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Dear Stakeholders,

The global climate 
emergency has 
become more 
evident, in recent 
years, with the 
increasing occurrence 
of disastrous 
consequences such 
as melting of ice mass 
at the poles, rising sea 
level, violent weather 
phenomena including 
heat stress, droughts, 
flooding of rivers and 
lakes, more frequent 
and intense cyclones 
and hurricanes, 
destruction of the 
food chain and 
economic resources, 
etc., witnessed across 
geographies.

The scale, magnitude, and extent of 
damage caused by these events are 
certainly galvanizing urgent attention 
to initiate climate actions. Over 11,000 
scientists from 153 countries have 
declared a global climate emergency, 
warning about unprecedented 
consequences that are inevitable 
without deep and lasting shifts in human 
activities that contribute to greenhouse 
gas emissions and other factors related 
to climate change.

At Greenko, combating the effects of 
climate change is a strategic priority 
and the salient purpose of our business 
from inception. Accordingly, our 
business activities are directed towards 
Decarbonization of the economy, to 
lessen the negative effects of climate 
change, reduce Greenhouse Gas 
(GHG) emissions, promote energy 
efficiency and provide solutions to meet 
the global demand for sustainable 
energy. Our founders believed that the 
renewable electricity system can only 
be part of the solution. It alone has the 
potential to reduce the emission up to 
55% by 2050, as eloquently argued by 
Alen Macarthur Foundation. Greenko is 
committed to making decarbonization- 
NET ZERO by 2050, a reality, and will 
continue to have this as a purpose of its 
business. In line with its commitment, 

in FY 19-20, Greenko avoided 8.2 million 
tonnes of CO2 emission.

The entire supply chain of the renewable 
energy system is significantly 
vulnerable to climate variability, 
from physical impacts altering the 
availability of renewable resources, 
extreme weather events affecting the 
generation assets and transmission 
infrastructure, and variation in seasonal 
energy demand. Such physical impacts 
of climate change can pose significant 
financial implications to our business. 
The management of risks associated 
with climate change is integrated into 
the Risk Management Framework of 
Greenko, which identify, prioritize and 
communicate to the decision-making 
bodies, the potential events related 
to climate change that could impact 
our operations to effect appropriate 
mitigation/adaptation measures.

To address the effects of climate change 
and its financial impacts, in the current 
reporting period, we have conducted a 
climate risk assessment and mapped 
the potential physical and transitional 
climate risks that could occur across 
our sites. We have also charted out 
a climate risk mitigation plan which 
includes engineering measures, system 
modernization, changes in standard 

operating practices, and insurance. 
Further, the assessment of climate 
risk for generation assets, T&D 
infrastructure, and electricity demand, 
would also enable our strategic choice 
of locations.

The climate change risk mitigation 
and adaptation strategies adopted by 
Greenko are in sync with the efforts 
taken by the Government of India to 
mitigate climate change and in addition 
to climate proofing our business, it 
also contributes to building climate 
resilience for the communities we 
operate in.

We hope that this report helps to 
foster future action towards climate 
change mitigation, promote important 
dialogue, and expand opportunities for 
collaboration with our stakeholders and 
communities, as we explore the best 
strategies to address climate change 
and transition to a clean energy future.

Mr. Nagendra Dandamudi 
COO – Organisation Development & 
Sustainability )

We have also charted out a 
climate risk mitigation plan 
which includes engineering 
measures, system 
modernization, changes in 
standard operating practices, 
and insurance. 

Message from COO
Organisation Development & Sustainability

Over 11,000 scientists from 153 countries have 
declared a global climate emergency, warning about 
unprecedented consequences that are inevitable 
without deep and lasting shifts in human activities 
that contribute to greenhouse gas emissions and 
other factors related to climate change. 
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Renewable energy has proved to be a key to the transition towards 
a low carbon future and to meet the 2 °C climate goal. It, therefore, 
minimizes the catastrophic impacts of climate change and addresses 
the growing energy demand. However, like every other sector, 
renewables are also susceptible to the impacts of the changing climate. 
The entire supply chain of the renewable energy system is significantly 
vulnerable to climate variability, especially with regards to physical 
impacts altering the availability of renewable resources. 

Greenko’s board 
understands the 
urgency of addressing 
climate change 
issues as well as 
the potential impact 
and opportunities it 
could create to the 
group’s generating 
and operating ability. 
It also recognizes 
the effect that 
climate change 
could pose to its 
employees, customers, 
communities, and 
the wider ecosystem. 
The Board is 
continuously evolving 
and strengthening 
its unwavering 
commitment to 
compliance and ethics 
to effectively address 
and mitigate the 
impacts of climate 
change and reinforce 
stakeholder trust.

It affects the overall generation 
potential and supply of renewable 
energy and extreme weather 
conditions affect the generation 
assets and transmission infrastructure 
significantly. Variation in seasonal 
energy demand also has an impact. 
In addition to physical impacts, 
transitional impacts such as regulatory 
and market changes also affect the 
renewables sector remarkably.

Therefore, it is critical to take into 
consideration emerging climate 
change conditions and its impact 
while deciding specific geography, 
design, construction, operation, 
and maintenance of existing energy 
infrastructure, new infrastructure, and 
for future planning. For this purpose, 
Greenko has established a Climate 
Risk Assessment and Management 
framework and has conducted a 
Climate Risk Assessment study in the 
current reporting period, in order to 
proactively and systematically identify 
and analyse potential climate change 
hazards to its operations based on 
historical events, trends, forecasts 
and projections from global warming 
models.

Maintaining a strong corporate governance framework, which adheres to best 
practices and principles, is fundamental to Greenko’s climate change strategy. The 
group manages its business affairs and works to meet its financial, operational, 
strategic objectives and achieve long-term sustainability through adherence to best 
practices and principles of corporate governance, that serve to provide effective 
management and board oversight.

Committees of the Board

The board oversees and guides on strategy and its deployment to enhance value 
generation, retention of sustainable business operations and distribution amongst 
stakeholders, following the ‘art of balancing’. Greenko’s focus on long term 
sustainability is a pivot for its future growth as well as its preparation to adapt to the 
effects of a changing world.

The Board membership has the proper mix of skills and perspectives. Greenko has 
the following board committee structure. 

Introduction Governance
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Climate 
Change 

Strategy

Adaptation 

Mitigation

System 
Modernization

Water 
Stewardship

Reducing own 
GHG emission

Innovation and 
technology adoption

Reducing GHG emissions 
through RE generation

Preparation for extreme 
weather events

Conservation

Governance

in the Greenko Risk Management 
Framework. Further, the company’s 
Board of Directors reinforced Greenko’s 
commitment to the UN’s Sustainable 
Development Goals, especially numbers 
7 - ensure access to affordable, reliable, 
sustainable, and modern energy for all, 
12 – Ensure sustainable consumption 
and production patterns, and 13 – take 
urgent action to combat climate change 
and its impact. The management 
undertook the climate risk assessment 
accordingly during 2020.

term risks faced by the company and its 
performance implications.

The Board has overseen the evolution of 
Greenko as an industry leader, delivering 
low-carbon energy. Looking ahead, 
the board understands that climate 
change is of growing importance to our 
investors and other stakeholders.

In FY 2019-20, the Board wanted the 
management to consider assessing 
climate risk and if found significant 
and appropriate, it was to be included 

Greenko’s Audit and Risk Management 
Committee is responsible for 
strategic leadership in establishing 
the company’s risk tolerance and 
developing a framework and clear 
accountabilities for managing risk, 
including those related to climate. It 
reviews by itself or by anointing external 
independent parties, the adequacy of 
the systems and controls to identify, 
assess, mitigate, and monitor risk and 
sufficiency of its reporting. Directors 
are responsible for understanding the 
current and emerging short and long-

To address the challenges of climate 
change, Greenko’s strategy firstly 
evaluates the impact of climate 
change on its operations and adapts 
its systems to be more flexible and 
resilient. Secondly, it enables reduction 
of greenhouse gas emissions through 
continuous generation of renewable 
energy and minimization of its own 
emissions.

Greenko is sensitive to the fact that it 
harnesses natural renewable resources 
to generate energy and these can be 
subjected to material uncertainties in 
the face of climate change. Accordingly, 
it is evaluating the physical climate risk 
on its own assets and also the electric 
system in India to improve its growth 
strategy, choice of locations, and 
technology.

Board Committees

Audit and Risk 
Committee

Remuneration 
and Nomination 

Committee

Capital Delivery 
Committee

Climate change is a key element in defining Greenko’s strategy. The 
group is committed to leading the change and address greenhouse gas 
emissions, to build a cleaner, smarter, and sustainable energy future. 
Accordingly, Greenko’s vision of decarbonizing the energy system 
through digitalization and decentralization has been translated into 
strategic objectives and are being strongly pursued.

Strategy
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Climate Risk  
Assessment and Management 

Greenko is committed 
to ‘Climate Risk 
Assessment and 
Management’ as part 
of its Risk Management 
System, with the aim 
of making informed 
choices, building 
capacity, planning, and 
prioritizing, mitigation 
and adaptation 
measures to reduce 
its vulnerability to 
climate change. This 
entails proactive 
and systematic 
identification and 
analysis of potential 
climate hazards to 
Greenko’s operations, 
based on projections 
of climate change 
models.

