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Message from CEO’s Desk

Arpit Sharma
Chief Executive Officer
Skill Council for Green Jobs

As we reach the midpoint of 2025, it is a moment of reflection and renewed commitment at the Skill Council for
Green Jobs (SCGJ). The past year has marked a period of dynamic progress, deep collaboration, and strategic
transformation across the green skills ecosystem in India. In alignment with the nation's growing ambition for
a just and sustainable energy transition, SCGJ continues to serve as a vital enabler of workforce readiness and
industry-aligned skilling.

A particular highlight of this journey has been the successful completion of the TISA Project (Training and
Innovation in Solar Applications), launched under the Indo-German Energy Programme (IGEN-INSolar) in
collaboration with GIZ India and EY. This landmark initiative has not only catalysed innovation in solar energy
deployment but also laid a robust foundation for future-ready skill development in emerging sectors such as
Green Hydrogen, Floating Solar, and Solar Mobility.

SCGJ’s engagements in 2025 have further evolved through strategic partnerships most notably the MoU with
NRDC, which aims to bridge skill gaps through data driven research and industry engagement. Our collaboration
with Avaada Group in launching a Centre of Excellence for Green Hydrogen Training marks a significant leap
toward realising the objectives of the National Green Hydrogen Mission. Together, these efforts reflect our
conviction that India’s green energy goals can only be met through a skilled, agile, and resilient workforce.

We are equally encouraged by our ongoing international dialogues, including the exploratory collaboration with
the Australian High Commission to develop global-standard training in the solar sector. These partnerships are
a testament to India’s leadership in the global green economy and to SCGJ’s role in shaping it.

As we navigate the evolving landscape of renewable energy and green mobility, SCGJ remains focused on data-
backed decision-making, localized implementation, and the promotion of inclusive, gender equitable green
livelihoods. The recent release of job role statistics and scheme-wise enrolments further reaffirms our expanding
impact across solar, wind, waste management, EVs, and more.

Looking ahead, our mission is clear: to amplify our reach, deepen industry integration, and embed sustainability
into every aspect of vocational education and training. The road to 2030 is paved with both opportunities and
responsibilities, and I am confident that, together with our partners, stakeholders, and workforce “we will
continue to rise to the challenge”
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The TISA Project: Advancing Solar Innovation and
Green Skills in India

Launched in January 2024 under the Indo-German Energy Programme (INSolar), the TISA Project (Train-
ing and Innovation in Solar Applications) represents a strategic collaboration between the Skill Council for
Green Jobs (SCGJ), GIZ India, and EY. Designed to accelerate the adoption of advanced solar energy solu-
tions and build a future-ready workforce, the project concluded its successful run in June 2025.

The core objectives of the TISA Project centred on promoting innovative solar technologies while strength-
ening both institutional and individual capacities across the renewable energy ecosystem. To this end, the
project deployed four comprehensive services:

1. Capacity-building workshops

2 National study tours

3. Expert-led conferences and panel discussions
4

Development of a specialized e-learning platform for solar professionals

A

% y = . .- T ———— T _'_- .
These multifaceted interventions were designed to bridge critical knowledge gaps and prepare stakehold-
ers—ranging from field technicians to senior policymakers—for emerging solar and clean energy trends.

In terms of on-the-ground impact, the project engaged with dozens of institutions and facilitated activities
across a wide geographic range of India. Notable partner institutions included:

o ANERT (Kerala),

o PEDA (Chandigarh),

« GERMI (Gujarat),

o UPNEDA (Uttar Pradesh),

« NTPC PMI (Noida),

o WBREDA (West Bengal),

o« GEDA (Goa),

e JAKEDA (Jammu & Kashmir),
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o TERI SAS (New Delhi),
o TPSD (Shahad), and
« KRDEI (Bangalore).

Workshops, meetings, and training programmes were conducted in over 40 cities including TVM (Thiru-
vananthapuram), Chandigarh, Gandhinagar, New Delhi, Pune, Bhubaneswar, Guwahati, Kolkata, Mumbai,
Srinagar, Jaipur, Bangalore, Kochi, Gurugram, Vadodara, Bhopal, Dehradun, Khordha, Gaya, and Varanasi—
reflecting the project's vast implementation footprint.

One of the hallmark achievements of the TISA Project was the organization of nineteen high-impact work-
shops on Green Hydrogen, a rapidly evolving and strategically important sector in the global energy transi-
tion. In parallel, structured training materials were developed for floating solar and hydrogen technologies,
which are increasingly central to India's renewable energy roadmap.

Through its integrated focus on innovation, education, and stakeholder engagement, the TISA Project played
a pivotal role in accelerating clean energy deployment, reducing carbon emissions, and laying a strong foun-
dation for sustainable economic growth. It not only helped in building a green-skilled workforce but also
strengthened institutional linkages across the public and private sectors.

