systems absorb/degrade soil | including agricultural lands, industrial

uptake.
Electrokinetic Applies electric currents to | Contaminated clay or fine soil sites,
Remediation move metal ions and organic | especially with metals, radionuclides,

pollutants in soil toward | and certain organic pollutants.
electrodes  for  extraction.
Effective in fine-grained soils
that are challenging to treat.

(e.g., cement, polymers), | long-term containment zones.
forming a stable matrix.
Prevents leaching and reduces
mobility of harmful substances.

Encapsulation and | Immobilizes soil contaminants | Heavy  metal-contaminated — sites,
Solidification by mixing soil with binders | radionuclide remediation projects, and

Chemical Injects strong oxidants like | Hydrocarbon spill sites, chemical
Oxidation hydrogen peroxide or potassium | manufacturing waste areas, and
Equipment permanganate into soil to | industrial landfill zones requiring on-

chemically break down organic | site remediation.
pollutants into harmless by-
products.

Role of Pollution Control Equipment

To combat these pollution sources, various pollution control technologies and equipment have been developed

and implemented in India:

Air Pollution Control Devices: Air pollution control equipment’s consist of systems and devices used to reduce
the level of particulate matter & pollutants entering the atmosphere, mostly from industrial smokestacks. The
type of equipment’s and systems used differ with the type of pollutants emitted. In industrial setting, the term
air pollution control equipment is a broad term used to regulate or eliminate the emission of potential hazardous

substances, which are products because of industrial processes.

Based on the process used, air pollutant systems are classified into combustion equipment (that destroys the
pollutants), conversion equipment (that which chemically changes pollutants to less harmful compounds), and
collection equipment (these equipment’s that remove pollutants from waste air before releasing it into the

atmosphere). Some of the air pollution control equipment’s includes.

o Electrostatic Precipitators (ESPs): These devices are used in industries to capture particulate matter

from exhaust gases, significantly reducing emissions from coal-fired power plants.
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o Scrubbers: Flue gas desulfurization units remove SOx from exhaust gases in power plants and industries.

o Bag Filters: Commonly used in cement plants and other industries, these capture fine particulates before

they are released into the atmosphere.

These equipment’s are used in o0il & gas industry, petrochemical refineries, mining & metallurgy, chemicals,

and power generation, among others.
Industrial Pollution Controlling Devices:

Industrial activities release several industrial effluents in a form of harmful gases and discharges into water
bodied which highlight the importance of air pollution devices and wastewater treatment technologies. The
wastewater treatment plants utilize a combination of physical, chemical, and biological processes to remove
contaminants such as organic matter, suspended solids, nutrients, and heavy metals. Advanced technologies like
membrane bioreactors, activated sludge processes, and biological aerated filters are increasingly being adopted
to achieve higher removal efficiencies and produce cleaner effluents. Following devices are also used to monitor

industrial pollution level.

o Continuous Emission Monitoring Systems (CEMS): These systems are critical for real-time
monitoring of pollutants emitted from industrial facilities, ensuring compliance with environmental
standards. Continuous Emission Monitoring Systems (CEMS) provide real-time data on pollutants like
SOx, NOx, CO, and PM from industrial facilities, ensuring compliance with environmental standards
like CPCB norms in India. They are mandatory for key industries like power plants, cement, and steel,
helping reduce emissions by 20-30% and enabling industries to avoid penalties and downtime. Over 85%
of thermal power plants in India have installed CEMS, aligning with global practices, while their market
is growing at an estimated 8-10% CAGR. Though installation costs range from 320-50 lakh, CEMS offer

long-term benefits like improved air quality, cost savings, and actionable data for pollution control.

o Biofilters and Bioreactors: Biofilters and bioreactors play a crucial role in various waste management

scenarios by effectively controlling pollution.

- In solid waste management, these systems are applied in composting facilities and landfill
management, where they reduce odors caused by decomposing organic waste and mitigate emissions
of methane (CH4) and volatile organic compounds (VOCs) from landfills.

- In industrial waste management, they are used to treat effluents and gaseous emissions from
manufacturing plants, reducing harmful gases like hydrogen sulfide (H2S) and ammonia (NH3)
while controlling odors and VOC emissions in chemical and pharmaceutical industries.

- For wastewater management, biofilters and bioreactors are employed in municipal treatment plants
and industrial effluent systems, where they remove nitrogen and phosphorus compounds to prevent

water eutrophication and minimize odors and methane emissions.
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- In agricultural waste management, these technologies are applied in biogas plants that process
livestock manure and crop residues, reducing methane and ammonia emissions, controlling odors,
and preventing leachate contamination of water sources.

- Lastly, in air pollution control, biofilters are integrated into odor control systems in food processing
and rendering plants to neutralize odors, capture VOCs, and reduce greenhouse gas emissions from
organic material decomposition. This comprehensive application demonstrates their effectiveness in

addressing various pollution challenges across sectors.
Vehicle Emission Controls:

o Implementation of Bharat Stage VI (BS-VI) emission standards aims to reduce vehicular emissions
significantly. These regulations require advanced technologies such as catalytic converters and

particulate filters in new vehicles.

o The promotion of electric vehicles (EVs) through government initiatives also contributes to long-term

reductions in emissions from the transportation sector.
Innovative Practices in Waste Management

Composting and Waste Segregation: Encouraging these practices at the community level can significantly

reduce the volume of waste that is burned or sent to landfills, thus decreasing associated emissions.

Public Awareness Campaigns: Programs aimed at educating citizens on pollution sources and control

measures have been shown to promote community involvement in pollution reduction efforts.

e National Clean Air Programme (NCAP): Raises public awareness about air pollution and promotes
community action for cleaner air.

o Eco-Sensitive Zone Campaigns: Educates local communities about protecting biodiversity and
controlling industrial pollution near sensitive zones.

e Jal Shakti Abhiyan: Encourages water conservation and pollution control in rivers and water bodies.

e Beat Plastic Pollution Campaign: A nationwide initiative to educate citizens on the hazards of plastic
pollution and promote sustainable alternatives.

e Plantation Drives (Van Mahotsav): Encourages afforestation and green cover to combat air and soil
pollution.

e Road Dust Control Campaigns: Focuses on managing urban dust pollution through better road
maintenance and sweeping practices.

e E-Waste Awareness Drives: Educates the public about the dangers of e-waste and proper recycling
methods.

e Car-Free Days: Promotes reduced vehicular pollution by encouraging public transport and cycling on

designated days.

Restricted Confidential



e Awareness Drives on Crop Residue Burning: Educates farmers on alternatives to burning stubble to
reduce air pollution.
e  World Environment Day Celebrations: Includes various educational programs and rallies to highlight

pollution control measures.

Carbon reduction initiatives and their impact on the industry

India's aggressive pursuit of environmental sustainability is transforming the landscape of its pollution control
machinery industry. The government's ambitious targets - achieving net-zero emissions by 2070 and reducing
carbon intensity by over 45% from 2005 levels by 2030 - are acting as a powerful catalyst. These goals translate
into a surge in investments for pollution control technologies that go beyond simply meeting regulatory

requirements.

Stricter emission regulations are pushing industries to embrace cleaner technologies. This, coupled with the
growing focus on sustainable development, is fostering a dynamic environment ripe for innovation in the
pollution control machinery sector. We're seeing a rise in demand for advanced air filtration systems that capture
not only harmful particulates but also emerging pollutants like volatile organic compounds (VOCs).
Additionally, the need for efficient waste management solutions, including waste heat recovery and advanced

water treatment, is gaining significant traction.

The Indian pollution control machinery industry isn't just playing catch-up; it's actively exploring cutting-edge
solutions. There's a growing interest in integrating Internet of Things (IoT) technology with pollution control
equipment, allowing for real-time monitoring and remote management. Furthermore, advancements in artificial

intelligence (Al) are paving the way for predictive maintenance and optimizing pollution control processes.

While the outlook is optimistic, there are challenges to overcome. Bridging the gap between the availability of
skilled workers and the industry's demand for specialized personnel is crucial. Additionally, ensuring access to
financing for adopting new technologies, particularly for small and medium-sized enterprises (SMEs), will be
vital for widespread industry adoption. By addressing these challenges, India's pollution control machinery

industry has the potential to become a global leader in sustainable solutions.

India has taken a prominent stance on the global stage in its commitment to carbon control and environmental
sustainability, aligning with its obligations as a signatory to the Paris Agreement on Climate Change. Under

the Paris Agreement, India pledged to achieve three key climate goals by 2030:
1. Reduce the carbon intensity of its economy by 33-35% from 2005 levels.

2. Increase the share of non-fossil fuel-based electricity capacity to 50%.
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3. Create an additional carbon sink of 2.5 to 3 billion tons of CO2 equivalent through forest and tree

cover.

Building on these commitments, India announced at COP26 in 2021 an ambitious target to achieve net-zero
carbon emissions by 2070. This reflects India's proactive approach despite its developing economy status,

balancing environmental goals with developmental needs.

Comparative Global Targets:

e United States: Achieve net-zero emissions by 2050 with interim targets to cut emissions by 50-52%

below 2005 levels by 2030.

¢ European Union: Legally binding commitment to achieve climate neutrality by 2050 and reduce

greenhouse gas emissions by at least 55% by 2030 from 1990 levels.

e China: Aim for peak emissions by 2030 and net-zero by 2060, emphasizing renewable energy and

decarbonization in industrial processes.
India's Domestic Policies and Initiatives:
1. National Action Plan on Climate Change (NAPCC):

o Focuses on eight missions, including solar energy promotion, energy efficiency, water

management, and green building initiatives to align with long-term sustainability goals.
2. Perform, Achieve, and Trade (PAT) Scheme:

o Encourages industries to improve energy efficiency and trade surplus energy-saving credits,

promoting cost-effective carbon reductions.

(98]

National Electric Mobility Mission Plan (NEMMP):

o Promotes electric vehicles (EVs) with targets to achieve 30% EV penetration by 2030,

significantly reducing emissions from the transportation sector.
4. National Hydrogen Energy Mission:

o Aims to position India as a global hub for green hydrogen, fostering decarbonization of

industries such as steel, cement, and transport.
5. State-Level Renewable Energy Policies:

o States like Gujarat, Rajasthan, and Tamil Nadu are spearheading solar and wind energy

projects, contributing to India's goal of installing S00 GW of non-fossil fuel capacity by 2030.

Restricted Confidential



India is a co-leader of the International Solar Alliance (ISA), which has united over 120 countries to expand
solar energy adoption globally. It also launched the Coalition for Disaster Resilient Infrastructure (CDRI),

emphasizing sustainable infrastructure to withstand climate risks.

By integrating these global commitments and domestic policies, India is fostering innovation in pollution
control technologies and transitioning toward a low-carbon economy. Despite challenges such as financing and
skill gaps, India’s leadership in renewable energy and its aggressive targets position it as a critical player in

global climate change mitigation.

An Overview of Hvdroseeding machinery & ingredients

Hydroseeding is gaining traction as a modern, cost-effective solution for large-scale landscaping and erosion
control. This method involves spraying a slurry mixture of seed, mulch, fertilizer, and water over the target area,
enabling the rapid establishment of vegetation even in challenging terrains. This method is an efficient, cost-
effective alternative to traditional seeding or sodding techniques. It is particularly beneficial for establishing
vegetation in erosion-prone or hard-to-reach areas, such as slopes, barren landscapes, and construction sites,

due to its ability to promote rapid and uniform germination.