The integration of climate risk assessment in the existing framework was carried 
out by identifying the physical and transition risks of climate change that have 
the potential to profoundly impact Greenko’s business. Presently, the climate risk 
assessment is conducted for six of its critical operating sites.

The Greenko Risk Management Framework consists of eight components: 

1. Internal Environment- The Board sets a philosophy regarding risk and 
establishes a risk appetite. Further, it sets the basis for viewing and addressing 
risk and control 

2. Objective Setting- Objectives are aligned to support the entity’s mission and are 
consistent with its risk appetite.

3. Event Identification¬- Identifying potential events from internal or external 
environment affecting, both positively and negatively, the achievement of 
objectives

4. Risk Assessment- Identified risks, associated with hindrance or enhancer of 
objectives are assessed on an inherent and residual basis with the assessment 
considering risk likelihood and impact. 

5. Risk Response- Possible responses to risks, which include avoiding, accepting, 
reducing, and sharing risks.  Management selects a set of actions to align risks 
with the entity’s risk tolerance capacity and risk appetite. 

6. Control Activities- Policies and procedures are established and executed to 
ensure risk responses 

7. Information and Communication- Relevant information is identified, captured, 
and communicated in a form and timeframe that enable people to carry out 
their responsibilities.

8. Monitoring- The entirety of ERM is monitored, and modifications made, as 
necessary.

Greenko’s Risk Management Framework

Objective 
Setting

Internal 
Environment

Risk 
Assessment

Event 
Identification

Control 
Activities

Risk 
Response

Monitoring

Information  
and 

Communication

Risk Management Organization Structure

Risk Owners / 
Mitigation Plan 
Owners (‘MPO’)

The Board of 
Directors  and 

Risk Management 
Comiittee

Risk  
Management 
Department

Legal 
Department 

ESG  
function

Risk Owners / 
Mitigation Plan 
Owners (‘MPO’)

Secretarial

Risk Owners / 
Mitigation Plan 
Owners (‘MPO’)

Risk Owners / 
Mitigation Plan 
Owners (‘MPO’)

Mitigating climate risk is a continuous 
process and Greenko’s Risk Assessment 
and Management Framework helps 
to build resilience against variations 
in climate by taking into account all 
potential climate risks in its operations 
and planning appropriate mitigation 
strategies.

As part of its climate risk management 
strategy, Greenko has adopted an 
effective climate risk mitigation 

strategy, one element of which 
includes up-gradation of the existing 
Early Warning System. The existing 
Early Warning System of Greenko has 
now incorporated the monitoring and 
warning of global warming-induced 
extreme events (acute risks), whose 
frequency and severity are projected to 
increase as a result of climate change, 
to proactively protect and minimize 
the impacts of climate change on its 
assets and the community it operates 

in.  The purpose of the EWS strategy 
is not just limited to planning and 
executing risk-mitigating measures, 
but is also designed to build resilience. 
The EWS mainly functions based on the 
synergy between visual observations, 
past experiences, and co-operation to 
mitigate losses from upcoming hazards. 
The key elements of the Early Warning 
System are as follows,

98

Climate Change Report   2019-20



Early Warning Systems

Risk 
Knowledge

Response 
Capability

Weather 
Forecasting

Emergency 
Coordination team

MediaFlow 
Gauge

Rain 
Radar

Waterinfo.be

Threatened 
Community

Monitoring 
and Warning 

Service

Dissemination 
and 

Communication

Key Elements of Early Warning System and Processes

Key Elements Early Warning Systems and 
Processes

Monitoring and Warning for climate 
Change induced events

Risk Knowledge Climate risk knowledge, 
developed through extensive 
climate risk assessment and 
expertise, comprises the know-
how of asset and production 
vulnerability to climate change 
and respective measures to be 
taken at various stages of the 
asset lifecycle.

Reviewing capability and upgrading of 
Early Warning System to incorporate 
monitoring and warning of climate 
change-induced acute risks

Monitoring and Warning Systems 1.  SCADA based real-time 
weather monitoring and 
warning system in place for 
all assets

2. Real-time asset health 
monitoring system

3. Routine monitoring of 
Transmission lines, 
particularly during Thunder/ 
wind storms

Dissemination and Communication Standard Operating Procedures 
(SOPs) for early warning system 
are developed using state-of-the-
art technology and applications 
such as IMD applications, 
disaster warning through Greenko 
OT application, earthquake early 
warning system, and forecasting 
applications 

Response Capability 1.  Disaster preparedness 
teams are established across 
operations and regular 
training is conducted

2. Co-ordination meeting has 
been conducted with Local 
authorities and local villages

3.  Periodic mock drills conducted 
for disaster management

4. Government disaster 
preparedness meetings 

Climate Risk  
Assessment and Management 
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In 2020, Greenko analyzed the impacts 
of different climate scenarios for 
transition and physical risks, including 
a scenario where the Government 
of India will accelerate renewable 
energy adoption and consider physical 
changes occurring as per Global 
Climate Change scenario RCP 4.5. This 
analysis confirmed that the group's 
business model is adequate to face the 
challenges arising from climate change. 
However, the analysis has also resulted 
in additional operational steps at each 
site for enacting additional criteria for 
evaluating new assets and technology 
choices.

In the case of physical impacts due to 
major climatic threats and increased 

frequency and severity of extreme 
weather conditions — Greenko has 
plans and systems to improve the 
resilience of all assets and components. 
Also, it has begun discussions with the 
insurance institutions to cover climate 
risk occurring due to extreme weather 
conditions. 

The GRMF considers and monitors risks 
derived from climate change:

 Physical: possible material 
impacts on installations, including 
the uncertainties in resource 
availability for generation

 Transitional: associated with the 
process of global decarbonization 
and its reflection in India 

(regulatory changes, market prices, 
technological, reputational, etc.).

 Others: such as risks to the supply 
chain and social phenomena

Greenko does not foresee any 
catastrophic or permanent impact on 
its assets and revenues on account of 
these risks. This is also because of a 
balanced portfolio of assets and their 
spread across geographies. However, 
the group anticipates a marginal 
increase in operational expenses. In 
addition, the company derives many 
opportunities from decarbonization of 
the energy system in India.

Greenko’s Climate Risk Mapping

In line with global standards such as CDSB and TCFD, the climate risk 
mapping of Greenko has classified the climate-related risks into two major 
categories, Physical Risks and Transition Risks.

Physical Risks

Physical risks resulting from climate 
change can be event-driven (acute 
risks), including increased severity 
of extreme weather conditions such 
as cyclones, hurricanes, floods, etc. 
or longer-term shifts (chronic risks) 
in climate patterns that may cause a 
change in wind pattern, hydrological 
flows, sea-level rise, etc. Physical 
risks have the potential to impact the 
organization through direct damages 
to assets and indirect disruption to the 
supply chain.  

In this context, Greenko has assessed 
the impact of physical risks across 
different stages of its operating 
lifecycle, including,

 Physical impact on renewable 
resource potential

 Physical impact on generating 
assets

 Physical impact on Transmission 
and Distribution infrastructure

Physical Impact on Renewable 
Resource Potential

The electricity production potential of 
renewable energy is critically impacted 
by the physical risks of climate change, 
due to its dependence on climate 
conditions. Since the main source of 
renewable energy production is directly 
linked to climate variables such as wind, 
irradiation, and precipitation, the long-
term shift in its availability and pattern 
due to climate change, can profoundly 
affect productivity. 

The physical impacts of climate change 
are predicted to have a significant impact 
on the renewable resources utilized by 

various renewable energy portfolios. 
However, the projected changes vary 
considerably across geographic regions. 
Therefore, the climate risk assessment 
of Greenko focuses mainly on the 
change of resource patterns affecting 
the productivity of its wind, solar, and 
hydro portfolio respectively, in India 
and specifically its operating sites.

The climate change risk and its impact 
on Greenko due to the shift in renewable 
resource patterns are assessed through 
an extensive literature review of studies 
that quantitatively estimate climate 
change impacts on renewable energy, 
based on historical data, trends, and 
projections. 

Impact on Wind Energy 
Generation Potential

The generation potential of wind assets 
largely depends on the wind speed and 
the daily/seasonal distribution of wind 
patterns of a specific geographic area. 
In India, a secular decrease in wind 
power potential is projected, which is 
associated with a decline in wind speed 
due to warming in the Indian Ocean.

Projected Impact on wind speed 
and energy output

According to a study conducted by 
Harvard University and National 
Climate Centre, Beijing, which reported 
an analysis of variations in wind power 
potential for India over the past four 
decades (1980-2016), with a focus on 
relevant climate factors, found that 
India is experiencing a significant 
reduction in the potential for wind power 
generation, at a rate of  −0.77 PWh per 
decade; (P < 0.01) which is equivalent 
to an overall secular decrease of 13%, 
primarily in summer and spring, which 
contributes nearly 63% of the annual 

wind energy generation. Northern and 
western India showed the greatest 
declines (−18 and −14.4%) over the 
period of study.

