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Introduction
Rapid urbanization, industrializa-

tion, deforestation and climate change have 
significantly affected ecological balance 
across many parts of India, including the 
ecologically sensitive North Eastern Re-
gion. Declining green cover, soil degrada-
tion, biodiversity loss and increasing envi-
ronmental pressures necessitate innovative 
and sustainable approaches to ecological 
restoration. Among various afforestation 
techniques adopted globally, the Miyawaki 
method of dense native forest plantation has 
emerged as an effective nature-based solu-
tion for rapid ecological regeneration and 
climate resilience.The Miyawaki planta-
tion technique, pioneered by the renowned 
Japanese botanist and plant ecologist Akira 
Miyawaki (1928-2021), focuses on creating 
dense native forests that grow rapidly and 
become self-sustaining within a relatively 
short period. 

The introduction of the Miyawaki 
plantation technique in North East India 
was significantly influenced by the author’s 
participation in a specialized environmen-
tal training programme in Japan sponsored 
by Japan International Cooperation Agency 

(JICA) during October 26  to December 16, 
2011. The training program entitled ‘Re-
habilitation of degraded land in Asia and 
Africa’,  provided extensive exposure to ad-
vanced environmental management prac-
tices, ecological restoration models, urban 
greening initiatives, and biodiversity con-
servation approaches implemented across 
Japan.

A major component of the training 
programme included interaction with re-
nowned Japanese botanist and ecologist  
Prof Emeritus Akira Miyawaki, whose pio-
neering work on native forest restoration 
through dense plantation methods has al-
ready  gained worldwide recognition. Field 
visits to several successful Miyawaki forests 
in Japan demonstrated the remarkable ef-
fectiveness of this method in restoring de-
graded landscapes, industrial zones, coastal 
belts, and urban ecosystems. During the 
course of the training the author also had 
the golden opportunity to take part in plant-
ing an ‘Environmental Protection Forest’ 
in Japan together with the pioneer of the 
method Akira Miyawaki himself.

Introducing Miyawaki Plantation in North East 
India: A Nature-Based Solution for Ecological 

Restoration and Climate Resilience

Dr. Shantanu Dutta
Regional Director

CPCB, Shillong 
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Introducing the Miyawaki Plantation 
in North East India

North East India possesses rich bio-
diversity and fragile ecosystems that re-
quire sustainable conservation approaches. 
The Miyawaki method can play an impor-
tant role in:

• 	Urban greening
• 	Restoration of degraded mining and in-

dustrial areas
• 	Riverbank stabilization
• 	Roadside plantation
• 	Institutional and community forestry
• 	Climate change mitigation

The approach is particularly relevant 
for environmentally sensitive regions where 
rapid ecological restoration is required.

The remarkable success of Miyawa-
ki plantations in restoring degraded land-
scapes, industrial zones, urban spaces, and 
coastal protection belts in Japan strongly 
encouraged the author to explore the feasi-
bility of introducing similar ecological resto-
ration initiatives in North East India. With 
an understanding of the ecological and en-
vironmental benefits from an environmen-
tal protection forest being planted in Japan 
and various other countries in the world, 
the author undertook extensive plantation 
initiatives in collaboration with industries, 
institutions and environmental stakehold-
ers  to introduce the Miyawaki method in 
North East India, particularly in the states 
of Assam and Meghalaya. The objective was 
to utilize native species-based dense plan-
tation techniques for ecological restoration, 
industrial greenbelt development, biodiver-
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sity enhancement and climate resilience.  
Efforts have been made  to introduce this 
innovative ecological restoration model in 
North East India. So far more than 850,000 
native saplings were successfully introduced 
across over 50 plantation pockets, primarily 
within industrial premises and environmen-
tally degraded areas in Assam and Megha-
laya.

The plantations focused on:

• 	 Restoration of degraded industrial 
landscapes

• 	 Development of dense native green-
belts

• 	 Improvement of local biodiversity
• 	 Dust and pollution mitigation
• 	 Carbon sequestration and climate ad-

aptation
• 	 Enhancement of ecological aesthetics

The Miyawaki plantations utilized 
indigenous tree and shrub species adapted 
to local climatic and ecological conditions 
of the North Eastern Region. Scientific soil 
preparation, dense multi-layer plantation, 
organic mulching and periodic maintenance 
were carried out in accordance with Mi-
yawaki principles, suitably modified. 

Several industrial organizations ac-
tively participated in the initiative by allo-
cating land within their premises for ecolog-
ical restoration and greenbelt development. 
These plantations demonstrated rapid 
growth, dense canopy formation, improved 
survival rates, and enhanced ecological con-
ditions within a relatively short period.

One of the significant outcomes of the 
initiative has been the successful transfor-
mation of underutilized and environmen-
tally stressed industrial spaces into self-
sustaining green ecosystems supporting 
local flora and fauna. The plantations have 

also contributed towards improving envi-
ronmental awareness among industries and 
local communities regarding the importance 
of native biodiversity conservation and cli-
mate-resilient ecological restoration.

The successful introduction of Mi-
yawaki plantations in Assam and Megha-
laya demonstrates the adaptability and 
effectiveness of this Japanese ecological 
restoration model under Indian conditions, 
particularly in ecologically sensitive and 
high-rainfall regions of North East India. 
The initiative highlights the potential of na-
ture-based solutions in addressing environ-
mental degradation, industrial pollution, 
and climate-related challenges while simul-
taneously promoting sustainable develop-
ment and biodiversity conservation.

Concept of Miyawaki Plantation

The Miyawaki method is based on the 
principle of restoring native forest ecosys-
tems by planting diverse indigenous species 
in dense formations. The method replicates 
natural forest conditions and accelerates 
ecological succession. The Key Characteris-
tics of Miyawaki Plantation are:

• 	Use of native and indigenous plant spe-
cies

• 	Multi-layer plantation system
• 	Dense planting pattern
• 	Rapid growth and canopy development
• 	Minimal maintenance after initial es-

tablishment
• 	Enhanced biodiversity and carbon se-

questration
Unlike conventional plantation meth-

ods, Miyawaki forests grow nearly ten times 
faster and become self-sustaining within 10-
15 years, as observed in North East India, 
compared to natural forests that may take 
over a century to mature.



18

Ecological and Environmental Benefits 
of Miyawaki technique of dense planta-
tion

The Miyawaki technique of dense 
native plantation offers significant ecologi-
cal and environmental benefits by rapidly 
restoring natural forest ecosystems using 
indigenous plant species. The  Miyawaki, 
method promotes dense multi-layer vegeta-
tion that accelerates forest growth and bio-
diversity recovery. Miyawaki forests exhibit 
high rates of carbon sequestration, thereby 
contributing effectively to climate change 
mitigation and reduction of atmospheric 
greenhouse gases. The dense vegetation im-
proves air quality by trapping dust and pol-
lutants, reduces ambient temperature, and 
enhances local microclimatic conditions. The 
extensive root systems of native species help 
prevent soil erosion, improve soil fertility, 
and increase groundwater recharge through 
better water retention. These plantations 
also provide habitat and food sources for 
birds, insects, butterflies, and other wildlife, 
thereby strengthening ecological balance 
and biodiversity conservation. In industrial 
and urban areas, Miyawaki forests serve as 
effective green buffers against noise, dust, 
and pollution while transforming degraded 
landscapes into self-sustaining green eco-
systems. As a nature-based solution, the 
Miyawaki technique demonstrates immense 
potential for ecological restoration, environ-
mental sustainability, and climate resil-
ience. Besides, rapid biomass growth con-
tributes significantly to carbon absorption 
and climate mitigation.

A successful Implementation of Mi-
yawaki Technique in North East India 

A remarkable ecological restoration 
initiative was undertaken by the author in-
side the industrial premises of Meghalaya 
Cement Limited, East Jaintia Hills district, 

Meghalaya following the Miyawaki method 
of dense native plantation. In a degraded 
parcel of land with an area of approximately 
0.42 hectares., nearly 10,500 saplings repre-
senting 52 native species were scientifically 
planted  in a single day on 12.07.2016  to 
create a dense, self-sustaining native for-
est ecosystem. The plantation was designed 
using multilayer vegetation principles with 
indigenous species suited to the climatic 
and ecological conditions of Meghalaya. 
Over the last decade, from 2016 to 2026, the 
plantation has demonstrated remarkable 
growth and ecological transformation. The 
sequential photographs documenting the 
site vividly capture the gradual evolution of 
the plantation from a barren patch of land 
into a thriving dense forest ecosystem rich 
in greenery and biodiversity. The initiative 
stands as a powerful example of how a forest 
can indeed be born within ten years through 
scientific ecological restoration inspired by 
nature.

Outcomes and Benefits

The project demonstrated encourag-
ing results within a relatively short period:

• 	 Rapid growth of vegetation
• 	 Dense canopy formation
• 	 Increased bird and insect activity
• 	 Improved green landscape
•	 Enhanced environmental awareness 

among employees and local communi-
ties

The success of the initiative high-
lighted the suitability of the Miyawaki 
method for industrial ecological restoration 
and climate adaptation in North East India.

Conclusion

The Miyawaki plantation method 
represents a scientifically proven and envi-
ronmentally sustainable approach for eco-
logical restoration and climate resilience. 
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Exposure to successful Miyawaki projects 
in Japan under the guidance of Prof. Emeri-
tus Akira Miyawaki during the Japan In-
ternational Cooperation Agency sponsored 
training programme provided valuable in-
spiration for introducing this innovative af-
forestation model in North East India.

The Miyawaki native dense planta-
tion technique is closely aligned with the 
theme of World Environment Day 2026 — 
“Inspired by Nature. For Climate. For Our 
Future.” — as it represents a powerful na-
ture-based solution for ecological restora-
tion and climate action. The plantation tech-
nique or model emphasizes the restoration 
of native biodiversity through dense planta-
tion of indigenous species, enabling rapid 
growth of self-sustaining forests. These mini 
forests significantly enhance carbon seques-
tration, improve air quality, conserve soil 
moisture, restore ecological balance, and 
support local biodiversity, thereby contrib-

uting directly to climate change mitigation 
and environmental sustainability. By recre-
ating natural forest ecosystems even within 
degraded and industrial landscapes, the Mi-
yawaki method demonstrates how solutions 
inspired by nature can strengthen climate 
resilience and promote a greener, healthier 
future for coming generations.

The successful implementation at 
Meghalaya Cement Limited demonstrates 
that Miyawaki plantations can serve as an 
effective nature-based solution for restoring 
ecological balance, improving biodiversity, 
enhancing green cover, and supporting cli-
mate resilience in the region.

With increasing environmental 
challenges and climate concerns, adoption 
of such sustainable ecological restoration 
practices can contribute significantly 
towards building a greener, healthier, and 
environmentally resilient future for North 
East India.
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Air is the fundamental foundation 
of life on Earth. At present Air Pollution 
become one of the leading environmental 
threats. Every year, 1.72 million Indians 
die from breathing air that their own lungs 
cannot tolerate. This is not a projection — it 
is documented reality from the 2025 Lancet 
Countdown on Health and Climate Change. 
India accounts for nearly 70 percent of all 
global deaths linked to air pollution. The 
economic toll is equally devastating: $339.4 
billion lost annually, nearly ten percent of 
India's GDP.

These are not abstract statistics. Be-
hind every number is a child with asthma, 
a construction worker whose lungs gave out 
at forty-five, an elderly woman whose heart 
failed during a pollution spike. Air pollution 
is the silent epidemic, accumulating quietly, 

particle by particle, in lungs designed for 
clean air but forced to process the exhaust of 
rapid industrialization. The tragedy is that 
much of this suffering is preventable. India 
has invested heavily in air quality monitor-
ing infrastructure over the past decade. The 
country now operates 595 real-time Contin-
uous Ambient Air Quality Monitoring Sta-
tions across 32 states, generating millions of 
data points daily. The data is flowing. The 
sensors are working. But the intelligence is 
missing. Most Indian cities use monitoring 
stations simply to record what has already 
happened — a continuous documentation of 
crisis that almost no one acts on until it be-
comes unbearable.

Yet this same data, if analysed with 
artificial intelligence, could predict pollution 
spikes 24 to 72 hours in advance, identify 

Breathing Woes : Transforming Air Quality 
Data Into Life-Saving Intelligence

Surajit Barua
Assistant Executive, IT Officer

Assam Pollution Control Board
Bamunimaidam
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which emission sources are responsible, and 
trigger early warnings that allow people to 
protect themselves before toxic air fills their 
neighbourhoods. The technology exists. The 
infrastructure is in place. What India needs 
now is not more sensors, but smarter use of 
the ones it already has.

India's Monitoring Infrastructure: A 
Foundation Ready for Intelligence

Manual air quality monitoring has 
been the backbone of India’s air quality as-
sessment for many years. It has helped in 
long-term trend analysis, regulatory report-
ing, compliance verification and scientific 
understanding of pollution levels. However, 
manual monitoring has certain limitations 
in the present context. Samples are collect-
ed periodically, analysed in laboratories and 
reported later. As a result, it may not cap-
ture sudden pollution peaks caused by traf-
fic congestion, construction activities, indus-
trial emissions, biomass burning, weather 
changes or festival-related activities. By the 
time the data is available, the pollution epi-
sode may have already affected the public. 
This delay makes manual monitoring useful 
for documentation, but less effective for im-
mediate action. 

Continuous Ambient Air Quality 
Monitoring Stations, or CAAQMS, address 
this gap by providing near real-time air 
quality data. These stations continuously 
measure key pollutants such as PM2.5, PM10, 
SOX, NOX, CO, O2 and other parameters, and 
transmit the data to central servers. This 
allows regulators to understand how pol-
lution changes throughout the day during 
traffic hours, industrial operations, weather 
variations and local activities. Unlike man-
ual monitoring, CAAQMS helps authorities 
know the present air quality condition al-
most immediately, making the system more 
suitable for timely intervention. 

The advantage of CAAQMS is not 
limited to real-time display of pollution lev-
els; it supports several important areas of 
air quality management. It improves public 
awareness by allowing citizens, especially 
children, elderly people and patients with 
asthma or heart disease, to take precautions 
based on current air quality. It strengthens 
regulatory response by helping authorities 
detect sudden pollution spikes and plan 
field inspections while the incident is still 
active. It also supports hotspot identifica-
tion, as repeated high values at a particular 
location may indicate pressure from traffic, 
industries, dust or burning. Further, hour-
ly or sub-hourly data helps in trend and 
pattern analysis, showing morning traffic 
peaks, evening pollution build-up, seasonal 
changes and weekday–weekend variations.

CAAQMS data creates the founda-
tion for AI- and Machine Learning-based 
air quality prediction because continuous 
stations generate large volumes of time-
series observations. When this data is com-
bined with meteorological parameters such 
as wind speed, wind direction, tempera-
ture, humidity and rainfall, AI models can 
learn pollution behaviour and forecast like-
ly air quality conditions for the next 24 to 
72 hours. This helps authorities move from 
a reactive system to a preventive system, 
where early warnings and control measures 
can be planned before AQI reaches “Very 
Poor” or “Severe” levels.

India’s shift from manual to continu-
ous monitoring has accelerated significantly, 
especially after the launch of the National 
Clean Air Programme in 2019, which priori-
tised stronger monitoring in non-attainment 
cities. From fewer than 20 CAAQMS sta-
tions in 2010, India now has 595 real-time 
stations across 289 cities as of May 2026, 
with 186 stations added between 2022 and 
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2026 alone. However, manual monitoring 
still remains important for laboratory-based 
analysis, gravimetric validation, chemical 
characterisation and legal/regulatory pur-
poses. Therefore, the best approach is an in-
tegrated system where CAAQMS provides 
speed, continuity, public information, early 
warning and AI-ready data, while manual/
NAMP stations provide validation, detailed 
analysis and regulatory reliability. To-
gether, both systems can create a stronger 
and more intelligent air quality monitoring 
framework.

The Data Gap That Remains

Despite impressive CAAQMS expan-
sion, significant gaps remain. Of India's 
289 cities with continuous monitoring, 75 
stations (12.6 percent) are currently inac-
tive and 35 (5.9 percent) experience data 
transmission delays. Some states have em-

braced real-time monitoring enthusiastical-
ly — Maharashtra with 103 stations, Uttar 
Pradesh with 63 — while others lag far be-
hind. The entire Northeast region, covering 
eight states and 46 million people, operates 
just 20 CAAQMS stations.

More fundamentally, even 595 
CAAQMS stations cannot provide wall-to-
wall coverage across India's 3.28 million 
square kilometers. Smaller cities, rural ar-
eas, and regions distant from major metros 
remain largely unmonitored in real time. 
This is where the next technological leap 
— integrating CAAQMS data with satel-
lite observations through machine learning 
— becomes critical. Ground sensors pro-
vide accuracy and regulatory validity; sat-
ellites provide spatial coverage; AI models 
fuse both to create high-resolution pollution 
maps for areas without monitors.
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The numbers show concentrated 
monitoring in states with large populations 
and industrial activity. Maharashtra leads 
with 103 stations, followed by Uttar Pradesh 
(63), Delhi (47), and Rajasthan (46). These 

four states account for 43 percent of India's 
monitoring infrastructure. The challenge is 
not the sensors — it is what comes next.
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Advanced States and Global Success: 
Showing What Is Possible

Delhi's SAFAR System: When Delhi pre-
pared for the 2010 Commonwealth Games, 
the System of Air Quality and Weather Fore-
casting and Research (SAFAR) was inaugu-
rated as India's first operational air quality 
forecasting framework. By 2018, IITM, In-
dia Meteorological Department, and the US 
National Center for Atmospheric Research 
developed a 400-meter resolution PM2.5 
forecasting system — so fine it distinguishes 
pollution levels between neighborhoods. The 
system achieves 83 percent accuracy in pre-
dicting "very poor" air quality episodes three 
days in advance, feeding into Delhi's Graded 
Response Action Plan to trigger preemptive 
measures like school closures and truck re-
strictions before pollution arrives.

Maharashtra's Dense Network: With 103 
CAAQMS stations — the highest in India — 
Maharashtra has built infrastructure capa-
ble of supporting state-wide AI forecasting. 
Karnataka demonstrates that monitoring 
paired with effective governance produces 
results: six of India's top-10 cleanest cities 
are in Karnataka. Tamil Nadu added seven 
new stations in October 2024 alone, signal-
ing rapid expansion ambition.

Beijing's Transformation: If any city 
proves what data-driven action achieves, it is 
Beijing. In 2013, Beijing's annual PM2.5 ex-
ceeded 101 µg/m³. The Chinese government 
launched a comprehensive Air Pollution 
Prevention and Control Action Plan backed 
by $100 billion. By 2021, PM2.5 dropped to 
33 µg/m³ — a 67 percent reduction. Heavily 
polluted days fell from 58 in 2013 to just 2 
in 2024. The UN Environment Programme 
called it the "Beijing Miracle." Beijing's suc-
cess rests on comprehensive source control 
(coal consumption dropped from 21.8 mil-
lion tonnes to under 600,000 tonnes), data-

driven decision making through continu-
ous monitoring and source apportionment, 
and regional coordination with surround-
ing provinces. Research shows Beijing's im-
provements will extend average resident life 
expectancy by 4.6 years — four additional 
years simply from breathing cleaner air. 
Beijing proved that data-driven air quality 
management works.

Northeast India: A Region Waiting for 
Attention

While some advanced states are mov-
ing towards real-time forecasting and data-
driven air quality management, Northeast 
India still remains under-monitored. The 
eight Northeastern states, covering nearly 
46 million people and 262,230 sq. km, have 
only 20 CAAQMS stations, which is just 
3.4% of India’s total real-time monitoring 
network despite covering about 8% of the 
country’s geographical area. In compari-
son, Maharashtra alone has 103 stations, 
while the entire Northeast has only 20. As-
sam has 9 stations, but most other North-
eastern states have very limited coverage; 
Arunachal Pradesh, Mizoram, Nagaland 
and Sikkim have only one station each, and 
Manipur’s two stations are inactive. This 
limited monitoring creates a serious data 
and accountability gap. Without adequate 
real-time stations, regulators cannot prop-
erly verify local pollution trends, health au-
thorities cannot prepare for pollution-linked 
emergencies, and citizens do not get enough 
evidence to demand timely action. Pollution 
sources such as industrial clusters, traffic 
corridors, biomass burning, construction 
dust and cross-border transport may remain 
poorly understood because the monitoring 
network is too sparse to capture regional 
variations.
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However, the Northeast does not need 
to wait for a large network before improv-
ing air quality governance. Even the exist-
ing CAAQMS data can be used more intel-
ligently through AI, GIS, satellite data and 
meteorological modelling. Regional trans-
port modelling can help understand how 
emissions from areas like Byrnihat may af-
fect Guwahati and nearby regions. Seasonal 
forecasting can identify high-risk periods, 
while satellite integration can fill monitor-
ing gaps. The immediate need is to expand 
the network strategically and use modern 
analytics so that the region is no longer in-
visible in India’s air quality management 
system.

Five Ways AI Can Transform Air Qual-
ity Data

India's 595 CAAQMS stations gener-
ate 14,000 data points hourly — 122 million 
observations annually. The technology to 
transform this into predictive intelligence 
already exists and is operational worldwide. 
What India needs is adoption.

• Predictive Forecasting: Machine learn-
ing models can analyze historical sensor 
data, meteorological forecasts, and traffic 
patterns to predict PM2.5 and ozone lev-
els 24 to 72 hours ahead. Delhi's 400-meter 
SAFAR system achieves 83 percent accu-
racy. Similar systems could deploy in every 
major city using open-source models like 
WRF-Chem with TensorFlow or PyTorch. 
Forecasting enables proactive measures — 
suspending construction before pollution 
spikes, rerouting trucks, scheduling outdoor 
activities for clean air days, hospitals stock-
ing medications before predicted waves. The 
technical barrier is modest; the computa-
tional infrastructure for a city like Bengal-
uru costs less than one CAAQMS station's 
annual budget.

•  Satellite Integration: NASA's MODIS 
and ESA's Sentinel satellites measure aero-
sol optical depth daily at one-kilometer reso-
lution. ISRO provides free satellite imagery 
through Bhuvan. Machine learning can fuse 
satellite observations with sparse ground 
data to generate high-resolution pollution 
maps for regions without monitors. IIT Gan-
dhinagar researchers used satellite imagery 
and AI to detect 30,638 brick kilns across 
India — informal sources traditional inven-
tories miss. For Northeast India's sparse 
20-station network covering 262,000 square 
kilometers, satellite fusion could provide 
daily pollution estimates for every district.

• Source Apportionment: When pollu-
tion rises, authorities need to know which 
sources to target. Machine learning analyz-
ing chemical composition, meteorological 
conditions, and temporal patterns can es-
timate contributions from vehicles, indus-
tries, biomass burning, construction, and 
transboundary transport in near real-time. 
A 2023 Delhi study using ML performed 
hourly source apportionment, revealing 
vehicles dominated mornings, industries 
peaked afternoons, biomass burning drove 
evenings — allowing time-specific interven-
tions rather than blanket measures.

• Regional Transport Modelling: Air 
pollution ignores boundaries. AI-powered 
transport models simulate how wind carries 
pollutants across regions. For the North-
east's complex topography, models could 
map how Byrnihat's emissions reach Guwa-
hati, how seasonal winds bring pollution 
from Bangladesh. This enables cooperative 
regulation — if 30 percent of Guwahati's 
pollution originates from Meghalaya, both 
states coordinate enforcement.

• Public Health Integration: Machine 
learning can analyze relationships between 
PM2.5, temperature, humidity, and hospital 
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admissions to forecast respiratory emergen-
cies 24-48 hours ahead. A Beijing 2022 anal-
ysis found this reduced emergency room 
overcrowding by 18 percent during pollution 
episodes. India's Ayushman Bharat Digi-
tal Mission builds unified health records; 
CAAQMS provides hourly readings; mete-
orological departments supply forecasts. In-
tegration would enable automated alerts to 
patients with chronic conditions and hospi-
tal preparation before demand spikes.

Use of AI in Other Countries for Air 
Quality Management

Several countries are now using real-
time air quality data not only for monitor-
ing, but also for prediction, early warning 
and decision-making. The common approach 
is to combine continuous monitoring station 
data with meteorological information, satel-
lite observations, emission inventories and 
machine learning models. This helps au-
thorities understand not only the present 
air quality, but also the likely pollution situ-
ation in the next few hours or days.

In the United States, the EPA’s 
AirNow system uses real-time data from 
air quality monitoring networks to provide 
public air quality information and forecasts. 
Air quality agencies across the country is-
sue forecasts for pollutants such as ozone 
and particulate matter, which are then 
communicated to the public through maps 
and alerts. This helps citizens, schools and 
health agencies take precautionary action 
during poor air quality days. NOAA has also 
upgraded its air quality forecast guidance to 
extend forecasts up to 72 hours, improving 
the ability to predict pollution episodes in 
advance. 

In Europe, the Copernicus Atmos-
phere Monitoring Service (CAMS) provides 
daily air quality analyses and forecasts. It 

monitors and forecasts European air quality 
as well as long-range transport of pollutants 
across the world. CAMS produces forecast 
products that are used by national agen-
cies, smartphone applications, researchers 
and policy tools. It also provides four-day 
forecasts for regulated air pollutants, pol-
len and aerosol tracers across Europe. This 
shows how monitoring data can be convert-
ed into public information, policy support 
and health advisories.

In China, AI and deep learning mod-
els are widely used in research and opera-
tional air quality forecasting. Studies using 
Chinese city datasets have applied artificial 
neural networks, CNN-LSTM models and 
graph neural networks to predict PM2.5 and 
PM10 concentrations using monitoring data, 
time variables and meteorological param-
eters. These models can learn both temporal 
patterns and spatial relationships between 
monitoring stations, which is useful for pre-
dicting pollution movement from one area to 
another. China has also announced plans to 
strengthen air quality forecasting and early 
warning systems as part of its broader pol-
lution-control strategy. 

In many countries, AI is also being 
used for source identification. When real-
time monitoring data is combined with wind 
direction, pollutant ratios and emission in-
formation, machine learning models can 
help identify whether pollution is mainly 
coming from traffic, industry, biomass burn-
ing, dust or regional transport. This helps 
authorities take targeted action instead of 
applying general restrictions everywhere.

Another important use is satellite-
based pollution mapping. Ground monitor-
ing stations provide accurate local data, but 
they cannot cover every location. Countries 
in Europe, the United States and China 
combine satellite observations with ground 
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station data and AI models to estimate pol-
lution levels in areas without monitors. This 
is especially useful for regional mapping, 
rural areas and cross-boundary pollution 
transport.

These examples show that the future 
of air quality management is moving from 
simple monitoring to predictive environ-
mental governance. CAAQMS data becomes 
more powerful when it is linked with AI, 
meteorology, satellite data and health infor-
mation. For India also, especially for under-
monitored regions like the Northeast, this 
approach can help in early warning, hotspot 
identification, inspection planning, public 
alerts and evidence-based pollution control.

Path Forward:

India has already invested heavily in 
air quality monitoring infrastructure, with 
595 CAAQMS stations generating nearly 
122 million data points annually. The next 
priority must be to convert this raw data 
into intelligence. Pollution Control Boards 
need to move beyond routine compliance 
monitoring and strengthen their capacity in 
data analytics, AI/ML modelling, GIS, satel-
lite-data integration and forecasting. A na-
tional air quality intelligence platform can 

combine CAAQMS data, manual monitoring 
records, meteorological forecasts, satellite 
imagery, emission inventories and health 
information to generate daily forecasts, hot-
spot alerts, source-related insights and pub-
lic health advisories. This will help shift air 
quality management from a reactive system 
to a preventive and evidence-based govern-
ance model.

The need is even more urgent for 
under-monitored regions such as the North-
east, where nearly 46 million people are 
covered by only 20 CAAQMS stations. The 
region cannot remain invisible while other 
parts of India move toward data-driven air 
quality management. Delhi has already 
shown that forecasting can work in Indian 
conditions, while states such as Maharash-
tra, Karnataka and Tamil Nadu have built 
stronger monitoring networks that can sup-
port advanced analytics. The way forward is 
clear: use existing data intelligently, expand 
monitoring where gaps exist, and apply AI 
to predict pollution before it becomes severe. 
Air quality data should not remain only as 
numbers on a dashboard; it must become a 
tool to protect lives, guide regulation and 
support timely environmental action.