Initially developed in the 1940s in the United States, hydroseeding was primarily used for roadside vegetation
and erosion control. Over the decades, the method has evolved due to technological advancements in machinery
and improvements in slurry ingredients. Modern hydroseeding equipment now includes high-pressure sprayers
capable of covering expansive areas quickly, making the technique a popular choice in construction, agriculture,

and environmental conservation projects.

Innovations in mulch composition, such as the use of biodegradable and fibre-based materials, have enhanced
its effectiveness. In addition, specialized seed blends tailored for local climates and terrains have made

hydroseeding a versatile solution for diverse ecological requirements.

In India, hydroseeding has gained momentum in recent years, driven by its relevance in addressing challenges
like soil erosion, deforestation, and sustainable urban landscaping. The technique is widely employed in
infrastructure projects, particularly in highways, railways, and mining site reclamation, to stabilize
embankments and slopes. States like Himachal Pradesh, Uttarakhand, and the north-eastern regions—prone to
landslides and heavy rainfall—have adopted hydroseeding to mitigate erosion. Additionally, arid states like
Rajasthan use the method to combat desertification, while urban centres such as Bengaluru and Pune incorporate

it for green space development.

The market is expanding at a CAGR of around 10% from 2018 to 2023, reflecting increased awareness and
government initiatives. Approximately 30-40% of large-scale landscaping and erosion control projects in India
now use hydroseeding as a preferred method. The Swachh Bharat and Smart Cities missions have further
encouraged the integration of green cover in urban projects. The method’s ability to significantly reduce time

and labour costs compared to manual seeding while offering superior seed-soil contact and growth rates makes
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it ideal for large-scale applications. Its ability to incorporate eco-friendly ingredients like coir pith mulch and

organic

fertilizers also aligns with sustainable development goals, enhancing its appeal in India’s growing

environmental restoration efforts.

Key Components of Hydroseeding Machinery

Hydroseeding machines consist of several critical components that enable the precise application of the seed

slurry:

il

1il.

1v.

Tank: Typically made from steel or polyethylene, these tanks hold the slurry. Depending on the scale
of the project, tanks can range from 200 litres for small jobs to over 10,000 litres for larger

applications.

Pump: A high-pressure pump powers the delivery of the slurry. Pumps generally provide pressures

ranging between 50 to 150 psi, ensuring even distribution over wide areas.

Agitator: This mechanical device continuously stirs the slurry to maintain a consistent mix. Proper
agitation prevents sedimentation, ensuring that the seeds, mulch, and fertilizer remain evenly

distributed throughout the process.

Spray Nozzle: The nozzle atomizes the slurry into fine droplets, enabling even coverage. Larger
nozzles allow for quick application across broad landscapes, while specialized nozzles can be used for

precision work in tighter spaces.

Hydroseeding Ingredients: A Recipe for Success

The effectiveness of hydroseeding relies on the combination of several key ingredients tailored to the needs of

the project. These ingredients are essential to ensure that vegetation grows quickly and is well-protected:

ii.

iii.

Seed: The seed mixture depends on the desired outcome - whether it’s for grass, wildflowers, or
specific plant types. Grass seeds, often used in India, cover between 40 to 60 grams per square

meter, providing an economical solution for large areas.

Mulch: Mulch made from wood fiber or cellulose helps retain moisture and protect the seeds from

erosion. In India, wood fiber mulches are typically applied at rates of 1,500 to 2,500 kg per hectare.

Fertilizer: Fertilizers supply the necessary nutrients for germination and plant growth. Standard

blends contain nitrogen, phosphorus, and potassium (NPK), applied at a rate of 100 kg per hectare.

Tackifier: This natural or synthetic binding agent helps the mulch stick to the soil, even on steep

slopes. Tackifiers are generally used at concentrations of around 2 to 5% of the total slurry mixture.

Restricted Confidential



v.  Water: Serving as the medium for delivering the seeds and nutrients, water also ensures that the
mixture can be effectively sprayed across large areas. A typical hydroseeding job uses about 5,000

to 10,000 litres of water per hectare.
Advantages of Hydroseeding
Hydroseeding is favoured over traditional seeding methods for several reasons:

I.  Rapid Vegetation Growth: The carefully blended mixture provides ideal conditions for seed
germination, leading to vegetation establishment in as little as 7 to 10 days, depending on local

conditions.

1.  Erosion Control: The mulch and tackifier stabilize the soil and reduce erosion by up to 90%,

particularly beneficial for slopes, embankments, and construction sites.

II.  Aesthetic Appeal: Hydroseeding is frequently used in high-visibility areas such as golf courses, parks,

and urban landscapes due to its ability to create lush, green environments quickly.

IV.  Cost-Effective: Hydroseeding is more cost-effective for large projects than traditional methods like

sodding, with potential savings of 50 to 80% in labour and material costs.

V. Environmental Benefits: In addition to erosion control, hydroseeding improves soil quality by adding
organic matter and nutrients. This technique also enhances biodiversity by introducing native plant

species.

Hydroseeding is witnessing robust growth in India, spurred by the demand for cost-effective, environmentally

friendly solutions in landscaping, erosion control, and afforestation.

Cost-Effectiveness

Hydroseeding is recognized as a cost-effective alternative to traditional methods like sodding and manual

planting.

o Cost Savings:
o Hydroseeding reduces costs by 50-70% compared to sodding, particularly for large-scale
projects.
o The average cost of hydroseeding in India ranges from ¥50,000—=70,000 per hectare, making
it an attractive option for government and private developers.
e Productivity Gains:
o Hydroseeding machinery can cover up to 1-2 hectares per day, enabling faster project

completion compared to traditional methods, which can take weeks.
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Technological Advancements

Innovations in hydroseeding equipment and materials have boosted its adoption.

e Machinery Growth:
o The number of hydroseeding machines in operation across India has grown by 30%
annually, with over 2,000 units in use nationwide.
o Advanced equipment with higher spraying capacities is being deployed in challenging terrains
like the Western Ghats and Himalayan regions.
e Material Advancements:
o Improved mulch and tackifiers have enhanced soil adhesion and seed germination rates, with

success rates exceeding 85% in erosion-prone areas.
State-Wise Adoption of Hydroseeding in Major State

1. Himachal Pradesh & Uttarakhand:

o Key application: Slope stabilization for roads and dams.

o Adoption rate: Over 4,500 hectares hydroseeded since 2018.
2. Karnataka & Maharashtra:

o Key application: Greenfield landscaping and erosion control.

o Adoption rate: Over 3,000 hectares in projects like industrial zones and highways.
3. Odisha, Jharkhand & Chhattisgarh:

o Key application: Mining land reclamation.

o Adoption rate: Over 4,000 hectares in the last five years.
4. Tamil Nadu & Kerala:

o Key application: Urban landscaping and afforestation.

o Adoption rate: Over 1,500 hectares hydroseeded in urban development projects.

Keyv Demand Drivers in India

The demand for hydroseeding machinery and techniques in India is being driven by several factors:

Infrastructure Development: India's infrastructure boom is a primary driver for hydroseeding adoption. Large-
scale projects require erosion control and landscaping solutions, where hydroseeding has proven to be a reliable

and efficient method.

o Highways:
o Under the Bharatmala Pariyojana, India is targeting the construction of 83,677 kilometers

of highways. Hydroseeding is being employed extensively in roadside slope stabilization and

vegetation, covering an estimated 15,000 hectares since 2018.
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o An additional 5,000 hectares of highway embankments are expected to utilize hydroseeding
annually over the next five years.

¢ Railway Projects:
o Projects like Dedicated Freight Corridors (DFCs) and bullet train corridors are employing

hydroseeding for embankments, covering 2,500 hectares to date.
e Urban Landscaping: Smart cities and urban development projects have driven demand for
hydroseeding in parks, golf courses, and urban greenery. For example, urban landscaping projects in

cities like Bengaluru and Mumbai have adopted hydroseeding for over 1,200 hectares since 2020.

I Mining and Industrial Reclamation: India's mining sector, valued at $41.7 billion in 2022, has
an ongoing need for land reclamation projects. Mining states such as Odisha, Jharkhand, and
Chhattisgarh are mandated to restore mining-affected land. Over 4,000 hectares of mining land has

been reclaimed using hydroseeding in the last five years.

I1. Urbanization and Real Estate: With urban areas expanding rapidly, particularly in cities like
Bengaluru, Hyderabad, and Delhi-NCR, green spaces are in high demand. Real estate developers

increasingly incorporate hydroseeding into landscaping plans to create green roofs and public parks.

111. Government Initiatives: Programs such as the National Afforestation Programme (NAP) and the
Green India Mission are supporting reforestation and soil conservation efforts across India,

providing a significant boost to the hydroseeding industry.

Iv. Environmental Regulations: Stricter environmental regulations have significantly contributed to

the market growth for hydroseeding in India like:

- National Afforestation Projects: The Compensatory Afforestation Fund Management and
Planning Authority (CAMPA) allocates over ¥10,000 crores annually for afforestation and land

restoration, where hydroseeding is a key method.

Hydroseeding has been used in over 3,000 hectares of afforestation projects under CAMPA in
states like Himachal Pradesh, Uttarakhand, and Madhya Pradesh.

Growth OQutlook of the Industry

Annual hydroseeding adoption is expected to surpass 20,000 hectares by 2025, driven by infrastructure

and afforestation projects. The Indian hydroseeding market is projected to grow at a CAGR of 15% from

2024 to 2030. The hydroseeding market in India is expected to grow substantially over the next decade

due to several converging trends:

i.  Environmental Awareness: Increasing public and governmental awareness about the importance of

sustainable landscaping and erosion control is driving the adoption of hydroseeding.
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il.

iii.

iv.

Stringent Regulations: The Indian government’s push for stricter environmental regulations,
especially under the Environmental Protection Act, is encouraging companies to adopt hydroseeding

for land restoration and pollution control.

Technological Advancements: Innovations such as automated hydroseeding machinery and precision
application techniques are increasing operational efficiency, leading to higher adoption rates in both

urban and rural areas.

Economic Growth: As India's GDP grows at an estimated 6.5% in 2024, so does the need for

infrastructure and agricultural development, fuelling the demand for hydroseeding services.

Limitation of Hydroseeding

While hydroseeding offers numerous advantages for erosion control, landscaping, and land reclamation, its

adoption in India faces several challenges. Despite its effectiveness, manual seeding through labour remains the

more widely used technique for various reasons.

ii.

iii.

iv.

High Initial Investment in Machinery: Hydroseeding requires specialized machinery that involves a
significant upfront investment, making it less accessible for small and medium-sized projects. A typical
hydroseeding machine costs anywhere from %10 lakh to I50 lakh, depending on its capacity and
features. For many contractors, especially those operating in rural or low-budget projects, this cost is
prohibitive. In contrast, manual seeding requires only basic tools like hoes, spades, and buckets, which

are far more affordable.

Lack of Skilled Operators: Operating hydroseeding machinery requires skilled labour, particularly to
manage the machinery, calibrate the spray nozzles, and ensure the correct composition of the slurry.
India faces a shortage of trained professionals who can handle this specialized equipment. The learning
curve and training requirements add to the operational costs, making manual labour a more

straightforward and viable option for most contractors.