The dominant influence responsible 
for the decreasing wind potential 
is attributed to strong warming in 
the Indian Ocean, resulting in a 
weakening of the Indian Summer 
Monsoon (ISM) and therefore, the 
wind speed. ISM in India is driven by 
the temperature contrast between the 
Indian subcontinent and the Indian 
Ocean. The study indicates that the 
temperature over the Equatorial Indian 
Ocean (EIO) and the Southern Indian 
Ocean (SIO) is projected to significantly 
increase, when compared to the Indian 
subcontinent, over the next 20 to 30 
years, thus weakening the Indian 
Summer Monsoon and consequently 
the wind speed. When warming over 
both the EIO and SIO regions is taken 
into account, the reduction of wind 
speed at 100 m has been projected over 
India, particularly over western India. 
The greatest decline is projected for 
Rajasthan.

Climate Risk  
Assessment and Management 

Aishwariya Sridhar

1312

Climate Change Report   2019-20

http://www.aishwaryasridhar.com


Greenko’s Climate Risk Mapping

Potential Impact on Greenko’s wind energy productivity

Climate Change Impacts on Resource Endowment

Climate Threats Impacts Mitigation Measures

Changes in wind speed 1.  Increased uncertainty on 
wind energy output.

2.  Changes in wind speed can 
reduce generation (as turbines 
cannot operate in very high or 
very low winds)

Using Forecasting applications to predict 
wind power generation to strategize 
operations/activities. 

Wind turbine adaptation and modification 
based on climate change-induced wind 
patterns, at a given location. 

Future choices of technology and 
machines will take into account expected 
climate changes.

Changes in the daily or seasonal 
distribution of wind

1.  It can affect the match 
between wind energy input to 
the grid and daily load demand

2.  Seasonal changes can affect 
the profitability of the plants 
due to price evolution 

Changes in air density Increasing air temperatures, as 
expected with climate change, 
will lead to slight declines in air 
density and power output

Max Temp
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Extreme Change in Winds will 
impact generating capability of 
WTGs

Climate Risk Assessment  to Mitigate Impacts of change in wind patterns 

Climate Change Risk – Change in Wind Profiles

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

Medium

 Using Forecasting applications to predict wind power generation to strategize 
operations/activities. 

 Wind turbine adaptation and modification based on climate change-induced 
wind patterns, at a given location.

 Future choices of technology and machines will take into account expected 
climate changes
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Impact on Hydro Energy 
Generation Potential

Since the generation potential of 
hydropower plants largely depend on 
streamflow, which in turn is significantly 
impacted by the non-linear and region-
specific changes in precipitation and 
temperature, it is sensitive to climate 
change. Changing annual and seasonal 
precipitation patterns can impact river 
flows and water levels, which in turn 
affects the productivity of the plant. 

An increase in temperature can 
influence the water vapour holding 
capacity of air. According to estimations, 
for each degree of warming, the air’s 
capacity to hold water vapour goes up 
by about 7 percent. As a result, due to 
increased moisture content in the air, 
intense precipitation can be expected. 
Heavy precipitation may not always 
lead to an increase in total precipitation 
over a season or over the year. Most 
climate models project a decrease 
in moderate rainfall, and an increase 
in the length of dry periods, which 
offsets increased precipitation during 
heavy rainfall. However, increased 
temperature coupled with a decrease 
in annual rainfall can also increase the 
probability and severity of drought. 

In India, studies suggest that the 
productivity of hydropower plants 
is projected to increase due to the 
projected increase in precipitation and 
streamflow.

Projected Impact on hydro flows 
and energy output

Globally, the gross hydropower 
generation potential is projected to 
increase by 2.4% under low-medium 
emission pathway (RCP 4.5) and 6.3% 
under high emission pathway (RCP 
8.5) by 2080. Several global studies of 
climate change impact on hydropower 
generation potential project a huge 
increase in hydropower potential in 
India in the future.

All the hydropower hotspots of India are 
projected to experience a warmer and 
wetter climate in future. Under the high 
emission pathway (RCP 8.5), by period 
2070-2099, the multimodal ensemble 
means the annual average temperature 
will rise by up to 6.3 ± 1.6 °C and the 
annual rainfall pattern is projected 
to increase by 18 ± 14.6%. Due to the 
projected increase in precipitation, 
mean annual streamflow, up to +45%, 
and hydropower production, up to +25%, 
is projected to increase in the future. 

It is estimated that there will be an 
increase in streamflow in central 
and south India, primarily due to the 
increase in monsoon precipitation. 
Currently, the high streamflow in the 
pre-monsoon season i.e. from May-June 
in India, is primarily from the snow and 
glacier melt. However, in the long term, 
there might be a seasonal variability in 
reservoirs that receive streamflow from 
snow and glacier melt. Due to increase 
in air temperature, flow from snow and 
glacier melt is projected to decline in 
the pre-monsoon season.

Potential Impacts on Greenko’s hydro energy productivity

Climate Change Impacts on Resource Endowment

Climate Threats Impacts Mitigation Measures

Change in rainfall patterns  Changing annual or seasonal 
patterns can impact river 
flows and water levels, 
affecting production

 Reduced hydropower 
generation with reduced 
stream flows

 Increased risk to operating 
conditions during periods of 
heavy rainfall

 Changes in precipitation 
and temperature may affect 
the moisture levels of soil, 
which provides storage and 
regulates runoff

 Increased uncertainty on 
hydropower energy output.

 Continuous monitoring and 
forecasting of weather

 Sufficient storage (beyond design 
margins)

 Pre-monsoon preparations (revisit 
schedules)

Extreme precipitation events leading to 
flooding

 Pose certain dangers to the 
components of the Hydro 
plants such as Dams/ 
Barrages/ Weirs, water 
conductor systems, Power 
Houses, Switchyards, etc.

 Runoff may exceed dam 
capacity

 Flooding due to intense rain 
can damage infrastructure 

 Flooding can increase the 
need for spilling water

 Siltation as a consequence of 
erosion can affect the soil and 
reduce power output

The performance of gates can 
be affected by an increase in 
sediment content and suspended 
materials in the water

 Training on flood control and 
preparedness

 Storing of floodwaters

 Cut-off walls against scouring

 Flood protection walls

 Sufficient drainage for rainwater

 Check upstream dams

Greenko’s Climate Risk Mapping
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Impact on Solar Energy 
Generation Potential

Accurate climate information is 
essential to assess the future of solar 
energy production and the potential to 
maximize power generation. Climate 
change impacts on solar energy 
output projections are thus, crucial. 
The performance of solar photovoltaic 
systems largely depends on projected 
changes in temperature and irradiance. 

The solar PV output is projected to 
have a negative linear dependence 
on temperature increase and positive 
dependence on the increase in 
irradiance. However, in India, especially 
in the north, solar irradiance is projected 
to decrease in the future.

The projected impact on solar 
radiation and energy output

A study analyses the influence of 

climate change on energy yields of 
photovoltaic systems in eight regions of 
the world, by period 2049, using CMIP5 
climate models which project significant 
reductions in India, especially in the 
north, with annual reductions of up to 
0.5% due to the combined effects of the 
projected reduction in irradiance and 
the significant increase in temperature.

Potential Impact on Greenko’s solar energy productivity

Climate Change Impacts on Resource Endowment

Climate Threats Impacts Mitigation Measures

Changes in solar irradiation and 
cloudiness

 Changes would affect solar 
power output and water levels 
affecting production

 Decreased irradiance 
can significantly reduce 
generation potential

 Forecasting tools for weather 
projection

 Improvement in flexibility and range 
in resource harnessing

 Design to withstand wind speeds due 
to tropical storms like cyclones 

Changes in mean temperature  An increase in global 
temperature would negatively 
affect the efficiency of the 
cells and subsequently, its 
power output. The efficiency 
of PV modules drops by about 
0.5% for every 1 °C increase in 
temperature.

 An increase in temperature 
would lower the capacity of 
underground conductors and 
increase soil temperature

Wind speed  Changes in surface 
wind velocity may affect 
photovoltaic production 

 Strong wind may cause 
material damage from 
debris, increasing the need 
for cleaning, but they can 
also cool down the modules, 
increasing efficiency and 
output.

SCADA System

Weather Monitoring System

Greenko’s Climate Risk Mapping

Weather 
Monitoring 
Station at Solar 
Project at Kurnool

Decrease in solar photovoltaic 
output

Climate Change Risk – Change in Wind Profiles

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

Medium

Real-Time Weather Monitoring at All Assets
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Physical impact on generating 
assets

One of the most visible consequences 
of climate change is the drastic shift in 
weather patterns and the increase in the 
intensity and frequency of associated 
extreme weather conditions such as 
extreme temperature, heatwaves, 
extreme changes in precipitation 
leading to flooding and drought, sea-
level rise, etc. In addition, the intensity 
and frequency of natural hazards such 
as cyclones, storms, earthquakes are 
also increasing due to climate change.

The shift in climatic conditions and the 
occurrence of such extreme weather 
events have the potential to adversely 
affect generation and transmission 
infrastructure as well as the asset’s 
productivity. For example, solar cell 

efficiency can be significantly reduced 
by an increase in temperature and 
increased intensity of flooding can 
pose a significant risk to dam safety.  
Therefore, conducting a climate risk 
assessment is crucial to understand 
the nature and intensity of change 
in climatic conditions in different 
geographies and the vulnerability of 
assets to such shift. This will help 
to establish effective mitigation and 
adaptation strategies.