As India progresses toward its ambitious 2030 renewable energy targets, the legacy of the TISA initiative
stands as a significant milestone. By fostering inter-institutional collaboration, promoting technology adop-
tion, and enabling large-scale capacity building, the project has contributed meaningfully to India’s green
energy transition.
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SCGJ Statistics

Training and Assessment

Affiliated Training

TQ Certified Trainers W Certified Assessors
%T 5500+* 900+* m Centers pan o)
1000+*
Trained and Certified No. of States and
Candidates ﬂ UTs Covered
623929* 33*

*Numbers as on June 2025

Sector-wise Qualification for Training

NSQF Job Levels (L)

Total
L3.5 L5.5
1 9 (0] q 0 (0] 19

Solar Energy

Green Hydrogen o o 4 (o) 3 o 2 1 2 12
Small Hydro 0] 0 (0] o 1 0 o (0] o 1
Bio Energy o o 1 (o) 1 o 0 o 1 3
Waste Management O 0] 2 (0] 3 1 (o) (0] 1 7
Water Management O o 4 0] 1 o o) o o 5
Sustainability (o] o o o 1 a 1 1 1 8
Ecotourism 0 o (0] 0 1 o (o) o (0] 1

ot [2] 2 Jm| 1 a]s [ 7]2]5] s



Top Qualifications

Portable Improved Cookstove Distributor/Clean cookstove...

Solar PV Designer
Biomass Depot Operator

Solar PV Project Manager (E&C)

*Solar Hot Water system installer (Domestic system upto 2000L)-...

Solar PV Business Development Executive

Technician - Paper Bag Manufacturing

Rooftop Solar Photovoltaic Entrepreneur/Solar Photovoltaic...

Rooftop Solar Grid Engineer
Paper Bag Maker- Micro Entrepreneur

Desludging Operator

Green Hydrogen Plant Technician

Solar PV Engineer

Solar Cold Storage Entrepreneur

Green Hydrogen Plant Entrepreneur

*Solar electric System Installer & Service Provider-RNE701
Manager- Waste Management

Agri-residue Aggregator

Wastewater Treatment Plant Technician

Junior Technician- Solar Cold Storage

Solar EV Charging Entrepreneur

Small Hydro Power Plant Technician-(Jal Urja Mitra)
**Solar PV Maintenance Technician - Civil (Ground Mount)
Solar PV Installer - Civil

Junior Technician- Solar EV charging station

Wind Resource Assessor and Site Surveyor - Wind Power Plant
O&M Mechanical Technician-Wind Power Plant

O&M Electrical & Instrumentation Technician- Wind Power Plant
Solar Lighting Assembler

Solar PV Manufacturing Operator/Solar PV Manufacturing...

Solar PV Project Helper

Solar Pv Installer - Electrical

Solar Pv Installer (Suryamitra)
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Top 10 State 2025-26

01 TOP 10 STATE
Training and Certification

Uttar Pradesh Ha';yana

Trained :2903 623

Certified :2379

02 '

Rajasthan Bihar

Trained :1551 3

Certified : 1234 369

03
Madhya Pradesh
Trained :1303 07
Certified : 1102
Maharashtra
04 Trained :618
Certified :493
Jammu & Kashmir
Trained :924 08
Certified : 833
05 Karnataka
) . Trained :457
e Kar :'_li_llaka Certified : 304
Tamil Nadu 457
Trained :637
Certified : 593 09
Gujarat
06 Trained :437
Certified : 355
Haryana
Trained :623 10
Certified : 482
Bihar
Trained :369

Certified :314
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Top 5 Schemes 2025-26

350000

300000

250000
200000
150000
100000
B =

RPL4 PMKVY RPL MNRE PMKVY Short Term NSKFDC
H Total Candidates 286843 105291 56138 34116 23410
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Top 5 Job Roles by Total Candidates
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Safai Karamchari

427000

Solar Pv Installer
(Suryamitra)

103807

Solar Pv Installer -
Electrical

18021

Skill India
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Recyclable Waste
Collector &
Segregator

8812
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Solar PV Project
Helper

7250
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SCGJ Activities

India- Australia Renewable Energy Partnership

New Delhi: A meeting was held at the office of the Skill Council for Green Jobs (SCGJ) between Mr. Sanjiva
de Silva, Counsellor (Energy, Resources and Climate Change) at the Australian High Commission in India,
and Mr. Arpit Sharma, Chief Executive Officer of SCGJ.

The discussions focused on exploring opportunities for collaboration to develop an international-

standard training programme in the solar energy sector. Both parties deliberated on various avenues for
joint initiatives aimed at enhancing skill development in renewable energy, with a special focus on solar
technologies.

The meeting marked a significant step towards strengthening bilateral cooperation in the area of green
skills development and advancing efforts towards clean energy transition.

SCGJ and NRDC Signed MoU to
Address Skill Gaps in Clean Energy
Sector

New Delhi :The Skill Council for Green Jobs (SCGJ) signed
a Memorandum of Understanding (MoU) with the Natural
Resources Defense Council (NRDC) to jointly tackle the
shortage of skilled professionals in the clean energy sector
through a structured and collaborative approach.

As part of this partnership, both organisations agreed to
undertake research initiatives aimed at identifying specific
skill requirements across various sectors and industries
within the clean energy domain. The collaboration also
includes efforts to strengthen engagement with industry stakeholders and local communities to align
training programmes with emerging needs.

