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Executive Summary
These are the proceedings of a workshop to address Energy Storage Systems (ESS) in the built
environment, including installation and firefighting practices. The summary observations provide key
observations from discussions and presentations and are organized into 5 categories:
 General
 Hazard Characteristics
 Standards
 Built-In Fire Protection
 Manual Fire Fighting
Electrical ESS are generally proliferating in the marketplace, with uses such as supporting alternative
energy applications (e.g. photovoltaic systems, wind turbines, etc.) in a variety of building types. Systems
have a diversity of configurations and variability of factors with unique features. One unique hazard is
stranded electrical energy which presents both a shock hazard to personnel and potential re-ignition of
the battery.
This workshop was focused on discussion to help guide the building regulatory community and fire
departments in evaluating ESS technology, the applications for the installation of ESS and inform
firefighting practices. Breakout groups addressed questions on three aspects of ESS in the built
environment: building design features such as ventilation and fire separation, built-in fire protection
systems including detection and suppression, and manual fire fighting practices including overhaul.
Post-fire operations pose one of the largest concerns and is a current gap in research because of stranded
energy within the battery. Standard energy poses electrical and re-ignition hazards to responders and
salvage personnel. The extended timeline of incidents and responsibilities of safe removal and disposal
need to be addressed.
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1) Background and Overview
The application of electrical energy storage systems (ESS) using technologies such as bulk lithium-ion and
flow batteries has proliferated in recent years and is steadily increasing. The intended deployment of ESS
in the built environment is focused on the public and private sector, new and existing buildings, and in
occupancies such as high rise structures as well as single and multi-family residences. Local Authorities
Having Jurisdiction (AHJs) and emergency responders, along with ESS integrators, installers, insurers and
others, are challenged by the lack of a clear understanding of the overall hazard associated with ESS and
optimum approaches to addressing the hazard. Such approaches include the appropriate built-in fire
protection measures and emergency responder strategies and tactics. Currently, New York City has
already seen more than 100 applications to install ESS in varied structures.
The workshop goal was to utilize the New York City experience as a case study and
develop a workshop report to help the NYC Building Department and FDNY in
evaluating applications for the installation of ESS, and inform firefighting practices.
New York City Fire Department Commissioner Daniel Nigro provided opening remarks
for the workshop participants, expressing the importance of the work they are doing.
The workshop agenda consisted of three Figure 1: FDNY
main parts: baseline presentations, break-out Commissioner Nigro
groups, and summary observations. The addressing the
baseline presentations were given from a workshop
participants.
range of perspectives in the ESS industry and
provided all participants with a review of the current state of the
topic followed by a plenary discussion with the panel and all
attendees. Workshop participants were placed into one of three
Figure 2: Panel and moderator (Casey Grant,
FPRF) during the plenary discussion.
break-out groups to have a more in-depth discussion on their
focus topics and provide answers to the questions. At the end of the day all three groups reconvened to
provide the full group with a summary of their discussion. A copy of the workshop agenda is shown in
Figure 3.

Figure 3: Workshop agenda.
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2) Discussion on Needs
2.1) Background
Three break-out groups (Figure 4) were developed to cover important discussion points of ESS in the built
environment. Group 1 covered the topic of facility and building design features including passive systems,
construction type, separation and egress. Group 2 covered built-in fire protection systems including
detection, notification, and automatic suppression systems. Group 3 covered emergency response
strategies and tactics, including pre and post-incident. Workshop participants were distributed into the
three groups based on their knowledge and experience. An attempt was made to provide representation
from all interests in each group.

Figure 4: Break-out groups.
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2.2) Questions
The questions, seen in Figure 5, were developed to support the workshop goal of creating a report to
assist building and fire departments in handling ESS installation applications and inform firefighting
practices. Each group was assigned a focus issue (facility & design, built-in systems, and emergency
response) with specific questions but also had the opportunity to address all focus issues.

Figure 5: Break-out group questions.