High Water Consumption: Hydroseeding relies heavily on water to mix the seed, mulch, and fertilizer,
and to ensure the slurry is distributed evenly. On average, about 5,000 to 10,000 litres of water per
hectare are required for a typical hydroseeding job. In regions where water scarcity is a concern - such
as Rajasthan, Gujarat, and parts of Karnataka—this high-water demand makes hydroseeding
impractical. In comparison, manual seeding consumes far less water, as seeds are simply broadcast on

the soil and may be irrigated later as needed.
Unsuitable for Small-Scale Projects: Hydroseeding is most cost-effective for large-scale projects

where the area to be seeded is significant. For small plots of land, such as individual home gardens or

small urban parks, the cost of bringing in hydroseeding machinery and preparing the slurry may
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vi.

outweigh the benefits. In contrast, manual seeding is a flexible solution that can be easily scaled for

small plots, making it a preferred choice for smaller landscaping and gardening projects.

Limited Awareness and Adoption: Hydroseeding is a relatively new technology in India, and many
contractors, landscapers, and developers are either unaware of it or unsure of its benefits. In contrast,
manual seeding has been a traditional practice for centuries and is deeply embedded in India's
agricultural and landscaping practices. The low awareness of hydroseeding, especially in rural areas,

limits its adoption, while manual seeding continues to be the go-to method for most projects.

Logistical Constraints in Remote Areas: Hydroseeding requires machinery to be transported to the
site, along with significant quantities of water, mulch, fertilizer, and seeds. In remote areas with poor
road connectivity or where access to basic infrastructure is limited, these logistical challenges make
hydroseeding difficult to implement. Manual seeding, on the other hand, can be done with minimal

resources and doesn't face the same logistical constraints, making it more suitable for such regions.

Why Manual Seeding Remains the Dominant Method in India

Despite the advantages of hydroseeding, manual seeding through labour remains the most widely used method

in India, particularly in rural and semi-urban areas. Several factors explain why manual seeding continues to

dominate:

ii.

ii.

Abundance of Labor: India has a large, readily available labour force, particularly in rural areas.
Manual seeding leverages this workforce, providing employment opportunities and reducing
dependency on costly machinery. Labour costs, especially in rural regions, are relatively low, making
manual seeding economically viable for contractors and farmers alike. With labour costs in some areas

ranging between 3300 and X600 per day, employing workers for seeding tasks remains cost-effective.

Familiarity with Manual Methods: Manual seeding techniques have been passed down through
generations and are well-understood by local farmers and laborers. These traditional methods, such as
broadcasting seeds by hand or using basic hand tools, require no specialized training, and are familiar
to the rural workforce. In contrast, the technical complexity of hydroseeding machinery creates a barrier

to its widespread adoption.

Lower Operational Costs: The operational costs of manual seeding are significantly lower than those
of hydroseeding, especially for smaller projects. Manual seeding requires minimal equipment and
infrastructure, which can be sourced locally at low cost. There are also fewer risks of mechanical failure

or repair needs, which can delay projects and increase costs in hydroseeding operations.
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iv.  Suitability for Diverse Terrains: Manual seeding offers greater flexibility in handling diverse terrains,
especially in India’s varied topography, which includes hills, plains, and arid regions. While
hydroseeding excels in large, relatively uniform areas such as construction sites and highway
embankments, manual seeding can be adapted to smaller, irregular plots and more complex landscapes
like terraced farms and steep slopes.

v.  Government Employment Schemes: Government programs like the Mahatma Gandhi National Rural
Employment Guarantee Act (MGNREGA) promote the use of manual labour for agricultural and
infrastructure projects, including seeding. These programs not only provide employment but also
encourage the use of traditional, labour-intensive methods. This has further cemented the use of manual

seeding, particularly in rural areas where government schemes are a major source of employment.

Pollution Control in Industrial Facilities

India is the third largest GHG emitter in the world, after China and the US, accounting for approximately 7.3%
of global emission in 2022. However, on a per capita basis, India is well below global average. However, India’s
per capita emissions (2.79 t CO2eq/cap in 2022) are six times lower than those of the United States and Russia,
four times and three times lower than those of China and the EU27 and less than half than those of Brazil.
Between 1990 and 2022, GHG emissions in India have risen by an annual by 170%, to reach 3.9 billion tons of
CO2 eq in 20223, India’s GHG emissions increased by 5.0% (or 0.19 Gt CO2eq) in 2022 compared to 2021,
reaching a level 5.7% higher than the pre-pandemic 2019 level. In the last three decades, India’s emissions have
increased almost continuously, and were almost 3 times higher in 2022 than in 1990. In 2022 the shares of
CO2, CH4, F-gases and N20O in total national emissions expressed in CO2eq were 68.3%, 23.5%, 1.7% and
6.5% respectively.

Pollution control in industrial facilities in India is a critical focus area for ensuring environmental sustainability
and public health. Industries, particularly those in sectors like energy, manufacturing, and mining, contribute
significantly to air, water, and soil pollution. To address these challenges, the government has implemented
stringent regulatory frameworks such as the Environment Protection Act, 1986, and sector-specific emission
standards set by the Central Pollution Control Board (CPCB). Technologies like flue gas desulfurization (FGD)
in power plants, effluent treatment plants (ETPs) in manufacturing units, and advanced waste management
systems are increasingly being adopted. Initiatives like the National Clean Air Programme (NCAP) aim to
monitor and reduce emissions through better compliance and pollution control technologies. Additionally,
renewable energy adoption and energy efficiency measures in industries are driving a shift toward sustainable
practices. However, challenges remain in enforcement and monitoring, necessitating stronger collaborations

between the government, industry stakeholders, and communities for effective pollution management.

3 European Commission Report GHG EMISSIONS OF ALL WORLD COUNTRIES, 2023
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Segment-wise Contribution to Pollution in India

Industry Sector

Primary Pollutants

Contribution to Total Emissions

Energy (Power Generation)

Sulfur Dioxide (SO:), Nitrogen
Oxides (NOy), Particulate Matter
(PM)

Approximately 80% of industrial
SO and NOy emissions.

Manufacturing Industries

Carbon Dioxide (COz), Volatile
Organic Compounds (VOCs), PM

About 25.8% of India's total CO-
emissions from fuel combustion.

Transport CO., NOy, PM Approximately 14% of India's
total greenhouse gas emissions.
Agriculture Methane (CHa), Nitrous Oxide About 14% of India's total
(N20) greenhouse gas emissions.
Residential CO., PM Around 4% of India's total

greenhouse gas emissions.

Types of Pollution Generated by Industrial Facilities

Industrial operations are major contributors to several forms of environmental pollution:

Air Pollution

Particulate matter (PM): According to the Central Pollution Control Board (CPCB), many Indian
cities exceed the World Health Organization's (WHO) annual average guidelines for PM2.5 (fine
particles). Industries are major contributors to this pollution. For instance, in Delhi, a city heavily
impacted by industrial emissions, PM2.5 levels have often surpassed the WHO's safe limit of 10 pg/m?3.*
According to WHO, over 80% of Indian cities with monitoring stations exceed safe PM2.5 levels, with
cities like Delhi, Kanpur, and Varanasi being among the most polluted. To combat this, the market for
particulate control devices has expanded significantly. Dust suppression systems, such as water
sprinklers and fog cannons, are in high demand in construction and mining sectors. Electrostatic
precipitators (ESPs) and fabric filters (baghouses) are increasingly used in industries like cement, steel,
and pharmaceuticals to control emissions. Additionally, the installation of ambient air quality monitors

is growing in urban and industrial areas for real-time tracking and regulatory compliance.

Gaseous pollutants: The CPCB reports significant levels of sulfur oxides (SOx) and nitrogen oxides
(NOx) in industrial areas, primarily due to the burning of fossil fuels in power plants and other
industries. In regions like the Indo-Gangetic Plain, which is home to numerous industrial facilities, SOx
and NOx emissions have been linked to acid rain and respiratory health problems. NOx emissions are
rising due to fossil fuel combustion in industries and vehicles, with the Delhi-NCR region contributing

over 35% of the country’s total NOx emissions. The Indo-Gangetic Plain, a hub for heavy industrial

PM2.5 refers to particulate matter with a diameter of 2.5 micrometers or smaller. These fine particles are used as an

indicator of air pollution and are capable of penetrating deep into the lungs and bloodstream.
PM2.5 levels are typically measured in micrograms per cubic meter (Lg/m?)
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activity, faces severe pollution-related challenges such as acid rain and respiratory health problems. To
address these issues, Flue Gas Desulfurization (FGD) systems have become mandatory in coal power
plants, driving an estimated market growth of 10-12% CAGR. Selective Catalytic Reduction (SCR)
systems for NOx control are widely adopted in power plants, refineries, and cement industries.
Additionally, activated carbon filters are gaining traction for managing volatile organic compounds

(VOCs) alongside NOx and SOx emissions.

- Hazardous air pollutants: While specific data on hazardous air pollutants from industries is limited,
studies have identified elevated levels of lead, mercury, and other toxic substances in areas with heavy
industrial activity. For example, in the vicinity of lead smelters and battery manufacturing plants, lead
exposure has been documented to cause serious health issues, particularly in children. Studies show that
areas near smelters and industrial facilities have 20-30% higher levels of heavy metals in soil and air
than non-industrial zones. Additionally, emissions of toxic substances like benzene and formaldehyde
in the chemical and pharmaceutical industries pose significant risks. The market for controlling
hazardous pollutants is expanding, with heavy metal scrubbers being deployed near smelting and
processing facilities. Mercury control technologies, such as activated carbon injection systems and
HEPA filters, are being adopted in thermal power plants. Advanced gas analyzers and detection systems
are increasingly used in industrial clusters to monitor and regulate emissions, while emission control

systems are being implemented in chemical and pharmaceutical plants.

Industrial zones in Maharashtra (Mumbai, Pune), Gujarat (Ahmedabad, Surat), and Odisha (Bhubaneswar,
Rourkela) are emerging as pollution hotspots, driven by industrial growth. Urban centers like Delhi, Bengaluru,

and Mumbai face compounded effects of industrial and vehicular pollution, making air pollution a critical issue.

Large scale industrialization in countries in India, excessive dependence on coal based thermal power plants,
together with tightening environmental regulations is increasing the demand for air pollution solutions. In
India, the Central Pollution Control Board has been revising the permissible emission level upwards regularly,
triggering demand for pollution control equipment. Thus, the market for air pollution control equipment in
India is projected to grow at a CAGR of 8-10% from 2023 to 2030, fueled by regulatory pressure and the
expansion of industrial activities. Innovations in real-time monitoring systems with loT and Al integration are
enhancing the efficiency and appeal of pollution control devices, signalling a strong growth trajectory for this

sector.

Water Pollution

- Industrial Effluents: A considerable number of industrial effluents are released directly into India's
water bodies, causing widespread contamination. The Central Pollution Control Board (CPCB) reports
that industries in high-density regions, such as around the Ganges, release untreated or partially treated

waste, including heavy metals, organic pollutants, and toxic chemicals, that severely degrade water
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quality. The Ganges River, in particular, is heavily polluted by discharge from tanneries, chemical
plants, and textile industries. These pollutants affect aquatic biodiversity and raise health concerns for

communities relying on these water sources for daily needs.

