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n 2013, India published a roadmap for the integration of renewables, along with corresponding assessments

by the Central Electricity Authority (CEA), in its twelfth and final five-year plan.! In 2014, the plan-based

approach was abandoned in favor of “cooperative federalism,” which included changes to the public financing
mechanisms distributed between the central and state governments affecting the power sector. Despite an
ambitious target for the energy mix, the portion of renewable energy (RE) sources in total power generation for the
fiscal year 2012-13 was only 5%.> This increased to 20% in May 2023. During the 28th Conference of the Parties
(COP28), a global commitment was made to triple renewables by 2030 from the existing target of 2.5 times under
ongoing policies and market structures.*

Againstthebackdrop ofthese policies, this essay focuses on India’s strategic positioningin Asia forintegrating
RE after the country attained nearly complete electrification in 2018 and for aiding the commitment toward
panchamrit (five nectars) announced at COP26 in Glasgow.’ The essay explores the prospects for international
grid integration to support more RE and considers bilateral and multilateral steps to navigate the geopolitics

of several policies and programs in Asia.

The Greening of the Grid Program

In 2015, India set an ambitious target of achieving 175 gigawatts (GW) of RE by 2022 as one of its intended
nationally determined contributions under the United Nations Framework Convention on Climate Change
(UNFCC).¢ This target included 100 GW of solar, 60 GW of wind, 10 GW of bioenergy, and 5 GW of small hydro,

which required advanced weather and power system modeling through multi-institutional studies for suitable
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grid integration.” During a meeting between Prime
Minister Narendra Modi and President Barack
Obama, the United States offered capacity building
for monitoring and reporting of the climate pledges.®

India presented even more aggressive goals in its
national statement at COP26. Out of the five nationally
determined contributions (panchamrit), two were
more pronounced targets on renewable energy:
attaining 500 GW by 2030 and meeting 50% energy
demand through RE. Building a grid dominated
by renewables to achieve a net-zero target for 2070
poses challenges for managing the intermittency of
RE generation. India’s intense climate action under
the UNFCC thus has the potential to direct both
investments and technologies for a clean and climate
resilient transition.

The Greening the Grid (GTG) program was a
five-year initiative co-led by India’s Ministry of Power
and the U.S. Agency for International Development
(USAID) under the U.S.-India Strategic Clean
Energy Partnership, along with the World Bank’s
Energy Sector Management Assistance Program,
the U.S. Department of Energy, the U.S. Department
of State, and the 21st Century Power Partnership.
It was institutionalized by the National Renewable
Energy Laboratory (NREL) and the Joint Institute for
Strategic Energy Alliances to liaison with partners
and stakeholders like the Clean Energy Ministerial
and the United Nations."” GTG was a focused program
implemented under the Renewable Integration and
Sustainable Initiative (RISE) by USAID in India
and the Asia EDGE (Enhancing Development and
Growth through Energy) initiative to support India’s
large-scale integration of RE into the main grid." The
performance evaluation of GTG that was concluded
in July 2021 reported limited success due to design
and implementation issues, coupled with delays due

to the pandemic.'”

India’s Priorities for Integrating
Renewables into the Grid

Electrification has been a key priority for India
since independence, yet it only achieved close to
100% electricity access in 2018, when the last 100
million households were connected to the main
grid. The next essential step to household grid
connectivity was providing people with affordable,
reliable, and clean energy.”” While the RE targets
were set by the government, the GTG projectincluded
developing a robust cost and production model that
optimized scheduling and dispatch of generation,
taking into consideration market, operational, and
physical constraints."* The key objectives of GTG
were developed by core members that included
subsidiaries of India’s Ministry of Power; the
national grid operator, Power System Operation
Corporation Ltd. (POSOCO), the state load dispatch
centers in the western region (Maharashtra,
Gujarat, and Rajasthan) and southern region (Tamil
Nadu, Karnataka, and Andhra Pradesh); the central
transmission utility, Power Grid Corporation of India
(POWERGRID); the CEA; the NREL; and Lawrence
Berkeley National Laboratory. With state-of-the-art
planning tools, the agencies were collectively able
to utilize high-resolution RE data for cost savings,
optimal utilization, transmission, stability during
contingencies, and efficient investment recoveries
through affordable tariff rates.

The priorities for enabling, designing, and
stabilizing the integration of RE into the national
grid were also addressed in the Green Energy
Corridor project, led by POWERGRID under
the Ministry of New and Renewable Energy, to
facilitate intrastate and interstate absorption and
transmission of RE."” Commissioned in 2012 and

financed by the Asian Development Bank in 2015,
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the Green Energy Corridor laid the foundation for
carrying out more projects for enriching India’s
power grid with renewables.