In this context, Greenko has conducted 
a climate risk assessment for six of its 
critical operating sites to assess and 
manage climate risk vulnerability of 
assets and its productivity. The six sites 
are as follows,

 Ghani solar, Kurnool, Andhra 
Pradesh 

 SEI Adhavan, Tamil Nadu (Solar)

 Sneha Kinetic (Dikchu Hydropower 
project), Sikkim 

 AMR Power, Karnataka (Hydro)

 Rayala Wind, Andhra Pradesh 

 Tanot wind, Rajasthan

Greenko has studied projected climate 
change impacts on its operations 
using IPCC’s RCP 4.5 scenario, which 
is the low-medium emission pathway 
(equivalent to 1.7-3.2oC temperature 
increase). The climate change 
projections were studied for the period 
2020-2039 (Short term) and 2040-
2059 (Medium Term).

Climate change impacts on the operational sites of Greenko

Physical Risk Temperature Increase Water Availability Flooding Extreme 
events

Total 
Risk

Plant Time 
Period

Average 
Temperature

Heat 
Wave

Drought Severe 
Drought

Sea 
Level 
Rise/

Annual 
flooding

Cyclones/
storms/

earthquake 

Ghani Solar - 
Kurnool

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

SEI Adhavan 
- Tamil Nadu

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

Climate change impacts on the operational sites of Greenko

Physical Risk Temperature Increase Water Availability Flooding Extreme 
events

Total 
Risk

Plant Time 
Period

Average 
Temperature

Heat 
Wave

Drought Severe 
Drought

Sea 
Level 
Rise/

Annual 
flooding

Cyclones/
storms/

earthquake 

Sneha 
Kinetic 
(Hydro) - 
Sikkim

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

AMR Power - 
Karnataka

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

Rayala Wind 
- Andhra 
Pradesh

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

Tanot Wind - 
Rajasthan

Short term 
(2020-
2039)

Medium 
Term 
(2040-
2059)

VERY HIGH HIGH MEDIUM LOW VERY LOW

Greenko’s Climate Risk Mapping
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Summary Data

Physical Risk Temperature Increase Water Availability Extreme 
events

Flooding

Plant Time 
Period

Average 
Temperature

Daily Tmax Heat 
Wave

Warm 
spell 
duration 
Index

Precipitation 
(Annual 
Rainfall 
Range)

Drought Severe 
Drought

Cyclones/
storms/
earthquake 

Sea 
Level 
Rise/
Annual 
flooding

Ghani Solar 
- Kurnool

Short term 
(2020-
2039)

lesser than 1°C 0.92°C  
(2.3°C )

4% (6%) 32.14 
Days

neg. 
52.57mm 
(388.33mm)

0.2 10% No 
impact

Medium 
Term 
(2040-
2059)

~1.5°C 1.65°C  
(3.6°C )

7% (11%) 71.81 
Days

41.12mm 
(620.49mm)

0.11 5% No 
impact

SEI 
Adhavan - 
Tamil Nadu

Short term 
(2020-
2039)

Lesser 1°C 0.79°C 
(4.23°C)

7% (13%) 19.78 
(46.64) 
Days

48.02 mm 
(1309.6mm)

0.17 0% No 
impact

Medium 
Term 
(2040-
2059)

Slightly greater 
than 1°C 

1.40°C 
(4.88°C)

9% (21%) 45 
(96.82) 
Days

161.52mm 
(701.62mm)

0.39 0% No 
impact

Sneha 
Kinetic 
(Hydro) - 
Sikkim

Short term 
(2020-
2039)

~1°C 1.36°C 
(3.79°C )

5% (8%) 12.13 
(25.59) 
days

neg. 
104.60mm 
(1699.25mm)

0.19 0% No 
impact

Medium 
Term 
(2040-
2059)

Greater than 
1.5°C  

1.81°C  
(4.48°C )

9% (14%) 25 
(62.360 
days

neg. 
75.14mm 
(1370.4mm)

0.41 0% No 
impact

AMR Power 
- Karnataka

Short term 
(2020-
2039)

Lesser than 1°C 0.47°C  
(3.21°C )

6% (12%) 16.66 
(59.7) 
days

Neg. -39.08 
(-443.53mm 
to 
1014.75mm)

0.17 5% No 
impact

Medium 
Term 
(2040-
2059)

Greater than 1°C 0.86°C  
(3.22°C )

12% (26%) 42.02 
(132.2) 
days

neg. 
-163.76mm 
(-482.26mm 
to 
754.62mm)

0.24 0% No 
impact

Rayala 
Wind - 
Andhra 
Pradesh

Short term 
(2020-
2039)

Lesser than 1°C 0.83°C 
(2.29°C)

5% (7%) 14.60 
(32.69) 
days

neg. 30.85 
(-549.9mm 
to 
593.27mm)

0.19 5% No 
impact

Medium 
Term 
(2040-
2059)

Greater than 1°C 1.32°C 
(3.21°C)

8%  (11%) 35.85 
(74.52) 
days

15.92mm(-
486.42mm to 
882.83mm)

0.14 5% No 
impact

Tanot Wind 
- Rajasthan

Short term 
(2020-
2039)

Greater than 1°C 1.33°C 
(5.03°C)

3% (5%) 10.20 
(19.56) 
days

1.29mm 
(-146.72mm 
to 
252.17mm)

-0.34 15% No 
impact

Medium 
Term 
(2040-
2059)

upto 2°C 1.73°C 
(5.21°C)

4% (11%) 21.90 
(51.46) 
days

5.82mm 
(-108.24mm 
to 
270.52mm)

-0.37 30% No 
impact

Temperature Increase

 Average temperatures in India 
are projected to increase by 
approximately 1°C by 2020-2039 
and approximately 1.5°C by 2040-
2049 under the RCP4.5 emissions 
pathway.

 Warming is stronger in annual 
minimum and maximum 
temperatures than in the average.

 Under all emissions pathways, 
the rise in annual minimum 
temperature is around 18-21% 
higher than the rise in average 
temperatures.

Impact on Operations

Short term

The projected change in average 
temperature in most of Greenko’s 
operating locations under assessment 
is lesser than or equal to 1°C and it poses 
very low risk on the operation except for 
Tanot wind, where the projected change 

is greater than 1°C. It presents a 
considerable risk of projected increase 
in drought probability and severity.

Medium-term

According to the projected change 
in temperature in the medium 
term, the risk at  Ghani solar and 
Dikchu hydropower project sites will 
experience a temperature increase of 
greater than 1.5°C, and relatively higher 
risks are estimated in Tanot wind with 
a temperature increase of up to 2°C. 
For both these sites, the appropriate 
quantification of risk and mitigation 
measures are also being developed and 
projected.

Probability of Heatwave and 
estimated number of warm days

With increase in temperature extremes, 
the probability and severity of 
heatwaves also considerably increases. 
Heatwaves are defined as a period of 3 or 
more days, when the daily temperature 
remains above the 95th percentile. A 

single day often is discomforting, but 
the health effects significantly increase 
after a few days. Combined with warm 
spell duration index (A warm spell 
duration index is measured by the 
consecutive occurrence of 6 or more 
days warmer than the 90th percentile 
of daily maximum temperatures), the 
number of warm days when there is a 
high probability of occurrence of heat 
waves is derived.

Impact on operations

Most of Greenko’s sites under study 
is estimated to have very low to low 
risk with the projected probability 
of heatwaves in both short and long 
term except for AMR power, Karnataka 
which has a medium risk with heatwave 
probability of approximately 12% and 
number of warm days counting to 
approximately 46 days in a year in 
the medium term, with a maximum 
temperature increase of 3.22°C (Tmax, 
90th percentile)

Greenko’s Climate Risk Mapping
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Climate Change Risk due to Temperature Increase

Portfolio Climate Threats Impact Mitigation Measures

General  Increased probability and severity of 
heatwaves

 Increased number of warmer days

 Risk of Heat Stress and 
Heatstroke to employees

 Risk of heat-related 
illnesses including 
cardiovascular and 
respiratory complications

 Increased operating cost 
for improved cooling 
systems

 Establishing heat 
preparedness plans

 Installing cool, green 
roofs and cool pavement 
wherever possible for 
employees

 Increasing HVAC capacity

 Planting trees for shade 
wherever possible

Solar  An increase in temperature would 
negatively affect the efficiency of the 
cells and therefore the power output 

 The efficiency of PV modules drops by 
about 0.5% for every 1 °C increase in 
temperature

 An increase in temperature would 
lower the capacity of underground 
conductors and increase soil 
temperature

 Reduced energy generated

 Increased uncertainty

 Increased Operational 
cost

 Redesign of HVAC systems

 Ensured build to design of 
panels

 Improved HVAC systems 

Wind  Increasing air temperature will lead 
to slight declines in air density and 
power output 

 Extreme temperatures can affect 
the efficiency of turbines and other 
components of the wind farm

 Reduced productivity

 Impact on System 
Performance and 
Reliability

 Increase operational and 
maintenance cost

 Autoregulation in wind 
turbine design

 Selection of Product 
variant based on operating 
environment 

 Additional cooling system 
in turbines

 Automated cut-off in high 
temperatures

Hydro  Higher air temperature would increase 
surface evaporation, reducing water 
storage and power output

 Ice melting can alter the seasonal 
inflow of water to plants that rely on 
glaciers and pose safety risks

 An increase in temperature might 
increase operational costs and affect 
the efficiency of the equipment. 
In particular, it can affect gate 
performance and cause mechanical 
stress

 Reduced water storage

 Reduced generation

 Reduced efficiency of 
equipment

 Significant risk to dam 
safety with melting 
glaciers

 Using technological tools 
to predict and give early 
warning

 Emergency response plan 
for handling floods

Climate Risk Assessment  to Mitigate Impacts of Temperature Increase

Greenko’s Climate Risk Mapping

Thermal Inspection at Solar Project, Regode 

 Lowers solar cell 
efficiency and reduces 
output.

