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Overview

In this article, originally published in MESIA's Mid-year Solar Report 2025, Jeff
Zwijack, Associate Director of Energy Storage at CEA, explains that most
defects in battery energy storage systems arise during system-level
integration rather than cell or module production. He highlights how. 

In this article, originally published in MESIA's Mid-year Solar Report 2025, Jeff
Zwijack, Associate Director of Energy Storage at CEA, explains that most
defects in battery energy storage systems arise during system-level
integration rather than cell or module production. He highlights how. 

Point defects are ubiquitous in materials and play a critical role in determining
their electrical, optical, ion-transport, and other properties, making them key
to the performance of materials in energy applications. First-principles defect
calculations, particularly those based on density. Are materials defects energy
storage units?

Energy storage occurs in a variety of physical and chemical processes. In
particular, defects in materials can be regarded as energy storage units since
they are long-lived and require energy to be formed. Here, we investigate
energy storage in non-equilibrium populations of materials defects, such as
those generated by bombardment or irradiation. 

How much energy can a defect store?

Even a small and readily achievable defect concentration of 0.1 at.% can store
energy densities of up to ~0.5 MJ/L and ~0.15 MJ/kg. Practical aspects,
devices, and engineering challenges for storing and releasing energy using
defects are discussed. The main challenges for defect energy storage appear
to be practical rather than conceptual. 

Do defects achieve stored energy?

The stored energy values for 0.1–1 at.% defect concentrations, which can be
achieved routinely with bombardment or irradiation, show that defects in
materials, if properly engineered, may achieve stored energies comparable
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with those of state-of-the-art technologies. 

How do defect carriers affect energy storage performance?

Cite this: ACS Appl. Mater. Interfaces 2022, 14, 5, 6547–6559 The inevitable
defect carriers in dielectric capacitors are generally considered to depress the
polarization and breakdown strength, which decreases energy storage
performances. 

What is energy storage?

Scientific Reports 7, Article number: 3403 ( 2017 ) Cite this article Energy
storage occurs in a variety of physical and chemical processes. In particular,
defects in materials can be regarded as energy storage units since they are
long-lived and require energy to be formed. 

What are the roles of crystal defects in energy storage and conversion
systems?

Generally speaking, according to the nature of crystal defect engineering, the
main roles of defects in energy storage and conversion systems can be
summarized as follows (Fig. 12): (I) Crystal defects can be exploited as energy
storage/adsorption/active/nucleation sites.
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How to find energy storage defects

  

Using defects to store energy
in materials 

Energy storage occurs in a variety of physical
and chemical processes. In particular, defects in
materials can be regarded as energy storage
units since they are long ...

  

Calculating the formation
energies of charged ...

In general one expects a defect formation energy
to be positive, so that it costs energy to make a
defect. The formation energy will also depend on
the chemical potentials of the atoms and of the
electrons, ...

  

Electrochemical Energy
Storage: Defect  

In article number 2000494, Wen Lei, Haijun
Zhang, and co-workers want to express that the
existence of defects (vacancies or heteroatom)
can significantly enhance the ...

  

Insights from EPRI s Battery
Energy Storage Systems ...

INTRODUCTION The global installed capacity of
utility-scale batery energy storage systems
(BESS) has dramatically increased over the last
five years. While recent fires aflicting some of ...
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Using defects to store energy
in materials - a ...

Energy storage occurs in a variety of physical
and chemical processes. In particular, defects in
materials can be regarded as energy storage
units since they are long-lived and require
energy to  

  

What are the defects of energy
storage batteries 

A review on defect engineering of anode
materials for solid-state battery ... Further
development of solid-state batteries can bring
significant advances in future energy storage
devices for ...

  

Defect engineering of
MoS2-based materials as
supercapacitors ...

The aim of this paper is to briefly review the
progress of defect engineering of MoS 2-based
materials as supercapacitors electrode. The
energy storage mechanism of ...
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BESS Quality: Our Lessons
Learned 

Explore the evolution and challenges in battery
energy storage systems (BESS) with Chi Zhang
and George Touloupas of Clean Energy
Associates. Learn about common manufacturing
defects, the shift ...

  

An exhaustive review of
battery faults and diagnostic
techniques ...

The proposed method can efficiently and
accurately detect internal short-circuit faults and
has great potential for application in fault
diagnosis of large energy storage battery ...

  

Crystal-defect engineering of
electrode materials for energy
storage  

Therefore, the purpose of this review is mainly to
clarify the types of defects and the contribution
of various types of defects in electrochemical
energy storage and conversion ...

  

First-principles calculations of
defect formation energy and ...

