\WHITE PAPER

UNLOCKING THE POTENTIAL OF
¢ QA MICROGRIDS — A GOMPRERENSIVE
'f -é‘; _ PERSPECTIVE

\ Abstract

Microgrids are self-sufficient energy systems crucial for resilience, renewable energy
integration, and efficiency improvement. While they enable local energy generation
and efficiently manage peak loads, microgrids present challenges and opportunities
in equal measure. In this paper, we discuss these mini energy systems, and describe
how they are poised to innovate and contribute to the future of sustainable electricity
generation and distribution.
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Introduction

A microgrid is a self-contained energy system within a neighborhood that generates and supplies electricity locally. It operates

independently during grid disruptions to mitigate any adverse impact. At other times, it seamlessly integrates with the main grid. Being
highly adaptable, it harnesses various energy sources and stores surplus electricity. Being a localized system, it offers the flexibility of either
autonomy or collaboration with the primary grid. With versatility in energy sources and storage technologies, microgrids present wide-
ranging solutions for diverse applications. Figure 1 presents the case for microgrids.
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Fig 1: Statistics illustrating the need for microgrids
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Components of a Microgrid

A microgrid is an interconnected network of loads and distributed energy resources incorporating generation, storage, and demand. Its
key components include energy sources, storage, control systems, and grid connections, contributing to improved reliability and resilience

during grid disturbances. Let us consider each of these components.

a) Energy sources

Microgrid energy sources can be diverse and tailored to
local needs. Solar-powered panels converting sunlight

into electricity as well as wind turbines that capture wind
energy are clean and popular choices. Fuel cells efficiently
generating continuous power from hydrogen and oxygen
are another green option. Combined heat and power (CHP)
systems generate electricity and useful heat simultaneously,
maximizing efficiency. In some cases, microgrids incorporate
conventional generators, offering reliability during
emergencies or when renewable sources are insufficient.
The microgrid’s characteristics guide the selection of the
energy source.

b) Energy storage

Energy storage is integral to a microgrid’s functionality,
ensuring supply-demand balance and stability. Lithium-ion
or flow batteries are essential components that store and
release energy in the form of chemical energy. This chemical
energy is vital for managing surplus power generated during
low-demand periods and meeting sudden spikes in demand.
In addition to batteries, kinetic energy is deposited using
flywheels, providing swift responses to demand fluctuations
and supporting short-term storage to maintain grid stability.
Flywheels represent a kinetic energy storage solution. On the
other hand, supercapacitors hold energy electrostatically,
making them ideal for applications requiring quick bursts of
energy, such as stabilizing voltage fluctuations.

c) Control systems

Control systems act as the microgrid’s central intelligence,
coordinating components and optimizing distribution.

The microgrid controller oversees operations, continuously
monitoring energy sources, storage, and demand. Advanced
grid management software forecasts renewable energy
generation, predicts demand, and enhances overall
performance. Demand response systems enable the
microgrid to adapt to overloads and grid instability through
automatic adjustments.

d) Grid Connection

There are two grid connection modes in a microgrid. The
grid-connected mode enables energy trading and revenue
generation. The islanded mode operates independently,
serving as a backup during grid outages for critical
facilities. Switching between modes requires advanced
synchronization systems to ensure a seamless transition.
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Evolution of Microgrids Worldwide: Trends and Drivers

The global shift to renewable energy has led to the widespread adoption of microgrids. They enhance electrical grid resilience, crucial
in disaster-prone regions. They efficiently integrate intermittent renewables, managing fluctuations and ensuring stable power supply.
Microgrids optimize energy distribution and minimize loss, while conserving resources and cutting costs. Globally, the evolution of
microgrids aligns with these trends, establishing them as versatile and essential components in the modern energy landscape, offering
resilience, sustainability, and local empowerment.

Microgrids can be tailored to meet specific needs and environments. Table 1 lists the key microgrid types and their typical users.