 Lowers capacity of 
underground conductors 
with high ambient 
temperature

Climate Change Risk – Extreme heat

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Designed the HVAC requirements as per OEM data sheets with a design margin 

 Ensured Build to design

 Improved HVAC systems wherever required, to mitigate the abnormal or 
unusual heating conditions 
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Greenko Risk Transfer
Covered under insurance policy 

Water Availability

Water availability in a particular 
geography largely depends upon the 
precipitation levels and temperature 
increase. An increase in temperature 
can increase the loss of water through 
evapotranspiration, which when 
combined with a negative change 
in precipitation range can lead to 
droughts. Whereas, extreme increase 
in precipitation can pose the risk of 
flooding.

Precipitation

The future projections of seasonal 
and annual precipitation in particular 
geography are less certain than 
estimates of future warming. However, 
scientists are fairly confident that 
relatively wet places, such as the 
tropics, and higher latitudes will get 

wetter, while relatively dry places in the 
subtropics will become drier at a global 
scale.

The annual rainfall range in India is 
projected to increase by 41.34mm. 
Considerable uncertainty characterizes 
projections of local long-term future 
precipitation trends in India. Future 
changes in the seasonality of monthly 
precipitation at the national level are 
also highly uncertain under all emission 
scenarios. There is great agreement on 
an increase in the intensity of extreme 
precipitation events in south India and 
in the vicinity of the Himalayas in the 
north.

Both positive and negative change in 
annual rainfall range poses potential 
risks to operations and productivity. 
Increase in heavy precipitation may 
not always lead to an increase in total 

precipitation over a season or over the 
year. Some climate models project a 
decrease in moderate rainfall, and an 
increase in the length of dry periods, 
which offsets the increased precipitation 
falling during heavy rainfall.

Therefore, there could be adverse 
impacts of extreme precipitation such 
as flooding, damage to infrastructure, 
risk to dam safety, whereas reduced 
precipitation can reduce hydro 
productivity, increase probability, and 
severity of droughts.

Impacts on operations

The projected change in annual 
precipitation range demonstrates 
positive change (increased rainfall) and 
negative change (decreased rainfall) in 
different operating sites of Greenko and 
periods of projection.

Short term

The projected change in annual 
precipitation pattern has a negative 
change in both the hydro plants of 
Greenko taken into consideration for 
this study. The same is the case for 
Ghani solar park and Rayala wind. 
The other two sites of the study are 
projected to have positive change.

Medium Term

Under this period of estimation, the 
Dikchu Hydropower plant has a negative 
change in annual precipitation range 
but, it is comparatively lesser than the 
short-term projections. However, AMR 

hydropower plant continues to have a 
significant decrease in annual rainfall. 
All other sites under study have positive 
change.

Drought Index

Drought can be expressed in many 
ways, from a simple precipitation deficit 
to complex estimates of remaining 
soil moisture. The Standardized 
Precipitation Evapotranspiration Index 
(SPEI), calculated for a 12-month 
period, is used widely to estimate the 
probability and severity of drought 
occurrence. It incorporates both 
precipitation input variations as well as 

changes in the loss of water through 
evapotranspiration. Positive values of 
SEPI indicate positive water balance 
(or wet) conditions and negative values 
indicate negative water balance (or dry) 
conditions. Severe drought is estimated 
when the SEPI value drops below -2.

Impacts on operations

The projected change in occurrence and 
severity of drought in Greenko’s sites 
estimates low risk in most sites, except 
for Tanot Wind, Rajasthan where the risk 
is high. The site shows negative water 
balance and severe drought probability 
(15% in 2020-39, 30% in 2040-59) in 
both the short and the medium term.

Climate Opportunity and Plan to Harness

Risk Mitigation

Increase in water stress near some wind and solar farms.

This projected water stress in summer may lead to an 
increased cost of water and under extreme scenarios, non-
availability of water leading to operational disruption. 

The organization is carrying out specific plans to manage 
this situation. It has started using automated machine / 
robotic cleaning of the solar panels, which reduces the water 
requirement. Also, a detailed dust collection study is being 
used to schedule the panel cleaning.

On the other hand, the company significantly invests in 
rainwater harvesting in the regions near its operations and 
also as part of its community initiative, to increase the water 
table in the region.

Greenko’s Climate Risk Mapping

Impact on wind assets System 
Performance and Reliability

Climate Change Risk – High Ambient Temperatures

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

Low

 Selection of Product variant based on operating Environment 

 Usage of technology tools to predict and give early warning. 

 Wind Turbine Designed with auto regulation based on ambient temperatures 
and with adequate cooling system

 With an increase in temperature, power production is limited, and additional 
cooling system starts functioning till 45-degree ambient

 Above 45-degree, the Wind turbine stops till the temperature comes down to 
the operating limit.
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Climate Change Risk due to Increased Precipitation

Risk Potential risks due to increased 
precipitation

Impact Mitigation Measures

General  Extreme increase in rainfall 
pattern can increase the risk 
of flooding

 Heavy rains can cause 
landslides, boulder rolls, 
inundations, collapses, or 
structural failures 

 Damage to roads

 Damage to infrastructure

 Disruption in operations 

 Disruption in supply chain 
logistics

 Increased maintenance cost

 Risk to employees

 Sufficient drainage for 
rainwater

 Bunding, wherever possible

 Training on flood control and 
preparedness

 Increased plantation to avoid 
erosion and landslides

Solar  Flooding can damage Control 
systems, inverters, Mounting 
Structure etc.

 An increase of rainfall 
would wash away dust but 
reduce efficiency (less solar 
radiation)

 Reduced energy output

 Disruption to operations due to 
flooding

 Continuous monitoring and 
forecasting of weather

 Pre-monsoon preparation

 Emergency response plan

Hydro Risk - Flooding

 Changing annual or seasonal 
patterns can impact river 
flows and water levels 
affecting production

 Increased rainfall can affect 
the operational condition

 Flooding can also transport 
debris and damage dams and 
turbines

 Flooding can cause erosion 
and damage

 Pose certain dangers to the 
components of the Hydro 
plants such as Dams/ 
Barrages/ Weirs, water 
conductor systems, Power 
Houses, Switchyards, etc.

 Runoff may exceed dam 
capacity

 Flooding due to intense rain 
can damage infrastructure 

 Flooding can increase the need 
for spilling water

 Siltation as a consequence of 
erosion can affect the soil and 
reduce power output

 The performance of gates can 
be affected by an increase 
in sediment content and 
suspended materials in the 
water

 Training on flood control and 
preparedness

 Storing of floodwaters

 Cut-off walls against 
scouring

 Flood protection walls

 Sufficient drainages for 
rainwater

 Check dams

 Plantation activity

 Regular monitoring of the 
stability of the structure

 Enhanced monitoring in 
flood-prone season

Opportunity – Moderate increase 
in precipitation

Optimum river flows

 Increased generation potential

Climate Change Risk due to Decreased Precipitation

Risk Potential risks due to decreased 
precipitation

Impact Mitigation Measures

General  Reduction in rainfall pattern 
combined with temperature 
increase may contribute to 
drought

 Disruption in operations

 Uncertainty in electricity 
production

 Social unrest

 Emergency planning for 
drought

 Planting drought-resistant 
crops

 Conserving water

 Rain Water harvesting

Solar  Water stress  Damage of panels and lower 
output due to surface dust 

 Water conservation 

 Rainwater harvesting

Hydro  Changes in precipitation 
and temperature may affect 
the moisture levels of soil, 
which provides storage and 
regulates runoff

 Reduction in rainfall patterns 
can reduce water levels and 
generation

 Continuous monitoring and 
forecasting of weather

 Sufficient storage 

 Pre-monsoon preparations

Greenko’s Climate Risk Mapping
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Climate Risk Assessment  to Mitigate Impacts of extreme precipitation and flooding

Greenko Risk Transfer
Covered under insurance policy  

Greenko Risk Transfer
Covered under insurance policy  

Greenko’s Climate Risk Mapping

Floods at Hydro Project, Bhilangana Heavy discharge into  Nethravathi river, AMR, Mangalore

Pose dangers to the 
components of the Hydro 
plants such as Dams/ 
Barrages/ Weirs, water 
conductor systems, Power 
Houses, Switchyards, roads, 
bridges, accommodations, etc. 
by way of scouring, flooding, 
siltation, and at times change 
of course

Climate Change Risk – Flood events due to extreme precipitation

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Various protection works/river training works are carried out along the river 
courses at all component locations viz. cut-off walls against scouring, flood 
protection walls, and the same are monitored periodically. Special watch/ 
monitoring during the high flood seasons.

