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Mr. David Fogt 

Registrar of Contractors

Department of Consumer Affairs, Contractors State License Board 

9821 Business Park Drive 

Sacramento, CA 95827

RE: C-46 Energy Storage Jurisdiction

Dear Mr. Fogt:

Southern California Edison Company (SCE) provides this letter for the Contractor State Licensing 

Board's (CSLB' s) consideration as the CSLB evaluates issuing a formal determination on whether 

C-46 contractors should be permitted to install energy storage systems that are paired with 

solar photovoltaic systems. As described below, SCE believes that only those contractors who 

are duly-qualified to install stand-alone energy storage systems should be authorized to install 

such systems paired with solar photovoltaic, in order to ensure their safe and reliable operation 

and the safety and reliability of the distribution grid.

Energy storage systems are a distinct specialty area. While C-46 contractors are licensed to 

install, modify, maintain or repair thermal and photovoltaic solar energy systems, this does not 

directly translate to the expertise needed for energy storage systems. The installation and 

function of energy storage systems, which are a nascent technology that takes many forms and 

sizes, require adherence to specialized safety standards. This remains true when energy 

storage systems are paired with solar systems.

The safety of utility employees, customers, contractors, the environment, and the public at 

large is always SCE's paramount concern. Improperly installed energy storage systems create a 

serious risk of electrocution and fire. Specialized installers who are expert in the unique safety 

codes and standards for energy storage systems mitigate that risk.

In addition, SCE expects that the amount of energy storage systems on the electricity grid, and 

their role in maintaining electric system reliability, will grow rapidly in the coming years. The 

state's ambitious environmental goals, and customers' clean energy preferences, are driving an 

increase in energy storage systems (as well as renewable resources) interconnecting to SCE's
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distribution system. SCE strongly supports the state's climate and air quality objectives, a key 

part of which is our responsibility to ensure the reliable operation of an increasingly cleaner -  

and more complex -  distribution grid. Energy storage systems, properly installed by skilled 

contractors with the necessary expertise, will play a vital role in maintaining that reliability.

Finally, adopted regulations do not support extending energy storage installation qualifications 

to C-46 contractors. A C-46 licensed contractor: " installs, modifies, maintains, and repairs 

thermal and photovoltaic solar energy systems. A licensee classified in this section shall not 
undertake or perform building or construction trades, crafts, or skills, except when required to 

install a thermal or photovoltaic solar energy system."1 An energy storage system is not 

"required to install"  a solar system, but can be connected to a solar system at a customer's 

election. Contractors with a C-10 or "A"  license are properly authorized to install these energy 

storage systems.

SCE urges the C5LB to make paramount the safety and reliability issues cited above when 

determining contractor qualifications for combined solar and energy storage system 

installations.

Thank you for your consideration.

Senior Vice President, Transmission & Distribution 

Southern California Edison

1 16 CCR § 832.46 (emphasis added).
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David L. Geier
Senior V ice President 

Electric Operations

8330 Century Park Court 

San Diego, CA 92123-1530

Tel: 858.650.6131 

Fax: 858.650.6106

February 20, 2018

Dean R. Grafilo, Director 
Contractors State License Board 
Department of Consumer Affairs 
Consumer Information Division 
1625 North Market Blvd., Suite N 112 
Sacramento, CA 95834

RE: Utility C-46 Energy Storage Jurisdiction Letter

It has come to our attention that the CSLB has been asked to issue a formal determination 
clarifying whether C-46 solar contractors will be allowed to install energy storage systems that 
are paired with solar PV systems. It is our understanding that C-46 contractors are not currently 
allowed to install energy storage systems as stand-alone projects due to the fact energy storage 
systems have unique attributes that are vastly different from solar PV systems. A solar PV 
system generates and exports energy, while an energy storage system has two functionalities: the 
charge and discharge mode. Energy storage systems also vary widely in type, size and 
technology. Energy storage encompasses a diverse range of categories, including mechanical, 
thermal and chemical storage. Energy storage systems can also include the use of flywheels, 
ultracapacitors, superconducting magnetic energy storage, molten salt, synthetic oil or 
compressed air and varies wildly in size, with some large commercial systems now hitting the 10 
to 20 MW level.

Because of these factors it is our opinion that energy storage systems have their own separate 
installation and safety standards and codes requirements that must be followed. Requiring 
appropriately trained and licensed contractors for electrical energy storage installation is 
necessary to ensure that these systems are installed properly and safely.

The safety and performance of energy storage systems is a particular concern to California 
utilities because these systems are increasingly interconnected with utilities’ own distribution 
systems. Over the past few years, numerous legislative and regulatory requirements have been 
adopted that direct California’s investor-owned utilities to procure significant energy storage 
capacity, including distributed, customer-side, behind-the-meter storage. California’s Self- 
Generation Incentive Program (SGIP) was reauthorized with increased funding and an emphasis 
on distributed energy storage investments and now 75% of all SGIP funds are dedicated to 
energy storage projects.

It is clear that storage technology is about to become a transformative aspect of the California 
electrical infrastructure. Utilizing energy storage systems helps with grid optimization, the 
integration of distributed generation resources, and the reduction of greenhouse gas emissions.
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However, these systems pose unique and particularly hazardous safety, fire and electrocution 
risks. Improperly installed systems cause hazards and can overheat, explode, arc flashes and 
blasts of electricity, or burst into flames. Installing large energy storage systems in residential 
and commercial settings will require special care.