- Industrial Waste: According to estimates, Indian industries generate millions of tons of solid waste
every year, including non-biodegradable and hazardous materials. The electronics industry is a major
contributor to e-waste, which often contains valuable yet hazardous substances like lead, mercury, and
cadmium. When improperly disposed of, these materials seep into groundwater and rivers,
contaminating drinking water supplies and agricultural land. The CPCB's data highlights that cities like
Delhi, Bengaluru, and Chennai are the largest contributors to e-waste, accounting for over 80% of

India's e-waste.

- Hazardous Waste: Hazardous industrial waste poses a significant threat to water bodies. The CPCB
estimates that India generates thousands of tons of hazardous waste each year, including from sectors
like healthcare and chemicals. When improperly handled or disposed of in open sites, these wastes lead
to soil and water contamination, with potentially severe health implications. A study showed that
groundwater near industrial hubs in states like Gujarat and Maharashtra contains high levels of heavy

metals, making it unfit for drinking.

Solid Waste

- India's rapid industrialization and technological advancements have led to a significant increase in solid
waste generation, including hazardous and electronic waste (e-waste). While the most recent data from
the Ministry of Environment, Forest and Climate Change and the Central Pollution Control Board

(CPCB) is from 2021-2022, estimates suggest that India's e-waste generation has continued to rise.

- The 2022 E-Waste Management Rules aim to address this growing challenge by strengthening extended
producer responsibility (EPR) for e-waste manufacturers, producers, and recyclers. These rules mandate
compliance with eco-friendly recycling standards and a shift from informal sector practices to formal,
regulated methods. This helps to ensure responsible recycling of valuable metals and mitigate the risks

of hazardous material contamination.

- Additionally, the Hazardous and Other Wastes (Management and Transboundary Movement) Rules of
2016 continue to regulate hazardous waste, aiming to limit environmental pollution, particularly by

restricting the import of hazardous materials into India.

Noise Pollution
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- Industrial zones in major Indian cities, including Mumbai, Kolkata, and Delhi, consistently experience
noise pollution levels that exceed the permissible limits set by the Central Pollution Control Board
(CPCB). In many cases, noise levels in these areas can rise above 85 decibels (dB), significantly
surpassing the CPCB’s recommended thresholds of 75 dB during the day and 70 dB at night for
industrial locations. Such elevated noise levels in these urban industrial clusters present substantial
health risks. Chronic exposure to noise above these limits has been associated with adverse health

effects, including hearing loss, heightened stress, and increased likelihood of cardiovascular problems.

- Beyond the immediate impact on industrial workers, noise pollution from industrial activities affects
surrounding residential areas. Residents living near these industrial clusters frequently report
disturbances to sleep and an increased risk of stress-related illnesses, including hypertension and heart
disease. Studies from organizations like the National Institute of Environmental Health Sciences
(NIEHS) and the CPCB indicate that sustained exposure to noise pollution is linked to elevated blood
pressure and impaired cognitive performance, further underscoring the need for effective noise control

measures in high-density urban industrial zones

Soil Pollution

- India faces significant soil contamination challenges, particularly in areas with high concentrations of
industrial activity, although comprehensive nationwide data on soil pollution remains limited. Reports
from heavily industrialized zones, especially in states like Gujarat and Maharashtra, reveal extensive
soil contamination stemming from various industrial practices, including chemical spills, accidental
leaks, and improper disposal of hazardous materials. These incidents introduce toxic substances into
the soil, including heavy metals like lead, cadmium, and arsenic, which persist in the environment and

cause long-term soil degradation.

- The Central Pollution Control Board (CPCB) has identified that soil contamination in these regions not
only disrupts agricultural productivity by reducing crop quality and yield but also poses significant
health risks. Contaminated soil often impacts water resources, and toxins from the soil can leach into
nearby water supplies or enter the food chain, posing risks to human health. Chronic exposure to heavy
metals through food and water consumption is linked to various health issues, including kidney damage,
neurological disorders, and other long-term health conditions. In Gujarat and Maharashtra, where the
chemical and petrochemical industries are prominent, such contamination has led to concentrated

efforts to monitor soil quality and develop remediation measures.
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Existing Pollution Control Measures and Technologies

Industries today employ a sophisticated array of technologies to mitigate pollution and ensure environmental
sustainability. These methods are designed to minimize the release of harmful substances into the air, water,

and soil.
Wastewater Treatment Plants

Wastewater treatment plants are crucial for purifying industrial effluents before they are discharged into water
bodies. These facilities utilize a combination of physical, chemical, and biological processes to remove
contaminants such as organic matter, suspended solids, nutrients, and heavy metals. Advanced technologies like
membrane bioreactors, activated sludge processes, and biological aerated filters are increasingly being adopted
to achieve higher removal efficiencies and produce cleaner effluent. Industries are increasingly adopting
advanced technologies to enhance efficiency, comply with stricter environmental regulations, and achieve
sustainable water management. Below is a detailed breakdown of the key technologies used in wastewater

treatment and the devices applied in these processes.

1. Filtration Technology

Overview:
Filtration is a physical process used to remove suspended particles, debris, and other impurities from

wastewater. It is often used as a primary or secondary treatment step in wastewater treatment plants.
Key Devices and Applications:

o Sand Filters: Utilize layers of sand to trap particles. Widely used in municipal wastewater treatment

and industrial applications like food and beverage processing.

e Membrane Filtration Systems: Advanced systems like ultrafiltration (UF), nanofiltration (NF), and
reverse osmosis (RO) are effective for removing smaller particles, microorganisms, and dissolved salts.

Commonly used in industries like pharmaceuticals, electronics, and desalination.

o Disc Filters: Compact filtration devices designed for high flow rates. Ideal for irrigation water treatment

and industrial cooling processes.
Latest Developments:

e Ceramic Membranes: Known for their durability and chemical resistance, these membranes are

gaining popularity in harsh industrial environments.

¢ Smart Sensors in Filtration Systems: Sensors monitor water quality in real time, ensuring optimal

filtration performance.

2. Sedimentation Technology
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Overview:
Sedimentation involves the gravitational settling of suspended solids. It is typically used as a preliminary

treatment step to reduce the solid load before further treatment.
Key Devices and Applications:

o Clarifiers: Large tanks where solids settle at the bottom, and clear water is skimmed from the top.

Common in municipal wastewater and power plants.

e Lamella Clarifiers: Compact devices with inclined plates to speed up the sedimentation process.

Widely used in space-constrained industrial facilities.

¢ Centrifuges: Separate solids from liquids using centrifugal force. Effective in mining, food processing,

and textile industries.
Latest Developments:

e High-Rate Sedimentation Tanks: Optimized for rapid settling, these are gaining traction in high-

volume treatment plants.

e Automated Sludge Removal Systems: Ensure consistent performance and reduce maintenance

downtime.

3. Ion Exchange Technology

Overview:
Ion exchange involves the exchange of ions between a solid (resin) and liquid to remove dissolved contaminants

like heavy metals, nitrates, and hardness-causing ions.
Key Devices and Applications:

¢ Ion Exchange Columns: Cylindrical vessels packed with resin. Used extensively in industries like

chemical manufacturing, power generation, and water softening.

e Mixed-Bed Ion Exchangers: Combine cation and anion exchange resins for high-purity water

production, particularly in electronics and pharmaceutical industries.

¢ Continuous Ion Exchange Systems: Allow uninterrupted operation by regenerating resins on the fly,

suitable for high-capacity industrial processes.
Latest Developments:

¢ Selective Ion Exchange Resins: Designed to target specific contaminants, improving removal

efficiency for heavy metals like lead, arsenic, and mercury.
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¢ Regeneration Optimization: Innovations in resin regeneration techniques are reducing chemical usage

and operational costs.

4. Biological Treatment Technologies

Overview:
Biological treatment processes use microorganisms to degrade organic pollutants, nutrients, and some inorganic

substances in wastewater.
Key Devices and Applications:

e Activated Sludge Systems: Use aeration tanks where microorganisms break down organic matter.

Predominantly used in municipal wastewater treatment.

e Membrane Bioreactors (MBRs): Combine biological treatment with membrane filtration for

advanced purification. Popular in industries like pharmaceuticals, food processing, and hotels.

e Biological Aerated Filters (BAFs): Employ microorganisms attached to a medium to degrade

pollutants. Widely used in urban wastewater treatment.
Latest Developments:
e Bioaugmentation: The introduction of specialized microbial strains to enhance pollutant breakdown.

¢ Advanced Sensors for Process Monitoring: Ensure optimal microbial activity by tracking parameters

like oxygen levels and nutrient concentration.

5. Chemical Treatment Technologies

Overview:
Chemical treatment involves the use of reagents to neutralize, coagulate, or precipitate contaminants in

wastewater.
Key Devices and Applications:

e Coagulation and Flocculation Units: Mix chemicals like alum or polyaluminum chloride to aggregate

fine particles into larger flocs for easier removal. Common in textile and dyeing industries.

¢ Neutralization Tanks: Adjust pH using acids or bases, ensuring water meets discharge standards. Used

in mining and chemical industries.

e Advanced Oxidation Processes (AOPs): Employ ozone, hydrogen peroxide, or UV light to oxidize

and break down complex organic compounds. Effective in pharmaceutical and pesticide manufacturing.

Latest Developments:
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¢ Electrochemical Treatment Systems: Use electricity to generate coagulants on-site, reducing

chemical handling and costs.
e Catalytic Oxidation: Enhances the efficiency of AOPs for treating recalcitrant pollutants.

6. Advanced Treatment Technologies

Overview:
Advanced technologies aim to achieve near-zero liquid discharge (ZLD) or high-quality effluent suitable for

reuse.
Key Devices and Applications:

¢ Electrodialysis Reversal (EDR): Uses electricity and membranes to desalinate and deionize water.

Suitable for brackish water treatment.

¢ Vacuum Evaporators: Concentrate wastewater into a small volume of sludge while recovering clean

water. Used in metal finishing and petrochemical industries.

e Zero Liquid Discharge Systems: Integrate multiple technologies like RO, evaporation, and

crystallization to recover maximum water and minimize waste.

Latest Developments:
¢ Energy-Efficient RO Systems: Incorporate energy recovery devices to lower power consumption.

e Al and Machine Learning: Optimize advanced treatment processes by analyzing operational data and

predicting system performance.

Air Pollution Control Systems

To reduce air pollution, industries rely on a variety of emission control devices. Some of the most common

technologies include:

¢ Electrostatic Precipitators: These systems use electrostatic forces to capture fine particulate matter,

such as dust and soot, from flue gases.

o Fabric Filters (Bag Filters): These filters use fabric bags to trap particulate matter, offering high

efficiency in removing dust and other airborne pollutants.

e Scrubber Systems: Scrubbers use liquid solutions to absorb or neutralize gaseous pollutants like

sulfur dioxide and nitrogen oxides.

e Catalytic Converters: These devices convert harmful pollutants like carbon monoxide, nitrogen

oxides, and hydrocarbons into less harmful substances.
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Emerging Trends and Opportunities in Pollution Control

India's industrial sector is undergoing a significant transformation, prioritizing sustainable practices and
innovative technologies to address environmental challenges. Here are some key trends shaping the future of

pollution control in India:

e Energy Efficiency and Renewable Energy Integration

- Advanced Cooling Technologies: Industries are adopting energy-efficient cooling systems, such as
adiabatic cooling and evaporative cooling, to reduce energy consumption and greenhouse gas

emissions.

