
The Evolution
of Battery Energy Storage
by Jeff Donato  
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Battery Energy Storage System 
(BESS), has undergone a remarkable 
evolution in recent years, driven by 
advancements in battery technology, 
policy changes, and the increasing 
need for grid flexibility with the rise 
of renewable energy.  Battery energy 
is used in grid support, integration of 
renewable energy and commercial/
industrial applications.  

Advancements in battery technology 
have shrunk cell sizes, boosted 
capacities, and slashed costs, 
making BESS a viable and attractive 
option for diverse applications. 
Policy landscapes around the world 
are rapidly evolving, recognizing 
the crucial role BESS plays in grid 
resilience and decarbonization, with 
supportive regulations and incentives 
further fueling the BESS boom. 
Perhaps the most significant driver, 
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however, is the focus on growth 
of renewable energy. As wind and 
solar power soar in popularity, their 
inherent variability challenges grid 
stability, demanding flexible solutions 
like BESS to bridge the gaps.

Advancements in battery 
technology have shrunk cell sizes, 
boosted capacities, and slashed 
costs, making BESS a viable 
and attractive option for diverse 
applications.

In grid support, BESS alleviates peak 
demand burdens stabilizing the 
system. They excel at integrating 
renewable energy, absorbing excess 
solar and wind generation power 
during periods of abundance, and 
releasing it when the sun dips below 
the horizon or the wind slows down, 
ensuring a reliable and uninterrupted 
energy supply. 

In the commercial and industrial 
realm, BESS empower businesses 
with self-reliance, allowing them to 
store off-peak power and utilize it 
during peak hours, slashing energy 
costs and boosting operational 
efficiency.

Below are the application and 
advantages of having Battery Energy 
Storage.

Beyond the grid benefits, BESS 
contribute to climate change 
mitigation by enabling increased 
penetration of clean renewables 
and displacing polluting fossil fuel 
generation. They enhance energy 
security by providing backup power 
and mitigating the risks of blackouts. 
For businesses, BESS translate into 
cost savings, operational flexibility, 
and improved environmental 
stewardship.

Early Days in the 2000s:
BESS deployments were small-
scale and mainly focused on niche 
applications like backup power for 
critical infrastructure.  Lithium-ion 
batteries, the dominant technology 
based on its high energy density, 
were expensive, hindering widespread 
adoption. Batteries primarily provided 
basic grid support services such as 
frequency regulation.

Rise of Renewables in the 2010s:
The growth of solar and wind energy 
highlighted the need for energy 
storage to address their intermittency. 
Advancements in battery technology 
led to significant cost declines, 
making lithium batteries more 
commercially viable and started 
playing a broader role in the grid, 
including peak shaving, energy 
arbitrage, and transmission deferral.

Grid Support & Stabilization:

Objective Description

Peak shaving
Batteries store excess energy during periods of low demand and release it during 
peak demand times, reducing strain on the grid and minimizing the need for 
expensive peak power plants and commercial buildings.

Frequency regulation Batteries quickly respond to fluctuations in electricity supply and demand, helping 
to maintain grid frequency stability and prevent blackouts.

Voltage regulation Batteries inject or absorb reactive power to stabilize voltage levels on the grid, 
particularly with the increasing integration of variable renewable energy sources.

Demand Power Batteries provide backup power to critical infrastructure in case of grid outages, 
enabling faster restoration of power services.

Integration of renewable energy:

Objective

Smoothing variability

Enabling distributed 
generation

Improving grid access 
for renewables

Description

Batteries store excess electricity generated by wind and solar power during periods 
of high production and release it when these sources are unavailable.

Batteries facilitate the connection of smaller, distributed renewable energy sources to 
the grid by managing their intermittent output and ensuring reliable power supply.

Batteries help mitigate grid congestion issues and enable increased penetration of 
renewable energy into the energy mix.
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a key role in achieving a clean and 
sustainable energy future.

The modernization of the grid 
infrastructure is creating new 
opportunities for BESS to provide 
valuable services. Government policies 
promoting renewable energy integration 
and carbon emission reduction have 
incentivized BESS adoption. Growing 
awareness of climate change and the 
need for clean energy is also driving 
public support for BESS technologies.

As battery technology continues 
to evolve, costs will reduce, and 
applications grow, their impact 
will only broaden and deepen. This 
remarkable evolution, driven by the 
unwavering pursuit of a cleaner and 
more sustainable future, promises to 
reshape the very way we generate, 
store, and utilize energy.

As battery technology continues 
to evolve, costs will reduce, and 
applications grow, their impact 
will only broaden and deepen. This 
remarkable evolution, driven by the 
unwavering pursuit of a cleaner and 
more sustainable future, promises 
to reshape the very way we 
generate, store, and utilize energy.

BESS in the 2020s:
BESS deployments are no longer 
just utility-scale; residential and 
commercial systems are gaining 
traction. BESS are moving beyond 
traditional grid services, participating 
in wholesale markets, and providing 
flexibility for microgrids. New battery 
chemistries, promise even higher 
energy density and lower costs.

BESS will be pivotal in enabling 
a more distributed and resilient 
grid, facilitating the integration 
of distributed energy resources. 
BESS will become increasingly 
intelligent, utilizing AI and machine 
learning to optimize smart grid 
operations.

The Future of BESS:
BESS will be pivotal in enabling a 
more distributed and resilient grid, 
facilitating the integration of distributed 
energy resources.  BESS will become 
increasingly intelligent, utilizing AI and 
machine learning to optimize smart 
grid operations. There is an increasing 
focus on developing more sustainable 
and ethical battery materials and 
recycling to minimize environmental 
impact. With continued innovation 
and policy support, BESS can play 

While lithium batteries are the primary choice of battery technology for 
BESS, there are many other technologies that are in place and emerging: 

Battery 
Technology Description Strengths & Weaknesses

Lithium 
Batteries

Lithium-ion batteries in BESS store energy by 
moving Li+ ions between the anode and cathode. 
Charging pushes Li+ ions into the anode, while 
discharging pulls them back to the cathode. This 
movement of ions creates a potential difference 
that drives electrons through the external circuit, 
generating electricity.

Batteries store excess electricity 
generated by wind and solar power during 
periods of high production and release it 
when these sources are unavailable.

Pumped 
Hydroelectric 
Storage

Although not technically a battery, this 
technology utilizes water stored at different 
elevations to generate electricity through hydro 
turbines, offering large-scale energy storage with 
high efficiency and long lifespans.

Clean, sustainable, and capable of storing 
gigawatt-hours of electricity, ideal for 
balancing supply and demand on the grid, 
especially during peak hours.  However, 
it has limitations based on geography, 
requires large scale civil engineering, and 
had long construction times.

Flow Batteries

Metal-Air 
Batteries

Sodium Ion

These store energy in two liquid electrolytes that 
pump through a membrane, separating them 
when charged and allowing their interaction to 
generate electricity when discharged. 

Utilize atmospheric oxygen as their cathode 
material, potentially achieving high energy 
densities due to the oxygen not needing storage 
within the battery.

A potential alternative to lithium-ion batteries 
that use sodium ions instead of lithium.

Batteries help mitigate grid congestion 
issues and enable increased penetration 
of renewable energy into the energy mix.

Made from abundant sustainable 
materials, lightweight with high energy 
density. However, there are efficiency 
concerns and has a slow discharge rate.

They offer lower cost and abundance 
of sodium resources but suffer from 
lower energy density and faster cycle 
degradation compared to lithium-ion. 
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