SDG&E has a responsibility to ensure that integrated customer-side energy storage systems do 
not pose safety risks to customers or our employees, and do not threaten the integrity and 
performance of the electrical distribution system.

We strongly recommend treating energy storage systems as a separate system that may be 
connected to a solar PV system, rather than treating it as a mere add-on. Only contractors 
qualified to install these systems as stand-alone projects should be allowed to install energy 
storage systems when they are paired with PV systems.

/m

Senior Vice President -  Electric Operations
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February 20, 2018

Mr. David Fogt 
Registrar of Contractors
Department of Consumer Affairs, Contractors State License Board 
9821 Business Park Drive 
Sacramento, CA 95827

RE: C-46 Energy Storage Jurisdiction

Dear Mr. Fogt:

Pacific Gas and Electric Company (PG&E) understands that the Contractors State License 
Board is considering the issuance of a formal determination to clarify whether C-46 solar 
contractors will be permitted to install energy storage systems that are paired with solar PV 
systems. We understand C-46 solar contractors are not allowed to install stand-alone energy 
storage systems. PG&E would like to express our support for the proposal that would require 
only contractors qualified to install energy storage systems as stand-alone projects to install 
those same units paired with PV systems.

Energy storage systems can pose unique and potentially hazardous safety risks if not properly 
installed or operated. PG&E believes that as this relatively new technology comes into full 
maturity, installations of energy storage systems in residential and commercial settings should 
require a skilled, highly-trained workforce to ensure the long-term safety of customers, 
workers and the public.

PG&E’s top priority is always the safety and reliability of the services we provide to our 
customers. It is with this is mind that we ask the board to adopt eligibility clarifications for 
contractors that will put safety first.

Resnectfullv.

Mark Krausse
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Los Angeles County Chapter

February 2, 2018 
100 East Corson Street, Suite 410 

Pasadena, California 91103

T 626-792-6322 

F 626-792-6372 

805-642-7994

Mario Richardson, Chair

Contractors State Licensing Board, Licensing Committee 

P.O. Box 26000 

Sacramento, CA 95826

RE: Request for Formal Policy Determination re Scope of C-46 Jurisdiction

Dear Mrs. Richardson,

On behalf of the Los Angeles County Chapter of the National Electrical Contractors Association (NECA), I 

respectfully submit the following question to the Licensing Committee for a formal policy determination.

I. Question Presented:

Shall the C-46 contractor classification be interpreted broadly to allow the installation of energy storage 

systems that are paired with the installation of a photovoltaic solar energy system or shall such work be 

deemed beyond the permissible scope of the classification?

II. Legal Framework:

Business and Professions Code section 7059 only allows specialty contractors to perform work that falls 

under the scope of other contractor classifications if that work is "incidental and supplemental"  to the 

performance of the work in the craft for which the specialty contractor is licensed. Section 832.46 of 

California Code of Regulations, Title 16 additionally restricts C-46 contractor work to work that is 

"required to install a thermal or photovoltaic solar energy system."  (Emphasis provided.)

Hi. Discussion:

It is undisputed that C-46 contractors are not licensed to install energy storage systems as stand-alone 

projects. C-46 contractors may only perform work to install thermal or photovoltaic solar systems. A 

dispute has arisen, however, as to whether C-46 contractors should be allowed to install energy storage

systems that are paired with photovoltaic solar energy systems.T he Businessand  ProfessionsC ode and

Title 16 restrictions on the scope of specialty contractor classifications are sufficiently ambiguous that 

CSLB staff has held that this work is not plainly barred under the Code. CSLB board members, however, 

have stated during Licensing and Enforcement Committee discussions that C-46 licenses are not 

intended to encompass installation of energy storage systems even when they are combined with solar 

PV systems.1 In addition, many building officials do not allow C-46 contractors to install energy storage 

systems on the grounds that these are separate systems that pose unique fire and life safety risks.

1 See minutes of CSLB Licensing and Enforcement Committee Meeting, Solar Industry Update, October 28, 2016.

1
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California energy policy has recently shifted focus to seek a dramatic increase of energy storage capacity 

in California, both at the utility scale and on the customer-side of the meter. As a result, the conflicting 

interpretations over C-46 jurisdiction require immediate resolution by the CSLB. We are requesting that 

the CSLB make a formal factual and policy determination clarifying whether energy storage systems shall 
be treated as separate systems that C-46 contractors may connect to solar PV systems, but may not 

install.

Argument:

For the reasons set forth below, we urge the CSLB to find that that C-46 contractors many not install 
energy storage systems even when paired with a solar PV system.

• Energy storage systems and solar PV systems are separate, unique systems that can work 

together, but have independent utility and different functions.

• Energy storage systems have their own separate installation and safety standards and code 

requirements that must be followed.2

• Energy storage systems pose significant risks and hazards to installers, occupants, utility workers 

and emergency personnel.3 A system that is improperly installed could cause serious public 

safety hazards, including explosion, electrocution, arc flashes, arc blasts, fires caused by shorting 

or a thermal runaway of a battery storage system.4

• Requiring appropriately trained and licensed contractors for electrical energy storage 

installation is necessary to ensure that these systems are installed properly and safely.5 Only 

contractors that are qualified to install these as stand-alone systems should be allowed to install 
them.

• Energy storage systems are not one size fits all systems. There are numerous types of energy 

storage systems and technologies. Energy storage systems also vary widely in size, with some 

customer-side systems exceeding several megawatts.