- Renewable Energy Integration: The increasing adoption of solar and wind power in industrial
processes is reducing reliance on fossil fuels and lowering carbon footprints. The government's
initiatives, such as the Production Linked Incentive (PLI) scheme for solar manufacturing, are further

accelerating this trend.

e  Circular Economy Principles

- Waste Reduction and Recycling: Industries are implementing strategies to minimize waste generation
and maximize resource recovery. This includes adopting zero-waste practices, recycling materials like
plastics, metals, and paper, and recovering energy from waste through technologies like waste-to-

energy.
- Sustainable Material Sourcing: The focus is on sourcing materials from responsible suppliers and
using recycled or renewable materials. This helps reduce environmental impact and ensures long-term

sustainability.

o Digital Technologies and IoT

- Real-time Monitoring and Control: Advanced sensors and [oT devices enable real-time monitoring
of pollution levels, energy consumption, and equipment performance. This data-driven approach allows

for timely interventions and optimization of processes.

- Predictive Maintenance: By analyzing equipment data, industries can predict potential failures and

schedule maintenance proactively, reducing downtime and energy consumption.
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Pollution Control in Mining Operations
India is one of the largest mining hubs globally, with significant reserves of coal, iron ore, bauxite, limestone,

and precious metals. The sector contributes approximately 2.5% of the country’s GDP and employs millions
across direct and indirect roles. Mining operations are primarily concentrated in states like Jharkhand, Odisha,
Chhattisgarh, Karnataka, and Rajasthan, which host extensive deposits of minerals critical to infrastructure and
industry. Despite its economic significance, the mining sector faces substantial environmental challenges,
including air, water, and soil pollution. The mining sector in India is undergoing a transformation as companies
adapt to stricter environmental regulations and adopt sustainable practices. While challenges remain, such as
high compliance costs and technological gaps, the integration of advanced pollution control equipment and
adherence to mandatory regulations provide a pathway to sustainable mining operations. By aligning industry
practices with environmental goals, the mining sector can contribute to economic growth while minimizing its

ecological impact.

Challenges Faced by the Mining Industry:
1. High Compliance Costs: Implementing pollution control measures requires significant capital

investment, particularly for smaller mining operations.

2. Water Scarcity: Mining operations in arid regions face challenges in maintaining water-intensive

pollution control practices.

3. Technological Gaps: Limited access to advanced technologies for pollution control, especially in

remote or underdeveloped regions.

4. Regulatory Compliance: Stringent environmental norms and delays in securing clearances impact

project timelines and profitability.

5. Community Resistance: Mining activities often face opposition due to their environmental and social

impacts, necessitating better stakeholder engagement.

Pollution Control Equipment (PCE) Potential in the Mining Sector:

The growing focus on environmental sustainability has opened up significant opportunities for Pollution Control
Equipment (PCE) in the mining sector. With increased regulatory oversight, mining companies are adopting

advanced technologies such as:

1. Dust Suppression Systems: Water sprinklers, fog cannons, and chemical dust suppressants to reduce

particulate matter emissions.
2. Effluent Treatment Plants (ETPs): Recycling and treatment of mining wastewater.

3. Tailings Management Systems: Modern containment facilities for tailings to prevent leachate

contamination.
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4. Air Monitoring Devices: loT-enabled systems for real-time tracking of air quality around mines.
5. Carbon Capture and Storage (CCS): Reducing CO: emissions in coal mining operations.
The adoption of PCE not only ensures compliance with environmental norms but also enhances operational

efficiency, reducing long-term environmental liabilities.

Types of Pollution Generated by Mining Activities

Mining operations, while vital to economic growth and resource acquisition, can significantly impact the

environment. Key pollutants associated with mining include:
Dust Pollution:
¢ Source: Generated by activities like drilling, blasting, excavation, transportation, and ore processing.

o Impact: Fine dust particles can cause respiratory ailments such as silicosis and chronic bronchitis,
particularly affecting workers and nearby communities. Dust also settles on nearby vegetation,

disrupting photosynthesis and reducing plant health, impacting biodiversity in surrounding areas.

India is the world's second-largest coal producer and ranks third in global emissions from coal mining. In 2020,
emissions were estimated at 22 million metric tons of CO: equivalent, with projections reaching 45 million

metric tons by 2050.5
Noise Pollution:
e Source: Caused by heavy machinery operations, transportation, blasting, and crushing activities.

¢ Impact: Prolonged exposure to loud noise, often exceeding 85 decibels, can lead to hearing loss, stress,
and disturbed sleep patterns for both workers and local residents. Noise pollution also disrupts local

wildlife, affecting breeding and feeding patterns.
Water Pollution:

¢ Source: Stemming from acid mine drainage, leaching of heavy metals, sediment runoff, and chemical

spills used in ore processing.

e Impact: Acidic and metal-laden runoff can seep into groundwater and flow into rivers, affecting
drinking water sources and harming aquatic ecosystems. Acid mine drainage, which can persist long
after mine closure, poses long-term risks, rendering water toxic to fish and other organisms and posing

potential health hazards for human communities.

35 https://www.epa.gov/cmop/emissions-coal-mining-india
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Existing Pollution Control Measures and Technologies

Mining companies are increasingly implementing technologies to mitigate these adverse environmental effects.

Key pollution control measures include:
Dust Control:

e Water Spray Systems: Routinely spray water on exposed surfaces, reducing airborne particles in high-

traffic areas.

e Chemical Dust Suppressants: Apply eco-friendly chemical agents that bind dust particles, forming a

crust that reduces dust lift-off from surfaces.

e Dust Collection Systems: Use advanced devices like bag filters, cyclones, and electrostatic
precipitators to capture dust from exhaust systems, especially effective in enclosed spaces and

processing plants.
Noise Control:

e Noise Barriers: Physical barriers, such as acoustic walls and natural vegetation buffers, help block and

absorb sound waves, reducing noise for nearby residents and wildlife.

e Silencers: Machinery equipped with silencers or mufflers reduces engine noise, a common sound

source in mining.

¢ Remote Control Operations: Operate noisy equipment remotely, allowing workers to maintain a safe

distance from high-noise areas and minimizing their exposure.
Water Pollution Control:

e Water Treatment Plants: Use processes like filtration, sedimentation, and ion exchange to treat

contaminated water and ensure compliance with environmental regulations before discharge.

¢ Sedimentation Ponds: Capture suspended solids from runoff water, reducing turbidity and preventing

harmful sedimentation in nearby water bodies.

e Wetland Treatment Systems: Create constructed wetlands that leverage natural filtration, where

plants absorb and transform pollutants, providing an eco-friendly water treatment solution.

e Chemical Treatment: Introduce chemicals to neutralize acidity and precipitate heavy metals, allowing

for safer discharge and protecting local water quality.

Emerging Trends and Opportunities for Pollution Control in the Mining Sector
Mining activities, while critical for economic growth, pose significant environmental challenges, including air
and water pollution, habitat destruction, and soil degradation. Recognizing these concerns, governments and

international organizations have implemented stringent environmental regulations to mitigate the environmental
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impact of mining operations and promote sustainable practices. Below is an expansion on key regulations and

practices that advocate pollution control in the mining sector:

Air Pollution Control:

e Air Act, 1981 (India): Enforces dust and emissions control through systems like sprinklers and fog
cannons.

e Clean Air Act (US): Mandates advanced dust control and air monitoring to meet emission limits.

¢ Best Available Techniques (EU): Requires using enclosed systems and filters under the Industrial
Emissions Directive.

Water Management:
e  Water Act, 1974 (India): Prohibits untreated effluent discharge; mandates effluent treatment plants.
¢ EPA Standards (US): Regulates mining wastewater quality to prevent heavy metal contamination.
e MMDR Act, 1957 (India): Requires water and waste management for mining leases.

e Global Tailings Standards: Establishes safe tailings dam practices to minimize water risks.

Soil Conservation and Land Reclamation:

e Environment Protection Act, 1986 (India): Mandates rehabilitation of mined land and topsoil

restoration.

e Forest Conservation Act, 1980 (India): Enforces compensatory afforestation for forest land mining.

e Surface Mining Control Act (US): Requires mined land restoration to pre-mining conditions.
Noise and Vibration Control:

e Environmental Clearance (India): Imposes limits on noise levels; promotes quieter machinery.

e Mine Health and Safety Regulations: Advocates noise barriers and regular monitoring.
Waste Management:

e Hazardous Waste Rules, 2016 (India): Governs hazardous mining waste disposal and recycling.

e EU Mining Waste Directive: Specifies safe storage and post-closure waste management.
International Commitments:

e Paris Agreement: Promotes low-carbon technologies in mining,.

e SDGs (UN): Encourage sustainable mining practices (e.g., SDG 12, 13).
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e Equator Principles: Ensure environmental and social compliance for financed projects.

As environmental regulations tighten and sustainable practices gain importance, mining companies are

increasingly investing in advanced technologies and sustainable solutions, including:
Digitalization and IoT (Internet of Things):

¢ Real-Time Environmental Monitoring: IoT-enabled sensors continuously track air quality, noise
levels, and water quality, allowing for real-time adjustments and better compliance with environmental

standards.

e Predictive Maintenance: [oT and data analytics are used to predict equipment maintenance needs,

reducing unexpected breakdowns that may lead to emissions and hazardous spills.

e Resource Optimization: Using data analytics to optimize material usage, minimizing waste and

reducing environmental impact.
Advanced Materials and Nanotechnology:

e Dust Suppression Materials: Development of biodegradable, eco-friendly polymers that can be

sprayed on mine surfaces to reduce dust emissions.

¢ Nanotechnology-Based Filtration: Nanoparticles can remove specific pollutants with higher

precision, enabling targeted treatment of metals, organics, and other contaminants in mine wastewater.
Renewable Energy Integration:

e Renewable Power Sources: Mines located in remote areas increasingly turn to solar, wind, and

hydropower, reducing reliance on fossil fuels and lowering greenhouse gas emissions.

¢ Energy-Efficient Equipment: Adoption of energy-efficient machinery, such as electric vehicles for

hauling and drilling, reduces fuel consumption and carbon emissions.
Circular Economy Principles:

¢ Recycling and Reuse of Waste: Incorporating waste rock, tailings, and byproducts into construction

materials or as fill material in other mining projects helps reduce waste and conserve natural resources.

e Waste Minimization: Applying lean mining practices to reduce material consumption, optimize
processes, and recover valuable byproducts, ultimately lowering the volume of waste generated and

enhancing profitability.
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Regulatory Landscape

In terms of production of pollution control equipment, there are no major operational constraints which has
resulted in the development of domestic production capabilities. Both multinational and domestic firms have
established strong presence. Policy measures that have encouraged foreign investment together with market
friendly reforms has enabled technology transfer, which has gone a long way in bridging the technology gulf

between domestic firms and multinational firms.

Policy / programs necessitating the use of Pollution control equipment and machineries.