In addition, the partnership will focus on organising forums, capacity-building workshops, and targeted
training sessions to enhance workforce readiness and promote sustainable development within the clean
energy sector. The agreement is expected to play a significant role in bridging the skill gap and advancing
India’s green energy goals.
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Avaada Group and SCGJ Inaugurate Center of Excellence for Green
Hydrogen Training

Dadri:Avaada Group, a key player in the clean energy sector,
has taken a significant step to boost India’s green workforce
by inaugurating a Center of Excellence (CoE) in collaboration
with the Skill Council for Green Jobs (SCGJ) at Avaada’s Giga
Factory in Dadri.

This initiative is a vital milestone in advancing India’s plan

to train its workforce in green hydrogen technologies. The
newly established CoE aims to serve as a national hub for
high-quality, industry-focused training and hands-on skills
development in clean energy areas, including solar energy,
battery storage, and green hydrogen.

The inauguration ceremony was led by Ms. Ritu Patwari,
Director of the Avaada Foundation, and Mr. Arpit Sharma, Chlef Executlve Ofﬁcer of SCGJ. Both leaders
highlighted the strategic importance of the center in accelerating India’s energy transition by cultivating a
highly skilled workforce that aligns with national priorities such as the National Green Hydrogen Mission
(NGHM) and the Skill India initiative.

The Center of Excellence will focus on capacity building through specialized training programs tailored to
emerging clean energy technologies. Initially, Avaada will launch a dedicated Green Hydrogen Training Pro-
gram for supervisors and technicians, which will also include joint certification by TISA (Training in Innova-
tive Solar Applications) to ensure broad industry recognition.

Through this collaboration, Avaada and SCGJ aim to contribute to India's long-term vision of creating em-
ployment opportunities, promoting indigenous capabilities, and driving technological advancements in the
clean energy sector.

Mr. Arpit Sharma CEO, Skill Council for Green Jobs, added:

“We are excited to partner with Avaada to roll out what could become a national benchmark in clean energy
skilling. This Centre of Excellence and the upcoming hydrogen training program reflect the kind of innova-
tion and collaboration India needs as we move toward becoming a global leader in the green economy.
We are confident that this platform will serve as a catalyst for broader national-level initiatives under the
NGHM framework. SCGJ and Avaada has taken a leap forward in the Green Hydrogen Domain, supported by
the Hon'ble PM vision to create and export Green Hydrogen. 6,00,000 Manpower is required to be trained
and deployed in the GH2 sector and we are well equipped to cater to that manpower in India and abroad”
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Accenture and GTT Foundation Present Green Jobs Labour Market
Study for EV Sector in Delhi NCR

Accenture, in collaboration with the GTT
Foundation, presented the findings of their
study on the green jobs labour market within the
electric vehicle (EV) value chain, focusing on the
Delhi NCR region. The report, based on detailed
research, offers critical insights into employment
opportunities, skill gaps, and workforce needs in
the rapidly expanding EV sector.

The study findings were discussed at a session
held in Delhi, which brought together prominent 2
industry leaders, key stakeholders, and policymakers. The discussions centred on various aspects of
green jobs, with a particular focus on EV training programmes, existing talent shortages, sector-specific
challenges, and collaborative approaches to strengthen the green mobility ecosystem.

During the session, the Skill Council for Green Jobs (SCGJ) presented its range of job roles related to the EV
industry. SCGJ engaged with participants to highlight how these roles are aligned with evolving industry
demands and standards. In addition, SCGJ raised awareness about key government initiatives such as the
National Apprenticeship Promotion Scheme (NAPS) and JobX, encouraging employers and training providers
to leverage these programmes for developing a skilled, job-ready workforce.

Through its participation, SCGJ reaffirmed its commitment to promoting sustainable livelihoods and
empowering youth by advancing green skilling initiatives, thereby contributing to India’s clean mobility
transition and green employment goals.

SCGJ Participates in Business Cum Networking Event Organized by
Pan India Solar Sector Association

The Skill Council for Green Jobs (SCGJ) played a key role
in the Business Cum Networking Event organized by the
Pan India Solar Sector Association (PISSA), with support
from EN-ICON Solar. The event was held on June 28,
2025, at Hotel Mosaic, Noida, and brought together
prominent stakeholders from across the solar energy
value chain.

The gathering witnessed participation from over 70 solar
EPC companies, manufacturers, industry associations,
and innovators. The event served as a collaborative
platform for knowledge sharing, networking, and
discussions on recent advancements in the solar energy
sector, alongside strategic workforce development initiatives.

A highlight of the event was a presentation by Mr. Atul Saraswat from EN-ICON Solar, who provided
insightful perspectives on solar industry trends. This was followed by Mr. O.P. Taneja’s presentation on the
PM Surya Ghar: Muft Bijli Yojana, where he elaborated on the scheme’s objectives and operational
framework.
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Representing SCGJ, Ms. Sangeeta Patra, Vice President, Marketing & Partnerships, delivered an in-depth
session on the National Apprenticeship Promotion Scheme (NAPS). She detailed the scheme’s objectives, its
benefits for industries, and its significance in promoting Jan Bhagidari (people’s participation). Ms. Patra
explained how companies can effectively integrate NAPS into their operations to foster a skilled workforce
while also availing government incentives. She also outlined the necessary compliance procedures and
documentation required for industries to fully leverage the scheme’s advantages and associated financial
benefits.