• A solar PV energy system is an energy production source that can produce energy for use by a 

connected energy storage system, but it is not, itself, an energy storage system.

• An energy storage system is an independent source of stored energy that can be used in parallel 
with a primary source of energy. Energy storage systems predate solar systems and can be 

paired with any energy source -  not just solar.

2 See NEIS, American National Standard, NEC A 416-2016, Recommended Practice for Installing Energy Storage 
Systems (ESS). See also ESAMTAC, Energy Storage and Microgrid Training and Certification (August 2016).
3 Declaration of Dan Henrich.
4 Declaration of Dan Henrich; ESAMTAC, Energy Storage and Microgrid Training and Certification (August 2016) 
at pp. 2-3.
5 NEIS, American National Standard, NECA 416-2016, Recommended Practice for Installing Energy Storage 
Systems (ESS) at p. 23. See also ESAMTAC, Energy Storage and Microgrid Training and Certification (August 
2016).
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• When paired together, a Solar PV system and an energy storage system may be connected in a 

wide variety of configurations. They can be connected to the same inverter or separate 

inverters. They can be grid connected and can be designed to disconnect from the grid during 

power outages and then automatically reconnect to the grid once power from the grid is 

restored. They can also be configured as microgrid systems that operate independently of the 

grid.

• California Public Utility Commission and California Energy Commission proceedings describe 

energy storage systems as separate devices that may be "paired" with other power sources, 
including solar PV systems.6

• Installation guides and the California Electrical Code refer to the "point of connection" between 

an energy storage system and an electric power production source. (See, e.g., NEIS, American 

National Standard, NECA 416-2016, Recommended Practice for Installing Energy Storage 

Systems.)

Kindest regards,

^ 7 .
James M. Willson, Executive Director 

Los Angeles County Chapter NECA

CC: David R. Fogt, Registrar of Contractors

6 The Second Amended Ruling and Scoping Memo states that storage devices are an “addition or enhancement” to a 
NEM-eligible generation facility. (R. 12-11-005, Second Amended Ruling and Scoping Memo (June 29,2017) at p. 
3.) In its “Decision Adopting Net Energy Metering Bill Credit Estimation Methodology for Generating Facilities 
Paired with Small Storage Devices,” the Commission describes energy storage devices as “paired” with solar PV 
devices or other non-solar energy producing systems. (R. 12-11-005, Decision Adopting Net Energy Metering Bill 
Credit Estimation Methodology for Generating Facilities Paired with Small Storage Devices (March 4,2016) at p. 
2.)
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Electrical Safety Foundation International 
1300 N. 17th St. Suite 900 
Arlington, VA 22209 

David R. Fogt, Registrar   

and  the Licensing Committee  

California Contractors State License Board (CSLB)   

Sacramento, CA 95826  

Via Email  To: david.fogt@cslb.ca.gov  

In Reference To: February 23rd, 2018 Licensing Committee Meeting, Agenda Item H 

The Electrical Safety Foundation International (ESFI) would like to provide public comment on Agenda Item  H, 

“Review, Discussion, and Possible Action on License Classifications Authorized to Install Energy Storage  Systems,”  
for the February 23, 2018 Contractors State License Board  Licensing Committee meeting. 

For 24 years, ESFI has been the sole non-profit dedicated exclusively to promoting electrical safety and  preventing  

electrically related deaths and injuries. As a  trusted and valued source for all aspects of electrical safety, we say 

that it would be a mistake for the Contractors State License Board to allow specialty  solar contractors  that are not  

authorized  to install stand-alone energy storage systems to install these  systems as an incidental component to the  

installation of a solar PV system.   

Energy storage systems are fundamentally different systems from solar PV systems and are subject to distinct code  

and safety requirements.  Battery systems capture and store energy, but this  stored energy inherently wants to 

escape.  As a result, energy storage systems pose significant electrocution, fire, explosion and thermal runaway 

concerns.  

This is not just a  customer safety issue, but also a worker safety issue. Electrically related  deaths are one of the 

leading causes of workplace related fatalities.  Treating energy storage systems as a mere incidental addition to  

solar PV systems project will put workers at risk. Only contractors who have been trained in electrical risk 

assessment and electrical theory should work on  these potentially dangerous systems. Appropriate contractor 

licensing requirements  for energy storage systems ensures  that the citizens and workers of California are properly 

protected from the risk of unsafe electrical work.   

The Contractors State License Board Licensing Committee  has an opportunity to stand-up for the safety of all  

workers in California by recognizing  that battery energy storage systems are distinct systems that require 

specialized skill and  knowledge to install. While battery energy storage systems require connection to  a source of 

energy, it does not matter if this energy comes from the grid, a windmill or a solar PV array.  If a contractor is not 

qualified  to install a battery energy system  that is  connected to the grid,  then  he or she should not be allowed to 

install a battery energy system simply because it is powered by a different  energy source.   We urge you not to  be 

expand the scope of specialty  contractor  licenses beyond their intended reach –  particularly where electrical safety 

is at issue. Keep electrical safety a priority in California!  