India has a comprehensive regulatory framework to ensure environmental protection and pollution control. Key

policies and regulations governing pollution control include:
e The Air (Prevention and Control of Pollution) Act, 1981

The Air (Prevention and Control of Pollution) Act, 1981 was enacted to control and reduce air pollution,
empower pollution control boards, and create a framework for monitoring and managing air quality across
India. This Act is a response to growing industrial emissions, urbanization, and concerns about the impact
of air pollution on public health and the environment. It enables the Central Pollution Control Board
(CPCB) and State Pollution Control Boards (SPCBs) to set air quality standards and regulate emissions

from various sources.
Establishment of Air Quality Standards

i.  Ambient Air Quality Standards: CPCB sets specific limits for pollutants like sulfur dioxide (SO.),
nitrogen oxides (NOx), carbon monoxide (CO), particulate matter (PM10, PM2.5), and ozone (Os).
These limits differ depending on the area’s designation (residential, industrial, or ecologically

sensitive).
Permissible Limits by Zones:

i.  Industrial Zone: Standards here are higher, considering the presence of factories and industrial
activities, though emissions still must comply with prescribed limits to prevent significant air quality

degradation.

ii.  Residential Zone: Stricter limits are applied in residential areas to ensure minimal impact on public
health.

iii.  Sensitive Zone: The strictest standards apply around sensitive ecological and natural regions, such as

forests, national parks, and water bodies.

Emission Limits and Permitting System
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ii.

Emission Standards for Industries: Industries such as thermal power plants, cement factories, and
manufacturing units are required to adhere to limits on emissions of pollutants, including particulate

matter, sulfur dioxide, and nitrogen oxides.

Permit System: Factories and businesses must obtain “Consent to Establish” and “Consent to Operate”
permits from the SPCBs, certifying that they meet air quality and pollution standards. Permit renewals

depend on adherence to these standards, making compliance a prerequisite for continued operation.

Monitoring and Reporting

il.

Continuous Emission Monitoring Systems (CEMS): High-emission facilities are required to install
CEMS, which monitor pollutants in real-time. The data is then submitted to the SPCBs, allowing for

immediate corrective action if standards are exceeded.

Air Quality Index (AQI): Urban areas are increasingly monitored through AQI systems, giving daily
updates on air quality levels and warning the public during high pollution events. AQI measures

particulate matter, sulfur dioxide, nitrogen dioxide, and ozone levels to assess air quality.

Authority and Enforcement

ii.

iii.

Central and State Pollution Control Boards: The CPCB and SPCBs hold inspection and enforcement
authority under this Act. They can conduct surprise inspections, review facilities’ monitoring data, and

require improvements to equipment and practices.

Local Enforcement: Municipal bodies assist in controlling sources of air pollution, particularly

vehicular emissions, and play a crucial role in upholding air quality standards at the local level.

Penalties for Non-Compliance: Violators of the Air Act face penalties under the Environment
Protection Act. These penalties may include significant fines, legal proceedings, or even shutdown

orders for repeat offenders.

Penalties for Non-Compliance

1.

il.

Fines and Legal Action: Facilities violating the Act’s emission standards can be fined. Legal

proceedings can be initiated if pollution continues or is severe enough to harm public health.

Closure Orders: For severe or repeated non-compliance, the pollution boards have the authority to

close a facility’s operations until pollution control measures are properly implemented.

Notable Cases and Amendments

1

Tata Iron & Steel Co. vs. Union of India (1993): The Supreme Court directed Tata Steel to comply
with CPCB standards, a landmark case enforcing industrial responsibility for air pollution and setting a

precedent for stricter control measures across the industry.
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il.

iii.

Delhi Smog Crisis (2016): The infamous Delhi smog prompted emergency interventions, including
restricting vehicular movement, banning crop residue burning, and ordering factories to shut down
temporarily. This led to amendments targeting crop residue burning and vehicular emissions to mitigate

urban air pollution.

Revised Standards for Thermal Power Plants (2015): High emissions from coal-based power plants
prompted stricter standards, including the installation of flue-gas desulfurization (FGD) units to reduce

SO emissions.

Recent Developments in Air Pollution Control

il.

iii.

National Clean Air Programme (NCAP): Targeting a 20-30% reduction in PM 10 and PM2.5 by 2024,

NCAP focuses on 122 non-attainment cities with specific emission reduction goals.

Old Vehicle Scrapping Policy: To reduce emissions, older vehicles are incentivized for scrapping and

replacement with cleaner models.

Smog Towers and Air Purifiers: Delhi and other major cities are experimenting with smog towers to

capture airborne particulate matter, especially during peak pollution periods.

In 2018, a coal-fired power plant in Maharashtra faced penalties for failing to meet SO- emission standards, as

the plant did not install mandatory FGD units. This non-compliance was a significant contributor to poor air

quality in the surrounding area. The case prompted the Ministry of Environment, Forest and Climate Change

(MoEFCC) to enforce stricter deadlines for FGD implementation and impose financial penalties for non-

compliant power plants.

Following repeated SO: violations, MOEFCC mandated all coal-fired plants to install FGD systems by 2022,

with high fines for delays. The regulation now also includes monthly compliance reporting to prevent such

oversights.

The Environment (Protection) Act, 1986

The Environment (Protection) Act, 1986 is India’s overarching environmental legislation, aimed at
protecting the environment and preventing hazards to human beings, plants, and animals. The Act was
enacted following the Bhopal gas tragedy to provide comprehensive environmental protection. It grants the
central government sweeping powers to regulate and enforce pollution controls, oversee hazardous waste

management, and ensure compliance across various environmental standards.

Broad Scope and Authority

1.

Comprehensive Environmental Safeguards: The Act empowers the government to take all
necessary measures to prevent environmental degradation. It covers water, air, soil, and noise

pollution, hazardous substances, and ecological preservation.

Restricted Confidential



ii.  Expansive Government Authority: The Act authorizes the central government to shut down
industries, restrict harmful activities, set and enforce standards, and issue fines or initiate legal

proceedings against offenders.
Environmental Standards and Notifications

iii.  Ambient Standards: These include limits for air, water, noise, and waste discharge quality to ensure a

baseline level of environmental quality.

iv.  Industrial Regulations: The Act imposes requirements on industries to maintain pollution control

equipment, report emissions data, and operate within defined environmental standards.
Hazardous Waste Management

i.  Handling and Disposal Rules: Facilities generating hazardous waste must manage disposal safely

and legally and maintain records to track waste from generation to disposal.

ii.  Regular Audits: Industries dealing with hazardous substances must conduct frequent environmental

audits to identify risks, reduce waste, and implement safety protocols.
Authority and Enforcement

i.  CPCB and SPCBs: These boards are empowered to monitor industries, inspect sites, and act as
needed. Inspections are frequent in high-pollution sectors, such as mining, chemical manufacturing,

and energy production.

ii.  Legal Recourse for Citizens: This Act enables citizens to report environmental violations, providing

a legal framework for public interest litigation in environmental protection.
Penalties for Non-Compliance

i.  Fines and Imprisonment: Serious violators may face imprisonment and heavy fines, particularly if the

infraction results in public health hazards.

ii.  Facility Shutdowns: Repeated or dangerous pollution violations may lead to the suspension or

permanent closure of the facility.
Notable Cases and Amendments

i.  Olga Tellis vs. Bombay Municipal Corporation (1985): This case recognized the right to a

clean and safe environment, a foundation for subsequent environmental jurisprudence in India.

ii.  Ganga Action Plan: Rising pollution in the Ganges River led to one of India’s largest water clean-
up programs. The Environment Act provided the legal basis for strict measures on industrial

discharge along the river.
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iii.  Sterlite Copper Case (2018): Following years of air pollution complaints from residents, Tamil
Nadu’s government shut down Sterlite Copper’s smelting plant for violating environmental

standards, citing the Environment Protection Act.
Recent Developments

i.  Environmental Impact Assessment (EIA) Draft 2020: The EIA amendment seeks to make
environmental clearance more transparent and involve public feedback, though it has generated debate

over potential impacts on ecological protection.

ii.  Real-Time Monitoring: The government has mandated real-time air and water quality monitoring for

many industries, with data accessible to regulatory boards.

iii. ~ Carbon Trading and Offsets: India is actively exploring carbon trading as a way for companies to
offset emissions by investing in renewable and conservation projects, aligning with international

climate commitments.

In 2015, an aluminium smelting facility in Odisha faced penalties under the Environment Protection Act due to
excessive particulate matter (PM) emissions, caused by malfunctioning electrostatic precipitators (ESPs). These
emissions posed serious health risks to nearby communities. Following this incident, the Ministry of
Environment, Forest, and Climate Change (MoEFCC) raised the efficiency standards for ESPs across high-
pollution industries nationwide, setting targets for over 99% particulate capture to mitigate environmental and

health impacts.

The Environment Protection Act has since played a critical role in enforcing air and industrial pollution controls,
especially in sectors like aluminum and cement, which contribute significantly to air quality concerns in India.
Amendments to the Act have strengthened regulations to address the environmental hazards posed by industrial

operations, mandating stricter compliance and substantial penalties for non-adherence to emissions standards.

e Noise Pollution (Regulation and Control) Rules, 2000

The Noise Pollution (Regulation and Control) Rules, 2000 were established to manage and reduce noise
pollution in India, particularly in urban areas. This law categorizes areas into zones—industrial, commercial,
residential, and silence zones—and sets permissible noise limits for each. Silence zones, covering 100 meters
around sensitive areas like hospitals and schools, have the strictest limits. Loudspeakers and public address
systems are restricted, especially at night, to minimize noise disturbances. The Central and State Pollution
Control Boards monitor compliance, and local authorities enforce these limits. Violations can lead to fines,

equipment seizure, or legal action, with stricter penalties for repeat offenders.
1. Categorization of Zones and Permissible Limits

- Industrial Zone: 75 dB during the day and 70 dB at night
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- Commercial Zone: 65 dB during the day and 55 dB at night
- Residential Zone: 55 dB during the day and 45 dB at night

- Silence Zone (around hospitals, educational institutions, and courts): 50 dB during the day

and 40 dB at night
Daytime is defined as 6 a.m. to 10 p.m., while nighttime is from 10 p.m. to 6 a.m.
2. Silence Zones

- Silence zones are created within 100 meters of educational institutions, hospitals, courts, and

religious places to ensure that noise levels remain low in these sensitive areas.

- The use of loudspeakers, vehicular horns, and other sound-producing equipment is strictly

controlled in these areas.
3. Restrictions on Use of Loudspeakers and Public Address Systems

- Loudspeakers and public address systems are generally prohibited between 10 p.m. and 6
a.m., except during public emergencies or with special permission for festivals or events.
- Special permissions are limited and are often issued with specific guidelines to ensure noise

levels do not disturb surrounding areas.

4. Authority and Enforcement

- The State Pollution Control Boards (SPCBs) and Central Pollution Control Board (CPCB) are
empowered to monitor noise pollution and take action against violations.
- Local authorities, such as the police and municipal corporations, are also authorized to act on

noise pollution complaints, issue fines, and seize noise-producing equipment if needed.
5. Penalties for Non-Compliance

- Violators of noise pollution rules can face penalties under the Environment Protection Act,
which may include fines, equipment seizure, and legal action.
- Repeated violations can lead to stricter punitive actions, including revoking of business licenses

or shutdown of activities generating excess noise.
Notable Cases and Amendments

- Night-time Construction Violations: In 2015, construction companies in Mumbai faced penalties for
carrying out noisy construction activities at night in residential areas. This led to an amendment
requiring construction companies to use noise-reduction measures, such as sound barriers, and

scheduling high-noise activities during permitted hours.
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- Firecracker Regulations: The Supreme Court has also ruled on noise pollution related to firecrackers,
mandating time restrictions (only between 8 p.m. and 10 p.m. during festivals) and decibel limits for

firecrackers to reduce nighttime noise pollution.