 Checking of dams and plantations in the catchment areas are carried out for the 
moderation of floods.

 The stability of the slopes is periodically checked with respect to vulnerability 
for landslides and suitable Retaining walls and special soil reinforcement 
measures are built to prevent landslides, subsidence etc. and improve the 
stability of slopes/ lands. Plantations are also carried out to ensure stability of 
slopes. 

 Regular monitoring of the stability of the structures viz. Penstocks.

 Proper drainages are built to drain-off the rain water and prevent ingress of 
excess water into the ground, at the plant component areas.

Damage to solar assets such 
as control systems, inverters, 
and mounting structures, etc.

Climate Change Risk – Flooding and drainage

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Continuous monitoring of weather to inform and warn plants to ensure readiness.

 Designed to accommodate drainage due to storm flooding

 Ensured Construction to design by inspecting all flood management and 
drainage systems                        

 Protecting structures from flood damage by clearing the drainage systems as 
per O&M plan, considering the severity of the storm

 Ensured Pre-Monsoon Preparation through SOPs and maintenance checks. 

 An emergency response plan is established, and mock drills are conducted.
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Extreme Events

India faces some of the highest disaster 
risk levels in the world, ranked 29 out of 
191 countries by the 2019 Inform Risk 
Index. India has very high exposure to 
flooding, including riverine, flash, and 
coastal, as well as high exposure to 
tropical cyclones and their associated 
hazards and drought. These extreme 
weather events are projected to 
increase in severity and frequency with 
climate change.

Impacts of flooding risk and mitigation 
measures with increased emphasis on 

Hydro plants are discussed under the 
precipitation topic.

Impact on Operations

No considerable shifts in the frequency 
of cyclones, storms, and earthquakes 
are projected due to climate change 
in the operating sites under study. 
However, considering historical events 
and regional trends, Greenko has 
established and continuously improved 
its early warning systems and mitigation 
measures to handle extreme weather 
events and disasters.

Climate Risk Assessment  to 
Mitigate Impacts of Extreme 
Weather Events

The following are the extreme 
weather events related climate risk 
assessments conducted by Greenko 
to identify the potential impacts and 
mitigation measures on its Wind, solar 
and Hydro portfolio respectively.

Greenko Risk Transfer
Covered under insurance policy 

Greenko’s Climate Risk Mapping

Strom water Drainage system at Ghani Solar Park , Kurnool Rain Water Harvesting at Solar project, Suvaan

Damage of solar panels and 
lower output due to surface 
dust

Climate Change Risk – Water Stress

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Carefully designed the plant layout by avoiding natural water streams

 Ensured Build to design

 Renovated, developed natural water resources, canals, ponds, wells and 
experienced improvement of 1 to 1.5-meter water belt levels on an average, at 
various assets 

Damage to wind farm assets

 Rotor blades/ shaft

 Tower/ foundation

 Generator

Climate Change Risk – Windstorms and Cyclones

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Early warning system based on state-of-the-art technology deployed for 
monitoring of all generating locations

 Continuous monitoring of weather and informing and warning the probably 
affected plants for readiness.

 Wind Turbines are designed to regulate operations based on wind speed.

 Operating Limit 20 m/s 10 Min Avg.

 Survival Wind Speed Limit- 50 m/s

 An emergency response plan is established, and mock drills are being done
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Greenko Risk Transfer
Covered under insurance policy 

Greenko Risk Transfer
Covered under insurance policy 

Greenko’s Climate Risk Mapping

Earthquake Mock drill at Tarela HEP  Chamba clusterLightening arrestor at Solar project, Nellore

Damage to solar and wind 
farm assets

Climate Change Risk – Lightening

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 All solar generating assets are equipped with lightning arresters

 Wind Turbine is equipped with special lightning collectors and current 
channelling to the ground/earth.

 All internal components of turbines are protected from Lightning.

 Exploring Lightning diverters to protect equipment.

 In cases of Extreme Lightning, to avoid impact on equipment, wind farms are 
switched off temporarily.

 An emergency response plan is established, and mock drills are conducted.

Damage to wind farm assets

Climate Change Risk – Earthquake

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Wind Turbine Foundation is designed with Safety Factor and stability of the 
structure will be there till zone 5 seismic level.

 In addition, incident, Physical inspections of foundations being carried out as 
per SOP.

 An emergency response plan is established, and mock drills are being done.
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Greenko’s Climate Risk Mapping

Transmission tower damaged due to heavy wind at wind project, Tanot

Sea Level Rise 

With climate change and global warming, the sea level is rising significantly around the globe. It is projected to rise by 0.13m 
by 2050 and 0.5 to 1m by 2080 and this poses a considerable risk of coastal flooding. 0.5 m rise in sea level would make around 
200km of coastal defences vulnerable.

Impacts on operations

None of the sites of Greenko, under the study, are near coastal areas prone to a considerable risk of flooding due to sea-level rise 
in the short and medium-term.

Greenko Risk Transfer
Covered under insurance policy 

Greenko Risk Transfer
Covered under insurance policy 

 Scouring of the panel and 
lower output if the air is 
gritty/dusty

 Damage to Control 
systems, inverters, 
Mounting Structure, etc.

Climate Change Risk – Tropical Storms and High wind 

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Continuous monitoring of weather and informing and warning all probable 
plants to ensure readiness.  

 Usage of technology tools to predict and give early warning. 

 Routine monitoring of physical assets during windstorms. 

 Designed to withstand extreme wind speeds caused by tropical storms like 
cyclones, and tornados. Designs are reviewed to assess its adequacy and its 
ability to withstand the predicted increase in intensity

 Ensured preparation through SOPs and maintenance checks. 

 An emergency response plan is established, and mock drills are conducted.

Damage to solar generation 
equipment such as Control 
systems, inverters, Mounting 
Structure, etc.

Climate Change Risk – Cyclone and Tsunami

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Continuous monitoring of weather, informing and warning plants to ensure 
readiness.

 Early warning system based on state-of-the-art technology deployed for 
monitoring of all generating locations

 Routine monitoring of physical assets during windstorms. 

 Designed to withstand high wind speeds caused due to tropical storms like 
cyclones, tsunami, etc.

 Ensured Build to design. 

 Ensured Pre-Monsoon Preparation through SOPs and maintenance checks. 

 An emergency response plan is established, and mock drills are conducted.
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Physical Impacts on Transmission 
and Distribution

Similar to generation infrastructure, 
the physical risks of climate change 
have the potential to adversely 
impact the transmission and 
distribution infrastructure of the 
energy system and its performance. 
Electricity infrastructure, including 
transmission and distribution lines, as 
well as equipment are vulnerable to 
manifestations of climate change in the 
form of increased frequency of cyclones, 
fog/smog, storms, temperature 
extremes, drought, etc. as they are 
located in all types of geographically 
and climatologically variable locations.

The projected change in temperature, 
precipitation, and associated flood 
and drought occurrence along with 
the severity of climate change is 
extensively studied, as discussed in the 
above sections. But the effects of future 
climate change due to the severity and 
frequency of disaster occurrences such 
as earthquakes, cyclones, and storms, is 
still uncertain. However, from historical 
trend analysis of natural disasters in 
India over the past 50 years, it is evident 
that the increase in disaster occurrence 
is linked to climate change.

conducted a detailed risk assessment and vulnerability mapping of the effects of 
climate change on electricity infrastructure in different geographies. Historical 
trends of climate change in the country were taken into consideration for the study. 
The study has classified the country into zones based on the intensity of risk and 
damage caused by natural disasters in the past, which is as follows,

Further, based on projections of exposure to multiple threats, defined as the extent 
to which a region, resource, or a community experiences changes in climate, 
characterized by magnitude, frequency, duration, and / or spatial extent of a weather 
event or pattern, critical areas of disaster occurrence, physical impacts of climate 
change and its mitigation measures have been analyzed and mapped from the study.

Trend of Natural Disasters in India 
Over the Past 50 years
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Power Grid India, with the aim of 
building climate change resilience 
for electricity infrastructure, has 

Sl. No. Zone Region/States

1 Zone V (Highest Risk 
areas with intensity MSK 
IX or greater)

Kashmir, the western and central 
Himalayas, North Bihar, the North-East 
Indian region and the Rann of Kutch

2 Zone IV (High Risk areas 
liable to MSK VIII.)

Indo-Gangetic basin including 
Delhi, Jammu and Kashmir, Parts of 
Maharashtra, Gujarat

3 Zone III (Moderate 
Damage Risk Zone which 
is liable to MSK VII)

Coastal Areas, Andaman and Nicobar 
Islands, parts of Kashmir, Western 
Himalayas

4 Zone II (Low damage 
Risk zone liable to MSK 
VI or less)

Most of Deccan & Chhotanagpur 
Plateau, Rajasthan

Climate Threats Impacts Mitigation Measures

Flooding
Critical Areas – Uttar Pradesh, 
Uttarakhand, West Bengal, Assam, 
Andhra Pradesh, Telangana, Odisha, 
Gujarat, Bihar, Jammu & Kashmir, 
Kerala, Rajasthan, Punjab,  Madhya 
Pradesh, Karnataka

• Substations and underground electricity 
networks may be inundated during 
floods which could lead to short-
circuiting, explosions, and fires.