Following this, Mr. Rohit Kumar, Deputy Manager, Marketing & Partnerships at SCGJ, conducted an
informative session on the NSDC JobX Portal. He provided a step-by-step demonstration of the portal’s
registration process, explaining how industries can post job vacancies, track applications, and connect with
potential candidates. Mr. Kumar highlighted JobX as a free, effective recruitment platform designed
specifically for the green jobs sector.

SCGJ extended its appreciation to PISSA for facilitating its active participation in this impactful event.
Through continued efforts in skill development and promotion of digital employment solutions, SCGJ
remains committed to advancing workforce readiness in the solar sector and contributing to the broader
goal of a sustainable and green economy.

SCGJ Participates as Supporting
Partner at Uttar Pradesh Energy
Expo 2025

ORGANIZED BY POWERED BY

o o mi

ENERGY
Lucknow, May 2025—The Skill Council for Green ”:02[]25
Jobs (SCGJ) participated as a supporting partner in '
the Uttar Pradesh Energy Expo 2025, which took
place from May 8 to 10 at Lawn 2, Indira Gandhi
Pratishthan, Gomti Nagar, Lucknow.

MEET OUR
SUPPORTING PARTNER
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The event was inaugurated by Mr. A.K.

Sharma, Hon’ble Minister of Energy and Urban OO M licer. Loty han
Development, Government of Uttar Pradesh. The
expo served as a prominent platform for bringing
together key stakeholders from the energy sector,
highlighting cutting-edge innovations, advanced
technologies, and initiatives in renewable energy
and energy efficiency.

SCGJ’s involvement at the expo reinforced its
ongoing commitment to advancing green skills
development and supporting India’s transition
towards sustainable energy solutions through
workforce empowerment and capacity building.
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World Environment Day 2025: SCGJ’s Green Commitment in Action
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On World Environment Day

On the occasion of World Environment Day 2025, the Skill Council for Green Jobs (SCGJ) reaffirmed its
commitment to promoting environmental sustainability and a greener future. To mark the day, SCGJ
rganized a sapling plantation drive, during which team members actively participated in planting trees
and enhancing green spaces. The initiative reflected the council’s belief that every small, conscious action
contributes meaningfully to the larger goal of environmental conservation.

SCGJ Observes International Yoga Day 2025 with Virtual Wellness
Session

On the occasion of International Yoga
Day (21st June 2025), the Skill Council

for Green Jobs (SCGJ) organized a skill India
successful online yoga session as part of —

its ongoing wellness initiative. The session
witnessed  enthusiastic  participation
from SCGJ employees, along with their
colleagues and friends, who joined
virtually to celebrate the essence of
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International Yoga Day 2025

health, mindfulness, and holistic well- VRS _ ;,.i\.‘\ D
being. The event was conducted by Mr. oo Qe ) ) BGie B B b T AT orshadsten
Vijay Kumar Baraskar, who guided - v : :
the participants through a series of ‘ e ol = &\

rejuvenating asanas and breathing
exercises, fostering a sense of calm
and physical vitality. SCGJ extended www.sscgj.in

its gratitude to Mr. Baraskar for his

valuable contribution. The council also

encouraged all participants to continue prioritizing personal well-being and to maintain a healthy
balance between mind and body not just on special occasions, but as a part of everyday life.

Rohit Kumar

Chetan Sharma
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Anand Maurya

Standards and Research
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Digital Twins for Renewable Asset Management

X

Digital twin technology has emerged as a transformative
innovation within the renewable energy sector, offering
new methods for managing and optimizing energy
assets. A digital twin refers to a virtual replica of a
physical asset, process, or system, which mirrors its real-
time behaviour, condition, and performance through
advanced simulations and continuous data exchange.
When applied to renewable energy, digital twins enable
operators to visualize and manage complex assets
such as wind turbines, solar photovoltaic (PV) systems,
hydropower stations, and energy storage systems. This
integration enhances predictive maintenance, operational
optimization, and decision-making, contributing to higher
efficiency, longer asset lifespan, and improved financial
performance.

The growing complexity of renewable energy systems,
driven by rising deployment of variable sources like wind
and solar, has heightened the demand for digitalization
solutions. Digital twins address this need by combining
technologies such as the Internet of Things (loT), artificial
intelligence (Al), machine learning (ML), cloud computing,
and advanced analytics, thereby enabling renewable
assets to be monitored and managed in a more intelligent
and automated manner.

Concept and Functionality

At its core, a digital twin creates a dynamic, virtual
model that faithfully reflects its physical counterpart
in operation. This is achieved through real-time data
collection from sensors and loT devices installed on
renewable energy assets. These devices monitor a wide
range of parameters, including temperature, vibration,
mechanical stress, electrical output, and environmental
conditions. The data collected is then transmitted to
cloud-based or on-premise platforms for processing and
analysis.