- Vehicle Honking Restrictions: In major cities, authorities are clamping down on excessive vehicular
honking, especially in silence zones. States like Maharashtra and Karnataka have implemented honk-

free zones around hospitals and schools, with strict fines for violators.
Recent Developments

- Noise Mapping: The CPCB is working on mapping noise levels in urban areas to identify high-noise

zones and implement stricter regulations.

- Decibel Level Monitors: Some metropolitan areas, like Mumbai and Delhi, have set up noise-

monitoring stations to track compliance in real-time, particularly in silence and residential zones.

- Community Reporting: There has been an increase in community initiatives that allow residents to
report violations directly to authorities, helping ensure that noise pollution regulations are actively

enforced.

In 2018, a major construction project in Mumbai drew significant public outcry due to high noise levels that
affected surrounding residential areas and sensitive zones like hospitals and schools. Residents reported that
construction activities were generating noise levels well above the permissible 75 decibels for industrial zones,
with sound levels often reaching 90-100 decibels. This excessive noise led to health complaints among nearby

residents, including sleep disturbances, increased stress levels, and, in some cases, hearing issues.

In response to this public health concern, the government acted to strengthen the Noise Pollution (Regulation
and Control) Rules, 2000. The Ministry of Environment, Forest and Climate Change (MoEFCC) amended the
rules to enforce stricter decibel limits for high-sensitivity areas and introduced more rigorous penalties for
violations, particularly in areas near hospitals, schools, and residential neighbourhoods. Additionally, the
amendments mandated that construction activities could only operate within specific hours, generally

prohibiting work at night to minimize disruption.

To ensure compliance, authorities also increased monitoring and enforcement measures, setting up noise-
monitoring stations around major construction sites and empowering local authorities to take immediate action
against violators. These amendments not only helped reduce noise pollution in affected areas but also set a
precedent for more rigorous enforcement of noise control measures in urban settings, particularly in zones

classified as residential or sensitive.
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Government initiatives related to pollution control in India.

The Indian government has implemented several initiatives to address pollution issues and promote

sustainable development:
Swachh Bharat Mission (SBM) - Clean India Mission

Overview: Launched in October 2014, the Swachh Bharat Mission (SBM) is one of India’s largest cleanliness
drives, initiated to address two significant issues: open defecation and waste management. Its target was to make
India open-defecation-free (ODF) and improve the management of solid waste in urban and rural areas. The
campaign included constructing over 100 million toilets, developing waste management systems, and promoting

cleanliness.
Key Initiatives and Impact:

¢ Open Defecation Free (ODF) Status: By 2019, over 110 million toilets were built, and the government
declared India nearly open-defecation-free, marking a substantial improvement in sanitation and public

health, particularly in rural areas.

e Waste Management Systems: Cities across India were encouraged to implement better waste
management practices. Municipalities began segregating waste at the source, reducing dependence on

landfills, and many cities adopted recycling facilities.

Indore became a model city in waste management by implementing door-to-door waste collection, enforcing
waste segregation, and penalizing littering. This comprehensive approach helped transform Indore into one of
India’s cleanest cities, inspiring other urban centres and reducing pollution from waste burning and dumping.

The Indore model contributed to lower soil and air pollution and set a benchmark for other cities
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2. National Clean Air Programme (NCAP)

Overview: Launched in January 2019, the National Clean Air Programme (NCAP) is India’s first coordinated
national effort to combat air pollution. It aims to reduce particulate matter concentrations (PM10 and PM2.5)
by 20-30% by 2024, using 2017 as a baseline. This program targets 122 cities with significant pollution levels,
known as “non-attainment cities,” which have consistently failed to meet the National Ambient Air Quality

Standards.
Key Components:

e City Action Plans: Each targeted city developed customized action plans to address local pollution

sources, including traffic emissions, dust from construction sites, and industrial pollutants.

e  Multi-Sector Collaboration: NCAP encourages cooperation across various government bodies like
the Ministry of Environment, Forest and Climate Change (MoEFCC), the Central Pollution Control

Board (CPCB), and local municipal authorities to enforce pollution control measures.

Under NCAP, Delhi implemented GRAP, a system of escalating pollution control measures during high-
pollution seasons. GRAP includes temporary bans on construction, restricting vehicular movement, and
spraying roads to reduce dust. By 2020, these measures helped decrease Delhi’s PM2.5 levels by
approximately 15%, marking progress toward NCAP’s air quality goals.

3. National Green Tribunal (NGT)

Overview: Established in 2010, the National Green Tribunal (NGT) is India’s dedicated environmental judicial
body, formed to expedite cases related to environmental issues. It has jurisdiction over all environmental laws,

including those regulating air and water pollution, deforestation, and waste management.
Key Components:

e Speedy Dispute Resolution: NGT offers fast resolutions to environmental cases, which otherwise face

long delays in traditional courts.

e Monitoring and Compliance: The NGT mandates industrial compliance with environmental norms

and imposes penalties for non-compliance, pushing industries toward more sustainable practices.

In 2018, the NGT fined Delhi’s municipal corporations for failing to manage solid waste, which contributed
significantly to air and land pollution. In 2021, the NGT ordered industries in Punjab to control groundwater
pollution, penalizing factories exceeding permissible discharge levels. These directives reinforced industrial

compliance and protected environmental standards.
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4. FAME India Scheme (Faster Adoption and Manufacturing of Electric and Hybrid Vehicles)

Overview: Introduced in 2015, the FAME India Scheme encourages the adoption of electric and hybrid vehicles
to reduce emissions from traditional fuel-powered vehicles. Expanded as FAME II in 2019, the program offers
subsidies for EV purchases and funds the installation of charging stations to facilitate a shift toward cleaner

transportation.
Key Objectives:

e Vehicle Subsidies: Provides financial incentives for buying electric buses, two-wheelers, and four-

wheelers, encouraging both individuals and commercial fleets to adopt EVs.

o Infrastructure Development: Aims to expand EV charging infrastructure along major highways and

urban centers to support increased EV use.

Despite initiatives like the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) and
state-level subsidies to promote electric vehicle (EV) adoption, Delhi continues to struggle with severe air
pollution. As of November 2024, the city's air quality index (AQI) frequently registers in the "hazardous"
category, with PM2.5 levels surpassing safe limits by over 50 times. While EV registrations have increased,
traditional internal combustion engine vehicles still dominate Delhi's roads, contributing significantly to
nitrogen oxides (NOx) and particulate matter emissions. Studies indicate that vehicular emissions account for
approximately 51.5% of Delhi's air pollution. Additionally, thermal power plants in the Delhi-NCR region
contribute substantial pollutants, with sulfur dioxide (SO:) emissions between June 2022 and May 2023
exceeding those from agricultural stubble burning. Construction dust from ongoing projects further exacerbates
particulate pollution, while weak enforcement of regulations adds to the challenge. Seasonal factors like winter
temperature inversions trap pollutants close to the ground, and activities such as firecracker use during Diwali

worsen the situation.

The sustained poor air quality poses severe health risks, including respiratory diseases like asthma and
bronchitis, cardiovascular conditions, and reduced life expectancy. Studies suggest that prolonged exposure to
such pollution could decrease Delhi residents' life expectancy by nearly 12 years. In response, the government
has implemented measures like the Graded Response Action Plan (GRAP), which enforces restrictions on
construction activities and vehicle use during severe pollution episodes. Efforts to enhance public transport and
provide subsidies for EV adoption aim to curb emissions over time. However, these measures have not yet led
to substantial improvements due to the multifaceted nature of the problem. A more comprehensive and
coordinated approach across sectors is essential to address the crisis effectively and ensure lasting improvements

in air quality.

Restricted Confidential



5. Pradhan Mantri Ujjwala Yojana (PMUY)

Overview: Launched in 2016, PMUY provides free LPG connections to low-income households to reduce
reliance on traditional fuels like firewood and cow dung, which emit harmful pollutants. This initiative targets

rural health by promoting cleaner cooking methods and reducing indoor air pollution.
Key Components:

e Targeting Rural Health: By replacing biomass fuels with LPG, PMUY helps prevent respiratory

illnesses, particularly benefiting women and children.

e LPG Subsidies: To ensure affordability, the program offers subsidized LPG refills to rural households.

As of July 1, 2024, the Pradhan Mantri Ujjwala Yojana (PMUY) has successfully released over 10.33 crore

LPG connections to low-income households across India.

This initiative has notably increased LPG coverage from 62% in May 2016 to near saturation levels,
significantly reducing indoor air pollution and associated health risks, particularly among rural women and

children.

State-Level Adoption:

e Uttar Pradesh: Leading the adoption, Uttar Pradesh accounts for approximately 1.5 crore PMUY
connections, reflecting the state's proactive measures in promoting clean cooking fuels.

e West Bengal and Bihar: Following closely, these states have also shown substantial uptake, with over
1 crore connections each, indicating widespread acceptance of LPG as a primary cooking fuel.

¢ Rajasthan: With over 63 lakh connections, Rajasthan has made significant strides in transitioning to

cleaner energy sources, contributing to improved public health outcomes.

Health and Environmental Impact:

The transition from traditional biomass fuels to LPG under PMUY has led to a substantial decrease in indoor
air pollution, thereby reducing respiratory and other health issues among rural populations. Studies indicate that
the use of cleaner fuels lowers indoor air pollution, leading to improved respiratory health, particularly among

women and children who are traditionally more exposed to household smoke.

Economic and Social Benefits:

Beyond health improvements, PMUY has alleviated the burden on women and young girls who previously spent
considerable time collecting firewood, thus enabling them to pursue education and other economic activities.
The scheme has also spurred rural employment through the establishment of LPG distribution centers,

enhancing local economies.
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Challenges and Future Outlook:

Despite its successes, PMUY faces challenges such as ensuring consistent LPG usage among beneficiaries and
addressing affordability concerns. The government has implemented measures like targeted subsidies of 3300

per 14.2 kg cylinder for up to 12 refills annually to support PMUY consumers.

Ongoing efforts focus on enhancing awareness and accessibility to sustain the program's benefits.