2.3) Break-out Group Discussion Summary
After the break-out sessions, all workshop participants regrouped to review their group discussions. Each
break-out group had an appointed facilitator who presented their group report. Section 2.3.1 through
2.3.3 provide a summary of each report.
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2.3.1) Group 1
The Group 1 report facilitator provided the following overview summary:
Energy storage systems are a rapidly changing technology and marketplace. There is currently no central
repository for data and information, something needed for proponents to make available their
information. Product standards are becoming available but there is an immediate need for integrated
application guidance, which could include installation standards and building regulatory (e.g. building,
electrical, fire codes) considerations.
Adoption of current and future codes and standard need to be a priority for regulatory agencies and other
AHJs because they contain references to the new technology. Jurisdictions need to be made aware of the
importance of adopting codes and standards that consider new technology. All interested parties and
stakeholders should collaborate to develop a consensus on the issues and participate in the codes and
standard development process.
Manufacturers may be less inclined to share proprietary information on new technology that is critical to
updating codes and standards. There needs to be a balance between bringing the new technology to the
market quickly and preparing for future changes and issues. All of the issues and concerns for the
technology use may not be known at installation. If a conservative approach (e.g. erring on the side of
safety) is used initially, proponents will be more likely to conduct research and provide answers to issues
and concerns.
The connection and interaction with the energy generation should be considered in the overall system
evaluation. Localized energy generation include photovoltaic and other renewable sources effect the
hazards associated with ESS.
Installation and product standard should not become applications engineering. Passive fire protection
systems (fire separation, location, egress, signage, etc.) are dependent on how different ESS types and
chemistries perform in fire situations. A conservative approach initially for review of installation
applications will encourage research in determining how systems will perform in these situations.
Uninterruptable Power Supply (UPS) systems with significant storage capacity (4-hours) may provide
needed documentation for addressing the safety of an energy storage system. The fire protection features
and hazard mitigation techniques from UPS could provide a foundation for ESS criteria.
Thermal runaway is a concern for lithium-ion ESS because of the fire intensity and toxicity hazards.
Determination of when systems are prone to runaway based on use, charging/discharging rate which may
be dependent on the time of day. The cycling time of a system needs to be considered, as well as normal
and abnormal conditions. The questions is not “if” a runaway event will occur but “when”. Design and
pre-incident planning should consider normal, abnormal, and intentional events.

2.3.2) Group 2
The Group 2 report facilitator provided the following overview summary:
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Jurisdictions should use current codes and standards that include new technology relevant in ESS
installation. Product standards for ESS technology, such as UL 9540, currently under development by
Underwriter’s Laboratories, should be included and considered in the siting and review of installation
applications.
System categorization is currently being done based on user conditions, energy capacity (kilowatt-hours).
For risk assessment purposes ESS would be better categorized by technology and chemistry because the
hazards are significantly different between them. With the proliferation of varying ESS technologies and
or battery chemistries it may not be practical for the fire and building codes to address each of these,
especially given the pace at which new types of systems are introduced and/or brought to the market. A
more practical approach for building and fire codes could require the ESS to be listed to a design standard,
such as UL 9540 once it is published, and then address room/building safety features around that listed
ESS. With a listed ESS, the performance of the ESS in regards to fire and electrical hazards will be known
and therefore the fixed fire suppression, detection and ventilation systems can be designed to protect the
anticipated hazard. By not requiring a listing each ESS design, technology, and installation would need
individual scrutiny and potentially, considerable analysis; something that could slow down the installation
of these systems and their success in the marketplace.
The concept of system (box) and enclosure (room) is important when considering built-in protection
systems. For instances, which built-in fire protection systems (suppression, detection, and ventilation)
are required for the ESS cabinet (or box) and which are necessary for the enclosure (or room) in which it
is installed within?
Fixed-automatic suppression systems will likely play an important role in fire protection for ESS
installations. The type of system and suppression agent will be dependent on the ESS classification based
on technology, chemistry and system design, which could incorporate a number of additional fire and
electrical safety features. Manufacturers of ESS need to work with fire suppression manufacturers to
determine compatible system and suppression agents.
Early detection is important for fire hazard, allowing time for mitigation including notification (evacuation
and fire department), suppression, and ventilation. Current building codes require smoke detection in
battery storage rooms. Other detector technologies, including heat and combustible gas may offer earlier
detection. Internal ESS sensors may provide information about system status (temperature) and early
warning of potential fire. Having the ability to tie these internal ESS sensors into the Fire Alarm System
or the Fire Command Center is integral in early detection and response to an ESS incident.
Combustible and toxic gases produced pose a hazard and need to be ventilated safely. Some ESS (box)
have ventilation designed to off-gas to the enclosure (room). The room would then need to be ventilated.
Consideration needs to be given for the types of gases produced and separate ventilation from building
HVAC systems as well as potential interaction with the activation and effectiveness of suppression systems
with these operating ventilation systems.