Artificial intelligence and machine learning algorithms

play a vital role in the analysis of this data, identifying
operational patterns, detectinganomalies, and forecasting
potential failures. Advanced simulation models are then
employed to predict how the physical asset will behave
under varying conditions, such as changes in weather
or load demand. The digital twin enables operators to
simulate scenarios, test control strategies, and optimize
system performance without affecting the actual asset.
This creates a continuous feedback loop where insights
gained from the virtual model are used to improve
physical operations.

Applications in Renewable Energy

Digital twins have been successfully deployed across
various segments of the renewable energy industry. In
wind energy, they are utilized for the real-time monitoring
of turbines, assessing the structural integrity of blades
and towers, and optimizing turbine performance based
on wind conditions. By simulating mechanical stresses
and predicting maintenance needs, digital twins enable
the early detection of faults, thus reducing operational
downtime and extending asset life. Wind farm operators
also benefit from the ability to coordinate multiple
turbines simultaneously, maximizing overall energy
production.

In the solar energy sector, digital twins facilitate the
monitoring and optimization of both rooftop and utility-
scale photovoltaic systems. These virtual models allow
operators to track the performance of solar modules
and inverters, diagnose faults such as panel soiling or
degradation, and forecast energy yields based on weather
patterns. By simulating the impact of different system
configurations and environmental variables, digital twins
help inimproving system design, maintenance scheduling,
and energy efficiency.

Hydropower plants also benefit from digital twin
applications. In such facilities, digital twins simulate
reservoir operations, model water flow dynamics, and
optimize turbine performance. This enables operators
to manage water resources effectively while maintaining
power generation efficiency and ensuring compliance
with environmental regulations. Digital twins are also
used to forecast mechanical wear in hydropower turbines,
penstocks, and gates, supporting predictive maintenance
strategies.

In the realm of energy storage, particularly with battery
energy storage systems, digital twins assist in tracking
the state of charge and state of health of batteries in
real time. They optimize charging and discharging cycles,
predict battery degradation, and simulate performance
under various operating conditions. This ensures better
reliability, reduces replacement costs, and enhances the
integration of storage with intermittent renewable energy
sources.

Advantages and Benefits



Digital twins provide a wide range of operational, financial,
and environmental benefits for renewable energy asset
management. One of the most significant advantages is
the ability to conduct predictive maintenance, allowing
operators to identify equipment issues before they
escalate into major failures. This reduces unexpected
downtime and minimizes maintenance costs.

Furthermore, digitaltwins enable continuous performance
optimization by simulating various operating scenarios.
This results in higher energy production, more efficient
resource utilization, and prolonged asset lifespans. By
identifying inefficiencies and recommending operational
adjustments, digital twins contribute to lowering
operational expenses.

In addition to operational gains, digital twins improve
decision-making by providing operators with detailed
insights into asset health, energy generation forecasts,
and maintenance priorities. They also enhance risk
mitigation by simulating extreme events, such as high
winds or floods, and enabling proactive contingency
planning. As renewable energy operators increasingly
prioritize sustainability, digital twins are also being used
to monitor and minimize the environmental impact of
renewable projects.

Challenges and Limitations

Despite their advantages, digital twins face several
implementation challenges. High initial investment costs
for sensors, software, and digital infrastructure can
deter smaller operators from adopting the technology.
Moreover, integrating diverse data sources from
different systems and technologies can be difficult, as the
renewable energy sector lacks universal data standards.

Cybersecurity poses another significant concern, given
the constant data exchange between physical assets
and digital platforms. Without robust security protocols,
digital twin systems may be vulnerable to cyberattacks.
Additionally, operating digital twins requires advanced
technical skills in areas such as data analytics, artificial
intelligence, and energy systems engineering. This
presents a knowledge gap in many organizations.

Another limitation relates to the accuracy of digital twin
models. If the underlying data is incomplete, outdated, or
erroneous, simulations may produce misleading results.
Therefore, frequent calibration and validation of models
are necessary to maintain reliability.

Technological Innovations and Future Trends

Digital twin technology in renewable energy s
rapidly evolving, supported by several technological
advancements. Artificial intelligence and machine
learning algorithms continue to enhance the predictive
and optimization capabilities of digital twins, allowing
them to learn and adapt to changing operating conditions
over time.

Emerging computing architectures are also shaping the
future of digital twins. Cloud-edge hybrid systems combine
the scalability of cloud computing with the low-latency
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processing of edge computing, enabling faster, real-time
decision-making while reducing data transmission costs.

Blockchain technology is being explored for integration
with digital twins to improve data transparency and
security, particularly in decentralized renewable energy
markets. Additionally, the rise of autonomous renewable
energy systems, powered by digital twins, is expected
to further reduce human intervention in operations and
maintenance tasks.

Sustainability is becoming a central focus of digital
twin development. New models are being designed to
track carbon footprints, resource usage, and lifecycle
environmental impacts, aligning with corporate climate
goals and regulatory requirements.