In summary, PMUY has been instrumental in promoting clean cooking practices across India, leading to
significant health, environmental, and socio-economic benefits. Continued efforts are essential to address

existing challenges and ensure the long-term success of this transformative initiative.
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Competitive Landscape
The pollution control equipment industry in India operates in a competitive environment shaped by increasingly

stringent regulations, such as those mandated by the Central Pollution Control Board (CPCB) and the National
Green Tribunal (NGT). The market is dominated by a mix of large domestic and multinational players, regional
manufacturers, and innovative startups. Major players like Thermax, Alfa Laval, and Airox Technologies lead
the market with their comprehensive offerings, including electrostatic precipitators (ESPs), flue gas
desulfurization (FGD) units, and effluent treatment plants (ETPs). These companies benefit from strong
financial resources, R&D capabilities, and long-standing relationships with industrial giants in sectors such as
steel, cement, and power. India’s regulatory push, including mandates for FGD installation in coal-based
thermal power plants and zero liquid discharge (ZLD) requirements in industries like textiles and
pharmaceuticals, has intensified demand for pollution control systems. While the agricultural machinery market
is led by major players like Mahindra & Mahindra Limited, TAFE Motors and Tractors Limited, and
International Tractors Ltd. (Sonalika). These companies offer a wide range of equipment, including tractors,

harvesters, and planting machinery.
Pollution Control Equipment (PCE)

Regional manufacturers play a critical role in meeting the specific needs of small and medium enterprises
(SMEs), which account for over 50% of industrial operations in India. They focus on localized solutions, often

tailored to meet the resource and compliance constraints of smaller industries.
e Geographic Focus:

o In Gujarat and Tamil Nadu, industrial hubs for chemicals, textiles, and pharmaceuticals,
regional players provide basic effluent treatment plants (ETPs) and air pollution control devices

like scrubbers, which are essential for industries operating on limited budgets.

o Mabharashtra sees widespread use of dry scrubbers, particularly in water-scarce regions, as these

technologies eliminate the need for water-based systems.
¢ Limitations:

o Compliance with the stringent Central Pollution Control Board (CPCB) standards remains a
challenge. For example, a significant percentage of air scrubbers used by SMEs fail to meet
emission norms for particulate matter due to reliance on lower-grade materials and less

effective designs.
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Vegetation Machinery

Regional players cater to the needs of small-scale farmers, who make up 85% of Indian farmers and typically
operate on less than two hectares of land. These manufacturers provide affordable and practical machinery

solutions that are vital for fragmented and localized agricultural operations.
e Core Offerings:

o Power Tillers: Widely used in states like Kerala and Assam, power tillers enable efficient land

preparation in regions with small and irregular landholdings.

o Irrigation Equipment: Simple drip irrigation kits and basic pumps are popular in horticultural

regions like Maharashtra and Karnataka, addressing water efficiency needs.
e Market Penetration:

o In states such as Bihar and Uttar Pradesh, regional manufacturers have seen success by offering
simple threshers and rotavators, which are increasingly adopted due to government subsidies

and agricultural extension programs.
e Limitations:

o Substandard materials and lack of advanced manufacturing techniques result in shorter product
lifespans compared to offerings from national and international players, limiting their

competitiveness over time.
Technological Innovations
Pollution Control Equipment (PCE)

Technological advancements are increasingly being driven by niche players focusing on practical, compliance-

oriented solutions.
o loT-Enabled Continuous Emission Monitoring Systems (CEMS):

o Industries such as cement, steel, and power are adopting CEMS for real-time monitoring of emissions,

helping them comply with CPCB mandates.

o These systems provide accurate data to regulators, enabling better environmental compliance and

reducing penalties for non-compliance.
e Al-Based Predictive Maintenance:

o Predictive tools leveraging Al and machine learning are being used to monitor the performance of
critical pollution control equipment. This minimizes unplanned downtime, reduces operational costs,

and extends equipment life.
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o Industries are increasingly adopting these solutions to maintain productivity and avoid disruptions

during peak operations.
Vegetation Machinery

The agricultural machinery sector is embracing innovations that directly address the challenges of fragmented

landholdings, resource limitations, and labor shortages.
e Precision Farming Tools:

o GPS-enabled machinery allows farmers to plan and execute operations with precision, reducing waste
and improving productivity. These tools are seeing increasing adoption in states like Punjab and

Haryana, where land productivity is critical.
e Al-Driven Crop Management Systems:

o Startups in the sector are providing advanced soil monitoring and irrigation scheduling systems,
allowing farmers to optimize water and nutrient use. These technologies are particularly impactful in

drought-prone areas.
¢ Robotics for Harvesting and Weeding:

o Robotic tools are being used in high-value crop regions, such as vineyards and orchards, to automate
labor-intensive processes like spraying and weed management. These tools enhance efficiency and

reduce dependency on manual labor during peak seasons.

Major Entry Barriers

High Capital Investment:

o Both the pollution control equipment (PCE) and vegetation machinery industries require substantial

upfront investment in R&D, production facilities, and technological capabilities.

o InPCE, setting up a manufacturing unit for advanced technologies like flue gas desulfurization (FGD)
systems or loT-enabled emission monitors demands significant financial resources. For instance, the
FGD market for retrofitting thermal power plants alone requires an estimated investment of over INR

60,000 crore by 2030.

o In vegetation machinery, manufacturing equipment such as advanced tractors, combine harvesters,
and irrigation systems involves costly tooling and engineering processes, along with strict compliance

with global manufacturing standards.
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Regulatory and Compliance Complexity:

o The PCE sector is heavily regulated by stringent norms from the Central Pollution Control Board
(CPCB) and the National Green Tribunal (NGT). Manufacturers must ensure their products comply
with limits for particulate matter (PM2.5), sulfur dioxide (SO:), and wastewater discharge. This

requires constant innovation and upgrades.

o Similarly, the vegetation machinery industry faces regulatory checks for emissions standards for
engines (e.g., Bharat Stage VI compliance for farm equipment) and safety norms, adding to costs and

complexity for new entrants.

Entrenched Relationships:

o Established players like Thermax, Alfa Laval, and Mahindra Tractors have long-standing

relationships with industries, government bodies, and large agricultural cooperatives.

o These incumbents provide bundled solutions, including maintenance services and financial schemes,

enhancing customer retention. Breaking into these networks is challenging for new players.

Infrastructure and Supply Chain Challenges:

o Both industries rely heavily on the availability of advanced components and raw materials. For
instance, high-efficiency filters, catalytic materials, and IoT sensors for PCE often need to be

imported, making manufacturers vulnerable to supply chain disruptions and currency fluctuations.

o Similarly, critical components for vegetation machinery, such as high-performance engines and

precision parts, are not widely manufactured locally, necessitating imports and driving up costs.

Technological Expertise and Skilled Workforce:

o Developing advanced systems like IoT-enabled Continuous Emission Monitoring Systems (CEMS)

or precision agriculture machinery requires specialized technical expertise.

o The scarcity of skilled engineers and technicians for cutting-edge manufacturing acts as a barrier for

new entrants, especially in tier-2 and tier-3 cities where talent is limited.

Market Seementation and Scale:

o The PCE industry serves diverse segments, from large-scale industries like steel and cement to small
and medium enterprises (SMEs). Penetrating this segmented market with tailored solutions for

varying compliance levels is a complex task.

o Similarly, in vegetation machinery, meeting the needs of large agribusinesses while addressing
smallholder farmers’ affordability constraints requires distinct product strategies, making market

entry more demanding.
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Profiling of the Major Players

Company Name Business Profile

Isgec Heavy Engineering | Founded in 1933 as Saraswati Sugar Syndicate, Isgec is a Noida based
Ltd. company that excels in providing engineering solutions to multiple
globally across 91 countries for the past 90 years across several business
verticals. Isgec's products include Air process equipment, Air Pollution
Control Equipment, mechanical and hydraulic presses, steel and iron
castings, boiler panels and piping, and contract manufacturing of
industrial products. Isgec's also offers EPC services for setting up
industrial and utility boilers, sugar plants and distilleries, power plants,

and more.

Thermax Ltd. Incorporated in 1966 as Wanson India, Thermax Ltd is headquartered in

Pune, India and is a leading conglomerate in energy and the environment
space. Thermax offers wide range of solution heating, cooling, power
generation, water treatment and recycle, air pollution control, and
chemicals with a focus on ensuring clean air, clean energy, and clean
water. It operates globally through 34 international and 22 domestic
offices, 14 manufacturing facilities — 10 in India and 4 overseas,

spanning Europe and South- East Asia.
Unimax Pollution Control | Established in 2009, Unimax Pollution control (i) pvt. Ltd. is engaged

India Private Limited in designing and manufacturing of pollution control equipment which
includes Centrifugal blowers, Tube Axial flow fan, Air Filters and
Rotary Feeders, Cyclone separators, Multi Cyclones and Roof
Exhauster which finds application in various industries. The company

also specialises in providing customized sizes and specifications to meet

the requirements of the concerned industry.

In Vegetation Machinery segment following are the major players having presence in India

Company Name Sub-segment Key Products/Services
John Deere Landscaping Equipment | Landscaping Equipment, Trimmers, Brush Cutters
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Makita India Gardening Equipment Gardening Equipment, Trimmers, Brush Cutters

Tata Hitachi Landscaping Machinery | Mulchers, Harvestors, Landscaping Machines

Tractor Junction | Agriculture Equipment Hydroseeding Equipment, Landscape Rakes

Brush Cutters, Garden Tools, Landscaping
Honda Seil Landscaping Machinery | Machinery

Threats and Challenges

1. Economic and Financial Constraints:

o Inthe PCE industry, the high cost of technologies like FGD systems, which range from INR 1.5 crore
to 2 crore per MW, limits adoption, particularly among small-scale industries. Many SMEs opt for

low-cost, substandard solutions that fail to meet regulatory norms.

o Invegetation machinery, small-scale farmers often cannot afford advanced equipment like harvesters

or precision irrigation systems, even with government subsidies.

2. Unorganized Sector and Substandard Products:

o In PCE, the presence of an unorganized sector offering low-cost, non-compliant alternatives disrupts

market pricing and hinders progress toward environmental goals.

o Similarly, in vegetation machinery, low-quality equipment from unorganized players floods the

market, impacting customer trust and overall industry reputation.

3. Awareness and Adoption Gaps:

o Many SMEs in India remain unaware of the benefits of advanced pollution control systems and are
reluctant to invest in high-cost technologies. Regions with lax enforcement, such as Bihar and Odisha,

see reduced demand for compliant solutions.

o In agriculture, smallholder farmers often lack awareness about modern farming techniques and

equipment. Limited technical training and poor access to financing further hinder adoption.

4. Resource Constraints:

o PCE technologies like wet scrubbers require significant water and energy resources. In water-scarce
regions such as Rajasthan, these technologies are less viable, limiting their adoption despite regulatory

requirements.

o In vegetation machinery, availability of fuel for advanced equipment and inconsistent electricity

supply in rural areas restrict machinery usage, especially during critical agricultural cycles.

5. Dependence on Imported Components:
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Both industries rely on imports for high-value components. PCE manufacturers depend on imported
catalytic materials, sensors, and filters, while vegetation machinery makers require precision parts,

engines, and advanced software.

This dependence exposes manufacturers to geopolitical risks, currency fluctuations, and supply chain

disruptions, increasing costs and delivery timelines.

6. Policy Uncertainty and Delayed Implementation:

o

In PCE, delays in implementing CPCB mandates, such as the repeated extensions for FGD
installations in coal-fired plants, create uncertainty and hinder market growth. Policy inconsistencies

discourage long-term investment by both manufacturers and customers.

In the agriculture sector, fluctuating subsidy programs for machinery and inconsistent state-level

policies regarding mechanization create uncertainty for manufacturers and buyers.

7. Competition from International Players:

o

8.

o

Global PCE companies with advanced technologies and larger R&D budgets pose significant
competition to domestic players. International firms often benefit from economies of scale and
established global supply chains, making it difficult for local manufacturers to compete on cost and

innovation.

Similarly, in the agricultural machinery sector, foreign brands offering high-quality and

technologically advanced equipment are gaining traction, especially among large agribusinesses.

Industrial and Agricultural Reluctance to Meet Future Regulations:

Upcoming mandates such as stricter NOx and PM2.5 emission limits in PCE and evolving safety and
emission standards for agricultural equipment pose challenges for industries unwilling to invest due

to financial constraints or operational inertia.

9. Market Fragmentation and Regional Challenges:

o

Both industries are highly fragmented, with significant regional disparities in demand and
enforcement. For example, PCE demand is concentrated in industrial hubs like Gujarat and
Maharashtra, while agricultural machinery adoption varies based on state-level policies and crop

cycles.
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