Energy storage equipment maintenance
C’/J safety

How can advanced energy storage systems be safe?

The safe operation of advanced energy storage systems requires the coordinated efforts of all those involved in
the lifecycle of a system(from equipment designersto OEM  manufacturersto  system
designers,installers,operators,maintenance crews,and finally those decommissioning systems,and,first
responders.

What's new in energy storage safety?

Since the publication of the first Energy Storage Safety Strategic Plan in 2014,there have been introductions of
new technologiesnew use casesand new codesstandardsregulations,and testing  methods.
Additionally,failures in deployed energy storage systems (ESS) have led to new emergency response best
practices.

How should energy storage systems be maintained?

Preventative maintenance schedulesshould be maintained and records kept of maintenance activities. Energy
storage sites and systems should be kept secure from both physical and cyber-threats,just as with any
grid-connected resource.

What are the guidelines for battery management systemsin energy storage applications?

Guidelines under development include | EEE P2686" Recommended Practice for Battery Management Systems
in Energy Storage Applications® (set for balloting in 2022). This recommended practice includes information
on the design,installation,and configuration of battery management systems (BMSs) in stationary applications.

How do you ensure energy storage safety?

Ultimately,energy storage safety is ensured through engineering quality and application of safety practices to
the entire energy storage system. Design and planning to prevent emergencies,and to improve any necessary
response,is crucial.

How should energy storage equipment be protected?

Access to energy storage equipment should be firmly restricted,with sites and/or enclosures secured against
very robust attempts at ingress. However,contact information for 24-hour response should be provided to
ensure quick access,should first-responders need access in the event of an emergency situation.

CLAIM: Theincidence of battery firesisincreasing. FACTS:. Energy storage battery fires are decreasing as a
percentage of deployments. Between 2017 and 2022, U.S. energy storage deployments increased by more than
18 times, from 645 MWh to 12,191 MWh1, while worldwide safety events over the same period increased by
amuch smaller number, from two to 12.
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Energy storage safety and security refers to the measures, practices, and technologies employed to ensure the
reliable and safe operation of a Battery Energy Storage System (BESS) throughout its lifecycle. ... Proper
safety measures minimise the risk of equipment damage, reducing downtime and repair costs over the lifetime
of the investment ...

safety in energy storage systems. At the workshop, an overarching driving force was identified that impacts all
aspects of documenting and validating safety in energy storage; deployment of ...

The operation of microgrids, i.e., energy systems composed of distributed energy generation, local loads and
energy storage capacity, is challenged by the variability of intermittent energy sources and demands, the
stochastic occurrence of unexpected outages of the conventional grid and the degradation of the Energy
Storage System (ESS), whichiis...

components and mechanica equipment should be protected by a 7-foot-high fence ... ESA issued the U.S.
Energy Storage Operational Safety Guidelinesin December 2019 to provide the BESS industry with a guide to
current codes and standards applicable to BESS and provide additional guidelines to plan for and mitigate
potential operational hazards ...

The International Renewable Energy Agency predicts that with current national policies, targets and energy
plans, global renewable energy shares are expected to reach 36% and 3400 GWh of stationary energy storage
by 2050. However, IRENA Energy Transformation Scenario forecasts that these targets should be at 61% and
9000 GWh to achieve net zero ...

Energy Storage System Safety - Codes & Standards David Rosewater SAND Number: 2015-6312C ... Energy
Storage Systems and Equipment UL 9540 . ES Installation Standards 8 ... ES Operation and Maintenance 12
Energy Storage Operations and Maintenance Standard Hazardous materials storage, handling

The fire codes require battery energy storage systems to be certified to UL 9540, Energy Storage Systems and
Equipment. Each major component - battery, power conversion system, and energy storage management
system - must be certified to its own UL standard, and UL 9540 validates the proper integration of the
complete system.

An energy storage system, often abbreviated as ESS, is a device or group of devices assembled together,
capable of storing energy in order to supply electrical energy at alater time. Battery ESS are the most common
type of new installation and are the focus of this fact sheet. According to the US Department of Energy, in
2019, about

The draft code language includes updates and additions to improve coordination, safety and emergency

preparedness in the planning of energy storage projects. As the battery energy storage system (BESS) industry
evolves, the proposed recommendations will advance the safe and reliable growth of BESS capacity that is
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critical to the clean energy ...

Technical Guide - Battery Energy Storage Systemsv1. 4 . o Usable Energy Storage Capacity (Start and End of
warranty Period). o Nominal and Maximum battery energy storage system power output. o Battery cycle
number (how many cycles the battery is expected to achieve throughout its warrantied life) and the reference
charge/discharge rate .

IFC 1207.3 requires third-party listings for ESS. The ESS must be listed in accordance with UL 9540, the
Standard for Safety of Energy Storage Systems and Equipment. This can be indicated by a UL label or alabel
from another recognized testing authority if it meets the UL standard.

Our recent article in IEEE Power and Energy Magazine offered a basic roadmap for establishing a predictive
maintenance approach for a BESS. This approach relies on the identification of possible indicator-fault
relationships during the design phase (for example, via a failure mode and effects analysis) and seeking new
rel ationships via continuous post ...

CPUC Energy Storage Procurement Study: Safety Best Practices Attachment F F-1 ATTACHMENT F: ...
maintenance, and operations of stationary batteries according to best practices. ... of this paper, energy storage
equipment, hardware, and software safety reflect the ability of the installation, as it is designed and built, to
mitigate and manage ...

for Energy Storage Research at the US Department of Energy”s (DOE) Office of Electricity Delivery and
Energy Reiability (OE), a Workshop on Energy Storage Safety was held February 17-18, 2014 in
Albuquerque, NM. The goals of the workshop were to: 1) bring together all of the key stakeholders in the
energy storage community,

What is Equipment Maintenance? Equipment maintenance is preserving the operationa reliability and
functionality of various assets within a business, including mechanical machinery, tools, vehicles, and
technological systems. It can be classified into various types: preventive, predictive, and corrective.