2.3.3) Group 3
The Group 3 report facilitator provided the following overview summary:
The lifeline of an ESS, from the siting and installation to decommissioning and removal of hazard from the
building should be managed continuously by the building owner or property manager.
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Installation should include clear identification and marking with a system like the hazard placard set in
NFPA 704. These markings should be made on the outside of the building and at the enclosure (room)
entry. An emergency shutoff needs to be provided for firefighters when responding to an emergency. The
emergency shutoff should isolate the energy and shut down the system completely. Important
information on the status of the system should be communicated to the fire department in the event of
emergency. This information should include: voltage, error warnings, automatic extinguishing systems
discharge status, battery conditions (temperature), chemical leakage, and automatic ventilation status.
When firefighter respond to an emergency they should use the critical incident dispatch system (CIDS) to
determine appropriate actions. The hazard type of the emergency should first be established: is there a
fire? In a situation where there is a fire: is the ESS involved in the fire? The status of the battery, including
voltage and temperature should be considered. If there are automatic suppressions systems have the
discharged? Visual and audible cues provide pertinent information about the situation, but personnel
safety should not be compromised: is there a video feed available?
Based on the risk assessment performed during the CIDS questioning, and if there is a fire, responders
should determine if the fire should be extinguished. The effect of action on the system in question should
be considered for other systems (ESS, others).

----- Page 6 of 34 -----

3) Summary Observations
3.1) Overview
The Workshop on Energy Storage Systems and the Built Environment provided an opportunity for a
diverse set of stakeholders to discuss energy storage systems. This one-day workshop provided a medium
for discussion that was intended to help guide jurisdictions in evaluating applications for the installation
of ESS and inform firefighting practices.
Concerns about energy storage systems have been confirmed and this technology will continue to
proliferate based on demands. Practices such as peak shaving are being used to regulate the supply and
demand of energy around the world. An example of the proliferation of this technology is shown in New
York City where the building department has seen the more than 100 applications to install ESS in varied
structures in the past year.
Innovation in storage technology is moving fast, and energy storage systems are evolving rapidly. This is
important for energy needs and concerns but makes hazard mitigation difficult, as new technology comes
into the market place the safety concerns are not always adequately addressed.
A panel of subject matter experts provided baseline presentations on energy storage systems from a
variety of perspectives. Workshop participants came from a varied cross-section of interested
stakeholders include insurers, manufacturers, building owners, and first responders.
Workshop participants were distributed into break-out groups, with participants from the cross-section
of interested stakeholders. The three break-out groups: Facility & Building Design Features, Built-In Fire
Protection Systems, and Emergency Response Strategies and Tactics, addressed general questions on ESS
and specific questions to the group topic. The methodology for discussion amongst the three groups was
as varied as the participants, some marching through the break-out questions while others discussed the
topic in chronological order of ESS lifespan.
Several other projects on energy storage systems are currently on-going and were discussed. In addition
to this workshop, the Fire Protection Research Foundation is conducting a project on the Hazard
Assessment of Lithium Ion Batteries used in Energy Storage Systems and a Sprinkler Protection Criteria for
Lithium Ion Batteries Stored in Cartons. NFPA is developing training material for first responders on the
hazards and emergency response considerations for energy storage systems. Other groups are conducting
research and projects on different battery types and chemistries to determine fire and other hazard
characteristics. The Department of Energy has several work groups addressing issues and concerns with
ESS in the built environment.