Thank you,  

Brett Brenner  

President  

Electrical Safety Foundation International  

mailto:david.fogt@cslb.ca.gov


 
 

 
 

 

 

 

 

 

February  22,  2018  

Licensing  Committee  
Contractors  State  License  Board   
c/o  David  R.  Fogt,  Registrar   
P.O.  Box  26000  
Sacramento,  CA  95826  
Email:  david.fogt@cslb.ca.gov  

Agenda  Item  H  - February  23,  2018  CSLB  Licensing  Committee  Meeting  

Dear  Committee  Members:  

I  am  writing  on  behalf  of  the  Coalition  of  California  Utility  Employees  (“CCUE”)  to  support  action  by  the  
Contractors  State  License  Board  (“CSLB”)  to  clarify  that  C-46  contractors  are  not  authorized  to  install  energy  
storage  systems.   The  member  unions  of  CCUE  represent  employees  of  most  the  electric u tilities  in  California,  
both  public  and  private.  In  order  to  reduce  greenhouse  gas  emissions  and  meet  statutory  and  regulatory  
mandates,  the  amount  of  solar  PV  systems  and  energy  storage  systems  connected  to  utility  distribution  
systems  is  increasing  at  a  dizzying  pace.  The  race  to  install  these  systems,  however,  should  not  be  at  the  
expense  of  safety.  

CCUE  is  concerned  that  CSLB  staff  has  been  broadly  interpreting  the  C-46  contractor  license  to  allow  C-46  
contractors  to  expand  the  jurisdiction  of  their  work  to  encompass  electrical  energy  storage  systems.  This  
broad  interpretation  of  C-46  jurisdiction  appears  rooted  in  a  fundamental  misunderstanding  of  the  differences  
and  independent  functions  of  these  systems.   

The  C-46  license  expressly  restricts  the  scope  of  work  to  work  that  is  “required  to  install  a  thermal  or  
photovoltaic  solar  energy  system.”  While  energy  storage  systems  may  be  paired  with  PV  systems,  they  are  
different  beasts.   They  perform  different  functions  and  are  subject  to  different  installation,  permitting  and  
code  standards.   These  systems  also  present  different  fire  and  life  safety  risks  and  are  generally  located  on  
entirely  different  areas  of  a  building  or  property.  The  claim  that  an  energy  storage  system  is  required  to  install  
a  photovoltaic s olar  energy  system  improperly  conflates  two  separate  systems  just  because  they  may  be  
connected  to  work  in  conjunction  with  each  other.   
 
CUE  is  also  concerned  that  CSLB  staff  are  not  fully  cognizant  that  energy  storage  systems  vary  widely  in  size  
type  and  configuration.   Commercial  systems,  in  particular,  are  rapidly i ncreasing  in  size,  with  some  behind-
the-meter  commercial  systems  exceeding  10  megawatts.   These  are  essentially u tility-scale  systems.   Under  
CSLB’s  staff  interpretation,  even  these  systems  could  be  installed  by  C-46  contractors  as  long  as  there  is  also  a  
solar  PV  component.  

mailto:david.fogt@cslb.ca.gov


 

 
   

 

 

 

 

 

 

 

 

David  R.  Fogt,  Registrar  and  Licensing  Committee  
Contractors  State License  Board (CSLB)   
P.O.  Box  26000  
Sacramento,  CA  95826  
Email:  david.fogt@cslb.ca.gov  

February  20,  2018  

 
Re:  February  23,  2018  Licensing  Committee  Meeting,  Agenda  Item  H  
 

Dear  CSLB  Licensing  Committee  Chair  and  Members:  

I  am  writing  on  behalf  of  myself  to  provide  public  comment  on  Agenda  Item  H f or the  February  23,  2018  Contractors  State  
License  Board  (CSLB)  Licensing  Committee  meeting.   This  agenda  item  is  described  as  “Review,  Discussion,  and  Possible  
Action  on  License  Classifications  Authorized  to  Install Energy  Storage  Systems.”  I res pectfully  request  that  these  
comments  be  distributed  to  the Li censing  Committee members  prior  to  the  meeting.  

I  am  a  22-year  veteran  of  the  San  Jose  Fire  Department  and  the  IAFF  primary  representative  to  NFPA  70  (NEC)  and  NFPA  
855  Energy  Storage  Systems  standards.   I  am  a  subject  matter  expert  for  the  National Fire  Protection  Association  on  
energy  storage,  and  President  of  Energy  Response  Solutions,  Inc.  (a  training  and  consultation  firm).   I hav e  contributed  to  
the  IFC  &  NFPA1  fire code  sections  on  PV  &  ESS.  I have   delivered  PV  &  ESS  Safety  training  to  over  7000  firefighters  across  
N.  America  including  the  FDIC  and  the  National Fire  Academy.  I  am  a  credentialed  California  Technical  Education  Teacher,  
Registered  State Fire  Instructor,  and  Certified  State Fire  Officer.  I  am  also  a  member  of  UL  Standards  Technical Panels  
1703  &  1741, and  have  written  for Fire Engineering,  SolarPro,  and  SFPE  magazines.  

In  my  professional opinion,  it  would  be  a  mistake  for the  CSLB  to  treat  energy  storage  systems  as  merely  a  subsystem  of  a  
solar  photovoltaic  (PV)  energy  system.   While  these  systems  can  be  paired  together,  they  are  separate  systems  –  subject  to  
their  own  code,  installation  and  fire  safety  standards.   To  this  point,  the  NEC  identifies  in  article  690.1b  that  a  PV  system  
ends  at  the  PV  system  disconnect,  and  ESS  is  a  different  electrical  system  covered  under  article  706  Energy  Storage  
Systems.   