Plants can survive without humans but humans 
can not survive without plants.
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The River Sent a Warning. Nobody Was 
Listening.

India is home to over 400 river sys-
tems, yet a 2022–23 review by the Central 
Pollution Control Board (CPCB), covering 
2,116 river locations, identified 296 polluted 
river stretches with 38% of monitored sites-
failing even the basic Biochemical Oxygen 
Demand (BOD) standard of 3 mg/L (CPCB, 
2023). These are not remote, unmapped           
water bodies. These are rivers that millions 
of Indians drink from, fish in, and depend 
onfor agriculture every single day.

The contamination profile of these riv-
ers has grown increasingly complex. In the 
Brahmaputra basin, microplastic concentra-
tions have been recorded as high as 37,000 

items per cubic metre at Tezpur, with sedi-
ment contamination reaching 2,889 items 
per kilogram at Guwahati (Springer Na-
ture, 2025). Alongside microplastics, antibi-
otic pollution has emerged as a critical co-
threat. Studies estimate that approximately 
80% of India's rivers carry antibiotic con-
centrations high enough to pose measurable 
ecological and public health risks (Nation-
al Herald India, 2025) creating conditions 
where antibiotic-resistant bacteria prolifer-
ate unchecked in aquatic environments.

What makes this crisis particularly 
difficult to manage is the lag between con-
tamination and detection. Current monitor-
ing in India relies predominantly on period-
ic manual sampling a method that captures 
snapshots rather than continuous trends. By 

Namrata Kundu
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Digital Biomonitoring : Can Technology 
Help Us Track Climate Damage in Real Time?
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the time data is processed and acted upon, 
ecological damage is often already done.

Climate change is compressing this 
window further. Erratic monsoons, rising 
water temperatures, and increased flooding 
events are accelerating pollutant dispersal, 
disrupting aquatic microbial communities, 
and intensifying the conditions under which 
resistance genes spread. The challenge, 
therefore, is not just one of pollution it is one 
of speed of response.

This is precisely the gap that digital 
biomonitoring seeks to address. By integrat-
ing IoT-based sensor networks, drone-based 
ecosystem surveys, environmental DNA 
(eDNA) sequencing, and satellite remote 
sensing into unified analytical platforms, it 
is now possible to move from reactive moni-
toring to real-time environmental intelli-
gence. On World Environment Day 2026, as 
the global community calls for accelerated 
climate action, digital biomonitoring repre-
sents one of the most concrete and scalable 
tools available to scientists, policymakers, 
and institutions working on the frontlines of 
environmental health.

Monitoring the Environment in the Age 
of Climate Change

Environmental monitoring has tradi-
tionally depended on field-based sampling 
scientists collecting water, soil, or biological 
specimens at defined intervals and submit-
ting them for laboratory analysis. While this 
approach has provided valuable baseline 
data over decades, it operates on a timeline 
that is increasingly mismatched with the 
pace of climate-driven ecological change.

India's CPCB currently operates the 
National Water Quality Monitoring Pro-
gramme (NWMP) across over 700 monitor-
ing stations on rivers, lakes, and ground-
water. However, as CPCB documentation 

acknowledges, sampling at most stations 
occurs once a month at best. With manual 
sampling, a single analysis report takes 
days to generate. Real-time monitoring sys-
tems, by contrast, can deliver 50 to 95 data 
points per day from a single station, ena-
bling timely and effective decision-making 
(CPCB, CSE India).

This gap is not a minor operational 
inefficiency it is a structural vulnerability. 
Climate change is altering the frequency, in-
tensity, and distribution of pollution events. 
Flood pulses now carry heavier loads of ag-
ricultural runoff and industrial effluent into 
water bodies in shorter timeframes. Rising 
temperatures accelerate microbial growth, 
algal bloom formation, and the spread of 
waterborne pathogens. A monitoring sys-
tem that checks a river once a month cannot 
detect, let alone respond to, these rapidly 
evolving conditions.

Digital biomonitoring is the con-
vergence of biological sciences and digital 
technology to enable continuous, real-time, 
and spatially extensive environmental sur-
veillance. It integrates hardware (sensors, 
drones, satellites) with software (bioinfor-
matics pipelines, cloud-based dashboards, 
and machine learning models) to generate 
actionable environmental intelligence not 
just raw data. The following sections de-
scribe the four core pillars of this approach 
and their specific relevance to India's envi-
ronmental challenges.

Four Technologies Redefining Envi-
ronmental Surveillance

• IoT-Based Water Quality Sensors

Internet of Things (IoT)-based water 
quality sensors are electrochemical or opti-
cal devices deployed directly in water bod-
ies to measure critical parameters pH, dis-
solved oxygen (DO), turbidity, conductivity, 
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nitrate levels, and in advanced configura-
tions, heavy metal concentrations on a con-
tinuous basis. Data is transmitted wireless-
ly via GSM or GPRS to centralized servers, 
where it can be accessed in near real-time by 
scientists, regulators, and decision-makers.

India has made initial strides in this 
direction. Under the Namami Gange pro-
gramme, real-time water quality monitoring 
stations have been piloted along the Ganga 
basin, measuring ten parameters including 
DO, BOD, pH, and temperature continu-
ously. CPCB's central receiving station can 
access data from any of these stations re-
motely, with alarm systems triggered when 
parameters breach permissible thresholds. 
Scaling this model to other critically pollut-
ed river basins including the Brahmaputra, 
Damodar, and Hooghly is a logical and ur-
gent next step.

• Drone-Based Ecosystem Surveys

Unmanned Aerial Vehicles (UAVs), 
commonly called drones, equipped with 
multispectral, hyperspectral, and thermal 
imaging sensors have emerged as power-
ful tools for large-scale, rapid ecosystem 
assessment. They can survey terrain and 
vegetation that is inaccessible or hazard-
ous to ground-based teams dense wetlands, 
flooded riverbanks, coastal mangrove belts, 
and industrial buffer zones without disturb-
ing the habitats being assessed.

In the context of environmental mon-
itoring, drones serve several critical func-
tions. Multispectral cameras detect changes 
in vegetation health through spectral indi-
ces like NDVI (Normalized Difference Veg-
etation Index) long before visible damage 
appears on the ground. Thermal sensors 
identify heat signatures indicative of indus-
trial discharge or sub-surface contamina-
tion. Hyperspectral imaging can differenti-

ate between algal bloom species a capability 
increasingly important as warming waters 
intensify eutrophication events in India's 
lakes and reservoirs.

• Environmental DNA (eDNA) Monitor-
ing

Environmental DNA (eDNA) moni-
toring is arguably the most scientifically 
transformative pillar of digital biomonitor-
ing and most directly aligned with the exper-
tise of molecular biologists and environmen-
tal scientists. Every organism sheds genetic 
material into its surroundings through skin 
cells, mucus, excreta, and other biological 
outputs. In aquatic environments, this shed 
DNA persists in the water column and sedi-
ment for hours to days, providing a molecu-
lar record of biological presence and commu-
nity composition.

The operational workflow involves col-
lecting water or sediment samples, extract-
ing total environmental DNA, amplifying 
target sequences using PCR, and subjecting 
the amplified products to high-throughput 
sequencing. The resulting sequence data is 
then processed through bioinformatics pipe-
lines tools such as QIIME2, DADA2, and 
MEGA to assign taxonomic identities and 
quantify the relative abundance of species 
or microbial groups present. This approach, 
known as eDNA metabarcoding, can simul-
taneously profile entire communities of bac-
teria, fungi, algae, invertebrates, and verte-
brates from a single water sample.

The climate relevance of eDNA moni-
toring is significant and multidirectional. 
As water temperatures rise and monsoon 
patterns shift, species distributions change 
some taxa contract their ranges while oth-
ers expand. eDNA metabarcoding can track 
these shifts continuously and non-invasive-
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ly, providing early indicators of ecosystem 
stress before conventional biodiversity sur-
veys would detect any change. Research 
published in Nature Communications 
(2025) demonstrated that airborne eDNA 
can now capture decades of ecosystem biodi-
versity change from environmental samples 
extending the technique beyond water into 
terrestrial monitoring.

For microbial community monitor-
ing specifically, eDNA approaches are with-
out peer. Changes in microbial community 
structure the balance between nitrifying 
bacteria, methanogens, sulfate-reducers, 
and pathogenic taxa are among the earliest 
and most sensitive indicators of ecosystem 
disruption. A river that is chemically within 
permissible limits may already be show-
ing significant microbial dysbiosis detect-
able through eDNA sequencing. This makes 
eDNA monitoring a genuinely predictive 
tool, rather than merely a descriptive one.

"eDNA metabarcoding can simulta-
neously profile entire communities of 

bacteria, fungi, algae, and vertebrates 
from a single water sample making it a 
predictive tool, not merely a descriptive 

one."

For researchers working in north-
east India where Brahmaputra tributaries 
support high endemic biodiversity under 
increasing anthropogenic pressure eDNA 
represents an opportunity to establish base-
line community profiles, monitor trajectory 
changes, and detect the arrival of pollutant-
adapted or invasive taxa, all without the 
logistical burden of conventional biological 
surveys.

• Satellite Remote Sensing

Satellite remote sensing provides the 

broadest spatial and temporal perspective of 
the four pillars the capacity to observe en-
vironmental conditions across entire river 
basins, forest landscapes, and coastal zones, 
repeatedly and consistently over time. Plat-
forms including ESA's Sentinel-2, NASA's 
Landsat-8/9, and ISRO's Resourcesat-2 car-
ry optical, thermal, and radar sensors that 
generate detailed surface data at resolu-
tions ranging from 10 to 30 meters.

For environmental monitoring in In-
dia, satellite data supports a range of criti-
cal applications. NDVI timeseries analysis 
reveals vegetation stress trajectories de-
clining greenness across a wetland or forest 
patch may signal waterlogging, drought, or 
contamination-driven die-off, often months 
before field surveys would confirm it. Land 
Surface Temperature (LST) mapping iden-
tifies urban heat islands and industrial 
thermal discharge zones. Water body ex-
tent mapping tracks seasonal and long-term 
changes in lake and reservoir area. Turbid-
ity indices derived from optical bands can 
estimate sediment load and algal bloom in-
tensity in large river systems.

ISRO's National Remote Sensing 
Centre (NRSC) makes satellite data freely 
accessible through the Bhuvan geoportal, 
which provides multi-temporal imagery, 
vegetation indices, and flood inundation 
maps for the entire Indian subcontinent. 
Google Earth Engine (GEE), a cloud-based 
planetary-scale geospatial analysis plat-
form, has further democratized satellite 
data analysis.

From Raw Data to Actionable Intelli-
gence: The Role of Bioinformatics 

Each of the four pillars described 
above generates a distinct data stream elec-
trochemical sensor readings, drone image-
ry, DNA sequence files, and satellite raster 
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datasets. Individually, each provides valua-
ble information. Integrated and interpreted 
through appropriate analytical platforms, 
they have the potential to constitute a com-
prehensive, real-time environmental health 
intelligence system.

The analytical brain of digital bio-
monitoring is where bioinformatics and data 
science become indispensable. The process-
ing of eDNA metabarcoding data through 
pipelines such as QIIME2 and DADA2 in-
volves quality filtering of raw sequence 
reads, denoising, taxonomic assignment 
against reference databases (SILVA, NCBI), 
and statistical analysis of community diver-
sity metrics (alpha and beta diversity, spe-
cies richness, phylogenetic distance). These 
outputs, when combined with physicochem-
ical sensor data and satellite-derived indi-
ces, allow researchers to correlate biological 
community structure with environmental 
drivers in ways that neither dataset could 
support alone.

Key platforms supporting this in-
tegrated approach include Google Earth 
Engine for satellite data analysis at scale, 
QIIME2 and DADA2 for microbiome and 
eDNA community analysis, the Global Bio-
diversity Information Facility (GBIF) for 
species occurrence data integration, and CP-
CB's existing real-time water quality data 
infrastructure as a regulatory framework 
for sensor network deployment. Together, 
these tools form the foundation of a nation-
al-scale digital biomonitoring architecture 
one that India has the technical capacity to 
build, given sufficient institutional commit-
ment and interdisciplinary expertise.

Where India Stands: Promise, Gaps, 
and the Path Forward

• Opportunities

India is positioned with several struc-
tural advantages for advancing digital bio-
monitoring. The country possesses one of 
the world's largest pools of data science and 
software engineering talent a capability 
that, when directed toward environmental 
applications, can significantly accelerate 
the development of analytical platforms 
and monitoring dashboards. ISRO's freely 
accessible satellite data infrastructure, dis-
tributed through the NRSC Bhuvan portal, 
removes a major cost barrier that limits en-
vironmental remote sensing in many devel-
oping countries.

At the policy level, national pro-
grammes including Namami Gange, the 
National Action Plan on Climate Change 
(NAPCC), and State Action Plans on Cli-
mate Change (SAPCC) have created insti-
tutional demand for improved environmen-
tal monitoring. India's commitments under 
the Paris Agreement further reinforce the 
need for robust, data-driven environmental 
tracking systems. A growing environmen-
tal technology startup ecosystem develop-
ing IoT-based water quality solutions, drone 
survey services, and AI-driven ecological 
analytics represents an emerging industry 
that academic researchers and regulatory 
bodies can productively engage with.

• Gaps

These opportunities, however, must 
be assessed against equally significant 
structural gaps. Sensor deployment infra-
structure remains costly and is unevenly 
distributed, with rural and ecologically sen-
sitive areas precisely those most in need of 
continuous monitoring often lacking the con-
nectivity and power infrastructure that IoT 
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networks require. Interoperability between 
data systems operated by CPCB, State Pol-
lution Control Boards, Forest Departments, 
and research institutions remains limited, 
resulting in fragmented datasets that are 
difficult to integrate for basin-level or land-
scape-level analysis. From a human capital 
perspective, perhaps the most critical gap is 
the shortage of professionals trained at the 
interface of molecular biology, environmen-
tal science, and computational data analy-
sis. eDNA metabarcoding and satellite re-
mote sensing both require researchers who 
can move fluently between wet laboratory 
protocols and bioinformatics command-line 
tools a skill combination that remains rare 
in India's environmental science workforce. 
Bridging this gap requires deliberate cur-
riculum design at the postgraduate and doc-
toral levels, and institutional support for 
interdisciplinary research programmes that 
combine environmental field work with com-
putational analysis. Finally, eDNA moni-
toring and metabarcoding-based bioassess-
ment remain largely confined to research 
settings in India. Their integration into reg-
ulatory monitoring frameworks as stand-
ardised tools recognised by CPCB and State 

Pollution Control Boards for biodiversity as-
sessment and pollution impact evaluation is 
a necessary next step that will require both 
scientific validation and policy advocacy.

Listening to the Planet At the Speed It 
Needs

The environmental crisis facing In-
dia's river systems, wetlands, and coastal 
ecosystems is well documented. What has 
been less well-addressed is the monitoring 
infrastructure gap that slows detection, de-
lays response, and limits the precision of 
intervention. Digital biomonitoring through 
the integration of IoT sensors, drone sur-
veys, eDNA sequencing, and satellite remote 
sensing, anchored in robust bioinformatics 
analysis provides a technically credible, sci-
entifically grounded path toward closing this 
gap. It is important to note that technology, 
in isolation, is not sufficient. The effective-
ness of any monitoring system depends on 
the quality of the science underpinning it, 
the robustness of the analytical frameworks 
applied to its outputs, and the institutional 
mechanisms through which its findings are 
translated into policy and management ac-
tion.
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Introduction
Plastic has become one of the most 

essential materials in modern society due 
to its versatility, durability, lightweight 
nature and reasonably low cost. It is exten-
sively used in packaging, healthcare, agri-
culture, construction, transportation and 
consumer products. However, the unprec-
edented growth in plastic consumption over 
the past few decades has also generated 
enormous quantities of plastic waste, cre-
ating severe environmental and ecological 
challenges across the world.

India, being one of the fastest-grow-
ing economies and consumer markets, has 
experienced a rapid rise in plastic usage, 
especially in packaging materials. Misman-
agement of plastic waste has resulted in en-
vironmental pollution, clogging of drainage 
systems, contamination of rivers and oceans, 
harm to wildlife, and increasing pressure on 

urban waste management systems. These 
concerns highlighted the urgent need for a 
sustainable and scientifically managed plas-
tic waste management framework.

Recognizing the gravity of the issue, 
the Government of India initiated a trans-
formative shift towards a circular economy 
model through the introduction of the Ex-
tended Producer Responsibility (EPR) 
regime for plastic waste management. The 
concept of a circular economy focuses on 
minimizing waste generation and maxi-
mizing the reuse and recycling of resourc-
es. While the conventional linear economy 
model is based on “take-make-dispose,” the 
circular economy seeks to create a closed-
loop system where products and materials 
remain in productive use for as long as pos-
sible. In India, NITI Aayog plays  a major 
role in promoting circular economy princi-
ples as part of sustainable development and 
climate resilience strategies. 
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Birth of the EPR Regime in India: 
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Plastic waste management emerged 
as a key sector requiring policy reforms and 
institutional mechanisms for circular re-
source utilization. For plastics, this means 
creating systems where plastic waste is col-
lected, recycled, and reintroduced into the 
manufacturing cycle instead of being dis-
carded into the environment.

Emergence of Extended Producer              
Responsibility (EPR)

The emergence of EPR marks the 
birth of a new environmental governance 
framework aimed at integrating sustain-
ability, resource efficiency, and producer 
accountability into India’s industrial and 
waste management systems. The EPR is 
an environmental policy approach in which 
producers are made responsible for the man-
agement of post-consumer waste generated 
from their products and packaging.

The EPR concept is based on:

• Polluter Pays Principle 
• Lifecycle responsibility 
• Sustainable resource management 
• Producer accountability 

Under EPR, the responsibility of pro-
ducers extends beyond manufacturing and 
sale to include Collection of plastic waste, 
Recycling and reuse, environmentally sound 
disposal and extending Support for waste 
management systems. The EPR framework 
encourages industries to design products 
and packaging that are easier to recycle and 
environmentally sustainable.

The formal birth of the EPR regime 
for plastics in India began with the notifi-
cation of the Plastic Waste Management 
Rules, 2016 by the Ministry of Environ-
ment, Forest and Climate Change (MoE-

FCC). The Rules introduced several major 
reforms:

• 	Mandatory Extended Producer Respon-
sibility 

• 	Inclusion of rural areas under plastic 
waste management 

• 	Responsibility of waste generators for 
segregation 

• 	Promotion of collection and recycling 
systems 

•	  Strengthening local body involvement 
Most importantly, the Rules made 

Producers, Importers, and Brand Own-
ers (PIBOs) responsible for plastic pack-
aging waste generated from their products. 
The EPR regime thus represents a paradigm 
shift from municipal-centric waste manage-
ment towards producer-led environmental 
responsibility.

Strengthening the EPR Framework

Although EPR was introduced in 2016 
through the PWM Rules 2016, the frame-
work gained operational strength through 
subsequent amendments and guidelines 
in the form of Plastic Waste Management 
(Amendment) Rules, 2022 including the 
“Guidelines on Extended Producer Respon-
sibility for Plastic Packaging”notified by the 
MoEFCC on 16 February 2022. The amend-
ed Rules established a comprehensive na-
tional framework for implementation EPR 
for plastic packaging waste in India. The 
PWM Rules  2022 introduced the following:

• Mandatory registration of Producers, 
Importers and Brand Owners (PIBOs) 

• 	 Category-wise plastic packaging clas-
sification 

• 	 Annual EPR targets 
• 	 Recycling and reuse obligations 
• 	 Use of recycled plastic content 
• 	 Centralized online EPR portal 
• 	 EPR certificate mechanism 
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• Environmental compensation provi-
sions for non-compliance 
The PWM Rules 2022 marked a ma-

jor policy shift towards circular economy 
and sustainable plastic waste management 
in India. Besides, these guidelines created 
a comprehensive regulatory framework for 
implementation and monitoring of EPR ob-
ligations across India.

Structure of the EPR framework:

The EPR Guidelines framed under 
the PWM  Rules, 2022 provide a structured 
framework for implementing Extended Pro-
ducer Responsibility for plastic packaging. 
The EPR framework applies to Producers, 
Importers, Brand Owners as well as Plas-
tic Waste Processors (PWPs). The respec-
tive roles and responsibilities of Produc-
ers, Importers and Brand Owners (PIBOs), 
Plastic Waste Processors (PWPs), recyclers, 

Central Pollution Control Board (CPCB), 
State Pollution Control Boards (SPCBs) or 
Pollution Control Committees (PCCs) are 
well defined in the EPR guidelines. Under 
this system, PIBOs and PWPs are required 
to register, report and fulfil their obligations 
a centralized EPR portal, designed and op-
erated by the CPCB. Producers, Importers 
and Brand Owners (PIBOs) register on the 
portal, declare quantity of plastic packaging 
they place in the market and meet targets 
by working with registered Plastic Waste 
Processors.

Categorization of Plastic Packaging

For effective implementation of the 
EPR by the PIBOs, plastic packaging is di-
vided into four broad categories. This cate-
gorization helps determine category-specific 
recycling obligations and compliance tar-
gets.

Figure 1. Four types of plastic packaging covered under the 

EPR framework.



38

Setting of EPR Targets

Under the EPR regime for plastic 
packaging in India, Producers, Importers, 
and Brand Owners (PIBOs) are assigned 
mandatory annual EPR targetsfor:

• 	Collection of plastic packaging waste 
• 	Recycling 
• 	Reuse 
• 	End-of-life disposal 
• 	Use of recycled plastic content 

The targets increase progressively to 
improve sustainability performance and cir-
cularity.

The Centralized EPR Portal

CPCB  has already developed a cen-
tralized online EPR Portal for Plastic 
Packaging for implementation and moni-
toring of the EPR regime under the Plastic 
Waste Management Rules, 2016 and subse-
quent amendments.

The portal facilitates:

• 	 Registration of Producers, Importers, 
and Brand Owners (PIBOs) 

• 	 Registration of Plastic Waste Proces-
sors (PWPs) 

• 	 Filing of annual returns 
• 	 Submission of EPR targets and compl 

ance reports 
• 	 Generation and transfer of EPR certif 

cates 
• 	 Tracking and traceability of plastic 

waste management activities 
• 	 Monitoring and enforcement by regul 

tory authorities 
The EPR portal is considered a major 

step towards strengthening circular econ-
omy practices and scientific plastic waste 
management in India.The portal has been 
designed to improve transparency, account-
ability, digital monitoring, and effective im-
plementation of plastic waste management 
obligations across India.

Key numbers from the CPCB EPR Portal as in  May 2026

EPR Certificates and Circular Econo-
my Integration

A major innovation of the EPR frame-
work is the introduction of EPR certificates 
generated by registered recyclers based 
on the quantity of plastic waste processed.
PIBOs purchase these certificates to fulfil 
their statutory obligations.

This mechanism creates demand for 
recycled plastics, encourages investment in 
recycling infrastructure, formalizes waste 

management systems  and converts plastic 
waste into economic resources 

Thus, the EPR regime operational-
izes circular economy principles by integrat-
ing waste back into production cycles.

Environmental Benefits of the EPR 
Regime

The EPR regime for plastic packaging 
has emerged as a significant environmental 
policy initiative for promoting sustainable 
plastic waste management and advancing 
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circular economy principles in India. By 
making Producers, Importers, and Brand 
Owners (PIBOs) responsible for the collec-
tion, recycling, and environmentally sound 
management of plastic waste generated 
from their products, the EPR framework 
has strengthened accountability across the 
plastic value chain. One of the major envi-
ronmental benefits of the EPR regime is the 
reduction of plastic pollution in terrestrial 
and aquatic ecosystems through organized 
collection and recycling systems. The frame-
work promotes scientific processing and 
recovery of plastic waste, thereby reducing 
littering, open burning, landfill burden, and 
leakage of plastics into rivers and oceans. 
Increased recycling and reuse of plastics 
under the EPR system also help conserve 
natural resources and reduce dependence 
on virgin fossil-fuel-based raw materials. 
Furthermore, recycling consumes compara-
tively lower energy than production of vir-
gin plastics, contributing to reduction in 
greenhouse gas emissions and supporting 
climate change mitigation efforts. The EPR 
regime additionally encourages eco-friendly 
packaging design, resource efficiency, and 
development of sustainable waste manage-
ment infrastructure. By integrating circular 
economy principles into industrial produc-
tion and waste management systems, the 
EPR framework is contributing significantly 
towards environmental protection, resource 
conservation, and long-term ecological sus-
tainability in India.

Economic and Social Significance of 
EPR Regime 

The implementation of the EPR re-
gime for plastic packaging has considerable 
economic and social significance in addi-
tion to its environmental benefits. The EPR 
framework has stimulated the growth of 
the recycling and waste management sector 

by creating a structured market for collec-
tion, segregation, recycling, and recovery of 
plastic waste. The introduction of EPR cer-
tificates and mandatory recycling targets 
has encouraged investment in recycling in-
frastructure, waste processing technologies 
and circular economy enterprises, thereby 
generating new economic opportunities and 
promoting green entrepreneurship. The 
system also supports resource efficiency by 
converting plastic waste into valuable sec-
ondary raw materials, reducing dependence 
on virgin polymers and contributing to sus-
tainable industrial production. From a so-
cial perspective, EPR implementation has 
the potential to improve livelihoods of waste 
collectors, recyclers, and workers associat-
ed with the informal waste sector through 
gradual integration into organized waste 
management systems. Increased demand 
for plastic waste collection and recycling cre-
ates employment opportunities across col-
lection, transportation, sorting, processing, 
and recycling activities. The EPR framework 
additionally promotes public awareness re-
garding waste segregation, recycling and 
responsible consumption practices, thereby 
encouraging greater community participa-
tion in environmental protection. By link-
ing environmental responsibility with eco-
nomic development and social inclusion, the 
EPR regime represents an important step 
towards sustainable and inclusive growth 
within the broader framework of circular 
economy development in India.

The framework also offers opportu-
nities for integration of the informal waste 
sector into formal recycling systems.

Challenges in Implementation of EPR

The implementation of the EPR re-
gime for plastic packaging in India, although 
progressive and transformative, faces sever-
al operational, institutional and infrastruc-
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tural challenges. One of the major concerns 
is the integration of the large informal waste 
sector, which continues to handle a signifi-
cant portion of plastic waste collection and 
recycling activities without adequate formal 
recognition, financial support, or social se-
curity. In many regions, insufficient infra-
structure for segregation, collection, trans-
portation, and scientific recycling of plastic 
waste limits effective implementation of 
EPR obligations. Traceability and verifica-
tion of recycling data also remain critical 
challenges, particularly in preventing false 
reporting and fraudulent generation of EPR 
certificates. Difficult-to-recycle plastics, es-
pecially multi-layered and low-value plastic 
packaging, continue to pose technological 
and economic constraints for recyclers. Ad-
ditionally, many small and medium-scale 
PIBOs face difficulties in understanding 
compliance procedures and meeting regu-
latory requirements. Effective monitoring 
and enforcement across thousands of stake-
holders require robust digital systems, ad-
ministrative capacity, and coordinated ac-
tion by regulatory authorities including 

CPCB and SPCB/PCC. Public awareness 
regarding waste segregation and responsi-
ble plastic disposal also remains limited in 
many areas. Addressing these challenges 
through stronger institutional mechanisms, 
improved infrastructure, technological inno-
vation, stakeholder capacity building, and 
greater public participation will be essential 
for the long-term success of the EPR regime 
and circular economy transition in India.

The North-Eastern region has a spe-
cial challenge. Waste generation is spread 
across hilly and dispersed settlements, 
while recycling and processing facilities 
are concentrated in only a few places. This 
makes transport, collection and verification 
more difficult.