Industry Adoption

Several prominent energy companies and technology
providers are advancing the use of digital twins in
renewable asset management. General Electric has
employed digital twins for wind and hydroelectric
facilities, focusing on improving operational efficiency
and reducing unexpected failures. Siemens Gamesa
has integrated digital twin models into its wind turbine
systems to optimize performance and extend component
life.

DNV, an independent assurance and risk management
company, provides digital twin services for offshore
renewable energy installations, emphasizing structural
integrity and performance monitoring. In a notable
collaboration, Shell and Microsoft have jointly developed
digital twin platforms for renewable energy projects,
leveraging cloud computing and Al to enhance asset
monitoring and emissions tracking.

Future Outlook

The future of digital twins in renewable asset management
is highly promising. As the global energy sector accelerates
the deployment of renewables, digital twins will play
a crucial role in optimizing generation, improving grid
stability, and integrating distributed energy resources.

In the coming years, it is expected that digital twins will
increasingly be used to manage complex, interconnected
systems such as virtual power plants and sector-
coupled infrastructures, where electricity, heating, and
transportation systems are integrated. Advances in
standardization and interoperability are likely to drive
wider adoption of digital twins across the renewable
energy industry.

With ongoing innovations in artificial intelligence,
advanced simulations, and sustainability metrics, digital
twins are poised to become indispensable tools for the
efficient and reliable management of renewable energy
assets worldwide.
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Natural Carbon Sinks: Earth’s Quiet Climate

Warriors

As the world faces accelerating climate change, much
attention is focused on reducing carbon emissions
through renewable energy and industrial reforms.
However, one crucial piece of the climate puzzle often
goes unnoticed—natural carbon sinks. These ecosystems
quietly absorb and store vast amounts of carbon diox-
ide (CO,) from the atmosphere, playing a critical role in
balancing Earth’s climate. Understanding natural carbon
sinks, how they work, and why they matter is essential
for any serious discussion about climate solutions.

What Are Natural Carbon Sinks?

Natural carbon sinks are ecosystems that absorb more
carbon than they release, effectively pulling CO, from
the atmosphere and storing it for long periods. The most
well-known carbon sinks are forests, oceans, and soils.
Together, they absorb more than half of the carbon
emissions produced by human activities each year.

Without these natural systems, the planet would already
be experiencing far worse climate impacts. In simple
terms, they act as the Earth’s “lungs,” breathing in CO,
and keeping the atmosphere in check.

Key Types of Natural Carbon Sinks
1. Forests

Forests are often seen as the most visible carbon sinks.
Through photosynthesis, trees and plants absorb CO,,
using it to grow leaves, branches, and roots. Tropical
rainforests, such as the Amazon and Congo Basin, are
particularly effective at this process, given their dense
vegetation and rapid growth rates.

Globally, forests store about 861 gigatons of carbon—
more than all the carbon in the atmosphere. Old-growth
forests are especially valuable because they lock carbon
into wood and soil for centuries. However, deforesta-
tion flips forests from carbon sinks into carbon sources,
releasing stored carbon back into the atmosphere.

2. Oceans

Oceans are the planet’s largest carbon sink, absorbing
roughly 25-30% of human carbon emissions annually.
CO, enters the ocean through the air-sea gas exchange
process. Marine plants like phytoplankton also absorb
CO, through photosynthesis.

The carbon in oceans is stored in several ways:

e Dissolved carbon dioxide: Some CO, simply
dissolves in seawater.

e Biological carbon pump: Marine organisms, such
as plankton, consume CO; and, after dying, their
remains sink to the deep sea, locking carbon
away for centuries.

e Calcium carbonate shells: Some marine crea-
tures create shells from calcium carbonate,
which can also trap carbon.

Though oceans are effective carbon sinks, they are
becoming more acidic as they absorb more CO,. Ocean
acidification disrupts marine life and reduces the ocean’s
ability to continue absorbing carbon.

3. Soils

Soil is an underappreciated but highly potent carbon
sink, holding more carbon than the atmosphere and
all plant life combined—about 1,500 gigatons globally.
When plants die and decay, their carbon-rich remains
are broken down by microbes and stored in the soil in
the form of organic matter.

Healthy soils, especially those under grasslands, wet-
lands, and forests, continuously absorb carbon. However,
unsustainable farming, overgrazing, and land degrada-
tion can release this stored carbon, turning soils into net
emitters.

Why Natural Carbon Sinks Matter

Natural carbon sinks are essential for slowing global



warming. Without them, the Earth’s temperature would
rise at a much faster rate. In fact, ecosystems currently
absorb about 56% of all global CO, emissions—nearly
half by land (mainly forests and soils) and half by oceans.

This buffering effect gives humanity critical time to cut
emissions. However, relying on natural sinks alone isn’t
enough. They are already under strain from human
activities:

e Deforestation continues at alarming rates in
tropical regions.

e Ocean acidification weakens marine carbon
storage.

e Soil degradation from intensive farming and
deforestation reduces soil carbon levels.

If these sinks are damaged beyond a certain point, they
could become carbon sources instead—accelerating
climate change.

Threats to Natural Carbon Sinks
1. Deforestation and Land-Use Change

The world loses roughly 10 million hectares of forest
every year. Land clearing for agriculture, logging, and
infrastructure projects releases carbon stored in trees
and soil. Even degraded forests absorb less carbon than
intact ones.