Moreover,  they  pose  very  different  fire  and  life  safety  risks.   These  risks  include  electric  shock,  fire,  flash burns,  explosion  or  
exposure  to  hazardous  chemicals  and  released  gases.   Banks  of  battery  cells  can  operate  at  hazardous  voltages  and  deliver  
severe electrical shock.  The  battery  bank  must  be  electrically  isolated  while  any  work  is  being  performed on  it  or  upstream  
or  downstream  parts  of  the  system.   
 
A  battery  storage  system can  also cause a n  arc flash if  it suffers  a  short  circuit or fault.  An  arc flash can  have  temperatures  
above 12 ,000°C, capable of   melting metal  or causing fires  and  explosions. Generally higher battery energy  storage  
capacities  have a   higher risk  of  arc flash.  Arcing faults  may cause c atastrophic f ailure of  battery  cell  enclosures  unless  the  
fault currents  are removed  quickly by correctly rated  electrical  protective d evices.  

Lead-acid  batteries  generate hydrogen  and  oxygen  when  charging and  need  adequate v entilation to avoid  an  explosion, 
fire or risk  to occupants. Lithium-ion batteries  do not produce a ny exhaust gases  during normal  operation, but they can  
produce  flammable a nd  toxic  gases  if  there is  a  fault.  The  flammable e lectrolyte wi thin  lithium-ion batteries  makes  them 
prone to ‘thermal  runaway’ if  they are damaged  or overheated  by overcharging. While  some manufacturers  of  lithium-ion 
batteries  have  excellent safety track  records, technologies  vary  widely  in  safety  features.  
 

mailto:david.fogt@cslb.ca.gov


               

 
    

        

 

 

 

 

 

 

 
 

 

 

 

The  clean-up, decontamination and  disposal  of  damaged  equipment may require s pecialized  equipment and  skills, not  to 
mention the ris ks  of  stranded  energy  which may pose ris ks  for extended  periods.  
 
Energy  storage  systems  thus  pose  a  serious  safety  risk  for  occupants  and  installers  if  incorrectly  installed  and  operated.  
Moreover  the  type  of  risk  and  the  measures  needed  to  be  taken  to  reduce  these  risks  vary  depending  on  the  battery  type.    
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Accordingly,  it  is  important  that  these systems  are  installed  by  contractors  and  workers  that  have  the competency  to  
understand  the  varying  technologies  and  configurations  that  they  may  encounter.   Contractors  must  be  well-versed  in  
electrical  theory  and  electrical risk  assessment  methodologies  covering  the  spectrum  of  ESS  technologies  they  install.  

I rec ommend  that  the  CSLB  consider  the  practice  of  the  California  Fire  Code  in  regulating  energy  storage systems  
differently  and  separately  from  solar  PV  systems.   The  California  Fire  Code  sets  forth  separate  permitting  requirements  for 
solar  PV  systems  and  battery  storage systems.  California  Fire  Code  sections  105.7.2  and  608.1.1  set  forth permit  
requirement  for  battery  systems,  while  California  Fire  Code  section  105.7.15  sets  forth permit  requirements  for solar  
photovoltaic  power  systems.   The  California  Fire  Code  also  sets  forth  separate  installation  and  safety  requirements  for  
solar  PV  systems  and  battery  storage systems.  California  Fire  Code  section  608  sets  forth installation  and  safety  
requirements  for  stationary  storage  battery  systems,  while  California  Fire  Code  section  605.11  sets  forth installation  and  
safety  requirements  for  solar  photovoltaic  power  systems.  

Large  energy  storage  systems  may  also  need e ngineered  fire suppression  systems  depending  on  the technology  and  
configuration  used.   One  test  conducted  by  DNV-GL

1 
 of  a  Lithium Ion  battery  storage  system  that  I rev iewed  found tha t  an  

NFPA  13  fire  sprinkler  systems  suppressed  visible  flame,  but  had  no  effect  on  cell  burning  and  combustion  gas  production.  
This  condition  could  lead  to  an  explosion  as  responders  gain  entry  to  the  room  containing  the  energy  storage  system,  
thereby  allowing  oxygen  to  bring  the gas  mixture into  the  explosive  range.  In  addition,  battery  chemistries  differ  among  
ESS  installations,  so  specific  extinguishing  agents  need  to  be  matched  to  the  hazards.   Batteries  that  are  water-reactive  
may  need c hemical  suppressant  systems.  

As  energy  storage  system  technology  advances  and  changes,  the  building  standard  codes  are  constantly  playing  a  game  of  
catch  up.   Accordingly,  it  is  critical that  a  contractor  has  the  skill  and  knowledge  necessary  to  ensure  safe  and  proper  
installation  of  these  systems  beyond  mere  compliance  with  minimum  code  standards.    

Because of  the  specialized  skill  and  knowledge needed  to  install  energy  storage  systems  safely,  only  contractors  that  are  
licensed  to  install  these  systems  as  stand-alone  systems  should  be  allowed  to  install these  systems.  Additionally,  the  scope  
of  the  license  should  ensure the ho lder  is  in  fact  qualified  to  install,  commission,  or  decommission  energy  storage  systems.   

I’ve  attached  several reports  on  various  risks,  and  supporting  background  of  Energy  Storage  Systems  as  exhibits  to  this  
letter.  

Sincerely  yours,  

Matthew  Paiss,  President  - Energy  Response  Solutions  

1 
 Considerations  for ESS  Fire  Safety,  DNV-GL/ConEdison,  Jan  18,  2017  
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“The  flammable  gases  
generated  from  (Li-ion)  
batteries  are  the  main  
source  of  explosion  risk”.  
 