The available data show that produc-
er-side registration is increasing, but pro-
cessing facilities are unevenly distributed. 
Assam has the highest number of registered 
PIBOs and PWPs. Meghalaya has large reg-
istered processing capacity. Several other 
states have PIBO registrations but no regis-
tered PWP capacity reported in the dataset.
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Conclusion

The birth of the EPR era in India 
marks a transformative phase in plastic 
waste management and environmental gov-
ernance. Guided by the circular economy 
vision promoted by NITI Aayog and im-
plemented through regulatory reforms of 
the Government of India, the EPR frame-
work seeks to establish a sustainable and                    
resource-efficient plastic management                 
system.

By shifting responsibility towards 
producers and encouraging recycling, reuse, 
and resource recovery, the EPR regime rep-
resents a major step towards reducing plas-
tic pollution, strengthening environmental 
sustainability, and promoting climate re-
silience. Although challenges remain, In-
dia’s transition towards a circular economy 
for plastics has laid a strong foundation for 
a cleaner, greener, and more sustainable              
future.

Shreya Das
Class - VII
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Industrial growth and technologi-
cal advancement have not only contributed 
to economic development, but they have 
also increased the generation of hazardous 
waste. Hazardous waste posses serious risks 
to human health, ecosystems, and natural 
resources if not handled properly. Indus-
tries such as petrochemicals, pharmaceu-
ticals, chemicals, mining, and manufactur-
ing generate different forms of hazardous 
waste during their operational processes. 
Effective hazardous waste management has 
therefore become an essential component of 
environmental protection and sustainable 
industrial development.

What is Hazardous Waste?

Hazardous waste refers to waste ma-
terials that possess harmful characteristics 
such as toxicity, flammability, corrosive-
ness, reactivity, explosiveness, or infectious 
nature. These properties make such waste 
dangerous during handling, transportation, 
storage, treatment, or disposal.

Regulatory Framework for Hazardous 
Waste Management

The regulatory framework for haz-
ardous waste management is anchored in 
the Basel Convention (1989), which aims to 
protect human health and the environment 
by regulating the transboundary movement 

and disposal of hazardous wastes and pro-
moting environmentally sound manage-
ment, particularly limiting movement from 
developed to developing countries.

In India, hazardous waste is governed 
by the Hazardous and Other Wastes (Man-
agement and Transboundary Movement) 
Rules, first notified in 2008 by the Minis-
try of Environment, Forest and Climate 
Change (MoEFCC) and amended periodi-
cally. These rules provide a comprehensive 
legal framework covering the generation, 
handling, storage, transportation, recycling, 
treatment, import, export, and disposal of 
hazardous and other wastes to ensure scien-
tific and responsible management.

The rules classify wastes through 
multiple schedules. Schedule I identifies in-
dustries generating hazardous waste, while 
Schedule II defines hazardous characteris-
tics based on concentration limits and toxic-
ity. Schedule III regulates import and export 
in line with the Basel Convention, including 
requirements for prior informed consent, 
permissions, and documentation. Addi-
tional schedules address recyclable wastes, 
standards for used oil, prohibited imports, 
roles of authorities such as the Central Pol-
lution Control Board (CPCB) and State Pol-
lution Control Boards, and documentation 
required by Customs and the Directorate 
General of Foreign Trade (DGFT).

Jutika Mahatta
SM (Chemical)

Hazardous Waste: Regulations, Disposal 
Challenges, and BCPL’s Initiatives
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The rules include additional sched-
ules and standardized forms to ensure ef-
fective regulation, compliance, and account-
ability in hazardous waste management. 
Schedules IV to VIII address key aspects 
such as recyclable hazardous wastes, qual-
ity standards for recycled used oil and fuel 
derived from waste oil, wastes prohibited 
from import into India, the roles and respon-
sibilities of implementing authorities—in-
cluding the Central Pollution Control Board 
(CPCB), State Pollution Control Boards, and 
Customs—and the documentation required 
for verification of permitted waste imports.

To support implementation and re-
cord-keeping, the rules prescribe a struc-
tured set of forms. These cover authoriza-
tion and renewal of waste-related activities, 
issuance of approvals by State Pollution 
Control Boards, maintenance of records and 
annual returns, applications for import and 
export, and documentation for transbound-
ary movement of waste. Additional spe-
cialized forms govern one-time import au-
thorizations, labelling of hazardous waste 
containers, emergency response during 
transportation, domestic waste manifests, 
accident reporting, and appeals against reg-
ulatory decisions.

To ensure compliance and traceabil-
ity, the rules prescribe standardized forms 
for authorization, record-keeping, annual 
returns, import/export applications, label-
ling, emergency response, accident report-
ing, and appeals. A key feature is the Mani-
fest (Movement Document) System, which 
tracks hazardous waste during domestic 
transport from generator to final treatment 
or disposal facility, enhancing accountabil-
ity and preventing illegal dumping.

The Manifest System, also known as 
the Movement Document System, which 
is applicable to the domestic transporta-
tion of hazardous and other wastes within 
the country. Under this system, the waste 
generator or sender is required to prepare 
seven colour-coded copies of the manifest 
(Form 10), all duly signed before transpor-
tation. The manifest accompanies the waste 
throughout its journey—from the generator 
to the transporter and ultimately to the re-
cycler, treatment facility, or disposal site—
enabling regulatory authorities to track 
waste movement at every stage.This system 
strengthens accountability, ensures trans-
parency in waste handling, and significantly 
reduces the risk of illegal dumping, diver-
sion, or improper management of hazardous 
waste.
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Overall, India’s hazardous waste 
rules establish an integrated and robust sys-
tem for monitoring and regulating hazard-
ous and other wastes across their entire life-
cycle. Continuous compliance with updated 
amendments, schedules, and procedures is 
essential for industries and stakeholders to 
meet environmental and legal obligations.
Recent Development in Hazardous 
Waste Tracking System by CPCB 

Central Pollution Control Board 
(CPCB) under the Ministry of Environment, 
Forest and Climate Change, Government 
of India establishes an online digital plat-
form named as National Hazardous Waste 
Tracking System (NHWTS) Portal. The por-
tal is developed to ensure effective tracking, 
monitoring, and management of hazard-
ous waste generated, transported, recycled, 
treated, and disposed of across the country.

The NHWTS portal helps industries, 
recyclers, transporters, and State Pollu-
tion Control Boards maintain transparen-
cy and accountability in hazardous waste 
handling. Through this system, hazardous 
waste movement can be monitored in real 
time from the point of generation to its final 
disposal or recycling facility. It supports the 
implementation of the Hazardous and Oth-
er Wastes (Management and Transbound-
ary Movement) Rules, 2016.

The major objectives of the NHWTS 
portal are to strengthen environmental 
compliance, prevent illegal dumping of haz-
ardous waste, improve data management, 
and promote environmentally safe disposal 
practices. The portal also facilitates online 
manifest generation, authorization track-
ing, transporter details, waste quantity re-
cords, and reporting mechanisms for regula-
tory authorities. By digitizing the hazardous 
waste management process, the NHWTS 
portal has improved coordination between 
industries and pollution control authorities 

while enhancing transparency, traceabil-
ity, and environmental protection in India’s 
hazardous waste management system. Each 
Hazardous Waste handler like Generator, 
Transporter, Co-Processor, Recycler, TSDF 
owner need to register and update in the 
NHWTS portal.
Challenges in Hazardous Waste Disposal 

Hazardous waste disposal remains 
one of the most significant environmental 
challenges faced by industries as well as 
regulatory authorities. Several operational, 
technical, and infrastructural constraints 
hinder the effective management of hazard-
ous waste, particularly in remote regions.

• As per regulatory requirements, haz-
ardous waste generators are required to 
analyse waste samples in accordance with 
Table A of Hazardous and Other Wastes 
(Management and Transboundary Move-
ment) Rules, covering nearly 70 param-
eters, to identify waste characteristics and 
determine appropriate disposal methods. 
However, a major challenge is the limited 
availability of certified laboratories capable 
of analysing all these parameters under a 
single facility.

• The disposal process is further con-
strained by the lack of adequate Treatment, 
Storage, and Disposal Facilities (TSDFs) in 
many regions. The non-availability of au-
thorised co-processors, recyclers, incinera-
tors, and re-processors approved by SPCB/
CPCB reduces competition during bidding 
processes, ultimately leading to higher dis-
posal costs. In some cases, even where facili-
ties exist, the authorised hazardous waste 
categories of the disposal facility do not 
match those of the waste generator, creat-
ing regulatory and operational hurdles.

•  Another major challenge is the limited 
number of agencies involved in the recovery 
of precious materials from hazardous waste. 
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Due to monopolistic practices, these agen-
cies often do not participate in government 
tender procedures, turning potential recov-
ery opportunities into disposal burdens.

• In the North-Eastern Region of In-
dia, the number of authorised hazardous 
waste transporters is limited, resulting in 
high transportation costs. In addition, inad-
equate awareness and insufficient technical 
knowledge among workers regarding safe 
handling practices often lead to improper 
packaging and labelling of hazardous waste, 
thereby increasing the risk of accidents.

• Improper segregation and storage of 
hazardous waste can result in accidents, 
leakages, fire hazards, and environmental 
contamination. Transportation of hazard-
ous waste also poses significant risks, as 
spills or mishandling during transit may 
contaminate soil, water, and air. Further-
more, illegal dumping and unauthorised 
disposal practices exacerbate environmen-
tal degradation. 

Improper hazardous waste manage-
ment poses serious risks to human health 
and the environment. Therefore, the es-
tablishment of robust monitoring systems, 
improved infrastructure, technological ad-
vancements, increased awareness, and 
strict regulatory enforcement are essential 
to ensure safe andsustainable hazardous 
waste disposal.
BCPL’s Efforts in Hazardous Waste 
Management

As a major petrochemical industry, 
BCPL generates different categories of haz-
ardous waste during its operations. Manag-
ing these wastes responsibly has been an 
important environmental priority for the 
organization.

One of the major challenges faced by 
BCPL for several years was the absence of 
any Treatment, Storage and Disposal Facil-

ity (TSDF) in Assam and the wider North-
Eastern region. Owing to this limitation, 
the company was compelled to scientifically 
store hazardous waste on-site while con-
tinuously exploring safe and compliant dis-
posal options. In the initial phase, BCPL 
approached authorised agencies such as 
Geocycle India and the Ramky Group for 
disposal outside the region; however, high 
transportation costs and complex regula-
tory approval processes posed significant 
constraints.

To strengthen long-term hazardous 
waste management, BCPL constituted a 
Waste Management Committee (WMC) re-
sponsible for monitoring waste generation, 
segregation, regulatory compliance, and 
disposal activities. In addition, the company 
implemented a dedicated Waste Manage-
ment Policy to ensure systematic, safe, and 
compliant handling of all waste streams.

Despite persistent challenges, BCPL 
remained committed to responsible haz-
ardous waste management and actively 
explored alternative disposal solutions, in-
cluding co-processing in cement industries. 
A notable achievement was realised through 
coordination with M/s Calcom Cement In-
dia Ltd., whereby approximately 75 metric 
tonnes of hazardous waste were successfully 
disposed of through trial coprocessing.

Further, to manage oily and chemi-
cal sludge generated during the treatment 
of oily water sewage, BCPL established a 
bioremediation treatment system, through 
which the hazardous waste was effectively 
converted into landfill-compatible soil.

The company also initiated disposal 
efforts through e-auction and government 
tendering platforms, including MSTC and 
GeM. Although several technical and regu-
latory challenges persisted, BCPL continued 
to adopt proactive and compliant measures 
to ensure environmentally safe and sustain-
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able disposal of hazardous waste.
Through government tendering pro-

cedures, BCPL is currently able to dispose 
of three categories of hazardous waste at a 
TSDF located in West Bengal and through 
an authorised re-processor situated in 
Jharkhand, thereby strengthening its over-
all hazardous waste management frame-
work.
Way Forward

A major breakthrough came in 2025 
when the Pollution Control Board Assam, 
in association with M/s. MWML, initiated 
the installation of a TSDF facility at Lekai, 
Dibrugarh. This development provided a 
long-awaited and sustainable solution for 
industries in Assam and the North-Eastern 
region for scientific disposal of hazardous 
waste. Industries including BCPL were en-
couraged to obtain membership to the TSDF 
facility and utilize the infrastructure for 
safe disposal of different hazardous waste 
categories. The establishment of this facility 
significantly reduced dependency on inter-
state disposal mechanisms and created bet-
ter opportunities for regulatory compliance, 
environmental protection, and long-term 
sustainability.

One major challenge that requires 
the attention of regulatory bodies and tech-
nology developers is the disposal of fixed-
bed materials used in various chemical pro-
cesses, such as molecular sieves, activated 
charcoal, resins, alumina, ceramic balls, 
and similar media. After use, these materi-
als are commonly disposed of in landfills.

A wide range of industries generate 
such wastes, as these materials are exten-
sively used as adsorbents or support media 
in industrial processes. The quantities gen-
erated are significant and continue to in-
crease with industrial growth. At present, 
the absence of reuse or recovery mechanisms 

has been leading to unnecessary landfill dis-
posal and loss of potentially valuable mate-
rials.

If the principles of the circular econ-
omy are applied and suitable technologies 
are developed, these challenges can be ef-
fectively addressed. A buy-back or take-
back mechanism, wherein manufacturers or 
suppliers reclaim spent fixed-bed materials 
for reuse or reprocessing within their pro-
duction cycles, would significantly reduce 
disposal burdens. Such an approach would 
minimize landfill dependency, conserve re-
sources, and enable environmentally sus-
tainable and cost-effective management of 
these materials.

Therefore, the development of ena-
bling technologies, supportive regulatory 
frameworks, and industry participation is 
essential to achieve sustainable disposal 
and resource recovery of spent fixed-bed ma-
terials.

In conclusion, BCPL’s journey in haz-
ardous waste management demonstrates 
strong commitment, environmental re-
sponsibility, and continuous improvement 
despite significant infrastructural and op-
erational constraints. Through sustained 
coordination with regulatory authorities, 
authorised transporters, co-processors, ce-
ment industries, public sector undertakings, 
and waste management agencies, BCPL has 
progressively strengthened its hazardous 
waste management framework.

Going forward, continuous monitor-
ing, adoption of advanced technologies, en-
hanced stakeholder coordination, and strict 
compliance with environmental regulations 
will be critical to achieving efficient and en-
vironmentally sound hazardous waste man-
agement. BCPL’s experience can serve as a 
valuable model for industries operating in 
remote and infrastructure-constrained re-
gions across the country.
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Bamboo Composites: A Sustainable Revolution 
in Civil Engineering

Srijani Adhikari
SM (Civil)

Bamboo composites are emerging as 
an innovative and sustainable material in 
modern civil engineering. They are produced 
by processing natural bamboo into strips or 
fibers and bonding them with resins under 
heat and pressure. This transformation 
overcomes the limitations of raw bamboo—
such as susceptibility to moisture, pests, 
and irregular geometry—while enhancing 

its strength, durability, and usability in 
construction.

One of the key advantages of bamboo 
composites is their high strength-to-weight 
ratio. Engineered bamboo products like 
laminated bamboo and bamboo scrimber 
exhibit mechanical properties comparable 
to timber and in some cases, even rival 
conventional materials used for non-

critical structural elements. Despite being 
lightweight, they are capable of carrying 
significant loads, making them suitable for 
beams, panels, flooring systems, and interior 
structural frameworks.

From an environmental perspective, 
bamboo composites offer significant 
benefits. Bamboo is a rapid renewable 
resource, maturing within 3–5 years, unlike 
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hardwood trees that take decades. It also 
absorbs substantial amounts of carbon 
dioxide during its growth cycle.

When used in construction, especially 
as a substitute for steel, concrete, or timber, 
bamboo composites contribute to a reduction 
in embodied carbon, supporting sustainable 
development goals. Additionally, the 
use of locally available bamboo reduces 
transportation energy and promotes 
regional economies.

The incorporation of resins—such as 
phenolic or epoxy binders—plays a crucial 
role in enhancing the performance of bamboo 
composites. These resins improve resistance 
to moisture, fungi, and termite attacks, 
while also ensuring dimensional stability 
by reducing shrinkage and swelling. As a 
result, bamboo composites demonstrate 
improved longevity and reliability compared 
to untreated bamboo. However, the 
environmental impact of synthetic resins 
remains a concern, and ongoing research is 

focused on developing biobased alternatives 
to make the material even more eco-friendly.

In civil engineering applications, 
bamboo composites are increasingly used in 
flooring, wall panels, formwork, furniture, 
and even structural components in low-

rise buildings. Their aesthetic appeal, 
characterized by a warm and natural 
finish, also makes them popular in interior 
architecture. Furthermore, prefabrication 
techniques using bamboo composites can 
reduce construction time and material 
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wastage, aligning with modern efficient 
building practices.

A notable real-life example of 
bamboo composite usage is the Lokpriya 
Gopinath Bordoloi International Airport, 
Guwahati. The newly developed terminal, 
often referred to as the “Bamboo Orchids” 

design, integrates a significant quantity 
of locally sourced bamboo in engineered 
composite form. These materials are used in 
interior columns, ceilings, and architectural 
elements, showcasing both structural 
capability and cultural identity. The 
project highlights how bamboo composites 

can be successfully applied in large-scale, 
modern infrastructure while maintaining 
sustainability and regional character.

Despite its advantages, bamboo 
composite technology faces certain 
challenges, including the need for 
standardized design codes, quality control in 
manufacturing, and long-term performance 
data. Nevertheless, with advancements in 
material science and increasing emphasis on 
green construction, bamboo composites hold 
immense potential as a viable alternative to 

conventional building materials.

In conclusion, bamboo composites 
represent a promising intersection 
of traditional resources and modern 
engineering. By enhancing the natural 
properties of bamboo through technology, 
they provide a material that is not only 
strong and durable but also environmentally 
responsible—making them an important 
component of the future of sustainable civil 
engineering.

In all things of nature there is something 

of the marvelous.
- Aristotle
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Sustainable Public Procurement (SPP)

Debajyoti Das
SM (C&P)

Arunjyoti Dutta
CM (C&P)

Public Procurement (PP) in India is 
a cornerstone of governance and economic 
activity, accounting for nearly 20-22% of 
GDP (`50-60 lakh crore annually). This 
large scale of expenditure by government or-
ganizations and Public Sector Undertakings 
(PSUs) gets a unique opportunity as well 
as a huge responsibility not just to procure 
goods and services economically but also to 
procure goods  responsibly towards sustain-
ability.

Traditionally, public procurement 
focused on the lowest cost. Today, procure-
ment is evolving into a strategic function 
that integrates economic efficiency,            
environmental sustainability and so-
cial responsibility. This shift is embodied 
in the concept of Sustainable Public Pro-
curement (SPP).

Sustainable Public Procurement (SPP) 
& its key pillars: 

Sustainable Public Procurement re-
fers to the process of acquiring goods, ser-
vices and works in a manner that achieves 
value for money over the entire lifecy-
cle while minimizing environmental impact 
and promoting social well-being.

SPP considers the following three key 
pillars:

• 	Economic: Cost, quality, performance, 
lifecycle cost 

• 	Environmental: Energy use, emis-
sions, waste, resource efficiency 

• 	Social: Labour standards, ethical 
sourcing, inclusivity 

Unlike conventional procurement, 
SPP focuses on Total Cost of Ownership 
(TCO) rather than just the initial purchase 
price.
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Why Sustainable Procurement Matters:

With increasing pressure on natural resources and rising environmental concerns, 
sustainable procurement helps organizations to reduce carbon footprint, minimize waste 
generation, improve energy efficiency and to achieve long-term cost savings. Even small 
procurement decisions such as switching to LED lighting or reducing paper consumption 
can create a significant cumulative impact.

Key Policy Framework Supporting SPP in GFR/DoE manual/GeM procurement:

Circular Procurement: Buyback Models and BCPL: 

One of the most practical applications of SPP is buyback procurement, where suppliers 
take back old equipment while supplying new items. This approach reduces procurement 
cost and ensures environmentally responsible disposal. This is mostly used in BCPL while 
procuring PC and its peripherals, procurement of battery etc. A brief analysis of buy back 
model can be better understood by taking a few examples as under: 

Buyback Procurement - Cost & Sustainability Impact:
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Impact:

• Direct reduction in procurement cost: 
Sustainable Public Procurement (SPP) helps 
reduce overall procurement costs by pro-
moting energy-efficient, durable, and low-
maintenance products. Although the initial 
purchase cost may sometimes be higher, the 
long-term operational and maintenance ex-
penses are lower, resulting in overall cost 
savings. 

• Compliance with environmental reg-
ulations: SPP supports organizations in 
complying with environmental laws, poli-

cies, and government regulations related to 
waste management, pollution control, ener-
gy efficiency, and sustainable resource utili-
zation. This helps avoid legal penalties and 
improves environmental performance. 

• Promotion of circular economy:

SPP encourages the buyback method, reuse, 
recycling, refurbishment, and recovery of 
materials, which supports circular economy 
practices. This reduces waste generation, 
conserves natural resources, and promotes 
sustainable production and consumption 
patterns. 

Lifecycle Costing: A Smarter Procurement Approach:

Sustainable procurement emphasizes Lifecycle Costing (LCC) which considers all costs as-
sociated with a product over its lifetime.

Example:

A 5-star rated air conditioner may have a 
higher upfront cost but results in substan-
tial electricity savings over time making it 
more economical in the long run.

BCPL’s Sustainable Procurement Ini-
tiatives:

Brahmaputra Cracker and Polymer Limited 
(BCPL) has taken several proactive steps 
to integrate sustainability into its procure-
ment processes and a few of the initiatives 
are :

a) Energy-Efficient Procurement:

• 	 Procurement of 5 star-rated air condi-
tioners

• 	 Replacement of conventional lighting-
with LED systems

b) Circular Procurement Practices

• Buyback of batteries, computers, and 
printers 

• Reduction of waste and improved cost 
efficiency 
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c) Resource Recovery

• Forward auction of used oil, plastic, 
and other scrap generated in the plant 

• Auction of all used packing materials 
including card boards

• Revenue generation from waste 

d) Renewable Energy Adoption

• Procurement of solar powerand already 
installed in Admin building and C&P 
warehouse will be sourced with solar 
power and installation is ongoing. 

e) Environmental Compliance

• Safe disposal of hazardous waste 

• Engagement of agencies at BCPL for-
Energy audit, Water audit, EPR certi-
fication, consultancy service for netzero 
target ,contract for monitoring of envi-
ronmental parameters  , contract for 
disposal of municipal and other solid 
waste, contract for disposal of hazard-
ous waste to SPCB/CPCB authorized 
agenciesetc.

Global Perspective and Learnings

• Challenges in the Implementation of 
Sustainable Public Procurement (SPP)

The implementation of Sustainable 
Public Procurement (SPP) faces several 
challenges in organizations and industries. 
One major challenge is the perception that 
sustainable and eco-friendly products are 
more expensive than conventional products. 
Many organizations focus only on the ini-
tial purchase cost rather than the long-term 
savings and environmental benefits.

Another challenge is the limited tech-
nical expertise in lifecycle costing. Proper 
evaluation of total costs, including main-
tenance, operation, and disposal costs, 
requires skilled personnel and technical 

knowledge, which may not always be avail-
able.

Lack of supplier readiness is also a 
significant issue. Many suppliers may not 
have adequate awareness, resources, or ca-
pability to provide sustainable and environ-
mentally compliant products and services.

Additionally, organizations face dif-
ficulty in measuring the long-term benefits 
of sustainable procurement practices. En-
vironmental and social benefits such as re-
duce pollution, energy savings, and waste 
reduction are often difficult to quantify and 
assess immediately.

These challenges highlight the need 
for better awareness, training, supplier de-
velopment, and effective monitoring sys-
tems for successful implementation of SPP.

The Way Forward

To strengthen Sustainable Public Pro-
curement, organizations should:

• Adopt lifecycle costing in procure-
ment decisions:

	 Procurement decisions should con-
sider the total cost of a product throughout 
its entire lifecycle, including purchase, op-
eration, maintenance, and disposal costs, 
instead of only the initial purchase price. 
This helps in selecting more sustainable 
and cost-effective options in the long run. 

• Enhance vendor awareness and par-
ticipation:

	 Organizations should encourage sup-
pliers and vendors to understand and follow 
sustainable procurement practices by con-
ducting awareness programs, training ses-
sions, and regular engagement activities. 
Increased vendor participation improves 
the availability of eco-friendly products and 
services. 
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• Leverage platforms like GeM (now 
mandatory) for green procurement:

	 The use of digital procurement plat-
forms such as Government e-Marketplace 
(GeM) helps organizations procure environ-
mentally sustainable products in a transpar-
ent and efficient manner. These platforms 
also support compliance with government 
policies related to green procurement. 

• More digitization and paperless 
working environment:

	 Adopting digital systems for docu-
mentation, approvals, communication, and 
record-keeping reduces paper consumption, 
improves efficiency, and minimizes environ-
mental impact. A paperless work culture 
also supports faster and more transparent 
operations. 

•  Integrate monitoring and sustain-
ability metrics:

	 Organizations should establish meas-
urable sustainability indicators such as 
energy efficiency, waste reduction, carbon 

footprint, and supplier compliance. Contin-
uous monitoring of these metrics helps as-
sess procurement performance and ensures 
alignment with environmental goals. 

•  Encourage innovation and circular 
economy practices:

	 Procurement strategies should pro-
mote innovative and sustainable solutions, 
including reuse, recycling, refurbishment, 
and resource recovery. Circular economy 
practices help reduce waste generation, con-
serve natural resources, and create long-
term environmental and economic benefits.

	 In Conclusion it needs to be under-
stood that sustainable Public Procurement 
is no longer an option,and it is a strategic ne-
cessity. With strong policy backing through 
GFR, DoE guidelines, GeM implementation 
and environmental regulations, procure-
ment can evolve into a powerful driver of 
sustainable development.
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Nandana Sarmah
Inspector of Boilers, Assam

As the global community unites to ob-
serve World Environment Day, the exigency 
for sustainable industrial development has 
assumed unprecedented prominence. For 
generations, the industrial boiler has served 
as the pulsating core of manufacturing, an 
indefatigable engine powering economic ad-
vancement and shaping the contours of the 
modern world. Yet, this industrial progress 
has historically imposed a considerable bur-
den on the environment. Today, the urgent 
mandate to reinstate ecological balance has 
positioned the humble boiler at the forefront 
of a transformative transition.

The evolution toward green boiler 
operations is no longer a peripheral envi-
ronmental aspiration; it has become a foun-
dational pillar of sustainable industrial 
strategy. This transition signifies a profound 
departure from conventional, emission-in-
tensive practices toward advanced systems 

characterized by enhanced thermal efficien-
cy, cleaner fuels, and significantly reduced 
environmental impact.

Historically, the generation of in-
dustrial steam and process heat has been 
intrinsically dependent on the combustion 
of fossil fuels, establishing boilers as sub-
stantial contributors to global greenhouse 
gas emissions. The soot-laden smokestacks 
of the industrial age stand as enduring em-
blems of a development model, that while 
instrumental in driving economic progress, 
is no longer compatible with the ecological 
imperatives of our time. To honour the true 
spirit of World Environment Day, industries 
must acknowledge that the decarbonization 
of thermal energy systems is not merely an 
environmental aspiration, but both an ethi-
cal imperative and a strategic economic ne-
cessity. The journey toward this sustainable 
industrial future will be shaped by techno-

Green Boiler Operations as Pathways to 
Sustainable Industrial Growth
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logical ingenuity, operational excellence, 
and an unwavering commitment to the prin-
ciples of the circular economy.

