Science (2021) . Techno-Ec':o* ysis of

Long-Duration Energy Storage and Flexible Pow
Generation ??7? 2

Given the different durations of these stressors, grid
analysts at the National Renewable Energy o5
Laboratory (NREL) are working to better understand
the role and benefits of long-duration energy
storage - or storage technologies with 8-24 hours of
storage capacity - in high variable renewable energy
systems. As our power grid evolves toward

. NREL Will Lead Two $19M Research Centers To
Spur Decarbonization Efforts as Part of DOE's
Energy Earthshots Initiative. The U.S. Department
of Energy Office of Science has announced $264
million in funding for 29 projects to develop
clean-energy solutions that will pave the way to
achieving a net-zero-carbon economy by 2050.
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Energy Storage. NREL innovations accelerate
development of high-performance, cost-effective,
and safe energy storage systems to power the next
generation of electric-drive vehicles (EDVs). We
deliver cost-competitive solutions that put new
EDVs on the road. By addressing energy storage
issues in the R& D stages, we help carmakers offer
consumers

Energy storage is one method to balance our
energy system, which is why Bermuda Electric Light
Company Limited (BELCO) installed the Nolan
Smith Battery Energy Storage System (BESS). The
BESS provides ??7?

NREL's energy storage research is supported by
world-class facilities. Learn more about our primary
facilities for energy storage R& D: Energy Systems
Integration Facility. Concentrating solar power
facilities. Flatirons Campus. Thermal Test Facility.
Transportation energy storage facilities.

(C) 2025 Solar Energy Resources 2/9 Web: https://www.gebroedersducaat.nl



NREL ENERGY STORAGE SOLAR
BERMUDA

Renewable generation differs from traditional
generation in many ways. A renewable power plant
consists of hundreds of small renewable energy
generators (of 1?7?75 MW) with power electronics
that interface with the grid, while a conventional
power plant consists of one or two large
synchronous generators (of 50?7?7500 MW) that
connect directly to the grid.

M

CREST: Cost of Renewable Energy Spreadsheet
Tool. The Cost of Renewable Energy Spreadsheet
Tool (CREST) contains economic, cash-flow models
designed to assess project economics, design
cost-based incentives, and evaluate the impact of
state and federal support structures on renewable
energy.

Energy Storage Manufacturing Analysis. NREL's
advanced manufacturing researchers provide
state-of-the-art energy storage analysis exploring
circular economy, flexible loads, and end of life for
batteries, photovoltaics, and other forms of energy
storage to help the energy industry advance
commercial access to renewable energy on
demand.
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To ensure system reliability and resilience are not
impacted by such increase in variable renewable
energy on the systems, our analysis showed that 30
MW equivalent of new battery storage systems
(including a ???

Learn more about NREL's research in energy
storage. Contact Adarsh Nagarajan Group
Manager, Power Systems Design and Planning.
Adarsh.Nagarajan@nrel.gov 303-275-4585. Facility
Infrastructure; Leadership; The National Renewable
Energy Laboratory is a national laboratory of the
U.S. Department of Energy,

T1 - Energy Storage. AU - Gagne, Douglas. PY -
2024. Y1 - 2024. N2 - This Energy Exchange 2024
session explores Energy Storage, from currently
available to cutting edge systems, and explores
benefits and shortcomings related to key mission

P e goals of sustainment, resilience, and emissions
| reduction.
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Thermal energy storage reduces energy
consumption and increases load flexibility, thus
promoting the use of renewable energy sources. At
NREL, the thermal energy science research area
focuses on the development, validation, and
integration of thermal storage materials,
components, and hybrid storage systems.

= Yesterday, energy storage company Saft said it
delivered and installed a turnkey Energy Storage
\{é -’-W..'.? System to Bermuda Electric Light Company
k| (BELCO). The system provides up to 10 MW power

for spinning reserves and frequency response to
maintain grid stability and has a storage capacity of
5.5MWh, said the company. The official
ribbon-cutting ceremony was held ???

System Topology

e

L e

EVI-EDGES: Electric Vehicle Infrastructure -
Enabling Distributed Generation Energy Storage.
ReOpt: Renewable Energy Integration and
Optimization. SAM: System Advisor Model.
StoreFAST: Storage Financial Analysis Scenario
Tool. View the complete list of energy analysis data
b i.'i. r'""'ﬂ:j"mp and tools.