Low RE generation is mainly due to curtailment,
where wind or solar generation exceeds the demand
at peak production times and operators must throttle
these sources down. The GTG studies undertaken
by India and the United States in 2017 presented
modeling frameworks through a national study
that was subsequently validated through regional
studies to coordinate operations among states for
reducing this curtailment. Since then, both the
International Energy Agency (IEA) and NITI Aayog
have conducted a series of workshops at the state,
regional, and national levels to accelerate RE into the
grid system. Since 2020, both NITT Aayog and IEA,
along with the British High Commission, have been
sensitizing state governments through workshops on
the transformation of the power system. India, being
the world’s largest synchronous grid since 2014,
identified building a dedicated transmission network
for integrating higher variable renewable Energy
(VRE), using both wind and solar.'® This would

necessitate requirements for power system flexibility,

particularly on the supply side, that could be met by
installing batteries and pumped storage hydropower
plants—the demand for which is estimated to increase
by over 30 times (nearly 27 GW) and 1.5 times (close
to 10 GW), respectively, from 2019 to 2030."”

The main objective of power system operations is
to keep the supply balanced with the demand—i.e.,
power quality and frequency stability in the short run,
and constant production and transmission loads in the
long run. The integration of VRE into the bulk power
system requires an additional set of interconnection
procedures and standards."® The most basic of these are
illustrated in Figure 1. Challenges to integration include
the concentration of RE within states, which creates
problems for interstate transmission and demand-side
management; the lack of real-time RE data, which
makes long-term demand projections unreliable;
evolving regulatory frameworks for renumerating
demand response; RE curtailment; the financial stability
of distribution companies due to long-term contracts
with coal plants; and grid codes. All these factors create
market inefficiencies, resulting in higher consumer
tariffs.”” The technical standards are designed for

overcoming the challenges at each phase in the process.

Figure 1: Requirements for VRE integration into power grids

Source: World Bank, “Grid Integration Requirements for VRE—Technical Guide,” Energy Sector Management Assistance
Program, July 2019; and IEA and NITI Aayog, “Renewables Integration in India,” June 2021, 26.
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Current Status of Renewables and
Integration Preparedness

India attained 95% of the enhanced target of 175
GW of RE by December 2022.% This included 46.85
GW of large hydropower projects that were added to
the definition of RE only in 2019.' The Ministry of
New and Renewable Energy had sought an extension
of seven and a half months due to the Covid-19
pandemic.?? As of January 2024, nearly 182 GW of
RE had been installed, including approximately 74
GW of solar, 45 GW of wind, 11 GW of bioenergy,
and 5 GW of small hydro. While India has met its
targets for bioenergy and small hydro, the shortfalls
of solar and wind installation capacity are 26% and
25%, respectively.”” Further, India has pledged that by
2030, 500 GW of the total installed capacity would
be from non-fossil fuel sources (RE and nuclear). To
attain this goal, it would invite 50 GW of bids for five
consecutive fiscal years starting with 2023-24.*

Until February 2023, around 80 GW of RE
were in various stages of implementation, with 40
GW in the bidding process through government-
notified renewable energy implementing agencies.”
Considering that RE projects take around 18-24
months for commissioning, upgrading, adding,
and evacuating, 500 GW of RE from non-fossil fuel
sources of energy seems achievable. POSOCO, which
manages India’s grid operations and integration,
has emphasized the importance of technology
deployment while building capacity across all
stakeholders. The specific steps recommended by
POSOCO for preparing the electricity grid for RE by
2030 are forward-looking grid codes and technical
standards for the use of inverter-based resources
as retrofits for new grid aspects, ensuring resource
adequacy to counter the intermittent nature of RE

sources, increasing the flexibility of conventional

generation to avoid grid instability from the variability
of renewables, and catering to bidirectional power
flows through flexible alternating current (AC) and
high-voltage direct current (DC).*® The progress and
preparedness of integrating RE into the grid could
be corroborated with the findings of the Lawrence
Berkeley National Laboratory. Options include
cross-seasonal support from large hydro projects,
use of state-of-the-art forecasting techniques for
real-time data, and the creation of robust intraday
and ancillary services markets.”” The new grid code
for 2023 contributes to preparedness for integration
and applies to users, dispatch centers, transmission
utilities, power committees, exchanges, and agencies
of the entire country. It contains extensive provisions
for integration of VREs, such as performance
monitoring, scheduling, dispatch criteria, ancillary

services, reserves, and cybersecurity.*®

Phases of Grid Integration and
Subnational Progress

State governments currently own around 30%
of power generation, the central government owns
around 25%, and the private sector owns the remaining
45%. The ten renewables-rich states have a higher share
of VRE than most countries in the world, contributing
almost 97% of India’s RE generation from solar and
wind. Out of these ten, the annual average electricity
generation of the top four states—Gujarat (14%),
Tamil Nadu (18%), Rajasthan (20%), and Karnataka
(29%)—is higher than the national average of 8.2%.
In 2020-21, these four states, along with Telangana,
were already in Phase III (out of six phases) of
grid integration. In this phase, RE determines the
operation pattern of the power system and is facing
system integration challenges, such as exporting

power to other states, displacing thermal power plants

ESSAY ¢ THE NATIONAL BUREAU OF ASIAN RESEARCH °* APRIL 2024




with RE, and curtailing RE for system security. These
phases, as defined by the IEA, are illustrated in Figure
1. Phase IV constitutes generation with a major share
of VRE. Since only a few countries have reached this
phase, both Phases V and VI could be considered as
extensions of Phase IV. Out of the top four VRE states
in India, Karnataka, Rajasthan, and Tamil Nadu are
fast approaching this phase.