The transformation of conventional 
boiler systems into environmentally sustain-
able, high-efficiency operations necessitates 
a multidimensional approach that harmo-
nizes alternative fuels with state-of-the-art 
engineering. Among the most immediate 
and pragmatic pathways is the progressive 
replacement of coal and heavy fuel oil with 
cleaner, low-carbon energy sources. Sustain-
ably sourced biomass, particularly derived 
from agricultural residues, offers a near car-
bon-neutral solution while simultaneously 
promoting resource circularity. Looking 
ahead, the landscape of industrial thermal 
generation is poised for profound change 
through the integration of biogas and green 
hydrogen, the next-generation fuels capable 
of delivering substantial energy output with 
minimal carbon emissions. Concomitantly 
in conventional boiler systems, a substan-
tial proportion of valuable thermal energy is 
dissipated into the atmosphere through ex-
haust gases, representing both an economic 
inefficiency and an environmental liability. 
Green boiler operations address this ineffi-
ciency through the deployment of sophisti-
cated economizers and advanced condensing 
technologies. By recovering and reutilizing 
the latent heat contained in flue gases to 
preheat boiler feedwater, industrial facili-
ties can achieve marked reductions in fuel 
consumption while simultaneously mitigat-
ing greenhouse gas emissions and enhanc-
ing overall thermal performance. Further-
more, for industries in which the complete 
transition away from carbon-intensive fuels 
remains an evolving process, Carbon Cap-
ture and Utilization technologies provide an 
indispensable transitional solution. By cap-
turing carbon dioxide at the point of emis-
sion before it is released through the stack 

and redirecting it for productive industrial 
applications, facilities can substantially 
reduce their atmospheric footprint and ad-
vance meaningfully toward a lower-carbon 
operational paradigm.

A lingering misconception within 
industrial circles is that environmental 
responsibility is inherently at odds with 
commercial performance. Green boiler op-
erations dismantle this fallacy. The very 
mechanisms that reduce a facility’s carbon 
footprint viz. enhanced fuel efficiency, re-
duced waste heat, and optimized operation-
al cycles, simultaneously yield substantial 
reductions in operating costs and enhance 
overall process efficiency. Additionally, as 
regulatory regimes across the globe increas-
ingly impose stringent constraints and fi-
nancial liabilities on carbon emissions, the 
adoption of sustainable thermal technolo-
gies serves as a strategic safeguard against 
future compliance burdens. In doing so, it 
strengthens corporate resilience and confers 
a distinct competitive advantage in a global 
marketplace that is progressively shaped by 
environmental accountability and sustaina-
bility-driven investment.

As we reaffirm our collective steward-
ship on World Environment Day, our ambi-
tion must extend beyond the preservation of 
natural resources toward the broader objec-
tive of industrial regeneration. The transfor-
mation of boiler operations from historical 
sources of environmental burden into exem-
plars of efficiency and sustainability stands 
as a compelling testament to human innova-
tion and engineering excellence. By embrac-
ing these sustainable pathways, industries 
can ensure that the engines of progress con-
tinue to propel economic advancement while 
preserving the ecological integrity upon 
which future generations depend.
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Abhijit Nath
GM (Chemical)

The Northeast region of India is often 
described as the country’s ecological treas-
ure house — a region blessed with dense for-
ests, mighty rivers, fertile valleys, rich bio-
diversity and deeply ingrained indigenous 
traditions. Yet, beyond its scenic beauty lies 
something even more profound: a civiliza-
tional philosophy where nature is not viewed 
merely as a resource, but as a companion of 
human existence. The relationship between 
people and the environment of this region 
has historically been one of coexistenceand 
balance. 

Today, however, the region stands at 
a critical crossroads. Rapid urbanization, 
infrastructure expansion, climate change, 
and growing industrial aspirations are re-
shaping the environmental landscape of the 
Northeast. Simultaneously, industries are 
increasingly expected to grow responsibly, 

minimize ecological impact and contribute 
positively to society. The challenge before 
us, therefore, is not whether development 
should happen, but how development can 
proceed while preserving the ecological and 
cultural identity of the region.

For centuries, the people of Northeast 
India have demonstrated a deep level of en-
vironmental consciousness embedded with-
in their traditions. The indigenous Donyi-
Polo faith of Arunachal Pradesh reveres the 
concept of balance and environmental har-
mony, while Khasi sacred groves in Megha-
laya reflect community-led conservation 
practices that have survived generations. 
Across the region, forests, rivers, mountains 
and even specific trees are treated with deep 
respect, often associated with spiritual sig-
nificance and social responsibility.

The Northeast at a Crossroads: 
Growth, Ecology and Sustainability
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Traditional agricultural festivals fur-
ther highlight this intimate relationship 
with nature. Bihu in Assam, Wangala in 
Meghalaya, and Chapchar Kut in Mizoram 
celebrate not only agricultural prosperity 
but also gratitude towards the environment 
that sustains life. These festivals evolved 
from an understanding that human survival 
depends on harmony with land, water and 
climate. 

Equally remarkable are the tradi-
tional ecological practices developed by local 
communities over centuries. Bamboo-based 
drip irrigation systems in Meghalaya and 
Mizoram, rainwater harvesting techniques 
in hilly terrains, and indigenous wetland 
management systems illustrate how sus-
tainability was practiced long before it be-
came a global discourse. These examples re-
mind us that environmental stewardship is 
deeply rooted in the region’s heritage.

The Northeast is also a home to glob-
ally significant ecosystems, from Kaziran-
ga’s wetlands and Arunachal’s forests to 
Loktak Lake in Manipur that demand care-
ful protection. Yet these ecosystems face 
increasing pressure from changing climatic 
conditions, habitat fragmentation and un-
sustainable exploitation.

Climate change has emerged as one 
of the defining environmental challenges of 
our time. Rising temperatures, erratic rain-
fall, floods, droughts and ecological degra-
dation are no longer distant possibilities; 
they are realities already being experienced 
across the world, including Northeast India. 
Environmental resilience — the ability to 
withstand and adapt to stress — will there-
fore become critical for future survival.

Environmental resilience is funda-
mentally linked to sustainable adaptation, 
innovation and responsible use of nature’s 

limited resources. Nature itself offers im-
portant lessons in resilience. Indigenous 
crop varieties such as deep-water paddy 
and drought-resistant millets have survived 
harsh climatic conditions through centuries 
of adaptation. Communities living in ex-
treme environments, from deserts to high 
altitudes, have evolved lifestyles suited to 
their ecological realities. These examples 
reinforce an important truth: long-term sur-
vival depends not on domination over na-
ture, but on learning to coexist with it.

Industries today must internalize this 
philosophy. Economic growth and environ-
mental protection can no longer be viewed 
as opposing goals. Modern industry must 
become an active partner in sustainability 
by embracing cleaner technologies, improv-
ing resource efficiency, reducing waste gen-
eration and minimizing emissions. Globally, 
industries are increasingly transitioning 
towards circular economy principles mod-
els where waste from one process becomes 
a resource for another, thereby reducing en-
vironmental burden and conserving natural 
resources.

For the petrochemical sector in par-
ticular, this transition carries both respon-
sibility and opportunity. Plastics and poly-
mers have transformed modern life through 
applications in healthcare, agriculture, in-
frastructure, packaging and transportation. 
Yet concerns surrounding plastic waste and 
carbon emissions have also intensified. The 
future therefore lies not merely in produc-
tion, but in responsible production — sup-
ported by recycling, circularity, innovation 
and sustainable material management.

Many promising initiatives are al-
ready emerging. Chemical recycling tech-
nologies, waste-to-value projects, renewable 
integration, carbon management strategies 
and energy efficiency improvements are re-
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shaping the industrial sustainability land-
scape. The growing focus on Net Zero path-
ways and greenhouse gas reduction targets 
reflect a broader recognition that climate re-
sponsibility must become part of corporate 
strategy and governance.

At the same time, sustainability 
cannot remain confined within industrial 
boundaries alone. Public participation and 
community engagement are equally impor-
tant. Environmental responsibility begins 
with everyday actions — reducing waste, 
conserving water, improving energy efficien-
cy and protecting local ecosystems. A truly 
sustainable future requires collaboration 
between governments, industries, academic 
institutions, communities and citizens.

The Northeast offers immense poten-
tial in this regard. The region’s traditional 
knowledge systems, biodiversity wealth and 
cultural ethos can complement modern sci-
entific innovation to create unique sustain-
ability models. Eco-tourism, bamboo-based 
industries, bio-resources, sustainable agri-
culture, wetland conservation and green in-
frastructure can generate economic oppor-
tunities while preserving ecological balance. 
The success of such initiatives depends on 
integrating local communities as active 
stakeholders rather than passive beneficiar-
ies.

An inspiring example of this blend of 
tradition and sustainability is the emerg-
ing lotus silk industry of Manipur. Once a 
traditional craft, lotus silk production has 
evolved into a sustainable livelihood initia-

tive that combines ecological preservation 
with economic empowerment. The process 
utilizes lotus stems from Loktak Lake to 
produce eco-friendly textile fibres with mini-
mal environmental impact. Beyond creating 
livelihood opportunities for local women, the 
initiative also encourages conservation of 
the lake ecosystem itself. 

Ultimately, the path forward for 
Northeast India lies in achieving balance — 
balance between ecology and economy, mod-
ernization and tradition, industrial growth 
and environmental responsibility. Develop-
ment cannot come at the cost of irreversible 
ecological damage, nor can environmental 
protection ignore the developmental aspi-
rations of society. Sustainable progress re-
quires a long-term vision where industry be-
comes a catalyst for resilience and inclusive 
growth.

Nature has always shaped the identi-
ty of the Northeast. Its rivers have nurtured 
civilizations, its forests have sustained com-
munities, and its biodiversity has enriched 
cultural traditions. As the region moves to-
wards a future of greater industrialization 
and economic integration, preserving this 
natural heritage becomes not merely an en-
vironmental obligation, but a moral respon-
sibility.

Northeast India can emerge as a 
model for sustainable development — a 
region where nature and industry grow in 
harmony.
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Introduction

In today’s rapidly urbanizing world, 
environmental conservation has become a 
global priority. Rising pollution levels, ex-
cessive waste generation, and increasing 
fuel consumption are forcing societies to re-
think the way city’s function.

Amid modern technological solutions, 
one traditional system from India contin-
ues to stand out as a remarkable example of 
sustainable living—the Mumbai Dabbawala 
Association network.

Known worldwide for its precision 
and discipline, the Mumbai Dabbawala sys-
tem is more than just a lunch delivery ser-
vice. It is a living example of how simple, 
community-based practices can support en-
vironmental sustainability.
Understanding the Dabbawala System

The history of Mumbai Dabbawala 
System goes back to 1890 when a Parsi bank-
er in Bombay sought a way to receive home 
cooked meals at work. He hired Mahadeo 
Havaji Bachche for the task who eventually 

started delivering tiffins over workplaces in 
a structured manner. For over a century, 
Mumbai Dabbawalas have been delivering 
freshly prepared home-cooked meals to of-
fice workers across the city.

Every day, thousands of tiffin boxes 
travel from homes to workplaces through a 
carefully coordinated network managed by 
nearly 5,000 Dabbawalas. Despite operat-
ing in one of the busiest cities in the world, 
the system is famous for its punctuality and 
near-perfect accuracy.

What makes this system truly inspir-
ing is its environmentally responsible ap-
proach.

Mumbai Dabbawala: Delivering Sustainability 
Along with Meals
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Green Transportation Methods

Unlike many modern delivery ser-
vices that depend on motorcycles, vans, and 
fuel-powered transport, Dabbawalas mainly 
use our most economical and environment 
friendly ways of transportation. These ways 
include Bicycles, Wooden carts and hand-
carts and the last but the most efficient 
one- Mumbai’s suburban railway system. 
Because of this low-energy transportation 
model, the system produces very little pol-
lution. Also, these modes of communication 
give Dabbawalas one incredible superpow-
er, which is cheapest transportation cost.

Environmental Advantages:

• Reduced carbon footprint: very 
low CO2 emissions, helping reduce air pol-
lution and climate change.

• Lower air pollution levels: almost 
zero emissions due to usage of rudimentary 
ways of commute including public transport.

• Less fuel consumption: they use 
existing infrastructures efficiently thereby 
ensuring sustainable land and energy re-
sources.

• Reduced traffic congestion: com-
munity commute and almost fuel-free-last 
mile delivery ensures them to contribute to 
reduced traffic congestion and low noise pol-
lution indirectly.

The Dabbawala network proves that 
efficient urban transportation does not al-
ways require heavy use of fossil fuels.

Reusable Tiffin Culture

One of the most eco-friendly aspects 
of the Dabbawala system is its dependence 
on reusable containers instead of disposable 
packaging. Meals are packed in durable 
stainless-steel tiffin carriers that are used 

repeatedly for years.

Benefits of This Practice in Environ-
mental aspects:

• Prevents plastic waste generation
• Reduces use of disposable materials
• Encourages a culture of reuse

At a time when cities struggle with 
plastic pollution, the Dabbawala model nat-
urally follows sustainable waste-manage-
ment principles.

Promoting Responsible Food Con-
sumption

The system also encourages healthier 
and environmentally conscious food hab-
its. Millions of corporate and government 
employees are enjoying home-style cooked 
meals which has reduced one of the un-
healthiest habits of eating- packaged fast 
food and processed meals. This also reduces 
chances of many lifestyles induced diseases. 
By delivering homemade meals, it also re-
duces dependence on Single-use food pack-
aging. It also promotes locally sourced food 
items such as fish, poultry and organic veg-
etables which indirectly empowers small 
scale businesses.

Additionally, home-cooked food gen-
erally requires fewer industrial processes, 
less packaging, and shorter supply chains, 
which helps lower environmental impact.
Additionally, homemade meals often lead to 
less food wastage.

Simplicity with Maximum Efficiency

The success of the Dabbawala net-
work is especially remarkable because it 
functions with minimum technology de-
pendency. Instead of digital systems and 
automated machines, Dabbawalas use 
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Color-coded markings and manual sort-
ing methods in all their tiffins,which help 
them to identify pickup location, its delivery 
destination along with final delivery area/
building ensuring correct routing through 
multiple hands. This remarkable team co-
ordination and discipline enable them to 
achieve Six Sigma level efficiency without 
digital footprints and with illiterate work-
ers. This network is so remarkable that it 
handles approximately 200000 deliveries 
daily with the lowest of error rate. At every 
stage (sorting point, railway station, deliv-

trust, and human cooperation. This entire 
business is based upon basic human cogni-
tive capabilities where sustainability goes 
side by side. They need negligible electricity 
to run, log, tally, sort or intimate on a soft 
copy basis where manual intervention is 
the best and proven technology till date. So, 
they produce minimum technological waste 
which require same sophistication during 
proper and safe disposal. Their operational 
energy requirements are also minimal as 
their modus operandi is completely manual 
and labour intensive during sorting, identi-
fication and tracking of the delivery.

Social and Economic Sustainability

Apart from environmental benefits, 
the Dabbawala system also contributes to 
society in meaningful ways.

• Generates employment for 
thousands of people: this is a unique 
model where all employees require asser-
tive and proactive mental alertness in this 
job profile without any professional degree 
or any formal education. This helps the sys-
tem to generate employment for thousands 
of people belonging to various economical 
hierarchies. 

• Requires low-cost infrastruc-
ture: straight from kitchen to table model 
enables dabbawalas to perform without any 
physical warehouse or large-scale industri-
al kitchen which requires energy intensive 
maintenance. Thus, all stakeholders are 
happy due to preservation of original fabrics 
in a society. 

• Strengthens teamwork and 
community relationships: this close-knit 
jigsaw model empowers everyone to fill their 
own puzzles, thus ensuring empathy and 

ery area), markings are checked multiple 
times which helps them to identify any mis-
take at a faster way. Then the incorrectly 
routed tiffins are resorted and redirected to-
wards their correct destination.

Sustainable Impact:

Their work shows that sustainable 
systems can be built through organization, 
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accountability towards what they do daily. 
This basic human behaviour is the main fuel 
behind this juggernaut and can be studied 
or dissected under microscopic lens of sup-
ply chain management in modern tech sav-
vy world for alternate business solutions. 

This balance of social, economic, and 
environmental responsibility makes the sys-
tem a globally respected model of sustain-
able urban living.

What the World Can Learn

The Mumbai Dabbawala system 
teaches several important lessons for the fu-
ture:

• 	Sustainability does not always require 
expensive technology

• 	Traditional systems can offer modern 
environmental solutions

• 	Reuse and minimalism are powerful 
conservation tools

• 		Community cooperation can create 
highly efficient systems

	 Cities around the world can adopt 
similar eco-friendly logistics practices to re-
duce pollution and save resources.

Conclusion
On World Environment Day, the 

Mumbai Dabbawala system stands as a 
reminder that sustainable living begins with 
simple everyday actions. Through reusable 
containers, fuel-efficient transportation, low 
energy use, and community cooperation, 
the Dabbawalas have demonstrated 
how a traditional service can contribute 
significantly to environmental conservation.

Their journey proves that protecting 
the planet does not always require complex 
innovations—sometimes, the simplest 
systems create the greatest impact.

Butterfly Species Documented by Roshan Upadhyay
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Background
Managing water and wastewater has 

become a ‘costly affair’ for most of the indus-
tries due to nonavailability of freshwater, 
increased water & energy costs, treatment 
costs and stringent environmental regula-
tions. In States adjacent to Ganga River Ba-
sin, Industries are not allowed to discharge 
any effluent from their premises. As a result, 
the industries in these regions have adopted 
advanced wastewater treatment schemes 
with Reverse Osmosis (RO) to reuse its 
treated wastewater. The RO reject manage-
ment is done by evaporating the rejects us-
ing combination of Multi Effect Evaporator, 
Crystallizers and solar ponds. 

Today, many industries have achieved 
‘Zero Liquid Discharge (ZLD)’ by adopting 
latest technologies and many more indus-
tries need to implement ZLD systems due to 
stricter compliances. However, in this exer-
cise industries are bearing a recurrent sub-
stantial ‘Operation & Maintenance’ costs 
which directly affects the overall ‘cost of 
production’ of the units. Sometimes the ZLD 

systems do not work properly due to wrong 
selection of design and lack of trained staff 
and industries struggle to maintain ZLD 
systems. It’s been observed that the exist-
ing ‘Zero Liquid Discharge’ plants have sig-
nificant potential for further improvements 
to achieve substantial cost savings. In this 
context, the present paper highlights im-
portant aspects which need to be taken care 
of while designing, selection of technology, 
trouble shooting and smooth Operation of 
ZLD systems so that they become more reli-
able & sustainable.    

What is Zero Liquid Discharge (ZLD)?

Zero Liquid discharge (ZLD) implies 
that the industries are not discharging any 
effluent, either on land or in the water body 
or at any other place i.e. recycling the same 
in the process entirely without releasing 
any effluent (treated/untreated) into the en-
vironment. 

As per CPCB the ZLD may be defined 
as “The entire quantity of effluent is treat-
ed to recover water and recovered water is 
reused in process and/or utilities, and only 

Enhancing Reliability and Sustainability in
Effluent Treatment Plants (ETP) / Zero Liquid Discharge 
(ZLD) Systems: Key Challenges and Practical Solutions

Surender Kumar Verma
Additional Director

Federation of Indian Chambers of 
Commerce & Industry (FICCI)
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solids are disposed of (or reused, if possible) 
in environmentally sound manner. Reuse 
of treated effluent for horticulture or agri-
culture purposes will be considered as dis-
charge on land and not as means to achieve 
ZLD. Similarly, effluent of individual indus-
tries being sent to CETP for treatment will 
not be considered as ZLD.” !

• Zero Liquid Discharge Meaning in In-
dustrial Wastewater

Zero Liquid Discharge (ZLD) is a 
strategic, advanced wastewater manage-
ment system designed to eliminate all liq-
uid waste from industrial processes, ensur-
ing none is released into the environment. 
It treats, purifies, and recycles virtually all 
water for reuse, reducing water consump-
tion, lowering disposal costs, and ensuring 
compliance with strict environmental regu-
lations. 

ZLD systems in industries provide 
critical benefits by treating and recycling up 
to 95-99% of wastewater, resulting in nearly 
zero waste. Key advantages include meet-
ing stringent environmental regulations, 
reducing freshwater consumption, cutting 
waste disposal costs, and recovering valu-
able by-products. These systems ensure en-
vironmental sustainability and operational 
efficiency. 

To optimize water recovery and re-
duce waste, ZLD operates as a closed-loop 
treatment cycle that integrates several 
physical, chemical, and biological treat-
ment processes. Primary and secondary 
treatment, sophisticated membrane tech-
nologies, thermal evaporation, crystalliza-
tion, and solid separation units are usually 
included in the system. These procedures 
greatly lessen reliance on freshwater sourc-

es by continuously recycling cleaned water 
back into industrial processes like cooling, 
boiler feed, process use, and washing. !! 

Along with water recovery, Zero Liq-
uid Discharge (ZLD) focuses on efficient use 
of resources and environmental safeguard-
ing by transforming dissolved solids, salts, 
and pollutants into manageable solid forms. 
These solids can either be safely discarded 
in approved facilities or, when possible, re-
purposed for beneficial use. By removing liq-
uid effluent discharge, ZLD systems assist 
industries in meeting strict environmental 
regulations, avert contamination of surface 
and groundwater, and contribute to long-
term sustainability objectives.

• Need for Zero Liquid Discharge

Zero Liquid Discharge (ZLD) has 
emerged in India as a critical wastewater 
management strategy, particularly for wa-
ter-intensive and pollution-prone industrial 
sectors. The adoption of ZLD systems in 
the Indian context is not driven by a single 
factor, but by a convergence of regulatory 
mandates, infrastructural limitations, so-
cio-environmental pressures, water scarcity 
economics, and evolving sustainability and 
ESG expectations. Together, these drivers 
have transformed ZLD from a compliance-
oriented solution into a strategic response 
to water risk and environmental account-
ability. The key drivers for adoption of ZLD 
system in Indian context are:

• Stringent Regulatory Mandates : In 
India, industrial wastewater discharge 
norms have become progressively stricter, 
driven by CPCB directives and SPCB en-
forcement. In many states, such as Tamil 
Nadu, Gujarat, Andhra Pradesh, and Maha-
rashtra, chemical industries are required to 
operate under Zero Liquid Discharge norms, 
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with very high standards for Total Dissolved 
Solids (TDS), Biochemical Oxygen Demand 
(BOD), Chemical Oxygen Demand (COD), 
and other pollutant parameters. 

Non-compliance can result in pen-
alties, cancellation of Consent to Operate 
(CTO), and even plant closure, as seen with 
dye and electroplating units in Ludhiana, 
where ZLD compliance is being enforced by 
the Punjab Pollution Control Board. 

• Water Scarcity and Resource Con-
straints : India is classified as water-
stressed or water-scarce in many regions. 
Chemical plants located in zones with lim-
ited freshwater availability face competition 
with agriculture, domestic use, and ecosys-
tem needs. ZLD systems, by enabling 90%+ 
water reuse, reduce dependence on bore-
wells or external water, thereby enhancing 
plant resilience and sustainability. 

• ESG and Corporate Sustainability 
Objectives : Environmental, Social, and 
Governance (ESG) expectations are ris-
ing in Indian industries, especially among 
global supply chains. Companies that adopt 
ZLD can demonstrate reductions in fresh-
water consumption and wastewater pollu-
tion. ZLD implementation supports water 
stewardship metrics in ESG frameworks 
(e.g., GRI, CDP Water) and can strengthen 
brand value and investor confidence. 

• Public and NGO Pressure : Communi-
ties and environmental advocates increas-
ingly oppose industrial discharges into riv-
ers, lakes, and groundwater. Public and 
media scrutiny can influence regulators to 
enforce stricter discharge norms, making 
ZLD not only a compliance activity but a so-
cial license to operate. 

Economics of Water Use and Cost Sav-
ings : Although ZLD systems have high 
initial costs (CAPEX) and operational costs 
(OPEX), they can reduce long-term expendi-
ture on water procurement and effluent 
disposal. By recycling water and capturing 
valuable by-products (e.g., salts), industries, 
particularly chemicals, can improve process 
economics and reduce dependency on exter-
nal water sources, especially where water is 
expensive or rationed. 

• Site and Process Considerations : 
The characteristics of influent wastewater, 
including pH, temperature, organic load, 
salinity, and presence of toxic compounds, 
heavily influence what treatment tech-
nologies should be selected. Highly saline 
or chemically complex streams common in 
chemical process industries often necessi-
tate advanced treatment trains combining 
biological, membrane, and thermal process-
es. 

In summary, the drivers for imple-
menting ZLD in India extend well beyond 
regulatory compliance. They encompass 
infrastructural gaps, socio-environmental 
pressures, water scarcity realities, evolving 
water economics, and the strategic impera-
tives of ESG-driven business models. As wa-
ter risks intensify due to climate variability, 
urbanization, and industrial growth, ZLD is 
increasingly being positioned not merely as 
an end-of-pipe treatment solution, but as a 
core element of integrated water manage-
ment and long-term industrial sustainabil-
ity in India. The Industry Decision-Making 
Guidelines for Implementing Zero Liquid 
Discharge (ZLD) in India is given below for 
reference.
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Table 1: Industry Decision-Making Guide for Implementing Zero Liquid 

Discharge (ZLD) in India
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• Core Components of ZLD System

A complete zero liquid discharge (ZLD) sys-
tem needs multiple specialized treatment 
stages that work together to eliminate liq-
uid waste. Each component has a vital role 
in removing contaminants, concentrating 
dissolved solids, and recovering water.

Zero Liquid Discharge (ZLD) systems are 
designed to eliminate liquid waste, ensur-
ing maximum water recovery through a 
combination of physical, chemical, and ther-
mal processes. Core components include 
pretreatment (clarifiers, filters) to remove 
solids, membranes (Reverse Osmosis/Ultra-
filtration) for concentration, and thermal 
equipment (evaporators/crystallizers) to 
convert remaining brine into solid waste. 

• Key Core Components of a ZLD Sys-
tem: 

a. Pre-treatment System: Removes sus-
pended solids, heavy metals, hardness, and 
silica using clarifiers, chemical feeds (coag-
ulation/flocculation), and filters to prevent 
membrane fouling.

b. Membrane Filtration (Concentration 
Phase): Utilizes Ultrafiltration (UF) to re-
move trace suspended solids and Reverse 
Osmosis (RO) to separate the bulk of dis-
solved solids, creating a concentrated brine 
stream.

c. Brine Concentrator: Further reduces 
the volume of the wastewater by concentrat-
ing the reject from the RO system.

d. Evaporator: Uses heat (often through 
Mechanical Vapor Recompression - MVR) 
to vaporize remaining water, concentrating 
the waste to a near-solid state.

e. Crystallizer: The final stage that boils 
off remaining liquid to produce solid, dry 
cake for disposal or potential reuse.

f. Filter Press/Dryer: Used to separate, 
dewater, and concentrate solids from the ef-
fluent. 

Enhancing Reliability and Sustainabil-
ity in Effluent Treatment Plants (ETP) 
/ Zero Liquid Discharge (ZLD) Systems

Selection and operation of Effluent Treat-
ment Plant (ETP) and Zero Liquid Discharge 
(ZLD) systems pose complex, interlinked 
challenges for the industry. First, choosing 
the right treatment scheme is critical for 
reliable, sustained operations. Industries 
must match schemes to variable influent 
chemistry, flow regimes, and downstream 
disposal constraints. Mis-sized units, inap-
propriate technology choices, or lack of con-
tingency for seasonal or process-driven fluc-
tuations lead to chronic underperformance, 
frequent interventions, and higher lifecycle 
costs.

Ease of operation and user-friendliness 
are often overlooked during design. Com-
plex control sequences, poor accessibility to 
critical instrumentation, and overly manual 
maintenance routines increase dependency 
on skilled operators. High staff turnover or 
limited in-house expertise transforms rou-
tine tasks into vulnerabilities, raising the 
probability of operational lapses and non-
compliance.

Operational issues such as dynamic pollut-
ant loads, corrosion and scaling aggressively 
affect equipment longevity and performance. 
Sudden spikes in toxics, oil and grease, or sa-
linity force frequent chemical dosing, upset 
biological processes, and accelerate fouling. 
Corrosion, driven by pH swings, chlorides, 
and oxidants, shortens equipment life and 
inflates maintenance costs. Scaling in mem-
branes and evaporators reduces through-
put and energy efficiency, demanding costly 
cleanings and downtime.
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Energy consumption and carbon footprint 
are rising concerns. RO trains, thermal 
evaporators, and mechanical concentrators 
are energy-intensive; without integrated en-
ergy recovery and optimization, OPEX and 
emissions escalate. Pressure on industries 
to meet ESG targets and regulatory expec-
tations increasingly ties environmental per-
formance to business risk and finance, mak-
ing energy-efficient design non-negotiable.