2. Warming Oceans

Rising ocean temperatures reduce the ability of seawater
to absorb CO,. Warmer waters hold less dissolved gas.
Moreover, heat stresses phytoplankton and marine eco-
systems, reducing their ability to sequester carbon.

3. Soil Mismanagement

Modern agricultural practices—such as excessive tillage,
monoculture farming, and overuse of chemical fertiliz-
ers—disrupt soil health and lead to carbon loss. Erosion,
desertification, and wetland drainage further degrade
soil’s carbon-storage potential.

Restoring and Protecting Carbon Sinks

The good news is that protecting and restoring natural
carbon sinks can be highly effective climate actions.

Forest Protection and Restoration

e Reforestation: Planting trees in deforested areas
helps rebuild carbon stocks.

e Afforestation: Establishing forests in areas that
were not previously forested.

e Avoided Deforestation: Preventing forest loss
in the first place often yields the biggest climate
benefits.

Ocean Conservation

e Marine Protected Areas: Safeguarding sensi-
tive marine habitats can enhance ocean carbon
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sequestration.

¢ Reducing Pollution: Minimizing nutrient runoff
and plastic waste supports marine ecosystems
and their carbon-storing functions.

Soil Regeneration

e Regenerative Agriculture: Practices like cover
cropping, reduced tillage, and rotational grazing
build soil carbon.

¢ Wetland Restoration: Wetlands are powerful
carbon sinks. Restoring them prevents carbon
release and improves biodiversity.

e Composting and Organic Farming: These meth-
ods enhance soil carbon while improving fertility.

The Bigger Picture: Nature-Based Climate Solutions

Natural carbon sinks form the backbone of “na-
ture-based climate solutions,” a strategy that combines
climate action with conservation. According to some
estimates, nature-based solutions could deliver up to
one-third of the emissions reductions needed by 2030 to
meet global climate targets.

However, these solutions are not substitutes for cutting
fossil fuel use. They are complementary actions—uvital
but not sufficient on their own.




Waste to Energy: Transforming Waste into Sustainable

Power

The exponential growth in global population, urbaniza-
tion, and consumption has led to an unprecedented in-
crease in solid waste generation. This waste, if not man-
aged properly, can result in severe environmental, health,
and socio-economic consequences. Against this backdrop,
Waste-to-Energy (WtE) emerges as a vital component of
integrated waste management strategies. Waste-to-Ener-
gy refers to the process of generating energy in the form
of electricity or heat from the treatment of waste. It of-
fers a dual benefit: reducing the volume of waste des-
tined for landfills while simultaneously contributing to

energy supply.

This article explores the concept, technologies, bene-
fits, challenges, and future prospects of Waste-to-Ener-
gy, with a particular focus on its relevance to sustainable
development, urban infrastructure, and climate change
mitigation.

Understanding Waste-to-Energy

Waste-to-Energy encompasses a range of technologies
that convert municipal solid waste (MSW), industrial
waste, agricultural residue, and other non-recyclable or-
ganic and inorganic materials into usable forms of energy.
The process typically results in electricity, steam, synthet-
ic fuels, or biogas, depending on the technology used
and the composition of the waste.

WIE is often categorized into two primary processes: ther-
mochemical conversion and biochemical conversion.

1. Thermochemical Conversion

This method utilizes heat and chemical processes to break
down waste. It includes:

e Incineration: The most common method, involv-
ing the combustion of waste at high temperatures
to produce steam, which is used to generate elec-
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tricity. Modern incinerators are equipped with air
pollution control systems.

e Gasification: Converts organic materials into syn-
gas (a mixture of carbon monoxide and hydro-
gen) under high temperatures and low oxygen
conditions. Syngas can be used for electricity or
as a chemical feedstock.

e Pyrolysis: Decomposes organic material at high
temperatures in the absence of oxygen, produc-
ing bio-oil, char, and syngas. These products have
potential use as fuels or industrial inputs.

2. Biochemical Conversion

This method relies on microbial activity to decompose or-
ganic waste:

e Anaerobic Digestion: Involves the breakdown of
biodegradable material by microorganisms in the
absence of oxygen, producing biogas (methane
and carbon dioxide) and digestate (a nutrient-rich
residue).

e Fermentation: Converts biomass into ethanol or
other biofuels through microbial processes.

Global Scenario and Trends

Waste-to-Energy has been successfully adopted in many
countries as a solution to waste management and ener-
gy generation challenges. Europe leads in WtE adoption,
with countries like Sweden, Denmark, and Germany op-
erating advanced incineration and anaerobic digestion fa-
cilities. Sweden, for example, recovers energy from over
50% of its waste, and even imports waste from neighbor-
ing countries for processing.

In Asia, countries like Japan and South Korea have invest-
ed heavily in WtE infrastructure due to land constraints
and environmental regulations. China has also scaled up
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WHE facilities as part of its broader strategy for pollution
control and energy diversification.