Microgrid type

Characteristics

Typical users

Grid-tied microgrids

Connected to the main power grid but
can operate independently during grid
outages or in conjunction with the grid

Industrial complexes, commercial
buildings, and communities seeking
backup power reliability

Islanded microgrids

Designed to operate autonomously,
generating and distributing power
independently

Remote areas, military bases, and
critical infrastructure needing energy
independence

Hybrid microgrids

Provide flexibility and reliability in energy
generation by combining multiple
sources of energy such as solar, wind,
and storage

Remote communities, islands, and
areas with intermittent renewable
energy sources

Community microgrids

Designed to serve a specific community
or neighborhood, with the ability to be
scaled to community needs

Residential neighborhoods, gated
communities, and small towns

Remote microgrids

Deployed in distant or challenging
terrains, they supply power to areas
without access to the main grid

Mining operations, off-grid settlements,
and rural electrification projects

Institutional microgrids
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Ensure energy security and reliability

N J

Customized for institutional facilities like
universities, hospitals, healthcare centers,

Q\d military bases J

Table 1: Types of microgrids, their features, and typical users



Advantages and Disadvantages of Microgrids

Microgrids serve as an example of grid resilience, flexibility,
and sustainability. They ensure critical backup power during
grid failure emergencies and severe weather events, sustaining
essential services like medical operations in hospitals. In
sustainability-focused university campuses, microgrids excel in
integrating renewable energy sources such as solar panels and
wind turbines, reducing carbon footprints and doubling up as
educational tools.

Through precise control, microgrids minimize energy losses
during distribution, thereby enhancing energy efficiency and
reducing operational costs. In industrial facilities, this aligns
with economic benefits and environmental responsibility. In
developing countries, microgrids act as a transformative force,
providing economic development, improving living conditions,
and fostering educational opportunities.

Microgrids deliver tangible energy cost savings to businesses
and homes. In a business park with solar-powered microgrids,
significant expense reductions boost competitiveness and
demonstrate a commitment to sustainability. Microgrids also

Key Stakeholders in the Microgrid Ecosystem

enhance grid stability by effectively managing peak electricity
demand. In urban areas, deploying microgrids during high-
demand periods ensures uninterrupted power supply, preventing
brownouts and enhancing overall grid reliability.

While these features make microgrids a versatile and invaluable
solution in the evolving sustainable energy landscape, their
potential disadvantages cannot be overlooked. Developing a
microgrid involves substantial initial costs for renewable energy
sources, energy storage, and control systems. The technical
complexity of integrating diverse energy sources requires
advanced engineering and expertise. Regulatory challenges and
evolving frameworks may hinder widespread adoption. Limited
scalability, particularly in densely populated urban areas, can be
another constraint. Dependence on fuel supply for conventional
backup generators can be a deterrent due to potential
vulnerabilities. Further, interconnection issues with the main
grid may face technical and regulatory hurdles that could impact
integration. Finally, maintenance and operations require skilled
personnel, with downtime affecting reliability.

Stakeholders play a pivotal role in the microgrid ecosystem, contributing to the effective integration, operation, and optimization

of microgrids.

Grid operators

Responsible for managing
the main power grid, grid
operators play a crucial
role in coordinating with
microgrids and ensuring
seamless integration.

Aggregators

Aggregators facilitate
the pooling of multiple
distributed energy
resources (DERs) in
microgrids, optimizing
their collective
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Utility companies

Interacting with
microgrids, utility
companies provide grid
services, collaborate on
energy management,
and potentially integrate
DER solutions from
system integrators.
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End users/prosumers

Individuals, businesses,
and communities
using microgrids

actively contribute to
energy production,
consumption, and
overall grid stability.

Adoption of Microgrids across Geographies

Microgrid adoption varies across geographies influenced by distinct factors in different regions.
North America sees strong microgrid adoption due to a focus on grid resiliency, government
incentives, and a push towards decentralized energy systems. In Europe, there is a growing interest
driven by sustainability goals, regulatory support, and a shift towards renewable energy sources.

The Asia Pacific region has mixed adoption that is influenced by economic factors, challenges in
providing energy access to remote areas, and an increasing awareness of environmental sustainability.
In India, there is emerging interest driven by the need for reliable power in rural zones, government

initiatives, and a focus on renewable energy expansion.