Digital technologies and AI offer solutions, 

real-time monitoring, predictive mainte-
nance, and process optimisation, but adop-
tion faces hurdles. Many plants lack robust 
sensor networks, have fragmented data sys-
tems, or suffer poor data quality. Developing 
and validating predictive models requires 
historical data, cross-disciplinary expertise, 
and change management to integrate AI 
outputs into operations. Cybersecurity and 
vendor lock-in are additional concerns.

Challenges in ETP/ZLD Systems and Practical Solutions
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Federation of Indian Chambers of Com-
merce & Industry (FICCI) is one of the apex 
chambers of commerce & industry in the 
country. FICCI is an accredited / certified 
water auditing agency by State Ground Wa-
ter Regulations Authority /CGWA, Ministry 
of Jal Shakti, Government of India for un-
dertaking compliance water audit studies of 
industries.  

FICCI is one of the organizations which 
has vast experience in Water Audit Services 

spread around almost in every sector pro-
viding Water Neutrality Roadmap and its 
certifications in line with ESG framework 
adopted by Indian Corporate Groups. 

The author may be approached for any of the 
above services as well as for online discus-
sions for seeking any techno-commercial pro-
posals for your Industry or Corporate Group 
at Surender Kumar Verma, Additional Di-
rector, FICCI, M-09818186253  E-surender.
verma@ficci.com and surenderkverma@
gmail.com.

Photography by Hrishikesh Gupta, SM (Chemical)

! Status report in compliance of Hon’ble NGT order dated 08.02.2022 In the matter of Beant 
Singh Bajwa, The President, National Anti-Corruption Council Versus State of Punjab (NGT 
order dated 08.02.2022 in O.A No. 682 /2019).
!! https://susbio.in/zero-liquid-discharge-implementation/
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Water is life. Every living being on 
Earth depends on clean and safe water for 
survival. Yet, in many places today, clean 
water is becoming increasingly difficult to 
access. The situation is deeply concerning in 
cities like Guwahati, where heavy rainfall 
for even an hour often leads to severe water 
logging. Water fills roads, lanes, and every 
corner of the city. Alongside the mighty 
Brahmaputra River, Guwahati is surround-
ed by numerous natural water bodies. Ironi-
cally, despite being rich in water resources, 
many people still struggle to obtain clean 
drinking water.

Today, while one section of society 
depends on advanced purification systems 
such as RO filters, another section contin-
ues to search for safe and drinkable water. 
This contradiction clearly reflects the grow-
ing crisis of water pollution — one of the 
most serious environmental challenges of 
our time.

Water pollution occurs when harm-
ful substances such as industrial waste, 
sewage, plastics, chemicals, pesticides, oils, 
and untreated garbage contaminate rivers, 
lakes, ponds, and groundwater. Rapid ur-
banization, improper waste disposal, and 
lack of public awareness have worsened the 

condition significantly. Human negligence 
has turned many valuable water sources 
into dumping grounds.

The impacts of water pollution are 
alarming. Contaminated water spreads dan-
gerous diseases such as cholera, typhoid, di-
arrhea, and hepatitis. Polluted rivers also 
affect aquatic life, destroying ecosystems 
and reducing biodiversity. In addition, toxic 
heavy metals and chemicals entering the 
food chain can create long-term health prob-
lems in humans. If the situation continues 
unchecked, future generations may face se-
vere scarcity of safe drinking water.

Organizations like the Central and-
State Pollution Control Boards are con-
tinuously working to address this issue. The 
Boards regularly monitor industries, hotels, 
hospitals, and other establishments to en-
sure compliance with environmental laws. 
Monthly monitoring programs are con-
ducted for natural water bodies across the 
state. During festivals and special events 
that may affect rivers and lakes, additional 
monitoring and restoration measures are 
implemented in coordination with other gov-
ernment departments. Public complaints re-
garding pollution are also taken seriously, 
and necessary actions are taken promptly.

Nilima Baruah
Environmental Scientist

Assam Pollution Control Board

Water Pollution: A Growing Threat to 
Human Survival



73

The Central Laboratory of the Board 
examines 44 important water quality pa-
rameters, including pH, BOD (Biochemical 
Oxygen Demand), COD (Chemical Oxygen 
Demand), TDS (Total Dissolved Solids), and 
heavy metals such as copper (Cu), lead (Pb), 
nickel (Ni), and zinc (Zn). These param-
eters must remain within prescribed limits 
for water to be considered safe and usable. 
For instance, the BOD level in river water 
should ideally remain below 3 mg/L, while 
chloride content in drinking water should 
not exceed permissible limit i.e., 250 mg/L 
(According to BIS Indian Standard).

However, despite scientific monitor-
ing and administrative efforts, the results 
are often not as effective as expected. One 
major reason is the lack of environmental 
awareness among people. Improper waste 
disposal and poor waste segregation contin-
ue to pollute drains, rivers, and wetlands. 
Plastic waste, untreated sewage and house-
hold garbage frequently end up in water 
bodies, worsening the crisis.

Environmental conservation is not 
solely the responsibility of government 
agencies; it is a collective duty of every citi-
zen. Protecting water sources means ensur-
ing that no untreated liquid or solid waste 
is directly discharged into rivers, lakes, or 
ponds. Waste should be scientifically treat-
ed, recycled, or reused wherever possible.

Small individual actions can create a 
large impact. Avoiding plastic disposal into 
drains, conserving water, practicing proper 
waste segregation, reducing chemical us-
age, and spreading awareness are simple 
yet powerful steps toward protecting our en-
vironment. Sustainable habits developed to-
day can help secure a cleaner and healthier 
future tomorrow.

Clean water is not a luxury — it is a 
basic human necessity. If we fail to protect 
our water resources now, future generations 
may inherit a world where water exists eve-
rywhere, but not a single drop is safe enough 
to drink. The time to act is now, before the 
silent crisis becomes irreversible.

APCB officials during analysis of water samples in the central laboratory of the Board

APCB officials during water sample collection
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How Green Are You?
	 A fun and slightly tricky quiz to test 
how environmentally aware you really are!
	 Answer honestly, calculate your score, 
and find out which Green Personality you 
belong to.
• How to Play
• 	 Read each question carefully 
• 	 Choose the option you think is correct 
• 	 Write down your answers 
• 	 Give yourself 1 point for every correct answer
• 	 Add your total score at the end 
• 	 Check your result in the Green ScoreCard

QUIZ QUESTIONS
1. Which layer of Earth protects us from 
harmful UV rays?

A. 	Troposphere		  B. Ozone Layer
C. 	Lithosphere		  D. Hydrosphere

2. India launched “Mission LiFE” to en-
courage people to:

A.		 Adopt eco-friendly lifestyles and daily 	
habits

B. 	Adopt sustainable lifestyles and habits
C. 	Follow environmentally conscious 

habits in everyday life
D.	 Promote climate-friendly behaviour 

and sustainable choices

3. The “ozone hole” mainly forms over 
which region?

A. 	Sahara Desert
B. 	Antarctica
C. 	Amazon Rainforest
D. 	Indian Ocean

4. What does “net zero” mean in climate 
discussions?

A. 	Using zero discharge policy
B. 	Achiving carbon neutrality through 	

emission reduction and absorption
C. 	Balancing emitted greenhouse gases 	

with equivalent removal efforts
D. Reaching a state where net greenhouse 

gas emissions are effectively zero
5. Which of these is the best everyday 
way to reduce plastic waste?

A. 	Reusing plastic bottles forever
B. 	Carrying your own reusable bottle
C. 	Throwing plastic in the “dry waste” 

bin without checking
D. 	Burning plastic at home

6. Which action is likely to have the 
greatest long-term impact on reducing 
urban air pollution?

A. 	Increasing the number of private elec-
tric cars

B. 	Expanding public transportation and 
green mobility

C. 	Building more parking spaces in cities
D. 	Using air purifiers in public places

Environment Awareness Quiz

Prepared by-
Sampreeti Gogoi
Manager (Chemical)
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7. Which approach is most effective for 
reducing household water wastage?

A. 	Practicing efficient water use in daily 
activities

B. 	Adopting controlled water consump-
tion habits

C. 	Using water responsibly through con-
servation practices

D. 	Following sustainable methods to 
minimize water use

8. Which travel habit is usually more 
eco-friendly?

A. 	Sharing rides whenever possible
B. 	Using public transport for regular 

travel
C. 	Choosing transportation with lower 	

fuel consumption
D. 	Reducing the number of individual ve-

hicle trips

9. The term “COP” often seen in climate 
news refers to:

A. 	Council of Parties
B. 	Conference of the Parties
C. 	Convention of Parties
D. 	Committee of the Parties

10. What is the main cause of acid rain?
A. 	Oxygen pollution
B. 	Sulphur dioxide and nitrogen oxides
C. 	Water vapor
D. 	Dust particles only

• Green Score Card
0 – 4 Points → The Beginner Seed

	 You’re just starting your environ-
mental awareness journey.

	 Nature is calling… and maybe it’s 
time to pick up!

	 A little more awareness can make a 
big difference.

Your Mission:
Start with small habits—save water, 

reduce plastic, and stay updated on 
environmental news.

5 – 7 Points → The Growing Green 
Mind 

	 You care about the environment 
and have decent awareness,

	 but there’s still room to grow!
	 You’re on the right path—just keep 

watering your green habits.

Your Mission:
	 Turn awareness into action.
	 Consistency is where real change 

happens.
8 – 10 Points → The Planet Protector 

	 Impressive!
	 You’re highly aware and environ-

mentally responsible.
	 You understand that protecting 

nature isn’t a trend—it’s a respon-
sibility.

Your Mission:
	 Lead by example and inspire oth-

ers to live greener too.
• Final Thought

	 The Earth doesn’t need a few peo-
ple doing sustainability perfectly.

	 It needs millions doing it imper-
fectly—but consistently.

Answer at Page No. 88 
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The global demand for energy is in-
creasing rapidly, while fossil fuel reserves 
are declining. Bioethanol has emerged as 
a promising alternative fuel due to its re-
newable nature and lower greenhouse gas 
emissions. Conventional bioethanol produc-
tion uses food-based raw materials such as 
sugarcane and corn, which leads to food-fuel 
conflicts.

Water hyacinth (Eichhornia cras-
sipes) is an invasive aquatic plant that grows 
rapidly in water bodies, causing blockage of 
waterways, reduction of dissolved oxygen, 
and loss of aquatic biodiversity. Its high cel-
lulose content makes it a suitable lignocel-
lulosic biomass for bioethanol production. 
This project aims to convert this problem-
atic weed into a valuable energy resource.

The team comprises of four members  
Abhisikha Borah, Manjeeta Borah, Cham-
pak Hazarika, Jyotirmoy Baruah of 8th Se-
mester Chemical Engineering Department 
of Bineswar Brahma Engineering College 
under the guidance of Mr. Amarjit Das, 
B.E, MTech ( Assistant Professor, Bineswar 
Brahma Engineering College ) have done a 
project on “Production of Bio-ethanol from 
Water Hyacinth using Sodium Hydroxide” 
as a part of their academic research .

Water Hyacinth as a Biomass Source

Water Hyacinth (WH) is considered a 
lignocellulosic biomass because it contains 
Cellulose , Hemicellulose and Lignin. Cellu-
lose and hemicellulose can be converted into 
fermentable sugars, which are further used 
to produce ethanol.

Production Of Bio-Ethanol From Water 
Hyacinth Using  Sodium Hydro-Oxide (NaOH)

Abhisikha Bora     Manjeeta Borah Champak Hazarika     Jyotirmoy Baruah
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Process of Bioethanol Production from 
Water Hyacinth

• Collection & Preparation

Water hyacinth is collected from 
ponds, lakes, rivers, or other water bodies 
and washed thoroughly with clean water 
to remove dirt, mud, and other impurities. 
Since the plant contains a high amount of 
moisture, it is dried under sunlight or in a hot 
air oven to reduce the water content. Proper 
drying helps prevent microbial growth and 
improves the efficiency of further processing 
steps. After drying, the biomass is cut into 
small pieces and ground into fine powder. 
Grinding increases the surface area of the 
biomass, making chemical and enzymatic 
treatments more effective during bioethanol 
production.

• NaOH Pretreatment

The dried biomass is treated with di-
lute sodium hydroxide (NaOH) solution at 
temperatures around 90–120°C for about 30 
minutes. This alkaline pretreatment helps 
in removing lignin and part of the hemicel-
lulose present in the plant cell wall. As a 
result, the rigid structure of the biomass is 
broken down, and cellulose becomes more 
exposed and accessible for hydrolysis and 

enzyme action. Pretreatment is an impor-
tant step because it improves the efficiency 
of sugar release in the later stages of the 
process.

• Acid Hydrolysis

After NaOH pretreatment, the biomass be-
comes highly basic in nature. Therefore, di-
lute Sulphuric Acid (H2SO4) is added to neu-
tralize the solution and maintain a suitable 
pH. Acid hydrolysis helps in breaking down 
complex carbohydrates and polysaccharides 
into smaller sugar molecules such as glu-
cose and xylose, which are easier to ferment. 
This step increases the quantity of ferment-
able sugars available for ethanol production 
and prepares the biomass for enzymatic sac-
charification.

• Enzymatic Saccharification

In this step, cellulase enzyme is add-
ed to the pretreated biomass under con-
trolled temperature and pH conditions. The 
enzyme acts on cellulose and converts it 
into simple fermentable sugars such as glu-
cose. Saccharification is usually carried out 
for several hours to obtain maximum sugar 
yield. This process is eco-friendly and highly 
efficient because enzymes specifically tar-
get cellulose without producing harmful by-
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products. The sugar-rich solution obtained 
after saccharification is then used for fer-
mentation.

• Fermentation

The sugar-rich solution is ferment-
ed using yeast (Saccharomyces cerevisiae) 
under anaerobic conditions at 27–30°C 
for 48–72 hours. During fermentation, the 
yeast utilizes glucose as a food source and 
converts it into ethanol and carbon dioxide. 
Proper temperature, pH, and fermentation 
time are maintained to achieve maximum 
ethanol production. The chemical reaction 
involved in fermentation is:

At the end of fermentation, the so-
lution obtained is called fermented broth, 
which contains ethanol along with water 
and other impurities.

• Fractional Distillation

The fermented broth contains etha-
nol mixed with water, yeast cells, and other 
impurities. Fractional distillation is carried 
out to separate and purify ethanol based on 
differences in boiling points. Since ethanol 
has a lower boiling point than water, it va-
porizes first when heated. The ethanol va-
pours are then condensed and collected sep-
arately. This process increases the purity of 
ethanol and produces bioethanol suitable 
for fuel and industrial applications                            

Role of NaOH In Bioethanol Production

In this process Sodium Hydroxide (NaOH) is used for alkaline pretreatment of 
water hyacinth. NaOH  helps in Removal of lignin, breaking down the rigid structure of 
biomass, also increase in cellulose accessibility. It also helps in improving sugar yield during 
hydrolysis.
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Result

• FTIR : Fourier Transform Infra-Red 
Spectroscopy

	 The FTIR spectrum of bioethanol pro-
duced from water hyacinth using sodium 
hydroxide pretreatment shows important 
peaks that confirm the presence of ethanol 
and structural changes in the biomass. The 
broad peak around 3200–3600 cm-¹ indicates 
O–H stretching of alcohol groups, while 
the peaks near 2900 cm-¹ represent C–H 
stretching vibrations characteristic of etha-
nol. Changes in peak intensity at different 
NaOH concentrations suggest the removal 
of lignin and hemicellulose from the bio-
mass. The treated samples showed stronger 
alcohol-related peaks, indicating that so-
dium hydroxide pretreatment improved the 
conversion of water hyacinth into bioetha-
nol.

corresponded to the CH3 (methyl) group of 
ethanol. Peaks observed near δ 3.4–3.8 ppm 
represented the CH2 group attached to ox-
ygen in ethanol. A broad signal due to the 
OH proton was also observed. These char-
acteristic proton signals confirmed the suc-
cessful production of bioethanol from water 
hyacinth after NaOH pretreatment and fer-
mentation.

Applications & Importance of Bio Etha-
nol

Bioethanol produced from water hya-
cinth can be used as an alternative renew-
able fuel or blended with petrol to reduce 
dependence on fossil fuels. It is environmen-
tally friendly and produces lower greenhouse 
gas emissions compared to conventional fu-
els. The use of water hyacinth for bioethanol 
production also helps in controlling the ex-
cessive growth of this invasive aquatic weed 
in water bodies. Thus, the process not only 
provides a sustainable energy source but 
also contributes to waste management and 
environmental protection.

• NMR : Nuclear Magnetic Resonance 
Spectroscopy 

NMR Analysis Result: The NMR 
spectrum further confirmed the presence 
of bioethanol in the fermented sample. A 
characteristic peak around δ 1.0–1.2 ppm 
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Conclusion

The production of bioethanol from wa-
ter hyacinth represents a sustainable and 
eco-friendly solution to both energy scar-
city and environmental pollution. By utiliz-
ing an invasive aquatic weed, the process 
eliminates food-fuel conflict while generat-
ing renewable energy. The NaOH pretreat-
ment helped break down lignin and improve 
cellulose accessibility, enhancing the effi-
ciency of hydrolysis and fermentation pro-
cesses. This project not only highlights the 
potential of converting waste biomass into 
valuable biofuel but also contributes to envi-
ronmental management by reducing water 
pollution caused by excessive growth of wa-
ter hyacinth. Overall, the study proves that 
bioethanol production from water hyacinth 
is an economical and promising alternative 
to conventional fossil fuels for future energy 
demands. 

Achievement:

 It is an honour to share that our pro-
ject secured 3rd prize at the National Level 
across India at the Anveshana Program or-
ganized by Agastya International Founda-
tion in Bhubaneswar. Competing against 40 
teams from various engineering institutes 
and colleges from across the country, our 
project “Production of Bioethanol from Wa-
ter Hyacinth using NaOH” stood among the 
best.

Grateful for this recognition, proud of 
our team’s effort and grateful for the guid-
ance from our guide Mr. Amarjit Das and 
motivated to continue exploring innovative 
and sustainable solutions. This achievement 
has strengthened our confidence to work 
further in the field of renewable energy and 
sustainable development. Looking forward 
to learning, innovating, and contributing 
through research-driven ideas in the future.
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As climate policies both domesti-
cally and abroad continue to tighten, re-
finers in India—home to one of the largest 
global refining hubs—are rapidly advanc-
ing decarbonization efforts, with adoption of 
green hydrogen poised to play a vital role in 
achieving the nation’s 2070 net-zero target. 

Responsible for about 4% - 6% of to-
tal global greenhouse gas (GHG) emissions, 
decarbonizing the international refining 
industry forms a key part of global climate 
policy initiatives. While the sector’s imple-
mentation of green hydrogen will help re-
duce dependence on fossil fuels and scale 
up the use of renewable energy—if properly 
executed—it also presents Indian refineries 
with long-term economic and strategic op-
portunities, including unlocking new mar-
kets and attracting future outside invest-
ments.

Ensuring refiners’ transition to green 
hydrogen is successful, however, requires 
developing a supportive framework of sound 

policy, financial incentives, production man-
dates, reliable pricing systems, infrastruc-
ture development, further research and de-
velopment on emerging technologies, and 
public-private partnerships.

In addition to providing an overview 
of India’s refining industry and its use of hy-
drogen, this article introduces opportunities 
for and roadblocks to expedited integration 
of green hydrogen by domestic refineries.

India’s refineries

Vital to national energy security for 
the reliable supply of transportation fu-
els and petrochemical feedstocks to meet 
the demand of both domestic and export 
markets, India’s refining sector represents 
the world’s fourth-largest hub, its 22 oper-
able refineries featuring a combined crude 
processing capacity of about 256.8 million 
tonnes/year.

Sabitri Bhattachrjee 
CM (Project)

Kalyan Ch. Nath
CM (Project)

Indian Refinery Expansion – A Booming Opportunity 
for Investment in Green Hydrogen
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Hydrogen Consumption

Refineries rely on hydrogen to en-
able hydrocracking and desulfurization pro-
cesses for producing cleaner fuels. Most vol-
umes are consumed by secondary processing 
units, including:

• 	 Naphtha, diesel, and vacuum gas oil 
(VGO) hydrotreaters.

• 	 Hydrocrackers (full conversion and 
once-through conversion crackers).

• 	 Prime Gasoline units.
• 	 Catalytic dewaxing units.
• 	 Isomerization units.

Used by hydrotreaters to remove im-
purities from naphtha, kerosine, and die-
sel, hydrogen is employed by dewaxing and 
isomerization processes for product-value 
upgradation (e.g. ultralow sulphur diesel), 
as well as for cracking heavier hydrocarbons 
(e.g., VGO) into lighter hydrocarbon prod-
ucts (naphtha, distillates).

Most hydrogen consumed by Indian 
refineries is produced using carbon-inten-
sive steam methane reforming (SMR), a 
natural gas-dependent process that emits 
an average of 9–12 tonnes of carbon dioxide 
(CO2) for every 1 tonne of hydrogen pro-
duced. With its 6 millionTonne per year de-
mand, India is currently one of the largest 
global hydrogen markets. 

Most hydrogen consumed by Indian 
refineries is grey hydrogen, which is pro-
duced from natural gas without using car-
bon-abatement technologies.

Green Hydrogen

India’s refineries afford varied op-
portunities for production and consump-
tion of green hydrogen, which is produced 
via electrolysis using water and electricity 
generated by renewable or nuclear energy. 
In addition to drastically cutting individual-
site emissions, a switch to green hydrogen 

by domestic refineries would enable India to 
expedite attaining its net-zero ambitions.

Under the National Green Hydrogen 
Mission (NGHM), India commissioned ap-
proximately 8,000 tonnes per annum (TPA) 
of green hydrogen production capacity as of 
February 2026. 

The Government of India has made 
it mandatory for refineries and fertilizer 
plants to gradually replace grey hydrogen 
with green hydrogen, aiming to shift from 
fossil-fuel-based feedstock to renewable en-
ergy sources. This initiative is driven by the 
National Green Hydrogen Mission (NGHM), 
launched in January 2023, which aims to 
make India a global hub for green hydrogen 
production. 

Key Details of the Mandatory Shift:

• Initial Targets: The draft policy ini-
tially proposed that refineries must replace 
a minimum percentage of their hydrogen 
consumption with green hydrogen, starting 
around 2023/24, with proposals to increase 
this share significantly over the next five 
years.

• Long-Term Goal: By 2030, the gov-
ernment aims to achieve 5 Million Metric 
Tonnes (MMT) of green hydrogen produc-
tion annually, supported by 125 GW of dedi-
cated renewable energy capacity.

• Refinery Focus: Oil refineries, which 
use massive amounts of hydrogen for des-
ulfurization and hydrocracking, are identi-
fied as the primary, early adopters of this 
mandate.

• Mandate Mechanism: The mandatory 
purchase is designed to be part of an over-
arching framework that requires designat-
ed consumers to meet a percentage of their 
total hydrogen consumption through green 
alternatives.
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Refinery Capacity Expansion (upto 
2040)

India's refining capacity is projected 
to reach 400–450 million metric tonnes per 
annum (MMTPA) by 2040. In tandem, the 
demand for Green Hydrogen (GH2) within 
these refineries is expected to grow as India 
enforces decarbonisation mandates and ex-
pands its clean energy infrastructure. 

The Indian government plans to 
nearly double its current refining capacity of 
approximately 258 MMTPA to meet rising 
domestic fuel and petrochemical demand.

• Target Capacity: Long-term projec-
tions aim for 450 MMTPA to consolidate In-
dia’s position as one of the top three global 
refining hubs.

• Strategic Growth: Future refineries 
are being designed as integrated complex-
es that produce both traditional petroleum 
products and renewable energy solutions 
like green hydrogen.

• Key Projects: Major additions include 
brownfield expansions (approx. 142 MMT) 
and greenfield projects such as the 60 MMT-
PA West Coast Refinery and the 9 MMTPA 
Barmer Refinery. 

Green Hydrogen Demand in Refineries

Refineries are currently one of the 
largest consumers of hydrogen (mostly 
"grey" hydrogen from fossil fuels) and are 
central to India's National Green Hydrogen 
Mission. 

• Projected Demand: Total green hydro-
gen demand in India is estimated to reach 
22.1 MMTPA by 2040. For the refinery sec-
tor specifically, demand is projected to grow 
from current levels to approximately 8.54 
MMTPA by 2050.

• Substitution Mandates: The govern-

ment is considering mandates requiring oil 
refineries to replace a portion of their fuel 
consumption with GH2—starting at 3% in 
2025 and scaling up to 30% by 2035.

Refining giants like Indian Oil (IOCL) 
and Bharat Petroleum (BPCL) have already 
set aggressive net-zero targets for 2046 and 
2040, respectively, positioning green hydro-
gen as a core component for their future op-
erations.

Adoption by the sector, however, con-
tinues to lag. Green hydrogen costs are very 
high ($4–6/kg) relative to grey hydrogen 
($1.50/kg). India also still lacks a well-estab-
lished domestic infrastructure and stable 
supply of renewable energy to accommodate 
green-hydrogen transportation and produc-
tion.

While Indian refiners will require 
more-competitive pricing before committing 
to adopting green hydrogen at scale, some 
domestic refineries are testing green-hydro-
gen integration in pilot projects, including 
IOCL, which is one among several operators 
working to develop solar-based electrolyzers 
to produce green hydrogen across its refin-
ing system. IOCL has launched plans to set 
up a 10,000-TPY green-hydrogen plant at its 
Panipat refinery in Haryana. RIL has simi-
larly revealed a shift in emphasis toward 
green hydrogen for its Jamnagar Refinery 
as part of the operator’s renewable-energy 
investments. 

However, in recent days, in a key de-
velopment, India has recorded its lowest-
ever discovered price for green hydrogen 
at `279 (~$3.08)/kg in a tender for 10,000 
tonnes per year supply to Numaligarh Re-
finery in assam. 
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Further, according to a report by the 
Institute for Energy Economics and Finan-
cial Analysis, the cost of green hydrogen in 
India, the country that is aiming big in the 
renewable energy space, is expected to fall 
by up to 40 per cent with the support and 
government incentives

India isn't just joining the green hy-
drogen race – it's setting the pace. With its 
mix of ambitious policies, renewable energy 
capacity, and a clear vision for export and 
domestic use, the country is positioning it-
self as a serious global contender. Initiatives 
like the National Green Hydrogen Mission 
demonstrate that the government is work-
ing in mission mode to make it happen.

Conclusion

Green Hydrogen plays a crucial role 
in decarbonisation and a sustainable energy 
transition, including the phase-out of fossil 
fuels. At the same time, this shift not only 
lowers the carbon footprint of refineries but 
also helps refineries comply with emerging 
standards and regulations for low carbon 
fuels. It can supply even energy intensive 
industries with climate friendly energy. 

For investors, this is a promising 
sector despite lot of challenges in carbon-
abatement technologies as the world shifts 
toward low-carbon solutions, and opportuni-
ties outweigh the obstacles in coming days.

All we have to do is wakeup and change.