India, with its rapidly growing urban population and esca-
lating municipal solid waste problem, has begun investing
in WtE technologies. However, the sector faces multiple
challenges, including inconsistent waste segregation, pol-
icy uncertainty, and technical barriers.

Advantages of Waste-to-Energy
1. Waste Volume Reduction

WIE significantly reduces the volume of waste that ends
up in landfills—by up to 90% in the case of incineration.
This helps conserve land, reduce leachate formation, and
mitigate groundwater contamination.

2. Renewable Energy Source

WIE qualifies as a renewable energy source when it pro-
cesses biodegradable materials. It helps diversify the en-
ergy mix and can reduce reliance on fossil fuels, especially
in countries with limited energy resources.

3. Greenhouse Gas Mitigation

By diverting biodegradable waste from landfills, WtE
helps prevent the uncontrolled release of methane, a po-
tent greenhouse gas. Additionally, energy recovered from
waste replaces emissions from fossil-fuel-based energy
sources.

4. Resource Recovery

WIE enables the recovery of materials such as metals
from incinerator ash and digestate from anaerobic diges-
tion, which can be used as fertilizer or soil conditioner.

5. Urban Sanitation and Public Health

Proper waste management through WtE reduces the risk
of disease outbreaks, odors, and pest infestations. It also
improves urban cleanliness and environmental hygiene.

Challenges and Limitations

Despite its benefits, Waste-to-Energy faces several chal-
lenges, particularly in developing countries.

1. High Capital and Operational Costs

Setting up and maintaining WtE facilities, especially ther-
mochemical plants, requires substantial investment. The
operational costs, particularly for advanced emissions
control systems, are also high.

2. Feedstock Variability

WIE systems require a consistent and high-calorific feed-
stock for efficient operation. Mixed or improperly segre-
gated waste, common in many developing countries, can
hinder performance and increase maintenance costs.

3. Emissions and Environmental Concerns

Although modern incinerators have stringent emissions
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controls, older or poorly maintained facilities can emit
pollutants such as dioxins, furans, and heavy metals. Pub-
lic opposition to incinerators is often based on health and
environmental concerns.

4. Competition with Recycling

When not integrated with comprehensive waste manage-
ment strategies, WtE can compete with recycling efforts
by consuming potentially recyclable materials, leading to
resource inefficiency.

5. Policy and Regulatory Barriers

In many regions, WtE projects face unclear regulations,
lack of long-term waste supply contracts, and opposition
from local communities. There is also a need for harmo-
nized policies to incentivize energy recovery and support
sustainable project development.

Policy and Regulatory Landscape

In India, the Swachh Bharat Mission, Smart Cities Mission,
and National Bio-Energy Mission provide policy support
for integrated waste management and energy recovery.
The Ministry of New and Renewable Energy (MNRE) pro-
motes WtE projects through financial incentives, while
Central Pollution Control Board (CPCB) sets emissions and
environmental norms.

Globally, initiatives like the European Union Waste Frame-
work Directive, US EPA’s Sustainable Materials Manage-
ment Program, and Japan’s Basic Act on Establishing a
Sound Material-Cycle Society offer policy guidance for
WIE integration. International finance and climate mech-
anisms, such as the Green Climate Fund (GCF) and Clean
Development Mechanism (CDM), can also support WtE
project financing.

Integration with Circular Economy and SDGs

Waste-to-Energy plays a crucial role in achieving Sustain-
able Development Goals (SDGs), particularly:

e SDG 7: Affordable and Clean Energy
e SDG 11: Sustainable Cities and Communities

e SDG 12: Responsible Consumption and Produc-
tion

e SDG 13: Climate Action

It also aligns with the circular economy model by re-
covering energy and resources from waste, thereby re-
ducing dependence on virgin materials and minimizing
environmental impact. However, for optimal alighment,
WtE must be implemented in conjunction with waste
prevention, reuse, and recycling strategies.

Future Outlook

The future of Waste-to-Energy lies in technological inno-
vation, public-private partnerships, decentralized models,
and integration with smart city infrastructure. Emerging
technologies such as plasma arc gasification, waste-de-
rived fuels, and biorefineries offer opportunities for
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cleaner, more efficient energy recovery.

In urban settings, decentralized WtE units can serve housing complexes, institutions, or markets, reducing transpor-
tation costs and engaging local communities in sustainable waste management. Digitization, through the use of loT-
based waste tracking, smart segregation systems, and real-time emissions monitoring, will further enhance WtE
performance and transparency.

Public awareness, community participation, and regulatory support will remain critical to the success of WtE initiatives.
Ultimately, the sector’s long-term viability depends on its ability to balance environmental integrity with economic and
social benefits.

Conclusion

Waste-to-Energy represents a compelling solution to two of the most pressing global challenges: waste management
and energy security. By converting discarded materials into valuable energy, WtE contributes to cleaner cities, reduced
environmental pollution, and diversified energy portfolios. While challenges remain—particularly in terms of cost, pub-
lic perception, and policy clarity—the potential of WtE as a cornerstone of sustainable development is undeniable. For
nations like India, with rising urban populations and mounting waste volumes, Waste-to-Energy can be a critical pillar
in building a cleaner, greener, and more resilient future.
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