In this tutorial, we present step-by-step
procedures of first-principles calculation of the
defect formation energy of a point defect in a
wide-gap semiconductor. We focus on a case, in
which ...
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Common manufacturing
defects in battery energy ...

Open-Ed CEA started developing energy storage
services in 2015, at a relatively early stage in the
storage industry. The company foresaw the
growth potential of stationary energy storage as
a critical ...

  

Capturing Carriers and Driving
Depolarization by ...

This work explores an alternative way for
breakthroughs possible in the intrinsic trade-off
relationship to regulate dielectric energy storage
by defect engineering.

  

Energy Storage Safety
Strategic Plan

Acknowledgements The Department of Energy
Office of Electricity Delivery and Energy
Reliability would like to acknowledge those who
participated in the 2014 DOE OE Workshop for
Grid ...

  

Quick-start guide for first-
principles modelling of point
defects in  

In this 'quick-start guide', we discuss the best
practice in how to calculate the formation energy
of point defects in crystalline materials and
analysis techniques appropriate to ...
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Defect and texture engineering
of relaxor thin films for High-
Power  

A comparison of functional properties of the
defects engineered relaxors thin films has been
summarized in Fig. 19, demonstrating that
heterovalent doping with transition ...

  

Using defects to store energy
in materials - a computational
study

In particular, defects in materials can be
regarded as energy storage units since they are
long-lived and require energy to be formed.
Here, we investigate energy storage in ...

  

Energy Storage Quality
Assurance: How to Prevent
Costly ...

Learn how to prevent costly energy storage
defects with effective QA, supplier vetting, and
factory testing for reliable long-term
performance.

  

Defect formation energy --
Tutorials 2025.1
documentation 

Defect formation energy Point defects are
omnipresent in materials and influence their
electrical and optical properties. Understanding
the formation of defects is critical for many
industries in ...

Powered by JH Solar



Page 9/12

  

Electrochemical Energy
Storage: Defect  

In article number 2000494, Wen Lei, Haijun
Zhang, and co-workers want to express that the
existence of defects (vacancies or heteroatom)
can significantly enhance the electrochemical
activity of 2D ...

  

Crystal-defect engineering of
electrode materials for energy
...

Therefore, the purpose of this review is mainly to
clarify the types of defects and the contribution
of various types of defects in electrochemical
energy storage and conversion ...

  

Report Finds 72% of BESS
Defects Occur at System Level

About 72% of defects in battery energy storage
systems occur at the system level, according to a
report by the Clean Energy Associates (CEA).
These defects pose the ...

  

Defect formation energy --
Tutorials 2025.1 ...

Defect formation energy Point defects are
omnipresent in materials and influence their
electrical and optical properties. Understanding
the formation of defects is critical for many
industries in the area of physics and ...

  

Powered by JH Solar



Page 10/12

Using defects to store energy
in materials - a ...

Here, we investigate energy storage in non-
equilibrium populations of materials defects,
such as those generated by bombardment or
irradiation.

  

Energy Storage Technology
Defects: What's Holding Back
the ...

If you've ever cursed at your phone battery dying
during a video call or wondered why solar farms
can't power cities at night, you're already part of
the energy storage conversation. This article ...

  

System-level issues account
for nearly half of ...

A recent report from the Clean Energy Associates
found that system-level issues accounted for
nearly half of all defects found in battery energy
storage systems (BESS), of which two issues
related to ...

  

What are the defects of energy
storage power stations

Explore cutting-edge energy storage solutions in
grid-connected systems. Learn how advanced
battery technologies and energy management
systems are transforming renewable energy ...
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CEA reports 72% of BESS
defects happened at system
level 

According to market intelligence firm CEA, 72%
of battery energy storage system (BESS)
manufacturing defects were at the system level.

  

Photovoltaic energy storage
defect detection 

Can automated defect detection improve
photovoltaic production capacity? Scientific
Reports 14, Article number: 20671 (2024) Cite
this article Automated defect detection in ...

  

Majority of BESS defects at
system level, according to CEA
audits

Clean Energy Associates (CEA) conducted quality
audits at 70+ battery energy storage factories
worldwide and reported its findings in a new
Battery Energy Storage System ...

  

Defect Engineering of Carbons
for Energy ...

In this review, recent advances in defects of
carbons used for energy conversion and storage
were examined in terms of types, regulation
strategies, and fine characterization means of
defects. The applications of ...
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Defect engineering in carbon
materials for electrochemical
energy  

This review covers recent advances in
understanding, designing, and exploring defects
in carbon materials toward energy-related
applications. In particular, the role and active
origin of defects ...
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