Research in this paper can be guideline for breakthrough in the key technologies of enhancing the intrinsic
safety of lithium-ion battery energy storage system based on big data analysis ...

2. Complex Management and Maintenance. BESS is equipped with advanced and intelligent control systems
requiring specialized operation and maintenance expertise. Equipment, such as inverters, environmental
controls, and safety components, including fire suppression systems, sensors, and alarms, further increase the
complexity. 3.

Energy storage safety incidents are very rare -- there have been less ... operation, maintenance, and decom -
missioning of energy storage facilities. The standard includes requirements for metrics such as maximum
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energy and spacing ... 0 UL 9540 is the safety standard for energy storage equipment, including batteries, that
isrequired under ...

Challenges in Energy Storage Maintenance. ... By identifying potential safety hazards early on, predictive
maintenance helps create a safer working environment for maintenance staff and reduce the risk. ... Overall,
predictive maintenance ensures equipment stays in top shape while cutting down on downtime and expenses.
conclusion. In conclusion ...

Dos and don"ts of plant and equipment maintenance To maintain plant and equipment safely: ensure
maintenance is carried out by a competent person (someone who has the necessary skills, knowledge and
experience to carry out the work safely) maintain plant and equipment regularly - use the manufacturer”s
maintenance instructions as aguide ...

UL 9540 (first edition with the American National Standards Institute, ANSI, in 2015) covers the safety of
electrochemical, chemical, mechanical, and thermal ESS. The document also ...

The maintenance cost (MC) includes the annual equipment maintenance cost for each energy device,
determined by the product of the energy output of each device and the corresponding unit maintenance cost (C
maint), as shown in Eg. ... and energy storage safety and fire research. This heterogeneous expert group
possesses diverse experiences and ...

Energy storage has emerged as an integral component a resilient and efficient of electric grid, with a diverse
array of applications. The widespread deployment of energy storage requires ...

Energy Storage Systems (ESS) 1 1.1 Introduction 2 1.2 Types of ESS Technologies 3 ... 3.1 Fire Safety
Certification 12 3.2 Electrical Installation Licence 12 3.3 Electricity Generation or Wholesaler Licence 13 3.4
Connection to the Power Grid 14 ... fuel efficiency, reducing maintenance costs and emissions. ESS can be
used to provide reserves,

Safety leadership is exhibited (not just talked about) The development of a good safety culture is encouraged
An appropriate level of health and safety documentation is kept commensurate with business needs and
regulator (HSE) requirements Safety is never compromised because of commercial pressures When and
Where to Start

As shown in Fig. 3, many safety C& S affect the design and installation of ESS.One of the key product
standards that covers the full system is the UL9540 Standard for Safety: Energy Storage Systems and
Equipment [].Here, we discuss this standard in detail; some of the remaining challenges are discussed in the

next section.

3.7se of Energy Storage Systems for Peak Shaving U 32 3.8se of Energy Storage Systems for Load Leveling
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U 33 3.90grid on Jgju Island, Republic of Korea Micr 34 4.1rice Outlook for Various Energy Storage Systems
and Technologies P 35 4.2 Magnified Photos of Fires in Cells, Cell Strings, Modules, and Energy Storage
Systems 40

Energy Storage Systems and how safety is incorporated into their design, manufacture and operation. It is
intended for use by policymakers, local communities, planning authorities, first responders and ... These
batteries are widely used in electric tools, medical equipment (for example defibrillators and implanted cardiac
and neurostimulation ...

CLAIM: Theincidence of battery firesisincreasing. FACTS:. Energy storage battery fires are decreasing as a
percentage of deployments. Between 2017 and 2022, U.S. energy storage deployments increased by more than
18 times, ...

The safe operation of advanced energy storage systems requires the coordinated efforts of all those involved in
the lifecycle of a system, from equipment designers, to OEM manufacturers, ...

Ensuring the Safety of Energy Storage Systems White Paper. Contents Introduction ... for Energy Storage
Systems and Equipment UL 9540 is the recognized certification standard for al types of ESS, including
electrochemical, chemical, mechanical, and thermal energy. The standard evaluates the safety and
compatibility of various

Energy storage safety is critical to protect workers, first responders, and the public. ... and equipment are
paramount. Guidelines and resources to educate and inform the industry on safety considerations for the
maintenance of the energy storage system need additional development. Incident response protocols. ...

Abstract: As large-scale lithium-ion battery energy storage power facilities are built, the issues of safety
operations become more complex. The existing difficultiesrevolve ...

Under the Energy Storage Safety Strategic Plan, developed with the support of the ... maintenance, and
repair/renovation of ESS within the built environment. The bases for ... position of compliance with the
applicable codes and standards for the ESS equipment itself as well as the relationship between the ESS and
the surrounding environment (e ...

BEST PRACTICE GUIDE FOR BATTERY STORAGE EQUIPMENT - ELECTRICAL SAFETY
REQUIREMENTS Version 1.0 - Published 06 July 2018 This best practice guide has been developed by
industry associations involved in renewable energy battery storage equipment, with input from energy network
operators, private certification bodies, and ...

Program by Pacific Northwest Laboratory and Sandia National Laboratories, an Energy Storage Safety
initiative has been underway since July 2015. One of three key components of that ...
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Dividing the energy storage system and partitioning the battery system in solid enclosures helps to prevent a
fire incident from spreading to an entire site. LeBlock is Leclanch&#233;"s new, safe, modular, scalable, plug
& play energy storage solution. It has been designed to simplify logistics and reduce total costs and carbon

footprint.
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