- DNV-GL/ConEd  Report  

Introduction 
The nascent field of large format stationary energy storage systems (ESS) is expected 
to experience significant growth in all sectors of the US power grid, from residential to 
utility installations.  The specific technology and chemistry selected for a particular 
project takes into account many factors with safety taking a higher priority for many of 
these design decisions.  The knowledge base of some ESS chemistries is also at an 
early stage in its development of installation codes, standards, and regulations (CSR).   

The potential risks in early adoption of new technologies includes: 
(1)! An immature regulatory landscape that may impose more stringent requirements 

than necessary out of an abundance of caution.   
(2)! Imposing less stringent requirements than prudent, based on misconceptions of 

the inherent dangers of the underlying technologies. 
(3)! Withholding any approvals until specific requirements and sufficient 

documentation on safety exist. 
This paper will compare, at a high level, the safety considerations for lithium ion 
batteries and vanadium redox flow batteries and how the systems function and 
behave; it will also review the relevant standards for these technologies. 

As of 2017, the current state of operational stationary ESS installations consists 
primarily of commercial and utility scale systems, both in front of and behind the meter.  

© Energy Response Solutions, Inc. | 831-566-3057 | www.energyresponsesolutions.com 
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Drivers for the wide deployment of ESS include both cost reduction and 
operational resiliency as well as additional grid services including, but not 
limited to: 

"! Local and statewide energy storage incentives and mandates. 
"! Reducing demand charges. 
"! Load shifting for time-of-use savings or arbitrage. 
"! Grid support services such as frequency regulation and ramping needs. 
"! Smoothing or buffering of intermittent renewable resources (PV or wind). 
"! Back-up  of  electrical  loads  in  the  event  of  outages. 

ESS  Types 
Table  1:  Common  ESS  Types  

   Common types of ESS
 Pumped Hydro  Water  is  pumped  from  a  lower  elevation  source  during  periods  with  

reduced  electric  rates  to  a  higher  elevation  for  storage  and  used  to  
spin  generators  at  higher  electric  rate  periods.  

Mechanical  Compressed  air  energy  storage  (CAES)  pumps  air  into  caverns  or  
tanks  at  high  pressures  and  releases  it  to  spin  generators.  Flywheels  
utilize  kinetic  energy  in  large  mass  cylinders  spinning  at  high  RPMs  in  a  
vacuum.  When  power  is  needed,  a  motor  engages  to  generate  
electricity  as  the  wheel  spins  down.  

 Thermal Solar  radiation  is  focused  on  a  heat  transfer  medium, w hich  can  be  
used  to  generate  steam  to  spin  generators  for  electrical  energy  
production.  This  heat  can  also  be  stored  in  oils  or  other  fluids,  or  as  
molten  salt,  for  use  when  solar  radiation  is  not  available.  

 Electro-chemical Electrical ener gy  is  stored  via  chemical  bonds  or  via  reversible  
chemical  processes  require  an  electrolyte  and  electrodes  (cathode  and  
anode)  

VRB vs. Li-ion Safety White Paper 
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Electrochemical  Energy  Storage 
Though pumped hydro, based on storage volume of reservoirs and dams, still 
comprises the bulk of energy storage in the US, electrochemical energy storage is 
growing rapidly and poses more unique threats of greater consequence and likelihood 
than does elevated water.  
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Fire safety and prevention personnel should take special note of these 
technologies, as they are among the most rapidly declining in cost, 
technically mature, and are more widespread and are rapidly entering 
markets across the country. 

Within the family of electrochemical batteries, there are several sub-types each with 
their own chemistries and fire protection needs. This paper will introduce this family of 
ESS, then provide further insight into the two most prevalent technologies – lithium-ion 
and flow batteries: 

Lithium Ion: 
LiCoO2 - Lithium Cobalt Oxide 
LiMn2O4 - Lithium Manganese Oxide 
LiNO2 - Lithium Nitrogen Oxide 
LiAlO2 - Lithium Aluminum Oxide 

!"#$#%&"#'($)*(#$%+*#%'+(,-.%/$#0% 
(,%&1,$/'#*%2*10/&)$3%-(4#%&#--% 
2"1,#$3%-+2)12$3%"15#*%61+*0$3%#)&7% 

LiTiO3 - Lithium Titanate ("L-Titanate") 
LiFePO4 - Lithium Iron Phosphate ("LFP") 
LiNiMnCoO2 - Lithium Nickel Manganese Cobalt ("NMC") 
LiNiCoAlO2 - Lithium Nickel Cobalt Aluminum ("NCA") 

!"#$#%&"#'($)*(#$%+*#%'1$)% 
&1''1,%(,%'16(-#% 
)*+,$21*)+)(1,%89:;$<%+,0% 
$)+)(1,+*.%9==7% 

Other Traditional Technologies: Lead-acid (flooded and AGM), Nickel-metal hydride, 
Nickel-iron. 
Sodium Beta: Sodium sulfur most common 
Flow Batteries: Vanadium redox, Zinc-Bromine, Iron-Chromium, Iron-Iron 

Hazards 
There have been concerns expressed from several groups of stakeholders— property 
owners, insurance underwriters, fire service, and building code officials— regarding the 
risk of overheating, flammable and toxic gas production, thermal runaway, leakage of 
hazardous materials, and stranded energy in damaged batteries. 