- Greta Thunberg
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ÖæÚUÌ ·¤è ª¤Áæü ·Ô¤ ¥»Üð ×ô¿ðü ·¤æ çÙ×æü‡æ

	 ·¤õàæÜ ·¤é×æÚU ×õØü
©Â ÂýÕ´Ï·¤ (ÚUâæØÙ)

»ýèÙ ãæ§ÇþôÁÙ
»ýèÙ ãæ§ÇþôÁÙ ßã ãæ§ÇþôÁÙ ãñ Áô 

Áèßæà× §ü´ÏÙ ·¤è ÕÁæØ Ùßè·¤ÚU‡æèØ ª¤Áæü—Áñâð 
âõÚU Øæ ÂßÙ ª¤Áæü-©ÂØô» ·¤ÚU·Ô¤ ÕÙæ§ü ÁæÌè 
ãñÐ §â ÂýçR¤Øæ ×ð´ ÂæÙè ·¤ô §Üð€UÅþôçÜçââ ·Ô¤ 
ÁçÚU° ãæ§ÇþôÁÙ ¥õÚ U¥æò€UâèÁÙ ×ð´ çßÖæçÁÌ 
ç·¤Øæ ÁæÌæ ãñ, çÁâ×ð´ çÕÁÜè âôÜÚU ÂñÙÜ Øæ 
çß´Ç ÅUÕæü§Ù âð ¥æÌè ãñÐ ÖæÚUÌ âÚU·¤æÚU mæÚUæ ÌØ 
×æÙ·¤ô´ ·Ô¤ ¥ÙéâæÚU, §â ÌÚUè·Ô¤ âð ÕÙè ãæ§ÇþôÁÙ 
·¤ô ÒÒ»ýèÙÓÓ ÌÖè ×æÙæ ÁæÌæ ãñ ÁÕ ÂêÚUè ÂýçR¤Øæ 
âð ãôÙð ßæÜæ ·¤éÜ ©ˆâÁüÙ ÕãéÌ ·¤× ãô—ØæÙè 
ãÚU v ç·¤Üô»ýæ× ãæ§ÇþôÁÙ ©ˆÂæÎÙ ÂÚU ¥çÏ·¤Ì× 
w ç·¤Üô»ýæ× CO2 â×ÌéËØ (çÂÀÜð vw ×ãèÙô´ ·Ô¤ 
¥õâÌ ·Ô¤ ¥æÏæÚU ÂÚU)Ð

»ýèÙ ãæ§ÇþôÁÙ ÕæØô×æâ (Áñâð ·¤ëçá 
¥ÂçàæC) ·¤ô ãæ§ÇþôÁÙ ×ð´ ÕÎÜ·¤ÚU Öè ÕÙæ§ü Áæ 
â·¤Ìè ãñ, ÕàæÌðü ©ˆâÁüÙ §âè âè×æ ·Ô¤ ÖèÌÚU ÚUãðÐ

»ýèÙ ãæ§ÇþôÁÙ ÖæÚUÌ ·Ô¤ Sß‘À ª¤Áæü 
ÂçÚUßÌüÙ ·¤æ °·¤ ×ãˆßÂê‡æü SÌ´Ö ÕÙ·¤ÚU ©ÖÚUæ 
ãñ, ¹æâ·¤ÚU ©Ù ÿæð˜æô´ ·Ô¤ çÜ° Áãæ¡ ©ˆâÁüÙ ·¤× 
·¤ÚUÙæ ·¤çÆÙ ãñ, Áñâð §SÂæÌ, ©ßüÚU·¤, çÚUÈ¤æ§çÙ´», 
çàæçÂ´» ¥õÚU ÖæÚUè ÂçÚUßãÙÐ

ÖæÚUÌ Ùð ÙðàæÙÜ »ýèÙ ãæ§ÇþôÁÙ ç×àæÙ 
(NGHM) ·Ô¤ ÌãÌ w®x® Ì·¤ ãÚU âæÜ z 
ç×çÜØÙ ×èçÅþ·¤ ÅUÙ (MMT) »ýèÙ ãæ§ÇþôÁÙ 
©ˆÂæÎÙ ·¤æ ÜÿØ ÌØ ç·¤Øæ ãñ, çÁâð w®wx ×ð´ 
àæéM¤ ç·¤Øæ »Øæ ÍæÐ §â ç×àæÙ âð ©�×èÎ ãñ ç·¤

• 	 ` } Üæ¹ ·¤ÚUôÇ¸ âð ¥çÏ·¤ ·¤æ çÙßðàæ 
¥æ·¤çáüÌ ãô»æ

• 	 `v Üæ¹ ·¤ÚUôÇ¸ âð ’ØæÎæ ·Ô¤ Áèßæà× §ü´ÏÙ 
¥æØæÌ ×ð´ ·¤×è ¥æ°»è

• 	w®x® Ì·¤ ãÚU âæÜ Ü»Ö» z® MMT 
»ýèÙãæ©â »ñâ ©ˆâÁüÙ âð Õ¿æß ãô»æ
 §â çßSÌæÚU ·¤ô â×ÍüÙ ÎðÙð ·Ô¤ çÜ° âÚU·¤æÚU 

Ùð çßžæ ßáü w®w~–x® Ì·¤ `v~,|yy ·¤ÚUôÇ¸ ·¤æ 
ÂýæßÏæÙ ×´ÁêÚU ç·¤Øæ ãñ, çÁâ×ð´ `v|,y~® ·¤ÚUôÇ¸ 
SIGHT ·¤æØüR¤× ·Ô¤ ÌãÌ àææç×Ü ãñ´Ð Øã ·¤æØüR¤× 
ƒæÚUðÜê §Üð€UÅþôÜæ§Á¸ÚU çÙ×æü‡æ ¥õÚU ãæ§ÇþôÁÙ 
©ˆÂæÎÙ ·Ô¤ çÜ° ÂýôˆâæãÙ ÂýÎæÙ ·¤ÚUÌæ ãñÐ
·¤æØæü‹ßØÙ ÂãÜð ãè àæéM¤ ãô ¿é·¤æ ãñ

• ÖæÚUÌ ·¤æ ÂãÜæ ÂôÅUü-¥æÏæçÚUÌ »ýèÙ 
ãæ§ÇþôÁÙ ÂæØÜÅU àæéM¤ ç·¤Øæ Áæ ¿é·¤æ ãñÐ

• v® ×æ»ô´ü ÂÚU Õâô´ ¥õÚU Åþ·¤ô´ ·Ô¤ âæÍ 
ãæ§ÇþôÁÙ ×ôçÕçÜÅUè ÂæØÜÅU â´¿æçÜÌ ãô 
ÚUãð ãñ´Ð
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• »ýèÙ ãæ§ÇþôÁÙ âçÅUüçÈ¤·Ô¤àæÙ ØôÁÙæ 
(w®wz) Øã âéçÙçpÌ ·¤ÚUÌè ãñ ç·¤ ÖæÚUÌ 
×ð´ ©ˆÂæçÎÌ ãæ§ÇþôÁÙ çÙÏæüçÚUÌ ©ˆâÁüÙ 
×æÙ·¤ô´ ÂÚU ¹ÚUè ©ÌÚUð, çÁââð ƒæÚUðÜê ¥õÚU 
çÙØæüÌ ÕæÁæÚUô´ ×ð´ çßEâÙèØÌæ ×ÁÕêÌ 
ãôÌè ãñÐ
»ýèÙ ãæ§ÇþôÁÙ Ùßè·¤ÚU‡æèØ ª¤Áæü çßSÌæÚU 

·¤ô ¥õlôç»·¤ Çè·¤æÕôüÙæ§ÁðàæÙ âð ÁôÇ¸Ìè ãñÐ §âð 
·Ô¤ßÜ ÂØæüßÚU‡æèØ â×æÏæÙ ãè Ùãè´, ÕçË·¤ ª¤Áæü 
âéÚUÿææ, çßçÙ×æü‡æ ßëçh ¥õÚU ßñçE·¤ ÂýçÌSÂÏæü 
·Ô¤ çÜ° °·¤ ÚU‡æÙèçÌ·¤ âæÏÙ ·Ô¤ M¤Â ×ð´ Öè 
Îð¹æ Áæ ÚUãæ ãñÐ ÂÚU×æ‡æé, âõÚU ¥õÚU ÂßÙ ª¤Áæü, 
»ýèÙ ãæ§ÇþôÁÙ, ÕñÅUÚUè Ö´ÇæÚU‡æ ¥õÚU ×ãˆßÂê‡æü 
¹çÙÁ—Øð âÖè ª¤Áæü âéÚUÿææ ¥õÚU ª¤Áæü ÂçÚUßÌüÙ 
·¤è ¥æßàØ·¤Ìæ¥ô´ ·¤ô ÂêÚUæ ·¤ÚUÙð ×ð´ ×ãˆßÂê‡æü 
Öêç×·¤æ çÙÖæÌð ãñ´Ð §Ù âÖè ÂýØæâô´ ·Ô¤ âæÍ, »ýèÙ 
ãæ§ÇþôÁÙ ÖæÚUÌ ·Ô¤ çß·¤çâÌ ãôÌð ª¤Áæü ÂçÚUÎëàØ 
×ð´ ¥»Üð ×ãˆßÂê‡æü ×ô¿ðü ·Ô¤ M¤Â ×ð´ ©ÖÚU ÚUãæ ãñÐ

ÂÚU×æ‡æé ª¤Áæü çßÏæØè ¥æÏéçÙ·¤è·¤ÚU‡æ ¥õÚU 
ÕðâÜôÇ çßSÌæÚU
ÂÚU×æ‡æé ª¤Áæü Ü»æÌæÚU ¥õÚU ¿õÕèâô´ ƒæ´ÅUð çÕÁÜè 
©ÂÜŽÏ ·¤ÚUæÌè ãñ ÌÍæ §ââð »ýèÙãæ©â »ñâ 
©ˆâÁüÙ ÕãéÌ ·¤× ãôÌæ ãñÐ Áñâð-Áñâð Ùßè·¤ÚU‡æèØ 
ª¤Áæü ·¤æ çßSÌæÚU ãô ÚUãæ ãñ, ÂÚU×æ‡æé ª¤Áæü ç»ýÇ ·¤è 
çSÍÚUÌæ ÕÙæ° ÚU¹Ùð ¥õÚU ÖÚUôâð×´Î ÕðâÜôÇ ¥æÂêçÌü 
âéçÙçpÌ ·¤ÚUÙð ×ð´ ×ãˆßÂê‡æü Öêç×·¤æ çÙÖæ ÚUãè ãñÐ

ÖæÚUÌ ·¤è ßÌü×æÙ ÂÚU×æ‡æé ÿæ×Ìæ }.|} 
»è»æßæÅU ãñÐ Ù° çÚU°€UÅUÚUô´ ·Ô¤ çÙ×æü‡æ ·Ô¤ âæÍ Øã 
ÿæ×Ìæ w®xv–xw Ì·¤ ÕÉ¸·¤ÚU ww.x} »è»æßæÅU 
ãôÙð ·¤æ ¥Ùé×æÙ ãñÐ âÚU·¤æÚU Ùð w®y| Ì·¤ 
v®® »è»æßæÅU ãæçâÜ ·¤ÚUÙð ·Ô¤ ÜÿØ ·Ô¤ âæÍ 

°·¤ Îèƒæü·¤æçÜ·¤ ‹Øêç€UÜØÚU °ÙÁèü ç×àæÙ ·¤è Öè 
ƒæôá‡ææ ·¤è ãñ, Áô Sß‘À ª¤Áæü ¥õÚU ª¤Áæü âéÚUÿææ 
·Ô¤ ÚUæCýèØ ÜÿØô´ ·Ô¤ ¥ÙéM¤Â ãñÐ

§â çßSÌæÚU ·¤ô â×ÍüÙ ÎðÙð ßæÜæ °·¤ Âý×é¹ 
â´SÍæ»Ì âéÏæÚU âSÅUðÙðÕÜ ãæÙðüçâ´» °´Ç °Çßæ´â×ð´ÅU 
¥æòÈ¤ ‹Øêç€UÜØÚU °ÙÁèü È¤æòÚU Åþæ´âÈ¤æòç×´ü» §´çÇØæÓ 
(SHANTI) ¥çÏçÙØ×, w®wz ãñÐ Øã ¥çÏçÙØ× 
ÖæÚUÌ ·Ô¤ ÂÚU×æ‡æé ·¤æÙêÙè Éæ´¿ð ·¤ô °·¤è·¤ëÌ ¥õÚU 
¥æÏéçÙ·¤ ÕÙæÌæ ãñÐ ØãÑ

• 	 çÙØæ×·¤èØ çÙ»ÚUæÙè ·Ô¤ ÌãÌ âèç×Ì çÙÁè 
ÿæð˜æ ·¤è Öæ»èÎæÚUè ·¤è ¥Ùé×çÌ ÎðÌæ ãñ

• 	°ÅUæòç×·¤ °ÙÁèü ÚUð»éÜðÅUÚUè ÕôÇü (AERB) 
·¤ô ßñÏæçÙ·¤ ×æ‹ØÌæ ÂýÎæÙ ·¤ÚUÌæ ãñ

• 	¿ÚU‡æÕh ÎðØÌæ Éæ´¿æ Üæ»ê ·¤ÚUÌæ ãñ
• 	âéÚUÿææ, â´ÚUÿææ ¥õÚU â´ÚUÿæ‡æ ©ÂæØô´ ·¤ô 

×ÁÕêÌ ÕÙæÌæ ãñ
• 	â´ßðÎÙàæèÜ ÂÚU×æ‡æé §ü´ÏÙ-¿R¤ »çÌçßçÏØô´ 

ÂÚU â´ÂýÖé çÙØ´˜æ‡æ ÕÙæ° ÚU¹Ìæ ãñ
 ÕÇ¸ð çÚU°€UÅUÚUô´ ·Ô¤ âæÍ-âæÍ, ‹Øêç€UÜØÚU 

°ÙÁèü ç×àæÙ S×æòÜ ×æòÇ÷ØêÜÚU çÚU°€UÅUÚU (SMRs) 
·¤æçß·¤æâ, çÁÙ·¤æ ÜÿØ w®xx Ì·¤ ·¤× âð ·¤× 
Âæ¡¿ SßÎðàæè çÇÁ¸æ§Ù ßæÜð °â°×¥æÚU ÌñØæÚU 
·¤ÚUÙæ ãñÐ Øð ©óæÌ çÚU°€UÅUÚU ¥çÏ·¤ Ü¿èÜð, çßSÌæÚU 
Øô‚Ø ¥õÚU çßçÖóæ ª¤Áæü ¥æßàØ·¤Ìæ¥ô´ ·Ô¤ çÜ° 
©ÂØé€Ì ÕÙæ° »° ãñ´Ð

ª¤Áæü ÎÿæÌæ ·¤ô ×ÁÕêÌ ÕÙæÙæ ¥õÚU ·¤æÕüÙ 
ÕæÁ¸æÚUô´ ·¤æ çß·¤æâ

ª¤Áæü ÎÿæÌæ ·Ô¤ßÜ Sß‘À ª¤Áæü ©ˆÂæÎÙ 
Ì·¤ âèç×Ì Ùãè´ ãñ, ÕçË·¤ ª¤Áæü ·¤æ â×ÛæÎæÚUè âð 
©ÂØô» ·¤ÚUÙæ Öè ãñÐ §â·¤æ ¥Íü ãñ ·¤× çÕÁÜè, 
§ü´ÏÙ Øæ ª¤c×æ ·¤æ §SÌð×æÜ ·¤ÚUÌð ãé° ßãè ·¤æ× 



87

·¤ÚUÙæÐ §ââð Üæ»Ì ·¤× ãôÌè ãñ ¥õÚU Âý‡ææÜè ·¤è 
çßEâÙèØÌæ ÕÉ¸Ìè ãñ, ÁÕç·¤ ª¤Áæü â´ÚUÿæ‡æ ·¤æ 
©gðàØ ¥ÂÃØØ âð Õ¿Ùæ ãôÌæ ãñÐ

ÖæÚUÌ Ùð ßáô´ü ×ð´ ÙèçÌ»Ì âéÏæÚUô´ ¥õÚU 
ÕæÁ¸æÚU ¥æÏæçÚUÌ Ì´˜æô´ ·Ô¤ ×æŠØ× âð ¥ÂÙè ª¤Áæü 
ÎÿæÌæ ÃØßSÍæ ·¤ô ×ÁÕêÌ ç·¤Øæ ãñÐ °·¤ ÕÇ¸æ 
ÕÎÜæß ÂÚUÈ¤æò×ü, ¥¿èß °´Ç ÅþðÇ (PAT) ØôÁÙæ 
âð ·¤æÕüÙ ·ýð¤çÇÅU ÅþðçÇ´» ØôÁÙæ (CCTS) ·¤è ¥ôÚU 
â´R¤×‡æ ÚUãæ ãñÐ CCTS ·Ô¤ ÌãÌ

• 	¥çÏ·¤ ©ˆâÁüÙ ßæÜð ©lô»ô´ ·¤ô »ýèÙãæ©â 
»ñâ ÌèßýÌæ ·Ô¤ ÜÿØ çÎ° ÁæÌð ãñ´Ð

• 	Áô §·¤æ§Øæ¡ ÜÿØ âð ÕðãÌÚU ÂýÎàæüÙ ·¤ÚUÌè ãñ́, 
©‹ãð́ ÃØæÂæÚU Øô‚Ø ·¤æÕüÙ ·ýð¤çÇÅU ç×ÜÌð ãñ́Ð

• 	§Ù ·ýð¤çÇÅU÷â ·¤è ¹ÚUèÎ-È¤ÚUô�Ì ·¤è Áæ 
â·¤Ìè ãñ, çÁââð ÎÿæÌæ âéÏæÚU ·Ô¤ çÜ° 
ÕæÁ¸æÚU ¥æÏæçÚUÌ ÂýôˆâæãÙ ç×ÜÌæ ãñÐ
ƒæÚUðÜê SÌÚU ÂÚU Öè ª¤Áæü ÎÿæÌæ ·¤æØüR¤× 

Üæ»ê ç·¤° Áæ ÚUãð ãñ´, Ìæç·¤ Üô» ¥çÏ·¤ Îÿæ 
©Â·¤ÚU‡æ ¥õÚU Âý·¤æàæ ÃØßSÍæ ¥ÂÙæ°¡Ð ©ÁæÜæ 
·¤æØüR¤× ·Ô¤ ÌãÌ x{.}| ·¤ÚUôÇ¸ °Ü§üÇè ÕËÕ 
çßÌçÚUÌ ç·¤° »° ãñ´, çÁââð:

• 	ãÚU âæÜ y|,}}x ç×çÜØÙ kWh ª¤Áæü ·¤è 
Õ¿Ì ãôÌè ãñ

• 	ÂýçÌ ßáü x.}} ç×çÜØÙ ÅUÙ CO₂ ©ˆâÁüÙ 
×ð´ ·¤×è ¥æÌè ãñ

ÖæÚUÌ ·¤è ÂÚU×æ‡æé Øæ˜ææ ×ð´ °·¤ ÙØæ ¥ŠØæØ 
ÂýôÅUôÅUæ§Â È¤æSÅU ÕýèÇÚU çÚU°€UÅUÚU Ñ

ÖæÚUÌ ·Ô¤ ÂÚU×æ‡æé ª¤Áæü ·¤æØüR¤× ·Ô¤ çÜ° 
°·¤ °ðçÌãæçâ·¤ ©ÂÜçŽÏ ×ð´ z®® ×ð»æßæÅU ·Ô¤ 
ÂýôÅUôÅUæ§Â È¤æSÅU ÕýèÇÚU çÚU°€UÅUÚU (Âè °È¤ Õè 
¥æÚU) Ùð { ¥ÂýñÜ, w®w{ ·¤ô ÚUæÌ }:wz ÕÁð 

âÈ¤ÜÌæÂêßü·¤ ÂýÍ× ç·ý¤çÅU·ñ¤çÜÅUè (çÙØ´ç˜æÌ 
çß¹´ÇÙ Ÿæë´¹Üæ ÂýçÌçR¤Øæ ·¤è àæéL¤¥æÌ) Âýæ# ·¤ÚU 
Üè ãñ, Áô Îèƒæü·¤æçÜ·¤ ª¤Áæü âéÚUÿææ ÂýÎæÙ ·¤ÚUÙð 
¥õÚU SßÎðàæè ÂÚU×æ‡æé Âýõlôç»·¤è ÿæ×Ìæ¥ô´ ·¤ô 
¥æ»ð ÕÉ¸æÙð ·¤è çÎàææ ×ð´ °·¤ °ðçÌãæçâ·¤ ·¤Î× ãñÐ

È¤æSÅU ÕýèÇÚU çÚU°€UÅUÚU (Âè °È¤ Õè ¥æÚU) 
ÖæÚUÌ ·¤è Îèƒæü·¤æçÜ·¤ ÂÚU×æ‡æé ÚU‡æÙèçÌ ·¤æ °·¤ 
×ãˆßÂê‡æü çãSâæ ãñÐ ÂæÚU´ÂçÚU·¤ Í×üÜ çÚU°€UÅUÚUô´ 
·Ô¤ çßÂÚUèÌ, Âè°È¤Õè¥æÚU ØêÚUðçÙØ×-ŒÜêÅUôçÙØ× 
ç×€USÇ ¥æò€Uâæ§Ç (°× ¥ô °€Uâ) §ü´ÏÙ ·¤æ ©ÂØô» 
·¤ÚUÌæ ãñÐ Âè °È¤ Õè ¥æÚU ·¤æ ·¤ôÚU ØêÚUðçÙØ×-wx} 
·¤è ÂÚUÌ âð çƒæÚUæ ãôÌæ ãñÐ Ìèßý ‹ØêÅþæòÙ ©ÂÁæª¤ 
ØêÚUðçÙØ×-wx} ·¤ô çß¹´ÇÙèØ ŒÜêÅUôçÙØ×-wx~ 
×ð´ ÂçÚUßçÌüÌ ·¤ÚUÌð ãñ´, çÁââð çÚU°€UÅUÚU ¥ÂÙè 
¹ÂÌ âð ¥çÏ·¤ §ü´ÏÙ ·¤æ ©ˆÂæÎÙ ·¤ÚU ÂæÌæ ãñÐ 
çÚU°€UÅUÚU ·¤ô ¥´ÌÌÑ ÂÚUÌ ×ð´ ×õÁêÎ ÍôçÚUØ×-wxw 
·¤æ ©ÂØô» ·¤ÚUÙð ·Ô¤ çÜ° çÇÁ¸æ§Ù ç·¤Øæ »Øæ ãñÐ 
M¤Âæ´ÌÚU‡æ ·Ô¤ ×æŠØ× âð ÍôçÚUØ×-wxw ØêÚUðçÙØ×-
wxx ×ð´ ÂçÚUßçÌüÌ ãô Áæ°»æ, Áô ÖæÚUÌ ·Ô¤ 
ÂÚU×æ‡æé ª¤Áæü ·¤æØü·ý¤× ·Ô¤ ÌèâÚUð ¿ÚU‡æ ·Ô¤ çÜ° 
§ü´ÏÙ ·¤æ ·¤æ× ·¤ÚUð»æÐ

Øã ¥ÙêÆè ÿæ×Ìæ ÂÚU×æ‡æé §ü´ÏÙ â´âæÏÙô´ 
·Ô¤ ©ÂØô» ·¤ô ·¤æÈ¤è ãÎ Ì·¤ ÕÉ¸æÌè ãñ ¥õÚU 
Îðàæ ·¤ô ¥ÂÙð âèç×Ì ØêÚUðçÙØ× Ö´ÇæÚU âð ·¤ãè´ 
¥çÏ·¤ ª¤Áæü çÙ·¤æÜÙð ×ð´ âÿæ× ÕÙæÌè ãñ, âæÍ 
ãè ÖçßcØ ×ð´ ÍôçÚUØ× ·Ô¤ ÕÇ¸ð Âñ×æÙð ÂÚU ©ÂØô» 
·Ô¤ çÜ° Öè ÌñØæÚUè ·¤ÚUÌè ãñÐ

ÂýÍ× ¿ÚU‡æ ·¤è ×ãˆßÂê‡æüÌæ Âýæ# ·¤ÚUÙð 
·Ô¤ âæÍ ÖæÚUÌ ¥ÂÙð ÌèÙ-¿ÚU‡æèØ ÂÚU×æ‡æé ª¤Áæü 
·¤æØü·ý¤× ·¤è Âê‡æü ÿæ×Ìæ ·¤ô âæ·¤æÚU ·¤ÚUÙð ·Ô¤ 
·¤ÚUèÕ Âãé´¿ »Øæ ãñÐ È¤æSÅU ÕýèÇÚU Ì·¤Ùè·¤ ßÌü×æÙ 
×ð´ ×õÁêÎ ÖæÚUè ÁÜ çÚU°€UÅUÚUô´ ¥õÚU ÖçßcØ ×ð´ 
SÍæçÂÌ ãôÙð ßæÜð ÍôçÚUØ×-¥æÏæçÚUÌ çÚU°€UÅUÚUô´ 
·Ô¤ Õè¿ °·¤ ×ãˆßÂê‡æü ·¤Ç¸è ·¤æ ·¤æ× ·¤ÚUÌè ãñ, 
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çÁââð Îðàæ ·Ô¤ Âý¿éÚU ÍôçÚUØ× â´âæÏÙô´ ·¤æ ÜæÖ 
©Ææ·¤ÚU Îèƒæü·¤æçÜ·¤ Sß‘À ª¤Áæü ·¤æ ©ˆÂæÎÙ ç·¤Øæ 
Áæ â·Ô¤»æÐ
ßñçE·¤ ÙðÌëˆß ¥õÚU ÚU‡æÙèçÌ·¤ âæÛæðÎæçÚUØæ´Ñ 

Áñâð-Áñâð ÖæÚUÌ ¥ÂÙð ƒæÚUðÜê ª¤Áæü 
ÂçÚUßÌüÙ ·¤ô ×ÁÕêÌ ·¤ÚU ÚUãæ ãñ, ßã Sß‘À ª¤Áæü, 
ßãÙèØÌæ ¥õÚU çSÍÚUÌæ ÂÚU ßñçE·¤ çß×àæü ·¤ô Öè 
çÎàææ Îð ÚUãæ ãñ Ð ¥´ÌÚUÚUæcÅþèØ âæÛæðÎæçÚUØæ¡ ÚUæcÅþèØ 
âéÏæÚUô´ ·¤ô ÂêÚU·¤ ÕÙæÌè ãñ´ ¥õÚU ÖæÚUÌ ·¤ô ßñçE·¤ 
ª¤Áæü â×æÏæÙô´ ×ð´ âç·ý¤Ø Øô»ÎæÙ·¤Ìæü ·Ô¤ M¤Â ×ð´ 
SÍæçÂÌ ·¤ÚUÌè ãñ´Ð

ÖæÚUÌ Áè w® °ÙÁèü Åþæ´çÁàæÙ ßç·¤´ü» »ýéÂ 
Áñâð ÕãéÂÿæèØ ×´¿ô´ ×ð´ ¥»ý‡æè Öêç×·¤æ çÙÖæÌæ 
ãñ, Áãæ¡ ©âÙð Sß‘À §ü´ÏÙ ¥õÚU ª¤Áæü âéÚUÿææ 
ÂÚU âãØô» ·¤ô ¥æ»ð ÕÉ¸æØæ ãñÐ ¥ÂÙè Áèw® 
¥ŠØÿæÌæ ·Ô¤ ÎõÚUæÙ ÖæÚUÌ Ùð ‚ÜôÕÜ ÕæØô�UØêËâ 
°ÜæØ´â (GBA) ·¤è àæéL¤¥æÌ ·¤è, çÁâ×ð´ ¥Õ wz 
Îðàæ ¥õÚU vw ¥´ÌÚUÚUæcÅþèØ â´»ÆÙ àææç×Ü ãñ´, Áô 
ÎéçÙØæ ÖÚU ×ð´ ç·¤È¤æØÌè ¥õÚU ·¤×-·¤æÕüÙ Áñß 
§ü´ÏÙ ·¤ô ÕÉ¸æßæ Îð ÚUãð ãñ´Ð

ª¤Áæü ÎÿæÌæ ·Ô¤ ÿæð˜æ ×ð´ Öè ÖæÚUÌ Ùð w®wy 
×ð´ §´ÅUÚUÙðàæÙÜ °ÙÁèü °çÈ¤çàæ°´âè ãÕ âð ÁéÇ¸·¤ÚU 
âãØô» ·¤ô ×ÁÕêÌ ç·¤Øæ ãñ, çÁââð ƒæÚUðÜê ÂãÜô´ 
·¤ô ßñçE·¤ âßôüžæ× ÂýÍæ¥ô´ ·Ô¤ âæÍ ÁôÇ¸æ Áæ 
ÚUãæ ãñÐ

UNFCCC Éæ¡¿ð ·Ô¤ ÌãÌ ÖæÚUÌ Ùð w®|® 
Ì·¤ ÙðÅU-Á¸èÚUô ãæçâÜ ·¤ÚUÙð ¥õÚU w®x® Ì·¤ GDP 
·¤è ©ˆâÁüÙ ÌèßýÌæ ×ð´ yz% ·¤×è ÜæÙð ·¤æ â´·¤ËÂ 
çÜØæ ãñ, Áô çß·¤æâ ¥õÚU ÁÜßæØé çÁ�×ðÎæÚUè ·Ô¤ 
Õè¿ â´ÌéçÜÌ ÎëçC·¤ô‡æ ·¤ô ÎàææüÌæ ãñÐ

§Ù âÖè ÂãÜô´ ·Ô¤ âæÍ ÖæÚUÌ âSÌè Sß‘À 
ª¤Áæü, ‹ØæØâ´»Ì ÁÜßæØé çßžæ ¥õÚU Ì·¤Ùè·¤ Ì·¤ 
Âãé¡¿ ·Ô¤ ×égô´ ÂÚU ßñçE·¤ Îçÿæ‡æ ·¤è °·¤ ÚU¿Ùæˆ×·¤ 
¥æßæÁ¸ ·Ô¤ M¤Â ×ð´ ©ÖÚU ÚUãæ ãñÐ
çÙc·¤áü

ÖæÚUÌ ·¤æ ÂØæüßÚU‡æèØ ÕÎÜæß ©â·Ô¤ Âñ×æÙð, 
ấSÍæ»Ì ×Á̧ÕêÌè ¥õÚU çÙÚÚÌÚU ÂýçÌÕhÌæ ·¤ô 
ÎàææüÌæ ãñÐ Ùßè·¤ÚU‡æèØ ª¤Áæü ·¤æ çÚU·¤æòÇü çßSÌæÚU, 
âç·ý¤Ø ·¤æÕüÙ ÕæÁ̧æÚU, ÂýÎêá‡æ çÙǾ˜æ‡æ ·¤ô ×Á̧ÕêÌ 
ÕÙæÙæ, ấÚUçÿæÌ ÿæð̃ æố ·¤æ çßSÌæÚU, ÂýÁæçÌØố ·¤ô 
Õ¿æÙð ·Ô¤ ·¤æØ·ý¤×, ßÙố ¥õÚU ×ñ́»ýôß ·¤æ ÂéÙL¤hæÚU, 
¥æÎüýÖêç× ·¤æ ấÚUÿæ‡æ ¥õÚU Ùæ»çÚU·¤ố ·¤è Öæ»èÎæÚUè—
Øð âÖè ç×Ü·¤ÚU °·¤ ÃØæÂ·¤ ÂØæüßÚU‡æèØ ÚU‡æÙèçÌ 
·¤ô ÂçÚUÖæçáÌ ·¤ÚUÌð ãñ́Ð

w®z® Ì·¤ Âý·¤ëçÌ ·Ô¤ âæÍ ÌæÜ×ðÜ 
çÕÆæ·¤ÚU ÚUãÙð ·Ô¤ ÖæÚUÌ ·Ô¤ ÎëçC·¤ô‡æ ·¤ô, çßçÖóæ 
ÿæð˜æô´ ×ð´ ç·¤° Áæ ÚUãð Æôâ ¥õÚU ×æÂÙð Øô‚Ø ·¤æØô´ü 
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A Molecule That Could Change Every-
thing

For decades, the image of India’s in-
dustrial rise has been inseparable from the 
plume of a coal chimney. That cheap, dirty 
fuel powered steel plants, turned turbines, 
and lifted hundreds of millions out of pov-
erty. But the cost has been catastrophic: 
choking air, warming oceans, and a growing 
global consensus that the age of fossil fuels 
must end. Yet, ending coal is not as sim-
ple as switching off a switch. Renewables 
like solar and wind are now abundant and 
cheap, but they cannot yet deliver the round 
the clock, high temperature heat required 
by a steel mill or a refinery. Batteries han-
dle a few hours of storage, but not weeks. 
This is where green hydrogen enters—not 
as a miracle cure, but as an essential com-
plement to the renewable revolution.