4| 4 G EEERE

MONITORING OF SYSTEM STATUS
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Current Year (2022): The current year (2022) cost
estimate is taken from Ramasamy et al.
(Ramasamy et al., 2023) and is in 2022 USD. Within
the ATB Data spreadsheet, costs are separated into

energy and power cost estimates, which allows

=i capital costs to be calculated for durations other
= than 4 hours according to the following equation:
ff $$text{Total System Cost ???

renewable energy and energy e"iciency
technologies. The laboratory accelerates the
commercialization of energy technologies through

-

chemicals, materials, fuels, or energy storage.
Integrated energy pathways focuses on replacing
today's outdated grid with a modern, intelligent

infrastructure that, for one, looks to expand our
options

RE Futures, funded by the U.S. Department of
Energy's Office of Energy Efficiency and Renewable
Energy, is a collaboration with more than 110

‘»ﬁ%\\\\m\\mummmmmmww/w

contributors from 35 organizations including national

laboratories, industry, universities, and
non-governmental organizations.

ey — European
‘ | Warehouse
- T 745 days

i
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However, the island is modernizing its approach to
generation, distribution and sales after the
Government of Bermuda passed the Electricity Act
in 2016. This prompted BELCO to develop a
long-term plan, which includes measures to improve
energy efficiency, energy storage and renewable
energy.

Energy storage mitigates the issues that come from
variable renewable energy because it absorbs the
excess energy produced by solar and wind to use
later when there is less renewable energy available.
Beyond looking into new materials for energy
storage, NREL is also delving into the ways to
recycle battery materials and components back

Bermuda's Road to Clean Mobility and ?>>?Energy.
Bermuda has committed to 85 percent renewable
energy by 2035. To achieve this, the nation has
committed to 21 MW of solar, 60 MW of wind, and
100 percent electric public transport by 2030* ???
reducing harmful emissions, slashing energy costs,
and increasing local resilience.
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Long-Duration Energy Storage: Resiliency for
Military Installations. Jeffrey Marqusee, Dan Olis,
Xiangkun Li, and Tucker Oddleifson. This work was
authored by the National Renewable Energy
Laboratory, operated by Alliance for Sustainable
Energy, LLC, for the U.S. Department of Energy
(DOE) under Contract No. DE -AC36-08G028308.
Support for the

Our dataset originates from the NREL's ReEDS

(E .;ﬁl; .;)gu; o;ﬂ!
- :gg:; :g:; g: capacity expansion model, projecting the 2035
Leglog. - ERCOT power grid landscape. This future grid
A e

anticipates the retirement of aging thermal

fuel-based generators and the introduction of new
??7?

-5224

Geological Thermal Energy Storage (GeoTES)

e Charged with Solar Thermal Technology Using
g B ey Depleted Oil/Gas Reservoirs and Carnot-Battery
il - hens € Technique Using Shallow Reservoirs This work

was authored in part by the National Renewable

Energy Laboratory, operated by Alliance for
Sustainable Energy, LLC, for the U.S. Department
of Energy (DOE) under

- "\ﬂ.'.g&
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National Renewable Energy Laboratory, Sandia
National Laboratory, SunSpec Alliance, and the
SunShot National Laboratory Multiyear Partnership
(SuNLaMP) PV O& M Best Practices Working
Group. 2018. Best Practices for Operation and
Maintenance of Photovoltaic and Degradation in
Energy Storage Capacity.. 60 6.9 Example Work
Statements

Global industrial energy storage is projected to grow
2.6 times in the coming decades, from just over 60
GWh to 167 GWh in 2030 [4]. The challenge is to
balance energy storage capabilities with the power
and energy needs for particular industrial
applications. Energy storage technologies can be
classified by the form of the stored energy.

The clean energy transition is demanding more from
electrochemical energy storage systems than ever
before. The growing popularity of electric vehicles
requires greater energy and power
requirements???including extreme-fast charge
capabilities???from the batteries that drive them. In
addition, stationary battery energy storage systems
are critical to ensuring ???
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