Notable Microgrid Projects in North America

Several microgrid projects in North America showcase the diverse applications and advantages of these systems. These include:

Stone Edge Farm (Sonoma, California):

Combines wind and solar energy to power a vineyard, demonstrating the
integration of sustainable agriculture with renewable energy

Public Service Company of New Mexico (PNM):
Enhances grid reliability and supports
renewable energy integration, enabling
efficient peak load management and
reducing emissions

University of California (San Diego):

Ensures uninterrupted power for critical medical
facilities during grid outages

Infosys’ Perspective — Future Grid Vision
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* Grid infrastructure and « Advanced monitoring and * Flexible bidirectional flow
resiliency analytics - Integrated DER and
 Enterprise asset management « Connected asset, work and microgrids
. A workforce q
« Compressive geographic » Advanced capacity and
information system (GIS) + DERintegration ancillary markets

* Smart workforce

+ Smart workforce
management

Seamless integration of mission-critical apps for increased operational efficiency
Resilient and flexible grid capable of managing dynamic changes from internal and external factors

Improved two-way communication and increased cybersecurity

Participation from prosumers and aggregators

Brooklyn (Brooklyn, New York):

Allows residents to share locally-
generated solar energy, promoting energy
independence and community resilience

Optimizes energy use, incorporating solar and
battery storage to reduce reliance on diesel
generators during peak demand, and is
managed by a Native American tribe

Nuclear

Energy
storage

Distribution
grid

Renewable

Figure 2 present Infosys’ roadmap for a future microgrid
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Infosys envisions the future grid through a multi-faceted
perspective, focusing on foundational, intermediate, and
advanced elements that collectively shape a resilient, efficient,
and flexible energy ecosystem. At the foundational level, Infosys
emphasizes the critical importance of grid infrastructure and
resiliency, underpinned by enterprise asset management and
comprehensive GIS (Geographic Information System). These
foundational components form the bedrock for a smart workforce
and intelligent workforce management, ensuring the seamless
operation and maintenance of the evolving grid landscape.

Moving into intermediate stages, Infosys advocates for advanced
monitoring and analytics, promoting the integration of connected
assets, work processes, and workforce management. The
integration of Distributed Energy Resources (DER) marks another
milestone, aligning with the broader industry shift towards
sustainable and decentralized energy solutions. This intermediate
phase positions Infosys as a pioneer in optimizing grid operations,
leveraging data-driven insights and holistic connectivity across
the grid ecosystem.

Looking ahead to the grid of the future, Infosys envisions a
paradigm shift marked by flexible bi-directional flow. This vision
includes the integration of DERs and microgrids, ushering in an era
of advanced capacity and ancillary markets. In this sophisticated

Conclusion

grid landscape, the seamless integration of mission-critical
applications becomes paramount, driving increased operational
efficiency. The grid of the future, as envisaged by Infosys, is
characterized by resilience that adapts to dynamic changes
stemming from both internal and external factors.

The forward-looking perspective extends to enhanced two-way
communication and heightened cybersecurity measures, ensuring
the grid’s robustness in the face of evolving threats. Infosys

aims to empower prosumers and aggregators, fostering active
participation in the energy ecosystem. This participatory approach
aligns with the broader industry trend of democratizing energy,
allowing end-users to contribute actively to the grid’s dynamics.

The Infosys vision for the future grid underscores the integration
of technology and strategic planning, creating a symbiotic
relationship between the grid and its stakeholders. By prioritizing
foundational elements, embracing intermediate advancements,
and propelling towards an advanced grid model, Infosys is
positioned as a thought leader driving the energy sector’s
transformation. This comprehensive approach ensures not only

the reliability and efficiency of the grid but also its adaptability to

emerging trends, making Infosys a key player in shaping the future
of energy infrastructure.

Microgrids represent a flexible and sustainable solution for a wide range of energy needs. Their evolution is driven by trends such as

resilience, renewable energy, power efficiency, peak load management, and empowerment through local energy generation. As the

demand for clean, reliable, and resilient energy solutions continues to grow and the dynamic world of technological innovations evolves,
microgrids are set to transform the future of power generation and distribution.
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