India’s National Green Hydrogen 
Mission (NGHM), launched in 2023 with 
an initial outlay of `19,744 crore (approxi-
mately $2.3 billion), is arguably the coun-
try’s most ambitious clean energy gamble. 

The goal: produce 5 million metric tonnes 
(MMT) of green hydrogen annually by 2030, 
add 125 GW of renewable energy capacity 
for electrolysis, and capture 10% of the glob-
al green hydrogen market. By early 2026, 
the mission had already awarded incentives 
for nearly 862,000 tonnes per annum (TPA) 
of production capacity and 3 GW of electro-
lyser manufacturing. But can India truly re-
write the rules of clean energy, or will the 
mission be remembered as an expensive de-
tour? 

India’s Energy Landscape: The Case 
for a Hydrogen Disruption

India’s power sector has undergone 
a remarkable transformation. As of Octo-
ber 2025, total installed generation capac-
ity crossed 505 GW, with non fossil fuel 
sources accounting for over 52% – a mile-
stone achieved five years ahead of the Paris 
Agreement target. Between April and Sep-
tember 2025 alone, the country added 28 
GW of clean energy capacity, compared to 
just 5.1 GW from fossil sources. Renewable 
capacity reached 237 GW by June 2025, in-
cluding 119 GW of solar and 52 GW of wind.

Malay Nayek
DGM (Chemical)

Powering the Future : Can India's Green Hydrogen 
Mission Rewrite the Rules of Clean Energy?
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Fig 1: India’s total power generation

Yet coal still dominates actual elec-
tricity generation. The intermittency of so-
lar and wind forces grid operators to keep 
coal plants on standby. More critically, sec-
tors such as steel, refining, fertilisers, and 
heavy transport cannot be easily electrified. 
A blast furnace requires intense, continu-
ous heat that batteries cannot provide. A 
long haul truck cannot carry enough battery 
weight. Green hydrogen offers a solution: it 
can be produced when renewable electricity 
is abundant, stored for months in salt cav-
erns or tanks, and then used in fuel cells or 
burned directly to provide high grade indus-
trial heat. This makes hydrogen not a com-
petitor to renewables, but their strategic 

partner—a way to decarbonise the “hard to 
abate” sectors that renewable power alone 
cannot touch.

The Technology Behind Green Hydro-
gen: Splitting Water at Scale

Green hydrogen is produced through 
electrolysis – passing an electric current 
through water to split H2O into hydrogen 
and oxygen. When the electricity comes from 
renewable energy, the resulting hydrogen is 
effectively carbon free. Four main electro-
lyser technologies are available today:

• Alkaline electrolysis (AE) – The most 
mature and cheapest upfront, but slower to 
respond to variable power.

• Proton exchange membrane (PEM) – 
More expensive but highly flexible, ideal for 
pairing with intermittent solar and wind.

• Solid oxide electrolysis (SOE) – Very 
efficient but operates at extremely high 
temperatures (700–850°C); still in early 
commercial stages.

• Anion exchange membrane (AEM) – 
An emerging technology that promises low 
cost and high flexibility.

Fig 2: Electrolyser Technologies



91

As of late 2025, the cost of green hy-
drogen production in India ranged between 
`350 and `450 per kg, while grey hydrogen 
(from natural gas) cost `160–200 per kg. 
The gap remains formidable. Former NITI 
Aayog CEO Amitabh Kant has set a target 
of reducing green hydrogen production costs 
to `89 per kg by 2030 – the point at which it 
would become competitive with grey hydro-
gen without subsidies.

Current Developments and Initiatives 
Under the Green Hydrogen Mission

The National Green Hydrogen Mis-
sion is structured around several pillars:

• 	Production incentives under the 
Strategic Interventions for Green Hydrogen 
Transition (SIGHT) programme: 862,000 
TPA of green hydrogen capacity awarded to 
18 companies.

• Electrolyser manufacturing: 3,000 
MW per annum allocated to 15 firms, with a 
focus on domestic production.

• Demand creation: Pilot projects for 
blending hydrogen into natural gas grids, 
fuel cell buses, and proposed green hydro-
gen purchase obligations for refineries and 
fertiliser plants.

• Export ambitions: Targeting a 10% 
share of the global green hydrogen market 
by 2030.

• Infrastructure and standards: Devel-
opment of safety protocols, storage guide-
lines, and certification frameworks.

By March 2026, the government ex-
panded the mission’s scope, adding `100 
crore for biomass based hydrogen pilots and 
announcing standards for green ammonia 
and green methanol to facilitate trade. The 
total investment envisaged under the mis-
sion exceeds `8 lakh crore (approximately 

$96 billion) and annual reduction of fossil 
fuel imports by more than `1 lakh crore.

Comparative Analysis: Green Hydrogen 
vs. Other Renewable Energy Sources

It is a common mistake to pit green 
hydrogen against solar, wind, or batteries. 
In reality, they are complementary.

• Solar and Wind provide the cheap-
est electricity in history, with levelized costs 
below `2.5–3.0 per kWh in many parts of In-
dia. Their limitation is intermittency.

• Batteries excel at short duration 
storage (4–6 hours) and fast response, but 
become prohibitively expensive for seasonal 
or long duration storage.

• Green Hydrogen is inefficient and 
expensive to produce (round trip efficiency 
of 30–40% versus 80–90% for batteries), but 
it can store energy for weeks or months and 
can replace fossil carbon directly in indus-
trial processes.

 

Fig 3: Comparison between Green H2 
vs Batteries efficiencies

A 2024 study on offgrid hybrid re-
newable systems for remote Indian villages 
found that for autonomy periods exceeding 
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a few days, hydrogen storage became more 
cost effective than batteries. For industrial 
applications such as steel making (via direct 
reduced iron), refineries, and ammonia pro-
duction, hydrogen has no viable alternative 
for deep decarbonisation. Thus, the near 
term role of green hydrogen is not to replace 
solar or batteries, but to cover the niches 
they cannot.

Policy Frameworks and Government 
Support

The Indian government has deployed 
a multi pronged policy arsenal to de-risk the 
green hydrogen sector:

• Viability Gap Funding (VGF) and 
production linked incentives under SIGHT 
(`17,490 crore allocated).

• Green hydrogen purchase obli-
gations proposed for refineries, fertiliser 
plants, and city gas distribution networks.

• Waiver of interstate transmission 
charges for renewable energy used in green 
hydrogen production.

• Standards and certification for 
green hydrogen, ammonia, and methanol, 
enabling domestic and international trade.

• International collaboration: Agree-
ments with the EU, Japan, Australia, and 
the UK, including a recent India UK confer-
ence on hydrogen safety standards (Febru-
ary 2026).

Despite these measures, the policy 
framework has significant gaps. As of ear-
ly 2026, there is still no binding mandate 
on industries to purchase green hydrogen. 
Without guaranteed off take, private inves-
tors remain hesitant. A November 2025 re-
port by the Institute for Energy Economics 
and Financial Analysis (IEEFA) identified 
“unclear demand signals” as the single big-

gest barrier to project development. Addi-
tionally, the regulatory framework for hy-
drogen transport, storage, and retail is still 
being drafted, creating uncertainty for early 
movers.

Challenges and Barriers to Implemen-
tation

No energy transition is without road-
blocks, and green hydrogen faces a particu-
larly daunting set.

• High production costs. Green 
hydrogen remains two to three times more 
expensive than grey hydrogen. Even with 
aggressive targets, achieving cost parity by 
2030 requires electrolyser capital costs to 
fall by half and renewable electricity prices 
to decline further. Current subsidies cover 
only a fraction of the gap.

• Infrastructure deficits. India has 
virtually no dedicated hydrogen pipelines. 
Transporting compressed hydrogen by truck 
is energy intensive and expensive. Salt cav-
ern storage is being explored, but no large 
scale facilities exist. The lack of shared in-
frastructure forces each project to build its 
own, raising costs.

• Unclear demand. As of August 
2025, India had 158 green hydrogen projects 
at various stages, but many lack commit-
ted buyers. Refineries and fertiliser plants 
continue to use grey hydrogen because it is 
cheaper and readily available. Without a 
carbon price or binding green hydrogen con-
sumption mandates, demand will remain 
weak.

• Electrolyser scale up. The 3 
GW of manufacturing capacity awarded is 
a fraction of the 25–30 GW needed. Moreo-
ver, domestic electrolyser technology is not 
yet globally competitive; most large projects 
still rely on imported stacks.
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• Water scarcity. Electrolysis con-
sumes about 9 litres of water per kg of hy-
drogen. In water stressed regions of western 
and southern India, this could become a con-
straint. Desalination or treated wastewater 
can mitigate the issue, but both add cost 
and energy.

• Safety and public perception. 
Hydrogen is highly flammable and has a 
low ignition energy. Building public trust 
and establishing rigorous safety standards 
for production, transport, and storage is es-
sential. The India UK conference on safety 
protocols was a step in the right direction, 
but much work remains.

Case Studies: Successful Green Hydro-
gen Projects in India

Several projects demonstrate that 
green hydrogen is moving from policy to 
practice, albeit at a modest scale.

• NTPC’s Kawas Green Hydrogen 
Blending Project (Gujarat)

In January 2023, NTPC commis-
sioned India’s first green hydrogen blend-
ing project in partnership with Gujarat Gas 
Limited. Green hydrogen produced via so-
lar powered electrolysis is blended into the 
piped natural gas (PNG) network of NTPC’s 
Kawas township in Surat. The Petroleum 
and Natural Gas Regulatory Board has al-
lowed up to 5% blending. This pilot is gener-
ating crucial data on pipeline embrittlement 
and safety.

• IOCL Panipat Refinery Green Hydro-
gen Plant (Haryana)

In May 2025, L&T Energy Green 
Tech won a bid to construct a 10,000 TPA 
green hydrogen plant at Indian Oil Corpo-
ration’s Panipat refinery. The plant, based 
on a build own operate model, will supply 
green hydrogen to replace grey hydrogen 

used in refining processes. At 10,000 TPA, it 
is one of the largest green hydrogen projects 
awarded to date.

• H2E Pvt Ltd Pilot Plant (Jorhat, As-
sam)

H2E established a 30 kg/day green 
hydrogen plant at Jorhat, storing hydrogen 
at 200 bars. The facility also manufactures 1 
GW stacks for electrolysers and fuel cells at 
Jalgaon, Maharashtra, demonstrating end 
to end domestic capability. Though small, it 
proves that Indian firms can build and oper-
ate the full value chain.

• GAIL’s PEM Electrolyser (Vijaipur, 
Madhya Pradesh)

GAIL (India) Limited awarded a con-
tract for one of the country’s largest PEM 
electrolysers at Vijaipur. The project is de-
signed to produce green hydrogen for blend-
ing into GAIL’s natural gas pipeline net-
work, serving as a model for blending in 
high pressure transmission systems.

• Deendayal Port Green Hydrogen 
Storage (Kandla, Gujarat)

In March 2026, Deendayal Port Au-
thority invited bids for a metal hydride 
based green hydrogen storage system with 
a capacity of at least 3 kg and fuel cell based 
power generation of at least 4 kW. This 
small project is a testbed for solid state hy-
drogen storage, which offers safer and more 
compact storage compared to compressed or 
liquid hydrogen.

These projects are encouraging, but 
none yet represents the large scale, fully 
integrated industrial complex that the mis-
sion envisions. The gap between pilot scale 
and commercial scale remains wide.
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Positioning India as a Global Leader

India’s green hydrogen ambitions ex-
tend far beyond its borders. By leveraging 
some of the world’s lowest solar and wind 
tariffs, a large domestic market, and a grow-
ing manufacturing base, India could become 
a global hub for both green hydrogen pro-
duction and electrolyser manufacturing.

The global green hydrogen market 
is projected to reach $100–120 billion by 
2025, with a compound annual growth rate 
of 30–40% through 2030. However, the In-
ternational Energy Agency (IEA) recently 
revised its 2030 forecast for low emissions 
hydrogen capacity downward to 37 million 
tonnes per annum, citing project delays and 
cancellations worldwide. This creates both 
an opportunity and a warning: the market 
is smaller than once hoped, but competition 
is also weaker.

If India succeeds in reducing green hy-
drogen production costs to $1–1.5 per kg by 
2030, it could outcompete natural gas based 
hydrogen in many markets. That would not 
only secure India’s energy independence but 
also create a significant export opportunity, 
particularly to hydrogen importing nations 
such as Japan, South Korea, and Germany. 
Furthermore, the mission is expected to cre-
ate over 600,000 jobs across manufacturing, 
installation, operations, and R&D, contrib-
uting to India’s goal of becoming a $5 trillion 
economy while decarbonising its industrial 
base.

Rewriting the Rules, One Molecule at 
a Time

The National Green Hydrogen Mis-
sion is audacious, timely, and fraught 
with challenges. The technology is mature 
enough, the policy framework is evolving, 

and private capital is eager. Yet the gap be-
tween ambition and reality remains wide. 
High production costs, infrastructure defi-
cits, unclear demand, and the sheer scale of 
the required scale up threaten to derail the 
mission before it truly takes off.

Nevertheless, there are reasons for 
optimism. India has a proven track record of 
disruptive clean energy scaling. Solar power 
costs fell by over 80% in a decade, driven by 
policy support and economies of scale. Green 
hydrogen could follow a similar trajectory, 
especially if the mission’s focus on domestic 
electrolyser manufacturing, blended hydro-
gen pilots, and strategic international part-
nerships pays off.

The path forward requires urgent ac-
tion on several fronts: accelerating demand 
creation through binding green hydrogen 
purchase obligations; investing in shared 
hydrogen infrastructure (pipelines, storage 
caverns, refuelling stations); strengthening 
international standards and certification; 
and ramping up R&D into next generation 
electrolysers and advanced storage materi-
als.

If India can navigate these challenges, 
it will not only achieve its own net zero goal 
by 2070 but also rewrite the rules of clean 
energy. The country could demonstrate that 
heavy industry can be decarbonised without 
sacrificing growth, that fossil fuel depend-
ence can be broken not just in power genera-
tion but across entire economies, and that 
the Global South can lead in the next wave 
of energy innovation. The green hydrogen 
revolution is still in its early innings. But 
with the wind in its sails and the sun at its 
back, India stands poised to turn the mol-
ecule of hope into the fuel of the future.
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Q :: What inspired you to follow the 
journey of becoming a Butterfly Expert? 
What struggles you have experienced in 
your journey?

A ::  During my childhood, I was natu-
rally quiet and did not easily mix with other 
children in playgroups and often preferred 
to sit alone at school. Growing up near Ka-
ziranga National Park, however, gave me 

a unique and enriching alternative form of 
companionship. Surrounded by rich land-
scapes and wildlife, I developed a deep con-
nection with nature. That environment be-
came my space for reflection, comfort, and 
learning, and it strongly influenced my per-
spective on life and my enduring bond with 
the natural world.

Interview on Butterfly Conservation and 
Its Impact on Ecosystem Stability 

Dr. Monsoon Jyoti Gogoi is a renowned Indian lepidopterist and wildlife scientist 
from Kaziranga, Assam, widely recognized for his groundbreaking contributions to but-
terfly research and conservation in Northeast India. He has spent nearly two decades 
documenting the region's rich biodiversity. His work has established several monumen-
tal milestones for Indian entomology. His extensive, years-
long research established Kaziranga National Park as India's 
second-highest hub for butterfly diversity, documenting 446 
species in the park landscape.Dr. Gogoi has discovered and re-
corded 18 new butterfly records for India. Notable species in-
clude the Burmese Threering, Glassy Cerulean, Dark-bordered 
Hedge Blue, and Andman Yellow Banded Flat. He successfully 
tracked and rediscovered rare Orange Flat butterflies (Pinta-
ratabrica & pinwilli) after a 130-year gap in Northeast India. 

Recently in the year 2025 while working on a commu-
nity conservancy program with the Ashoka Trust for Research 
in Ecology and the Environment (ATREE), his team added six 
new butterfly species to the Indian fauna from the Upper Siang 
region of Arunachal Pradesh, including the Medog Tufted Ace.
Further, Dr. Gogoi is the founder of the North-East India Butterfly Meet (NEBM), an initi-
ative launched in 2014 to foster regular community-driven monitoring, habitat protection, 
and butterfly eco-tourism across Northeast India. Dr. Gogoi awarded as Young Naturalist 
Awards in the year 2010 by Sanctuary Nature Foundation. 

Envicare team reached out two young environmentalist Lepidopterist Dr Monsoon 
Jyoti Gogoi and Dr. Roshan Upadhyay for their Butterfly conservation work in North 
East India. We hope their actions inspire us too.
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Q :: Why are butterflies considered 
key indicators of environmental health? 

A :: Butterflies are most sensitive to 
any kind of environmental changes, being 
insects the change in temperature differ-
ent effects the larval stage lifecycle includ-
ing the adults. If there is any change in the 
environment, butterflies are the first one to 
indicate, from pollution in the environment 
to change in the surrounding temperature. 
If the place is unsuitable for human habita-
tion, butterflies are the first group to indi-
cate such, so the concept of butterfly parks/
gardens are very much in urban township 
plannings. 

Q :: How are Butterflies connected to 
Ecosystem stability? 

A :: Butterflies and moths form very 
important part of food chain by supplying 
food cycle to birds, lizards, spiders etc. They 
are also the best pollinators in tropical and 
subtropical conditions of India, the ecosys-
tem services they provide is immense. 

Q :: What are the biggest threats 
which may endanger butterfly populations? 

A :: Anthropogenic changes such 
as habitat degradation and global climate 
change are biggest threat to butterfly popu-
lations. Change in temperature effects but-
terfly phenology as well as phenology of 
flowers. The flowers may emerge earlier due 
to climate change, but butterflies may not 
be there to pollinate or vice versa.

Q :: What conservation strategies 
have proven most effective in protecting 
butterflies? 

A :: Conserving woodlands and creat-
ing riparian habitats have proven most effec-
tive for butterfly protection. Butterflies are 
host plant dependent and primary natural 
forest are therefore prime habitat for most 
butterfly species, except for few which have 
succeeded to be adapted to urban dominated 

landscapes. Creating riparian habitats cre-
ate cool environment in the forest, allow the 
riparian nectar and hostplants to grow and 
also provide mud puddling beds for butter-
flies which are essential components for but-
terfly survivability. 

Q :: Could you share an instance 
where conservation efforts made a real dif-
ference? 

A :: Conservation efforts by Apatani 
community in Ziro valley landscape made a 
real difference. In Apatani landscape, Ngunu 
Ziro NGO initially established home stays 
back in 2006-07. The NGO also launched 
Ziro butterfly meet since 2014 and works for 
conservation of Bhutan Glory and Apatani 
Glory. This is a successful eco-tourism mod-
el where people are earning and at the same 
time nature/traditional land is conserved.

Q :: Are traditional practices or indig-
enous knowledge helpful in butterfly conser-
vation? 

A :: Yes, traditional practices are help-
ful although not directly targeted for butter-
fly conservation. In most part of Arunachal 
Pradesh, the communities conserve the 
surrounding forest area which provide im-
mense ecosystem services to the surround-
ings, however in states like Assam, the vil-
lage woodlands are being converted to tea 
gardens which has severely impacted the 
horticulture crops or fruits. For e.g. when we 
were small, oranges grew in the villages of 
Brahmaputra floodplains, but now they do 
not grow. So, although not directed towards 
butterfly conservation, the forest dwelling 
communities understand the role of forest 
in their life. 

Q :: How people who are not connect-
ed or unaware cancontribute to butterfly 
conservation? 

A :: People not connected or unaware 
can contribute by creating their own but-
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terfly gardens in home by planting native 
medicinal valued plant species, good nectar 
sourced plants for butterflies and by creat-
ing artificial streams at their home.

Q :: What lessons can humans learn 
from butterflies? 

A :: Humans can actually learn lots of 
lesions from butterflies. Human can learn to 
be happy ‘happiness is butterflies’.

Q :: Do you think current environ-
mental policies are sufficient to protect 
butterflies and their habitats? Do you feel 
of any requirement in the policy or institu-

tional level to support conservation efforts? 
A :: Current environmental policies 

are not sufficient. With the construction of 
flyovers, there is direct collision of vehicles 
with butterflies without any notice. Policies 
such as butterfly safe corridors are never 
considered for India.

Q :: What is your future planning in 
the journey of conservation of butterflies.

A :: Prepare regional database on 
butterflies for entire NE India and filling 
the gap areas. Also, promote conservation 
friendly livelihood associated with nature-
based tourism such as butterflies.

Various Butterfly species documented  by Dr. Monsoon Jyoti Gogoi
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Q :: What inspired you to follow the jour-
ney of becoming a Butterfly Expert? What 
struggles you have experienced in your jour-
ney?

A ::  Mother Nature itself is an inspira-
tion for me.  I have joined police department 
in the year 2012 and in 2016 I got some se-
rious health issue, and that time I chose na-
ture to heal myself and during that process 
I have started observing butterfly and the 
journey began. Also, I had attended Pasighat 
Butterfly meet in 2017 and was fortunate to 

meet some experts Dr Monsoon Jyoti Gogoi, 
Mr Nawangla Bhutia, Dr.Joram Kopey, Rajiv 
Rudra Tariang  Sir who inspired me to work 
on butterfly conservations. 

Being a policeman it’s always difficult 
to spare time, 24 x 7 duty and no particular 
timetable and the nature of service we have to 
perform is known to all. 

Q :: Why are butterflies considered key in-
dicators of environmental health? 

A :: Because of their extreme sensitivity 
to environment changes and also particularly 

Interview on Butterfly Conservation and 
Its Impact on Ecosystem Stability

Roshan Upadhyay (also spelled Upadhaya) is widely known as the "Butterfly Man 
of Arunachal Pradesh". He is a state police commando and a passionate lepidopterist 
(butterfly expert) who has gained nationwide recognition for documenting over 600 but-
terfly species and discover- ing multiple species new to 
India.  He earned a spot in the India Book of Records 
(2019) and the Asia Book of Records (2020) for safely 
carrying the highest num- ber of live butterflies on his 
body at one time.He has received numerous environ-
mental honors, including the prestigious Young Natural-
ist Award by the Balipara Foundation (2024) and the 
North East Young Achiever award by Dalmia Cement 
(2023). Alongside his wife, Himadri Acharyya, he uses 
his platform to conduct na- ture camps, butterfly walks, 
and conservation awareness programs for school children 
across Northeast India. In May 2025, he and researcher 
Taslima Sheikh recorded the first-ever confirmed sighting 
of the rare butterfly species Euthalia malaccana in India, 
spotted in the Lai Ho region of Arunachal Pradesh.In 
March 2026, Roshan Upadhyay, along with researcher Kalesh Sadasivan, discovered a 
completely new species of butterfly in the semi-evergreen forests of Basar, Leparada dis-
trict. They scientifically named it Euthalia (Limbusa) Zubeengargi in honor of Assamese 
cultural and music icon Zubeen Garg. It features distinct olive-brown wings with white 
markings and a vibrant turquoise-green underside.
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butterflies have their specific hostplant for life 
cycle. Their health and population trends re-
flect the overall health of their environment 

Q :: How are Butterflies connected to Eco-
system stability? 

A :: Butterflies contribute to ecosystem 
stability by acting as pollinator for vast array 
of plants including many food crops, contrib-
uting directly to global food security,  very 
important part of food chain and also act as 
bioindicators.

Q :: What are the biggest threats which 
may endanger butterfly populations? 

A :: Deforestation, habitat loss, climate 
change, fertilizers and chemical usage have 
become threat not only for human population, 
but it has seriously affected butterflies.

Q :: What conservation strategies have 
proven most effective in protecting butterflies? 

A :: Creating awareness programs like 
photo Exhibition, formation of nature club 
in every school, Eco tourism, campaigning in 
social media. Involving younger kids and stu-
dents through regular nature walks.

Q :: Are traditional practices or indigenous 
knowledge helpful in butterfly conservation? 

A :: In Arunachal Pradesh, the agriculture 
time is decided by the migration of butterfly 
(indirectly). Preserving Natural Habitats and 
planting native tree species can be helpful for 
sustenance of indigenous butterflies. 