3.2) General Concepts
Several general concepts came out of discussion during the workshop. One was the scale and location of
ESS in the built environment. The systems themselves often contain many cells, which are clustered into
modules. The battery modules are stored in trays that are contained within the system rack. This is the
first primary scale in the built environment where the shell can have fire protection systems such as
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detection, suppression, and ventilation. Within a building the rack can be contained inside a room that
provides barrier separation from the hazard. This provides protection of the ESS from exposure fire
conditions as well as insulating the system from the rest of the floor. A floor within the building may
contain several racks and act as an enclosure from the rest of the building. Fire protection systems such
as detection, suppression, and ventilation should also be considered for the room and floor the systems
are in. Systems are outside of the building, such as on the roof or in an area away from the building, pose
an exterior exposure. Roof-top mounted systems may have a direct exposure to the building while
systems separated from the building may pose only a limited exterior exposure. Figure 6 shows the scale
of ESS and exposures within the built environment.

Figure 6: Scale and location exposures of ESS in the built environment.

The timeline of an ESS in the built environment is an important consideration. Considering the three stages
of an emergency event associated with ESS, the timeline for the systems and actions are shown in Figure
7. Incident consideration begins with the siting and installation of the system. The intiation of an incident
starts with the detection of conditions that pose a hazard to or from the ESS. Automatic systems, including
notification, suppression, and ventilation begin while emergency responders are enroute. Manual
operations include rescue, suppression, and ventilation. After the fire has been controlled, overhaul
operations begin, which include monitoring for hazardous material situations and observing the ESS for
the possiblity of rekindling. A unique feature of ESS systems is the ability to store stranded energy, which
inherently is an electrical and fire hazard. One of the major concerns for incidents involving ESS is the
extended timeline based on the nature of the system. It is currently unclear who is responsible for the
safe disposal and removal operations after an incident.
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Figure 7: ESS lifespan timeline.

3.3) Key Observations
The following are the specific summary observations from the ESS workshop, based on the presentations,
general and break-out group discussion:
General
 Increasing Applications: System installations of electrical ESSs are generally proliferating, and
marketplace installations are expected to increase based on high consumer demand and limited
energy supplies.
 Support for Alternative Energy Sources: Energy storage is a key supporting technology for
certain alternative energy applications (e.g., photovoltaic systems, wind turbines, etc.) that are
not able to generate electrical energy on a constant basis. As these increase in application, so
too will electrical ESS.
 On-Site Applications: Available technology makes electrical ESS an attractive option for all levels
of end-users, from small single family residential applications to large commercial high-rise
buildings.
 Similar Applications: There are already certain applications that are similar to electrical ESS
installations, such as UPS systems that utilize conventional lead-acid battery back-up, and
although different they offer useful parallels for safety-oriented approaches.
 Categorization: Systems are currently categorized by storage capacity (kilowatt hours). Potential
methods for categorization include: chemistry, productions of combustion, and runoff.
Hazard Characteristics
 Hazard Understanding: The hazards of each specific application are not fully known or
understood.
 Evolving Technology: The technology is constantly evolving and is not steady-state, continually
introducing new enhanced approaches that also have hazard characteristics that are not fully
understood.
 Diversity of Configurations: Each type (e.g., model of equipment) of installation is relatively
unique and this diversity is a challenge for assuring a safe installation.
 Variability of Factors: The technology is not easily categorized because of the variability of all
applicable factors. For example, the hazard characteristics of a single battery type (e.g., LithiumIon) can vary dramatically based on other factors such as geometry, configuration, air-cooled
versus liquid-cooled, size, housing materials, state of charge, battery management system, etc.
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Unique Features: Concerns for electrical ESS include: intense thermal exposure; electrical shock;
hazardous materials and contaminants; stranded electrical energy causing re-ignition; and other
factors (e.g., access depending on geometry, etc.).
Time Dependency: A unique hazard of electrical ESSs using batteries is the problem of stranded
electrical energy, which can cause a fire ground scene to be considered unsafe for long periods
of time (e.g., days, and even weeks) due to thermal runaway causing re-ignition long after the
fire is fully extinguished in accordance with all traditional forms of measurement.