• May weaken the foundation of river 
crossings of Transmission lines

• Strengthening of T&D 
infrastructure

• Standardization of 
transmission line with higher 
reliability level and terrain 
category based on the voltage 
level and configuration

• Building of flood walls

• Deploying underground 
cables, wherever possible, to 
avoid impacts of cyclones

• Employing Utility tunnels, 
Gas-insulated lines (GIL) 
to mitigate the effects of 
increased wind speeds

• Anti-icing system in hilly areas 
prone to rainfall

• Use of lightning location 
systems to design earthing 
systems 

• Lightning Arresters may be 
used in lightning prone areas

• Routine monitoring of the 
transmission lines

• Early warning system

• Emergency response plan

• Clearing and trimming of trees 

Storms and cyclones
Critical areas – Zone A and Zone B 
(refer Table 9)

Overhead transmission/distribution lines and 
poles can be destroyed/uprooted in violent 
storms & cyclones due to extreme wind 
speeds, either by trees or other debris falling 
on the cables.

Drought
Critical Areas – Andhra Pradesh, 
Telangana, Odisha, Gujarat, Tamil 
Nadu, Maharashtra, Rajasthan, 
Madhya Pradesh, Karnataka

Influences frequent peak events in the 
distribution sector, causing assets to get 
overloaded and heated, thereby lowering 
capacity

Extreme Precipitation Excessive precipitation could lead to mass 
movements (landslides, avalanche, mud 
and debri flows) causing damages such as 
uprooted poles, damaged power lines.

Soil settlement due to earthquake 
and floods

Earthquake critical areas – Zone-IV 
and V (Refer Table 9)

Excessive settlement can result in structural 
damage and excessive wear or equipment 
failure from misalignment resulting from 
foundation settlements

Fog Reduction in creepage distance in insulators, 
which causes flashovers resulting in line 
tripping/outages

Increased wind speed Wind-induced vibrations may impair the 
reliability and lifespan of conductors and 
their accessories

Ice Precipitations The conductors galloping may appear and 
cause flashovers or conductor clashing

Temperature Increase • Reduced power transfer capability in 
transmission infrastructure because 
of the additional resistance induced, 
increasing conductor sag, lowering 
ground clearances, etc

• Sagging of power lines due to higher 
temperatures might be hazardous, as 
it may cause forest fires due to faulty 
electricity assets.

Sl. No. Zone Region/States

1 Zone A (Wind speed > 55 
m/s) Very high Damage

Ladakh, Assam, Tripura, Mizoram

2 Zone B (Wind speed > 50 
m/s) Very high Damage

Coastal areas of Gujarat, Tamil Nadu, 
Andhra Pradesh, Orissa, West Bengal

3 Zone C (Wind speed > 47 
m/s) High Damage

Indo Gangetic Plain, Punjab, Kutch

Sl. No. Zone Region/States

1 Areas prone to flood Punjab, Uttar Pradesh, Northern Bihar, 
West Bengal, Assam, Orissa, Coastal 
Andhra Pradesh, Kerala, Parts of 
Gujarat, Kashmir Valley

Extreme Weather Events Zones in India

Climate Change Impacts on Electricity Infrastructure

Earthquake Zones in India

Cyclone Zones in India

Areas liable to Floods in India

Greenko’s Climate Risk Mapping
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The physical risks and effects of climate 
change projected in the regions of 
Greenko’s operations, naturally impacts 
the communities living in the locality. 
The climate risk assessment carried 
out by the group can therefore, be 
translated to social risk management 
as well.

Greenko’s climate risk mitigation 
strategies are in synergy with and 
complements the efforts of the 
Government of India to mitigate 
climate change. Further, the mitigation 
measures adopted by the group are 
extended to communities to build 
resilience against the potential impacts 
of changing climate. The following 
steps are taken to manage climate risk 
on neighbouring communities,

 The Early Warning System 
(EWS) established by Greenko, is 
shared with the local authorities 
and communities for real time 
monitoring and forecasting of 
extreme weather events. 

 Co-ordination meeting has been 
conducted with local authorities 
and nearby villages for risk 
management and mitigation

 Social impact assessment has been 
conducted to assess the extent of 
exposure in case of climate change 
induced chronic developments and 
acute events

 Off-site emergency response 
plan has been established for 

community disaster preparedness 
and management

 Community engagement and 
capacity building programs are 
conducted 

Climate change effect on drought 
severity and intensity, which could 
significantly affect the socio-economic 
conditions of the community, is 
addressed by Greenko’s investment 
in rainwater harvesting in the regions 
near its operations and also as part 
of its community initiative, to improve 
the water table in the region. The 
group has also established regional 
level watershed programs to combat 
droughts. Further, to address heat 
stress, that is likely to increase in 

Community Impact Management 

Climate change effects on community and mitigation measurescommunities around some of Greenko’s 
areas of operations, plantation 
programs have been initiated to provide 
shade and shelter, restore ground water 
and arrest soil erosion.

Further, the steps taken to mitigate 
projected flood risk and associated 
vulnerability of erosion and landslides 
on Greenko operations such as 

1. Developing and notifying high 
grounds, shelters and elevated 
structures, 

2. Flood gates, 

3. Evacuation plans & routes.

These measures and infrastructure is 
also made available to communities 
and it positively contributes towards 
building resilience in communities.

Our top priority is keeping our employees and surrounding community safe and healthy

Climate 
change 

effects on 
community

Acute Risk
Cyclone, Storm, 
Flood, Drought

Chronic Risk
Temperature 
rise, Extreme 
precipitation, 

Change in 
seasonal pattern 

Flood Protection Measures
Strom Water Drain 

Strengthening
Public Institution housing 

strengthening 

Rain Water Harvesting
Watershed Development
Plantation Programme

Drinking Water and Shelter 
Arrangements 

Early Warning System (EWS)
Disaster Management Plans 

and Infrastructure

Greenko’s Climate Risk Mapping

Greenko Risk Transfer
Covered under insurance policy 

Disruptions in Transmission 
line viz. snapping of jumpers/ 
conductors, tree falls on lines, 
and tower failures. Forest fires 
can also disrupt transmission 
lines.

Climate Change Risk – Windstorms/Thunder

Key Impacts

Risk Category 

Mitigation Measures Identified and Established

High

 Routine monitoring of the Transmission lines, particularly during the season of 
Thunder/ windstorms. 

 Usage of technology tools to predict and provide early warning. 

 Clearing/ trimming of trees and maintaining the transmission line corridor. 

 An emergency response plan is established, and mock drills are conducted.

Aishwariya Sridhar
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Government policies play a crucial role 
in driving the growth of renewables in 
the energy system. As swift adoption 
of renewable energy solutions is a 
crucial strategy taken up globally to 
develop action plans to accelerate 
decarbonization and mitigate climate 
change, a number of renewable 
energy policies and schemes which 
escalate the growth of renewable 
energy technologies are continuously 
established in India.

Regulatory Opportunities

India, through its exclusive ministry 
for renewable energy development, 

Ministry of New and Renewable 
Energy established legal provisions, 
policies, schemes, and programs for 
resource assessment, R&D, technology 
development, and demonstration 
according to the portfolio. Greenko is 
proactive in harnessing the regulatory 
value pools such as 

• Preferential feed-in-tariffs

• Long-term Power Purchase 
Agreements (PPAs), 

• Tariff based competitive bidding for 
procurement

• Priority grid access

• Generation Based Incentives

• Central Financial Assistance (CFA)

• Forecasting

In addition to renewable energy policies, 
other policies, and corresponding 
mechanisms aimed at reducing 
GHG emissions and climate change 
mitigation also support renewable 
energy growth significantly. The various 
national and global carbon mechanisms 
where Greenko actively participates 
are,

• Renewable Energy Certificate 
(REC) linked with RPO

• Clean Development Mechanism 
(CDM) – CER

• Verified Carbon Standard (VCS)

• Golden Standard

Regulatory Risk

Changes in public policy, to address 
climate change, is an opportunity 
for Greenko. In its drive for deep 
decarbonization, India will have to 
reform the energy policy ecosystem. 
To be on top of evolving policies, 
Greenko continuously engages with 
regulatory processes through proactive 
participation in discussions and public 
policy advocacy with both National 
and Local regulatory bodies viz., MoP, 
MNRE, MOEFCC, and CERC, providing 
constructive feedback regarding 
policies and regulations.

In FY 2019-20, 600+ professional hours 
were spent by senior management 
of Greenko to suggest tariff policies 
to regulators and policymakers for 
proposed Electricity Act Amendment, 
etc. The efforts are bearing fruit as 
hybrid tenders by SECI & proposal for 
introducing hydro purchase obligation 
remains on the fast track. Also, the 
senior management is putting in 
continuous effort to improve awareness 
and importance of Schedulable power 
(RE on demand) to push RE and replace 
conventional fossil power.