The ESS field includes a variety of technologies, each with a range of potential hazards 
from corrosive spill hazard to explosion.  The types of ESS and their sub-families, are 
important to understand so that the specific hazards can be better mitigated.   

! 
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Table  2:  Typical  Hazards  by  ESS  Type  

Risk   Lithium-ion Flooded 
 Cell 

Sodium  
 Sulfur 

VRB Flow Battery  

Voltage  

Arc-Flash/Blast  

X  X  X   

X  X  X   

 Toxicity X  X  X  X  

Fire  X  X  X   

Deflagration  X  X    

Stranded Energy  X  X  X   

VRB vs. Li-ion Safety White Paper 
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Electrical  Shock/Arc  Flash  
Electrical shock presents a risk to workers and responders as most ESS cannot be 
“turned off”, with the exception of some flow batteries.  Damaged batteries represent 
the potential for a significant hazard due to the inability to safely discharge the stored 
energy in the damaged cells.  This is referred to as “stranded energy,” and presents 
unique mitigation hazards. Arc flash or blast is possible for systems operating above 
100V.  Most lead-acid ESS in telecom settings operates at below 60V, yet there exists 
the potential for high fault currents present in the case of a short circuit even at these 
relatively lower voltages. Limited safe operating space may place personnel within the 
range of burn injuries.  Li-ion systems operate from 48Vdc – 1000Vdc depending on 
the battery design.  Currently there are limited inverter options suitable for higher 
voltage, but even now higher voltage systems are planned and will likely be coming 
online in the coming years.  

Flow batteries do not have the same short circuit fault current potential present, and 
therefore do not present as great a shock or arc-flash hazard when the system is off. 
This will be discussed in more detail in the Flow Battery section. 
 
Toxicity/Corrosiveness 
Toxicity or corrosion risks may be present in aqueous electrolyte or from off-gassing 
produced by over-heating aqueous or vaporized electrolytes. In addition, lithium ion 
batteries and flow batteries in fire scenarios may generate toxic gas from the 
combustion of hydrocarbons, plastics, or acidic electrolytes. 

Fire/Deflagration  
Fire hazards may be present from either aqueous or vaporized electrolyte.  Charging 
aqueous batteries (including flooded lead acid and AGM can electrolyze water into 
hydrogen and oxygen. Battery systems with this hazard are required to be equipped 
with exhaust & H2 detection systems.   
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When li-ion cells are exposed to temperatures over 80C (176F), they can 
generate heat at a faster rate than they are able to dissipate it, presenting a 
thermal runaway risk.  This can occur from a variety of abuse modes 
including thermal abuse, mechanical abuse, or manufacturing defects.  
Thermal runaway fires can produce temperatures above 2000 F while 
forcefully venting vaporized flammable and toxic electrolyte gases. Gas or aerosol 
based fire suppression systems in Li-ion battery systems are not recommended as 
they are not believed to be effective at stopping either the thermal runaway process or 
complete combustion; as cooling – not oxygen reduction – is required to stop the 
thermal runaway or combustion process.  Deflagration hazards may be present in 
confined or enclosed spaces when flammable gasses, which are produced in great 
quantities, reach both the explosive range and auto-ignition temperatures, especially 
since ignition sources also exist due to the electrical nature of the components.  
Because of the dense configuration of many li-ion cells within modules, prevention of 
thermal runaway is critical and is one of the primary functions of a battery management 
system. 
 
Ventilation,  Exhaust  and  Deflagration  Venting  and  Protection 
!

One of the primary concerns with Li-ion ESS installed inside structures is the 
generation of flammable gasses created during thermal runaway and cell venting.  
Depending on the quantity of cells that enter runaway and the cause and conditions, 
the volume and type of gasses created can vary widely.  Burn tests have identified 
many flammable gasses produced during overheating such as carbon monoxide, 
hydrogen fluoride, hydrogen chloride, methane, ethane, ethylene, and propylene. 
Depending on the rate of heating, gas production can be quite rapid and may vent 
from the cell with significant pressure. In fact, the rate of gas release could exceed the 
design capacity of the exhaust system. 

In the DNV-GL/ConEdison testing, a recommendation was made for ventilation, based 
on the production of HCL found in all battery types tested: 

“…it should be noted that in the smallest unit of failure scenarios, the recommended 
ventilation rate of 0.25 ACH is well below the typical rating of 3-4 for most general 
spaces which means that vanadium redox and Pb (lead) acid batteries, as well as 
single cell failure modes for Li-ion, are already within the implied code requirements “ 
DNV-GL Report1  

Note  that  the  recommendation  assumes  a  single  cell  failure  mode  in  Li-ion  systems.   This  
may  not  be  an  adequate  failure  assumption  to  address  more  significant  failures  with  this  
technology  where  there  could  be  thousands  of  cells  wired  together  within  modules  making  
up  numerous  batteries  in  close  proximity.  This  concern  is  particularly  prudent  for  ESS  
installed  inside  occupied  structures.  