Standards
 Safety Standardization: Providing standardized approaches for addressing safety is critical for
the continued safe proliferation of this technology.
 Application Specific: Specific best practice application oriented information is needed for
emergency responders, end-users, code officials, etc.
 Performance-Based: Installation standard may want to consider a performance-based approach
to allow for rapidly changing technology and innovation.
 Environmental Impact: Runoff and spillage of ESS poses environmental risk based on chemistry
and volume spilled and environmental protection needs to be incorporated in installation,
maintenance, incident response, and decommissioning.
Built-in Fire Protection
 Customization: Fire protection systems will need to be specifically designed and installed for the
particular electrical ESS they are protecting.
 Detection/Sensors: Smoke and heat detection in energy storage rooms are important for
minimizing fire hazard and required by ICC and NFPA 1 for battery rooms. Internal sensors
(temperature, voltage) can provide early warning of a system entering a non-normal state.
 Fire Suppression Agent: A single extinguishing agent with universal applicability for electrical
ESSs is not obvious, and different agents may ultimately provide optimum protection
characteristics depending on the specific application they are protecting.
 Ventilation: The design and functionality of the ventilation system will be critical for manual
firefighting efforts if needed. Where the system is ventilated will be important based on off-gas
hazards and system location.
Manual Fire Fighting
 Site Location: The final installation is a critical consideration for manual firefighting efforts. For
example, systems located on the upper floors of a high-rise building present a much greater
concern than in an isolated one-story structure without exposures.
 Overhaul: Post-fire handling of damaged ESS equipment is a special concern, and in particular
dealing with stranded electrical energy from damaged batteries with inoperative battery
management systems and electrical connections.
 Suppression: Copious amounts of water has shown to be effective for most ESS. Chemistry
specific suppressants will need to be considered for batteries that are reactive with water.
 Electrical Discharge: Voltage leakage hazard through a fire hose water stream can be mitigated
by sufficient distance between responder and energy source. The separation of systems within a
building will need to consider this.
 Personal Protective Equipment: Hazardous materials released from systems may require
additional protection beyond structural firefighter PPE and decontamination of equipment.
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Spill Containment: The chemistry and volume of spilled material dictates containment strategy,
which also must consider environmental impact.
Non-fire incident: Where the ESS itself is not involved with a fire, it should be protected from
external exposure because of hazard potential.
Battery Management System: Information on the system status and battery state of charge is
important for guiding firefighter practices. System shutdown and battery discharge may not be
an option during an incident because of critical operation functions of ESS systems in data
storage operations.

3.4) Future Opportunities
Energy storage systems in the built-environment are still a new topic and pose several opportunities
moving forward.

3.4.1) Research
There are still many questions on the performance of automatic suppression systems for different
battery chemistries and system designs. Stranded energy within system batteries has been identified in
this and previous work as a hazard for first responders and system maintainers. Future work could help
better understand this hazard and mitigation techniques.

3.4.2) Standards
Current codes and standards are being revised to incorporate energy storage systems. Several groups
have identified the need for a standard on siting and installations of ESS in the built environment.

3.4.3) Training
Training with all groups including responders, manufacturers, and installers/maintainers should be
developed and disseminated.