The IEA developed two models for production—
the India Regional Model and the Gujarat State
Model—to undertake a techno-economic analysis
for a one-year assessment of 2030, with 2019 as the
base year. These power system models were like the
studies done in the GTG report. However, whereas
the IEA models used hourly time resolution, the
GTG studies used 15-minute weather profiles
from the NRELs database. The GTG national
study had identified several characteristics for an
optimum model: responsibility for scheduling and
dispatching, balanced treatment of central and
state-level generation units, interconnection of RE
to both interstate and intrastate lines, must-run
status for RE, and adequate reserve requirements.?
Reflecting a more practical view, the IEA’s Gujarat
State Model is based on historical demand,
taking into consideration agriculture, “contracted
capacities” both within and outside the state, and
flexibility options with the Gujarat government and
other stakeholders. It further reflects a reduction
in CO2 emissions and curtailment to 1% and 6%,
respectively, by 2030, compared with 4% and 5% in
the India Regional Model.*

Geopolitics of Green Grid Integration
in Asia
As part of an initiative to develop a transnational

grid, India proposed the idea of One Sun, One

World, One Grid (OSOWOG) for interconnecting
solar energy around the globe at the first assembly
of the International Solar Alliance (ISA) in 2018.
Subsequently, at COP26 India’s OSOWOG vision
was joined by the United Kingdom’s Green Grids
Initiative (GGI) and the World Bank’s Sustainable
Partnership for Rooftop Acceleration to connect 140
countries with new infrastructure for the provision
of affordable solar energy across borders.” The ISA
aims to drive interconnectivity across the Middle
East, South Asia, and Southeast Asia in the first
phase; across Africa in the second; and globally in the
final phase through an investment of $1 trillion for
developing countries until 2030.

A similar project is the $16 billion Australia-Asia
Power Link to connect northern Australia with
large solar resources in Southeast Asia that boast
significant geothermal, hydropower, wind, bioenergy;,
and ocean reserves.”> Although the project was
eventually found to be unfeasible due to huge
investment costs in building subsea cables and rising
costs of raw materials, coupled with geopolitical
turbulence in Southeast Asia, alternative pathways
to grid integration across regions have emerged,
such as the trade of critical minerals like cobalt,
lithium, and vanadium from Australia for bauxite,
nickel, and rare earth elements from Southeast Asia.
Other possibilities are resolving energy transition
bottlenecks in Southeast Asia through technology
transfers and facilitating the direct participation of
Australian firms in the regional markets through
low-cost financing.”

Among the benefits of regional integration
could be greater energy security and more efficient
energy markets, resulting in economies of scale and
price convergence. The Bay of Bengal Initiative for

Multi-Sectoral Technical and Economic Cooperation
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(BIMSTEC), comprising Bangladesh, Bhutan,
India, Myanmar, Nepal, Sri Lanka, and Thailand,
is a crucial step. Member countries have signed a
memorandum of understanding for grid integration
subject to relevant laws for cross-border power flows
through operational harmonization. There is also
an opportunity for the BBIN Initiative, comprising
Bangladesh, Bhutan, India, and Nepal, to use existing
infrastructure, such as the Green Energy Corridor,
for tapping hydropower potential at the bilateral level
due to seasonal variations in the demand patterns
of these countries.** Additionally, the 39th ASEAN
Ministers on Energy Meeting in 2021 paved the
way for multilateral power trade and RE integration
into the ASEAN Power Grid with the help of the
International Renewable Energy Agency. Under
OSOWOG, India plans to connect its national grid
with Myanmar and Thailand and has already engaged
a firm to address key challenges such as pricing,

regulatory frameworks, and financing.

The Way Forward

Indiais playing a crucial role in combatting climate
change. Following its G-20 presidency in 2023, the
country’s leadership in the global energy transition
is even more pronounced. The concluding Energy
Transitions Ministerial Meeting shared twenty

outcomes that highlighted a vision for interconnected

Endnotes.

grids and regional power systems integration through
“ambition, transition, and transmission.”

This objective of greater energy interconnection
and trade is shared by the ASEAN power grid through
multi-energy complementation and solutions to
seasonal variation by connecting the grid to both
China and South Asia by 2050. The GTG studies by
the NREL have further highlighted the potential of
India establishing a high-voltage DC connection with
Sri Lanka and increasing energy trade with Nepal.
In addition, the Green Grids Initiative has been
endorsed by nearly 90 countries. The GGI estimates
that $21.4 trillion in investment will be required
to power the grids with RE by 2050.*° This target
could be met through public-private partnerships,
with the private sector investing in low-cost capital
and with governments providing a safe regulatory
environment. Successful cases in Europe and
ASEAN countries are paving the way for ambitious
multilateral and multidirectional actions to ensure
progress toward the broad goals of “greening the
grid.” These goals are energy security, sustainable
development, and decarbonization, which are also

the objectives of the EDGE program.
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