Regulatory Risks Impacts Mitigation Measures

Changes to regulations • Risk of constraints on 
electricity pricing

• Risk of market 
constraints 

• Lack of Strict RPO 
compliance

• Public Policy 
Advocacy

• One-to-one 
discussions

Regulatory Risks

Greenko’s participation in policy Making/Regulations in FY 2019-20

Advocacy for RPO compliance at CERC/MoP level

• Greenko in association with other RE associations highlighted the need for stricter compliance of RPO norms through 
an amendment in the Electricity Act

For Connectivity Regulations: 

• Consideration of Renewable generation asset + Storage as an eligible entity for applying for connectivity to the ISTS 
network  

For Tariff Determination: 

• Inclusion of “Renewable hybrid energy project” and “Renewable energy with storage project” as eligible Renewable 
generation asset. (MNRE)

• Inclusion of operational norms for “RE + Storage” projects to be considered for determination of tariff   

• Inclusion of definition of “Storage” including pumped storage project for integration with RE generation asset to be 
considered as RE project  

• One-to-One discussion with respective state DISCOMs to highlight the requirement of flexible RE based solutions and 
its tariff competitiveness

For Inter-State Transmission (charges & Losses) Regulations 

• Rationalization of Transmission charges based on the utilization of the transmission asset by the user 

Draft Report on Optimal Generation Capacity Mix for 2029-30 by CEA  

• Inclusion of “Pumped storage projects” as key energy storage asset for emerging energy requirement, with the increase 
in Renewable generation proportion

Mitigation Measure

Transition risks and opportunities 
created by climate change are driven 
by shifts in policy, legal, market, and 
technology, to address mitigation and 
adaptation requirements associated 
with a low-carbon economy.

In this context, Greenko has considered 
the following transition risks which may 
impact its operations,

• Regulatory Risk

• Technology Risk

• Market Risk

Transition Risks

Regulatory Risk

Climate change will drive the demand 
for RE and storage systems. While 
R&D will advance the possibilities, the 
increased application will bring down 
prices. The relative costs of alternatives 
with similar or overlapping functional 
capabilities are and will be evolving. 
In such a situation, technology choices 
of RE and storage face the risk of 
technology change. Accordingly, 
Greenko chooses diverse portfolios of 
technology options after conducting 
rigorous technology forecasting and 
assessment.

Technology Risk

Mitigating Technology Risk

Diverse 
Renewable 
Generation 

Technologies

Innovative 
Pumped Storage 
Solutions for firm 
and reliable power 

Mordernize grid 
by developing 

Intelligent Energy 
Platform

Greenko’s Climate Risk Mapping
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The transition to a low carbon future 
presents several market opportunities 
for Greenko, including a projected 
increase in demand for renewable 
electricity, driven primarily by a 
projected increase in temperature and 
increasing pressure on the energy-
intensive sector, to create a low 
emission future. Greenko addresses 
this transition risk by significantly 
improving its capacity and operation for 
its transition towards GKO 4.0 which 
enables it to deliver firm, reliable, on-
demand power.

Market Risk

Greenko’s Climate Risk Mapping

Opportunities Plans to harness

Development and/
or expansion of low 
emission goods and 
services

The government initiatives like REC have so far 
enabled the purchase of energy from renewable 
sources. There is a rising number of companies 
seeking to reduce their carbon footprint and procure 
100% of their electricity from renewable sources (i.e. 
RE100 initiative). The 24x7 RE that Greenko would 
generate would be the solution for many businesses 
in India seeking to become RE 100 or meet Science-
Based Targets.

KPI FY 2019-20 FY 2018-19

Direct and indirect 
GHG emissions avoided

8.2 million tons of CO2 
equivalent

5.9 million tons of CO2

Scope Emissions (tCO2e) Coverage

Scope 1 1,251.40 a. Diesel consumption in DG sets

b. Fuel consumption in company-
owned vehicles

Scope 2 22,967.38 Electricity purchased from the grid

Scope 3 1,698.44 Employee and monitored contractors’ 
business travel

Market Opportunities

GHG emissions avoided

Direct and Indirect GHG emissions

Metrics and Targets

Greenko monitors and 
measures relevant 
indicators such as its 
contribution to the 
decarbonization of 
electricity, relating 
to climate, and its 
strategy to mitigate 
and adapt to climate 
change. These indicators 
include greenhouse gas 
emissions, emission 
intensity across the life 
cycle, water recharged 
and used, the extent of 
digitalization, etc.

Greenko has avoided 8.2 million tons of CO2 emission by generating clean energy. In 
addition, the group has, to date, registered 22 Clean Development Mechanism (CDM) 
projects with UNFCCC.

Reduction of GHG Emissions
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Initiatives Impacts

Construction of Rain Harvesting Pits, Storm Water Drainages, and Rain 
Water Gutters

Conservation of water resource

Implementation of rainwater harvesting in the offices and control room 
buildings of water-stressed areas.

Reduction in freshwater abstraction

Use of drip or sprinkler for gardening supplied by micro-irrigation Increased water use efficiency

Implementation of “MCS & Overhead Water Tank” A decrease in water consumption for cleaning of 
Solar PV Modules

Monitoring and continuous check on water spillage  through diversion 
and spillage

Increased water security

Total

Total quantity of wastewater treated and reused (for 
gardening, plantation, etc) (in KL)

33266

Total Number of rainwater harvesting systems available 
(in KL) 

46

Total quantity of rainwater collected and consumed (in 
KL)

80453

Initiatives in Water Conservation and their Impact

Water Management

Greenko continues to monitor and reduce its freshwater usage, as operations have a significant impact on the withdrawal or 
discharge of water in the regions where it operates. The main uses of water are for cleaning solar modules, construction activities, 
domestic use, and biodiversity purposes. At all sites, Greenko diligently engages in rainwater harvesting, adopts drip or sprinkler 
irrigation and water conservation measures in cleaning.

Tackling climate change requires the 
integrated efforts of all stakeholders. 
Greenko’s Climate Risk Assessment 
Report is just one step towards 
communicating the group’s climate 
strategy and the climate-related risks 
and opportunities addressed. Moving 
forward, Greenko is in the process 
of preparing and publishing Climate 
Report based on the recommendations 
of ‘Taskforce on Climate-related 
Financial Disclosures (TCFD)’ in the 
next financial year. Through this report, 
Greenko aims to extend its climate risk 
assessment to all its operating sites as 

1. https://climateknowledgeportal.
worldbank.org/

2. https://coastal.climatecentral.org/
map/

3. https://www.fsb-tcfd.org/wp-
content/uploads/2017/06/FINAL-
TCFD-Report-062817.pdf

4. https://advances.sciencemag.org/
content/4/12/eaat5256

5. h t t p s : / / w w w . g o o g l e . c o m /
amp/s/www.thehindu.com/sci-
tech/science/climate-change-
m ay - h i t - i n d i a s - w i n d - p owe r /
article26688356.ece/amp/

well as assess the financial impacts of 
climate change on Greenko’s business. 

The findings of such climate risk 
assessment will be evaluated to 
systematically address climate 
change and its financial implications 
on business by planning site-specific 
mitigation measures. The group 
will continuously work on adapting 
its systems to be more flexible and 
resilient through system modernization, 
adoption of innovative technologies, and 
conservation of the ecosystem. 

6. h t t p s : / / i n d i a . m o n g a b a y .
c o m / 2 0 1 9 / 0 3 / s t u d y - s h o w s -
climate-change-impacts-wind-
energy-industry/

7. https://www.nature.com/articles/
s41561-017-0029-9

8. https://www.scientificamerican.
com/article/wind-turbines-may-
turn-slower-in-a-warmer-world/

9. h t t p s : // w w w. s c i e n c e d i r e c t .
c o m / s c i e n c e / a r t i c l e / p i i /
S1364032119306239

In addition, Greenko will continue to 
pursue its commitment to reducing its 
own GHG emission while supporting 
national and regional efforts to cut 
emissions through the delivery of clean 
energy. 

Further, the opportunities created 
by transition risks of climate change 
such as regulatory, technology, and 
market risks will be assessed as part 
of the Climate Report and strategically 
harnessed to achieve Greenko’s 
commitment to ensure decarbonization- 
NET ZERO by 2050.

10. https://www.researchgate.net/
publication/327136269_Projected_
I n c r e a s e _ i n _ H y d r o p o w e r _
Product ion_ in_Ind ia_under_
Climate_Change

11. https://www.downtoearth.org.in/
news/climate-change/climate-
change-affecting-hydropower-
generation-in-india-study-61419 

12. https://powergridindia.com/sites/
default/ f i les/footer/cl imate_
change/Building_Climate_change_
R e s i l i e n c e _ f o r _ E l e c t r i c i t y _
Infrastructure.pdf

While adopting new technology, the company evaluates and considers its 
feasibility, considering water efficiency as one of the critical deciding factors. 
Greenko’s operating sites are chosen and managed to accommodate natural water 
drainages, water recharge and storage infrastructure. It manages the drainage 
flow to harness the water resource firstly, for its use within the community and 
then for its operational purposes. At numerous sites, Greenko has established 
regional level watershed development program and enhanced water resource 
availability in the region.

Water Management Looking Ahead

Reference

Metrics and Targets
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