3.4.4) Advocacy
The prevalence and proliferation of ESS is an important component in the energy industry. It will be
important to advocate for safe implementation of these systems in the built environment.
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integrated energy storage systems up to 1MW in size. Mr. Rosewater holds a Professional Engineering
license in the state of New Mexico with a specialty in electrical power engineering. Prior to moving to the
stationary energy storage sector at Sandia National Laboratories in 2011, Mr. Rosewater spent three years
working with the Idaho National Laboratory developing advanced spectral impedance measurement
techniques for hybrid vehicle batteries. He obtained his master's degree in electrical engineering from
Montana Tech.
Paul Rogers, FDNY
FDNY Lieutenant Paul Rogers has been with the New York City Fire Department since 1993. As an FDNY
officer, Lieutenant Rogers is a Fire Prevention Subject Matter Expert (SME) for the FDNY Special
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Operations Command (SOC) Hazardous Materials Operations Unit. Lieutenant Rogers serves on the
FEMA Urban Search and Rescue Task Force (USAR) NYTF 1 as a Hazardous Materials Manager. Lt. Rogers
also serves as an FDNY liaison to the U.S. Marine Corps Chemical Biological Incident Response Force
(CBIRF). He is a voting member representing first responders for National Fire Protection Association
(NFPA) 1991,1992, and 1994 in the development of national standards for chemical protective clothing
(CPC) used by first responders/industry. Lt Rogers is the FDNY representative on the Office of Technical
Certifications and Research for Energy Storage Systems (ESS) within the New York City Department of
Buildings. Lt. Rogers has also participated in numerous projects for the National Grid, Consolidated
Edison, AT&T and Kinder Morgan within the renewable energy sector and the development of
standards, codes and regulation related to first responders. He has written several articles on
renewable energy and first responder/safety issues including “Responses to Energy Storage Systems,”
published in the June 2015 issue of Fire Engineering.
Wendy Wan, NYC Buildings Department
Wendy Wan, RA, is a Code Development Architect at NYC Department of Buildings. She was previously at
NYC Dept. of Design and Construction, Stephen B Jacobs Group, and Superstructures Engineers +
Architects. Wendy is a Registered Architect with the State of New York, a LEED Accredited Professional
with the US Green Building Council, and a Certified Energy Manager with the Association for Energy
Engineers. She completed her college education at the University of Texas at Austin.
Jack Murphy, FSDANY
Jack J. Murphy, MA, is a fire marshal (ret.) and a former deputy chief. Currently he serves as COO of eBIC
Preparedness Solutions and Chairman of the New York City Fire Safety Directors Association. He is a
member of the NFPA High-Rise Building Safety Advisory Committee and the 1620-Pre-Incident Planning
Committee. Over the years, he has published various fire service articles. He is a Fire Engineering
Magazine contributing editor, a PennWell Fire Group executive advisory board member, and he has
received the 2012 Fire Engineering ‘Tom Brennan’ Lifetime Achievement Award.
Andrew Blum, Exponent
Mr. Andrew Blum is a Managing Engineer in Exponent’s Thermal Sciences practice. He is a Registered
Professional Engineer in the states of Maryland, Georgia and Florida, and is a Certified Fire and Explosion
Investigator (CFEI) in accordance with the National Association of Fire Investigators (NAFI). Andrew is a
member of numerous ASTM, ICC and NFPA committees, and he received a BS and MS degrees in Fire
Protection Engineering from the University of Maryland.
Roger Lin, NEC Energy Solutions
Roger Lin is Director of Product Marketing at NEC Energy Solution. He has a Bachelor of Science degree
in Ceramics Engineering from Rutgers University-New Brunswick, and a Master of Engineering in Materials
Science and Engineering from Massachusetts Institute of Technology. He previously worked at A123
Systems, YankeeTek Ventures, and Saint-Gobain Corporation.
Britt Reichborn-Kjennerud, Con Edison
Britt Reichborn-Kjennerud is a Research & Development Specialist at Con Edison, where she designs and
manages projects that introduce new technologies into the company’s infrastructure and operations. She
was a NSF Astronomy and Astrophysics Postdoctoral Fellow at the Columbia University Astrophysics Lab.
Britt has a B.A. in Astronomy from Yale University, a M.A. in Philosophical Foundations of Physics from
Columbia University, and a Ph.D. in Physics also from Columbia University.
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Annex C: Workshop PowerPoint Slides

Figure 8: Presentation by David Rosewater (1 of 5)
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Figure 9: Presentation by David Rosewater (2 of 5)
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Figure 10: Presentation by David Rosewater (3 of 5)
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Figure 11: Presentation by David Rosewater (4 of 5)

----- Page 19 of 34 -----

Figure 12: Presentation by David Rosewater (5 of 5)
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Figure 13: Presentation by Wendy Wan (1 of 2)
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Figure 14: Presentation by Wendy Wan (2 of 2)
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Figure 15: Presentation by Jack Murphy (1/2)

----- Page 23 of 34 -----

Figure 16: Presentation by Jack Murphy (2/2)
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Figure 17: Presentation by Andrew Blum (1/3)
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Figure 18: Presentation by Andrew Blum (2/3)
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Figure 19: Presentation by Andrew Blum (3/3)
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Figure 20: Presentation by Roger Lin (1/3)
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Figure 21: Presentation by Roger Lin (2/3)
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Figure 22: Presentation by Roger Lin (3/3)
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Figure 23: Presentation by Britt Reichborn-Kjennerud (1/2)

----- Page 31 of 34 -----

Figure 24: Presentation by Britt Reichborn-Kjennerud (1/2)
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Figure 25: Presentation by Amaury De La Cruz (1/2)
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Figure 26: Presentation by Amaury De La Cruz (2/2)
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