And also Butterfly is considered as lucky 
charm in many indigenous tribes, like butter-
fly dance(form of Bagurumba dance) in Boro 
Tribe. 

Q :: What lessons can humans learn from 
butterflies? 

A :: Butterfly’s Life-cycle is a powerful 
metaphor about personal growth and trans-
formation. The Metamorphosis of Cocoon to 
Butterfly especially which involves Cater-
pillar shedding of skin to become butterfly, 
teaches us - 

•	One must let go of old habits which have 
no place in our life. 

•	Change in life is necessary and can be 
painful but is essential for progress 

Q :: Do you think current environmental 
policies are sufficient to protect butterflies 
and their habitats? Do you feel of any require-
ment in the policy or institutional level to sup-
port conservation efforts? 

A :: Current environmental policies are 
not sufficient to protect butterflies and their 
habitats. As stated earlier that Butterfly be-
ing a bioindicator its sustenance is very much 
important for Eco cycle. It should start from 
every human being following the traditional 
ways, raising awareness in every institution 
from Primary level to Higher Studies. Con-
sciousness of our surrounding environment 
and practical knowledge is much more effec-
tive when it’s come to conserve nature

Q :: What is your future planning in the 
journey of conservation of butterflies?

A :: I am currently pursuing PhD in this 
particular topic butterfly conservation and 
impact on climate change and also working as 
an independent researcher. I am hopeful that 
my study and my knowledge I can contribute 
to butterfly conservation.  



101

India stands as one of the world’s old-
est and most advanced civilizations, boast-
ing a unique cultural identity. India is situ-
ated north of the equator between 8°4' north 
to 37°6' north latitude and 68°7' east to 
97°25' east longitude. It is the seventh Larg-
est Country in the World.

What is Physiography?

Physiography refers to physical ge-
ography or the natural features and char-
acteristics of a land or region. Physiography 
provides insight into the natural landscape 
and how it has been shaped over time by 
geological, hydrological, and atmospheric 
processes.

Indian Physiographic Regions

India can be divided into six 
physiographic regions. They are:

• 	Northern and North Eastern 
Mountains 

• 	Peninsular Plateau
• Indo-Gangetic Plain or The Northern  

Plains
• 	Thar Desert
• 	Coastal Plains
• 	Islands

Northern and North- Eastern Moun-
tains

An arc of mountains consisting of the 
Himalayas, Hindu Kush, and Patkai ranges 
define the northern frontiers of the Indian 
subcontinent. These mountains form the 
boundary between two biogeographic realms 
: the temperate Palearctic realm that covers 
most of Eurasia, and the tropical and sub-
tropical Indomalayan realm which includes 
South Asia, Southeast Asia and Indonesia. 
Rivers originating in these mountains flow 
through the fertile Indo–Gangetic Plain. The 
Himalayas in India extend from Ladakh in 
the north to the state of Arunachal Pradesh 
in the east.

Karakoram: The Karakoram Range 
runs through Ladakh. The range is about 
500 km (310 mi) in length and the most 
heavily glaciated part of the world outside 
of the Polar Regions.

The Patkai, or Purvanchal, are situ-
ated near India's eastern border with Bur-
ma. The physical features of the Patkai 
Mountains are conical peaks, steep slopes 
and deep valleys and consists of three hill 
ranges that come under the Patkai: the Pat-
kai–Bum, the Garo–Khasi–Jaintia and the 
Lushai hills.

R.B. Shashank
SM (Chemical)

Indian Physiography – A Go Through
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The Peninsular Plateau

This is a large region of the Indian 
subcontinent located between the Western 
Ghats and the Eastern Ghats, and is loosely 
defined as the peninsular region between 
these ranges that is south of the Narmada 
River. It contains mountain ranges (Araval-
li, Vindhayachal and Satpura ranges), ghats 
(Eastern Ghats and Western Ghats) and 
plateaus (Malwa Plateau, Chhota Nagpur 
Plateau, Southern Granulite terrain, Dec-
can Plateau and Kutch Kathiawar plateau).
Mountain ranges:

Aravali Range is the oldest mountain 
range in India, running across Rajasthan 
from northeast to southwest direction. The 
Aravali Range is the eroded stub of an an-
cient fold mountain system.

Vindhya range, lies north of Satpura 
range and east of Aravali range, runs across 
most of central India. They are believed to 
have been formed by the wastes created by 
the weathering of the ancient Aravali moun-
tains.

Satpura Range, lies south of Vindhya 
range and east of Aravali range, begins in 
eastern Gujarat near the Arabian Sea coast 
and runs east across Maharashtra, Madhya 
Pradesh and Chhattisgarh. It is triangular 
in shape, with its apex at Ratnapuri and 
the two sides being parallel to the Tapti and 
Narmada rivers.
Plateaus

Malwa Plateau is spread across Ra-
jasthan, Madhya Pradesh and Gujarat. 
Most of the region is drained by the Cham-
bal River and its tributaries; the western 
part is drained by the upper reaches of the 
Mahi River.

Chhota Nagpur Plateau is situated in 
eastern India, covering much of Jharkhand 
and adjacent parts of Odisha, Bihar and 
Chhattisgarh is divided into three smaller 
plateaus: Ranchi, Hazaribagh and Kodarma 
plateaus. Much of the plateau is forested 
and vast reserves of metal ores and coal 
have been found in the Chota Nagpur pla-
teau.

Southern Granulite terrain: Covers 
South India especially Tamil Nadu exclud-
ing western and eastern ghats. It represents 
the southernmost part of the Indian penin-
sula, situated south of the stable Dharwar 
Craton. Unlike the lower-grade metamor-
phic rocks found further north, the South-
ern Granulite Terrain is composed of high-
grade metamorphic rocks (granulites) that 
were formed deep within the Earth's crust 
under extreme pressure and temperature.

Deccan Plateau, also called Dec-
can Trapps, is a large triangular plateau, 
bounded by the Vindhyas to the north and 
flanked by the Eastern and Western Ghats. 
It slopes gently from west to east and gives 
rise to several peninsular rivers such as 
the Godavari, the Krishna, the Kaveri and 
the Mahanadi which drain into the Bay of 
Bengal. Much of the Deccan  is  covered  by  
thorn  scrub  forest  scattered  with  small  
regions of deciduous broadleaf forest.

Kutch Kathiawar plateau is located 
in Gujarat state. The Kathiawar peninsula 
in western Gujarat is bounded by the Gulf 
of Kutch and the Gulf of Khambat. The nat-
ural vegetation in most of the peninsula is 
xeric scrub, part of the Northwestern thorn 
scrub forests ecoregion.
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Ghats

Ghat is a term used to identify a difficult 
passage over a mountain.

Western Ghats also known as Sahy-
adri (Benevolent Mountains) run along the 
western edge of India's Deccan Plateau and 
separate it from a narrow coastal plain along 
the Arabian Sea. The range covers an area 
parallel to the western coast of the Indian 
peninsula from south of the Tapti river near 
the Gujarat-Maharashtra border and across 
Kerala, Tamil Nadu, Karnataka, Goa, Ma-
harashtra and Gujarat. to the southern tip 
of the Deccan peninsula. It is a UNESCO 
World Heritage Site and is one of the eight 
"hottest hot-spots" of biological diversity in 
the world. It is sometimes called the Great 
Escarpment of India. It is a biodiversity hot-
spot that contains a large proportion of the 
country's flora and fauna; many of which 
are only found here and nowhere else in 
the world. According to UNESCO, Western 
Ghats are older than Himalayan mountains.

Eastern Ghats are a discontinuous 
range of mountains along India's eastern 
coast, which have been eroded and quadri-
sected by the four major rivers of southern 
India, the Mahanadi, Godavari, Krishna, 
and Kaveri. Parts of the coastal plains, in-
cluding the Coromandel Coast region, lie 
between the Eastern Ghats and the Bay of 
Bengal. The structure of the Eastern Ghats 
includes thrusts and strike-slip faults all 
along its range.

Indo-Gangetic Plain

The Indo-Gangetic plains, also known 
as the Great Plains are large alluvial plains 
dominated by three main rivers, the Indus, 
Ganges, and Brahmaputra. They run par-

allel to the Himalayas, from Jammu and 
Kashmir in the west to Assam in the east, 
drain most of northern and eastern India. 
The great plains are sometimes classified 
into four divisions: The Bhabar Belt, Tarai 
Belt, Bangar Belt and Khadar Belt. The 
Indo-Gangetic belt is the world's most ex-
tensive expanse of uninterrupted alluvium 
formed by the deposition of silt by the nu-
merous rivers. The plains are flat making it 
conducive for irrigation through canals. The 
plains are one of the world's most intensely 
farmed areas.

Thar Desert

The Thar Desert forms a significant 
portion of western India. About 10 percent 
of this region consists of sand dunes, and 
the remaining 90 percent consist of craggy 
rock forms, compacted salt-lake bottoms, 
and interdunal and fixed dune areas. The 
soils of the arid region are generally sandy 
to sandy-loam in texture. The consistency 
and depth vary as per the topographical fea-
tures. The low-lying loams are heavier may 
have a hard pan of clay, calcium carbonate 
or gypsum.

Coastal Plains

The Eastern Coastal Plain is a wide 
stretch of land lying between the Eastern 
Ghats and the oceanic boundary of India. 
It stretches from Tamil Nadu in the south 
to West Bengal in the east. The Mahanadi, 
Godavari, Kaveri, and Krishna rivers drain 
these plains

The Western Coastal Plain is a nar-
row strip of land sandwiched between the 
Western Ghats and the Arabian Sea and it 
extends from Gujarat in the north and ex-
tends through Maharashtra, Goa, Karnata-
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ka, and Kerala. The Western Coastal Plain 
can be divided into two parts, the Konkan 
and the Malabar Coast.

Islands

The Lakshadweep and the Andaman 
and Nicobar Islands are India's two major 
island formations and are classified as un-
ion territories.

The Lakshadweep Islands lie off the 
coast of Kerala in the Arabian sea. They 
consist of twelve atolls, three reefs, and five 
submerged banks, with a total of about 35 
islands and islets.

The Andaman and Nicobar Islands 
consist of 572 islands lie in the Bay of Ben-
gal. The Andaman group has 325 islands 
while the Nicobar group has only 247 is-
lands to it.

India's only active volcano, Barren 
Island is situated here. It last erupted in 
2017. The Narcondum is a dormant volcano 
and there is a mud volcano at Baratang.

Equation with Ecosystem
Ranging from Himalayas to plateaus, 

plains, islands, river systems etc. describe 
how remarkable, vast and diversified, phys-
iography of Indian System is. The physi-
ography of India, with its diverse range of 

mountains, plains and deserts play a cru-
cial role in maintaining ecosystem balance. 
The Himalayas for example act as a natural 
barrier, influencing climate and facilitating 
monsoon, which is essential for the growth 
of many plant species. The Northern Plains, 
with their flat terrain and fertile soil sup-
port agriculture and dense population, con-
tributing to the overall balance of ecosystem. 
Deccan Plateau rich in minerals and forests 
provides essential minerals and habitats for 
various species. The Thar Desert while hot 
and dry has unique desert wildlife that con-
tributes to the biodiversity of the region.

Indian physiography highlights the 
interplay between natural forces and hu-
man activity, emphasizing the importance 
of geography in everyday life. Understand-
ing the features of Indian physiography 
helps in disaster management, sustainable 
development, and regional planning. It also 
explains the diverse natural environments 
that support a variety of ecosystems and 
human lifestyles. In summary, each fea-
ture contributes to India’s geographical di-
versity, influencing climate, agriculture, 
settlements, and economic activities. Each 
region’s unique features and its preserva-
tion will help in the conservation and sus-
tainable use of natural resources, promoting 
ecological balance and resilience.

When we heal the Earth, We heal our selves.
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àæãÚ U·¤è ãßæ
þ

ÎðÕçÁÌ ÌæÜé·¤ÎæÚU
ÕçÚcÆ ÂýÕ¢Ï·¤ (ÚâæØÙ)

ÂýÎéá‡æ ·¤æ ¥æÜ× ·¤éÀ °ðâæ ãñ
ç·¤ ÕæãÚU çÙ·¤ÜÙæ ãô »Øæ ãñ ×éçà·¤Ü
ÁãÚUèÜè ãô »Øè ãñ àæãÚU ·¤è ãßæ
Ù ÚUãæ âæâ ÜðÙð ·Ô¤ ·¤æçÕÜÐ

âÇ¸·¤ô ÂÚU ÚUôÁ ¿ÜÌð »æÇ¸è ×ôÅUÚU
Ïé´° ×ð¢ ÀôÇ¸ð ·¤æÕüÙ ×ôÙô¥æò€Uâæ§Ç
¥õÚU ãßæ·¤ô ÕÙæØð Òâæ§Üð´ÅU ç·¤ÜÚUÓ
ÁãÚUèÜè ãô »Øè ãñ àæãÚU ·¤è ãßæ
¹¸Ì× ·¤ÚU ÚUãè ãñ ã× âÕ·¤ô ÖèÌÚU-ÖèÌÚUÐ

ÂðÇ¸ô ·¤ô ·¤æÅU ·¤ÚU ÕÙæØæ ãñ ·¤æÚU¹æÙæ
·¤æÚU¹æÙô´ âð çÙ·¤Üð ÕðçãâæÕ Ïé¥æ¡
¥õÚU Ïé¥æ¡ ÎêçáÌ ·¤ÚUð ßæÌæßÚU‡æ
ÁãÚUèÜè ãô »Øè ãñ àæãÚU ·¤è ãßæ
âæâ ÜðÌð ãè âèÙð ×ð´ ãôÌè ãñ ÁÜÙÐ

ÚUæSÌð ·Ô¤ Õ»Ü ×ð´ ÚUôÁ ÈÔ¤·¤Ùð âð ·ê¤Ç¸æ
ÕÙ »Øæ ãñ´ ·¤¿ÚUð ·¤æ ÂãæÇ¸
çÁâ·Ô¤ ÕÎÕê âð ãñ ãÚU ·¤ô§ü ÂÚUðàææÙ
ÁãÚUèÜè ãô»Øè ãñ àæãÚU ·¤è ãßæ
L¤×æÜ âð ×é´ã É·¤ ·¤ÚU ·¤ÕÌ·¤ ¿Üð §´âæÙÐ

ß€Ì ÚUãÌð ãè ÂýÎéá‡æ ·¤ô ÚUô·¤æ Ùãè´ ¥»ÚU
¥ÂÙð çÁ�×ðÎæçÚUØô´ ·¤ô çÙÖæØæ Ùãè´ ¥»ÚU
¥ÂÙè ·¤è ãé§ü »ÜçÌØô´ ·¤ô âéÏæÚU·¤ÚU
ÁãÚUèÜè ãô »Øè ãñ àæãÚU ·¤è ãßæ
ç·¤âè çÎÙ âæâ ÜðÙæ ÂÇ¸ð»æ 
Ü»æ·¤ÚU ¥æò€UâèÁÙ çâçÜ´ÇÚUÐ
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æÃùÂõ±ûþÅ Âó¿1»îÂÇò
[¿úq ò±éÂ]

ÂõíÇò±ßÁ±1Ï Ð 
ñ¿1SÏ ÷± ßÁ±¿µ Õ±ËåÃ¼ ›¶¿îÂ¿ðÃËò ýÃÃ±¿Âõ-Âõò ò±ýÃ×¿ßÁûþ± 
ÆýÃÃ Õ±ËåÃ¼ ¿Âõ¿öÁi§ ßÁ±1íîÂ æÃùÂõ±ûþÅ Âó¿1ÂõîÂÇò ÆýÃÃ 
Õ±ËåÃ¼ ýÃ×ûþ±1 Âõ±ËÂõ ðÃ±ûþÏ ÎßÁ±ò· ÎßÁ±Ëò Õ±÷±ßÁ 
1ŽÂ± ßÁ¿1Âõ¼ 
ò±á¿1ßÁ Ð 
ûËîÂ-îÂËîÂ ›ù±¿©†ßÁ Âó¿1 Õ±ËåÃ¼ ÷±òÅýÃÃËÂõ±1 
ÂõÉ¿M�áîÂ Âõ±ýÃÃò òýÃÃËù ßÁËîÂ± û±ÂõýÃ× Îò±»±Ë1¼ 
Õ÷Ëò±Ëû±¿áîÂ±Ë1 ¿ÂõðÅÉîÁ ÁõÉûþ ßÁË1¼ æÃ±Ëò Îò 

ü1n¸ ü1n¸ öÅÂùËÂõ±11 ßÁ±1Ëí Õ±¿æÃ Õ¿ò¿÷îÂ 1’ðÃ 
Âõ1ø¸Åí, á1÷ Õ±¿ðÃ1 Âó1± öÅÂ¿á Õ±ËåÃ±¼
ñ¿1SÏ ÷±Ð 
[ù±ËýÃÃ ù±ËýÃÃ Îà±æÃ ¿ðÃ Õ±¿ýÃÃ Õ±ËåÃ]  ÷ýÃ× 
Õ±ËÂó±ò±Ëù±ßÁßÁ ¿ÂõqX ÂõîÂ±ýÃÃ, Âó±òÏ, ýÃÃ±¿Âõ-Âõò 
üßÁËù± Îû±á±ò ñ¿1ËåÃ±¼ ¿ßÁc Õ±ËÂó±ò±Ëù±ßÁ1 
¿ßÁåÅÃ÷±ò öÅÂù ßÁ÷Ç Õ±1n¸ Îù±ËöÂýÃ× Î÷±ßÁ ñÑü ßÁ¿1 
Õ±ËåÃ¼ â1àò ñÑü ýÃÃËù, Õ±ËÂó±ò±Ëù±ËßÁ ßÁ’îÂ 
ÂõüÂõ±ü ßÁ¿1Âõ·

ÎæËý1n¸ù ý×åù±÷
üýßÁ±1Ï ßÁ±ûÇÁõ±ýÏ Õ¿öÁû™L±

›¶ðÓø¸í ¿òûþLaí Áó¿1ø¸ð, ¿ëÁÁõèn¸áëÂÿ
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ë×ÂËðÉ±áÂó¿îÂÐ 
ë×Âi§ûþò ýÃÃÂõÍù Õ±÷±ßÁ ë×ÂËðÉ±á, á±ëÂÿÏ üßÁËù± 
ù±¿áÂõ¼ ›¶Ëûþ±æÃòîÂ 1±™¦± Âõò±ÂõÍù áåÃ-áåÃ¿ò 
ßÁ±¿éÂÂõ ù±¿áÂõ¼ 
åÃ±SÐ 
¿ßÁc ë×ÂËðÃÉ±Ëá ¿Âõø¸±M� ÎáåÃ Û¿1 ¿ðÃËåÃ , û±1 ôÂùîÂ 
›¶ðÓÃø¸í ÆýÃÃËåÃ¼ 
Îà¿îÂûþßÁÐ
ÛýÃ×ËÂõ±1 ßÁ±1íîÂ Îà¿îÂ ë×ÂÈÂó±ðÃò ßÁ¿÷ ÆáËåÃ¼ 
Õ±÷±1 æÃÏ»ò ¿ÂõÂóðÃ±Âói§ ÆýÃÃËåÃ¼ 
ñ¿1SÏ ÷±Ð 
ÂõýÃÃòŽÂ÷ (Sustainable Development)  
ë×Âi§ûþò1 ñ±1í±Ë1 ë×ÂËðÉ±Ãá ýÃÃËù, áåÃ ßÁ¿éÂËù Î÷±1 
ŽÂ¿îÂ òýÃÃÂõ¼ ÷±Ëò ›¶ðÓÃø¸í ¿òûþLaí1 æÃ¿1ûþËîÂ ë×ÂËðÉ±á 
ýÃÃ’Ëù, Õ±÷±1 ë×Âi§ûþò Ý ýÃÃÂõ, Õ±ËÂó±ò±Ëù±ËßÁÝ 
üÅ1¿ŽÂîÂ ï±¿ßÁÂõ¼
ÂõíÇò±ßÁ±1ÏÐ 
áåÃ ßÁ±¿éÂËåÃ, ¿ßÁc òîÅÂò ÛËæÃ±Âó± Îò±1n¸»±ÍßÁ ¿ßÁûþ· 
æÃ±Ëò Îò áËåÃ Âõ±ûþÅ÷Gù1 Âó1± CO2 Îú±ø¸í ßÁË1 
Õ±1n¸ Õ±÷±ßÁ O2 Îû±á±ò ñË1¼ 
ò±á¿1ßÁÐ 
Õ±ÂóÅ¿ò üîÂÉ ßÁï± ÆßÁËåÃ¼ Õ±¿÷ ßÁ1± öÅÂù1 Âõ±ËÂõ 
›¶ðÓÃø¸í ýÃÃËù, Õ±÷±1 üßÁËù±Ë1 ñÑü Õ¿òÂõ±ûÇ¼
åÃ±SÐ 
ÎîÂË™L Õ±¿÷ Û¿îÂûþ±Ý Õ±÷±1 ñ¿1SÏ ÷±ßÁ üÅ1¿ŽÂîÂ 
ßÁ1±1 ü÷ûþ Õ±ËåÃ¼ 

ñ¿1SÏ ÷±Ð 
ýÃÃûþ, Õ±ËÂó±ò±Ëù±ßÁ1 ›¶¿îÂËéÂ± Âó¿1Ë»ú÷ÅàÏ öÂ±ù 
ÂóðÃËŽÂËÂó üßÁËù± üÅ1¿ŽÂîÂ 1±¿àÂõ¼ 
åÃ±SÐ
Õ±÷±ßÁ ¦³¨ùîÂ ¿úßÁ±ýÃ×¿åÃù Îû û±îÂ±ûþîÂ ¿ýäÁ±ËÁõ 
Õ±¿÷ üËßÁ±Ëù±Ë» äÂ±ýÃ×ßÁËù, 1±æÃU»± á±ëÂÿÏ ÂõÉ»ýÃÃ±1 
ßÁ¿1Âõ ù±Ëá¼ ýÃ× ›¶ðÓÃø¸í1 Âó¿1÷±ò ßÁ÷±ýÃ× ¿ðÃËûþ¼
ò±á¿1ßÁ Ð 
Õ±¿÷ â11 ÎôÂò, ù±ýÃ×éÂ Õ±¿ðÃ ›¶Ëûþ±æÃòîÂ ÂõÉ»ýÃÃ±1 
ßÁ¿1Ëù ¿ÂõðÃÅÉîÁ ü=ûþ ýÃÃÂõ Õ±1n¸ û±1 ôÂùîÂ ›¶ðÓÃø¸í 
ßÁ÷ ýÃÃÂõ¼ 
Îà¿îÂûþßÁ Ð
üßÁËù±Ë» áåÃ 1n¸ýÃ× ýÃÃ±¿Âõ-Âõò üÅ1¿ŽÂîÂ 1±¿àÂõ 
Âó±¿1÷¼ Âó¿1ËÂõú ›¶¿îÂßÅÁù òý’ÃÃËù, Îà¿îÂ ë×ÂÈÂó±ðÃò 
ÎÂõ¿åÃ ýÃÃÂõ¼ 
åÃ±SÐ
›ù±¿©†ßÁ1 ÂõÉ»ýÃÃ±1 ßÁ÷±Âõ ù±¿áÂõ¼ Õ±»æÃÇò± û’ËîÂ 
îÂ’ËîÂ ÎÂóù±Âõ ò±ù±Ëá¼ ÎÂóÌ1¿òá÷1 üýÃÃ±ûþîÂ 
Õ±»æÃÇò± ¿ò©¨±úò ÂóðÃËŽÂÂóîÂ üËýÃÃ±Ëû±á ßÁ¿1Âõ 
ù±¿áÂõ¼ 
ñ¿1SÏÐ 
›¶ßÔÁ¿îÂßÁ üÅ1¿ŽÂîÂ 1±¿àËù, ›¶ßÔÁ¿îÂËûþ Õ±ËÂó±ò±ßÁ 
üÅ1ŽÂ± ¿ðÃÂõ¼
ÂõíÇò±ßÁ±1Ï Ð 
æÃùÂõ±ûþÅ Âó¿1»îÂÇò öÂ¿Âõø¸ÉîÂ1 ü÷üÉ± òýÃÃûþ, 
ÂõîÂÇ÷±ò1 ü÷üÉ±¼ ÎüËûþ Õ±¿÷ Õ±¿æÃ1 Âó1± üæÃ±á 
ýÃÃÝÒ, Õ±ýÃÃßÁ¼
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is timing.

We know the causes. We understand 
the consequences. What remains uncertain 
is whether we are willing to act fast enough.

In any engineered system, delay has 
consequences.

A minor deviation, if left unattended, 
does not remain minor. It accumulates. It 
amplifies. What begins as variation evolves 
into failure.

The climate system is no different.

It is not collapsing in an instant—
it is shifting, gradually but persistently, 
away from equilibrium. Glaciers retreat 
like memories fading from the earth’s sur-
face. Forests, once dense and thriving, stand 
thinner each year, bearing the scars of fire 
and neglect. Coastal regions live with a qui-
et anxiety as sea levels rise, inch by inch, 
wave by wave. And in cities, where concrete 
replaces soil, heat settles like an unwelcome 
guest that refuses to leave.

These are not isolated failures. They 
are connected signals.

Which brings us to a question often 
framed as a dilemma:

The Cost of Delay in a Changing Climate

Debajit Das
SM (Chemical)

The morning air no longer feels the 
same!

There was a time—not too long ago—
when dawn arrived gently. Cool winds 
would pass through open windows, trees 
would whisper in unison, and the rhythm of 
nature felt predictable—almost comforting. 

That predictability is fading.

Summers arrive earlier, linger long-
er, and burn harsher. Rains come either as 
a whisper or a warning. Winters hesitate, as 
if unsure of their own place in the calendar.
What once felt balanced now shows signs of 
drift.

Something subtle has shifted. And we 
can feel it.

Climate change is no longer a distant 
theory confined to conferences or printed in 
dense scientific reports. It has entered our 
homes, altered our routines, and quietly re-
written the rules of the world we live in.

World Environment Day is not a call 
to observe. It demands that we respond.

“Climate Change: Accelerating Action 
to Combat Its Impacts” is a reminder that 
thechallenge today is not understanding—it 
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Can development and environmental 
responsibility coexist?

The answer is not only yes— it must.

Development cannot pause. The de-
mand for infrastructure, energy, and indus-
try will continue to grow. But what must 
evolve is how we define progress.

It can no longer be measured only by 
speed, scale, or output. It must also account 
for efficiency, sustainability, and long-term 
stability. Because a system that performs 
well today but fails tomorrow is not well de-
signed.

Responsible growth is not a constraint 
on development—it is its refinement.

When environmental awareness is 
integrated into design, progress does not 
slow down. It becomes more precise, more 
efficient, and more durable.

The real choice is not between growth 
and conservation. It is between careless ex-
pansion and engineered progress.

The solutions are already within 
reach. Cleaner energy systems, efficient 
processes, sustainable materials, circular 
resource flows—these are not ideas waiting 
to be discovered. They are tools waiting to 
be deployed at scale.

What is required now is acceleration.

Not acceleration driven by panic—
but by clarity.

It is the shift from discussion to im-
plementation. From knowing to doing. From 
delay to decision.

Because time, in this system, is not 
passive.

Delay increases load. It reduces mar-
gin. It narrows the space within which cor-
rection remains effective.

And the system we are dealing with 
is not abstract.

It is economic. It is social. It is hu-
man. It shapes livelihoods, infrastructure, 
health, and stability. Its effects may vary in 
intensity, but its presence is universal.

And yet, there is reason for measured 
optimism.

Every system redesigned for efficien-
cy restores balance. Every structure built 
with awareness reduces impact. Every deci-
sion that prioritizes long-term performance 
over short-term gain moves the system clos-
er to stability.

The path forward does not demand 
perfection. It demands direction.

Because the future is not something 
we inherit.

It is something we shape—through 
the balance we maintain, the systems we 
improve, and the actions we choose to accel-
erate today. 

The greatest threat to our planet is  the belief that 

someone else will save it.
- Robert Swan
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