1  Considerations  for  ESS  Fire  Safety,  DNV-GL/ConEdison,  Jan  18,  2017  
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Fire  Suppression 
The need for engineered fire suppression systems is a challenging issue 
for fire protection engineers as current fire codes provide little in the way of 
recommendations. As a result, some are taking a proactive approach in the early 
stages based on limited available test data. Early large-scale fire tests with Li-ion ESS 
have shown that cooling of the cells during suppression is critical to terminating the 
production of flammable combustion gasses.  The density of Li-ion cell configurations 
in large scale ESS, as well as the various cabinet configurations currently found in 
installed systems, make active cooling with water more complex.  An installation sited 
in an existing building equipped with a NFPA 13 fire sprinkler system may still not allow 
the water to contact modules containing cells on fire.  The DNV GL report cites testing 
in which aerosolized suppression system activation suppressed visible flame, yet had 
no effect on cell burning and combustion gas production.  In fact, this condition could 
lead to an explosion as responders gain entry to the container, thereby allowing 
oxygen to bring the gas mixture into the explosive range.  Included in their report are 
recommendations to include a cascading response where suppression systems may 
include a gas phase agent for initial discharge and deploy water if heat buildup 
continues. 
 
More testing is needed on optimal suppression system design and placement to 
provide early system fire protection with indoor Li-ion ESS installations. The NFPA’s 
Fire Protection Research Foundation along with FM, has completed three phases of 
research into managing Li-ion battery hazards as a commodity.2  This has generated 
some data for sprinkler design but primarily for Li-ion stored as a commodity and not 
operational ESS. 

 

22.  http://www.nfpa.org/news-and-research/fire-statistics-and-reports/research-reports/hazardous-materials/lithium-
ion-batteries-hazard-and-use-assessment  
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Flow Batteries 
Flow batteries are based on two aqueous 
electrolytes serving as either the anolyte or 
catholyte with different charges that are 
pumped from separate storage tanks across a 
membrane in a fuel cell.  Power is only 
produced when the pumps and control 
systems are operating, and as such there is no 
risk from “stranded energy” as with other 
electrochemical batteries.   

The chosen electrolyte is based on the system design. This paper will address only 
Vanadium Redox as it is currently considered one of the safest flow battery 
technologies currently available. This is supported by operational and test data 
available from 20+ years of systems installed in various different applications, 
environmental conditions, and product configurations world-wide. 

Vanadium Redox flow battery (VRB) systems do not represent the same fire or 
deflagration risk as Li-ion based ESS for several reasons.  First, the aqueous 
electrolyte is not flammable.  Secondly, any deviation from safe operating parameters 
will trigger the shutdown of system pumps, ceasing to charge the electrolyte, thus 
reducing the chance of accidental H2 generation.  Additionally, the thermal mass of the 
electrolyte tanks can provide an additional barrier to overcharging conditions by 
allowing ambient temperatures during overnight discharge times to cool the VRB for 
the next charge cycle.  In any case, H2 production is a common condition easily 
managed in all lead-acid ESS systems and better understood by fire protection 
engineers in the system design and commissioning if installed indoors. 

While not flammable, the electrolyte in VRB systems is corrosive.  It is comprised of a 
sulfuric-acid based solution similar to common automotive lead-acid batteries.  While 
very similar to lead-acid batteries, VRBs are notably different and deemed safer than 
lead-acid for the following reasons: 

(1)! Unlike traditional lead-acid batteries, VRBs do not include lead. Therefore, VRBs 
do not have the toxicity issues of lead that conventional car batteries do. The 
only potential source of toxicity in a VRB is when Vanadium is in powder form, 
but when mixed into liquid form in the final product and put into operation, the 
VRB is deemed non-toxic due to the very low concentration levels of Vanadium. 

© Energy Response Solutions, Inc. | 831-566-3057 | www.energyresponsesolutions.com 
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Some VRB batteries may also include hydrochloric acid, but will still 
be at a similar pH.  

 (2) VRB has a lower concentration of sulfuric acid further than 
traditional lead-acid batteries.  By comparison, VRB electrolyte is 
15% vanadium, 25% sulfuric acid, 60% water (by volume), whereas lead-acid is 
25% lead, 25% sulfuric acid, and 50% water (by volume). Systems with HCl will 
maintain a similar or slightly higher balance of acid, but will operate at a similar 
pH. 

Leaks must be expected in any hazardous fluid handling equipment. Secondary 
containment is typically designed into the system and standard corrosive PPE is 
required for liquid handling.  Reliability of leak detection and annunciation is 
paramount. One manufacturer has addressed the reliability issues of sensors by 
placing the pump intake at a high level in the tank.  A very small reduction in tank 
volume results in the pump running dry.  This is identified by motor controllers as a 
possible system leak and pumps are rapidly shut down. 

In the area of shock hazard, voltage is produced in a flow battery only when 
electrolytes are present in a cell stack.  If one turns off the motors and fluids drain from 
the cell stack, then the cell stacks have no measurable voltage at the terminals.  This 
happens not only when the battery is forcibly "turned off," but also in "standby mode," 
which the battery enters when it's not actively providing some sort of charge / 
discharge event. This safety characteristic is unique to Vanadium flow batteries. All 
other batteries maintain a charge and potential shock hazard depending on the 
voltage.  Even Zinc-Bromine flow batteries don't have this characteristic because those 
batteries still include a metal plate that holds a charge, presenting a shock hazard.  
Vanadium flow batteries are the only "all-aqueous" flow battery since they don't 
include any metal plates to hold the chemical reactions / charges / voltages. 

Vanadium flow batteries are also unique in terms of short circuit fault current potential, 
because: 

(1)! The internal dynamics of the battery are such that the energy discharge is 
limited to the fluid in the battery at any given time’ typically this is less than 1% 
of total stored energy. 

(2)! Vanadium flow batteries have been tested under dead-short conditions resulting 
in normal system operation, with no danger to either equipment or personnel. 
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Currently flow batteries are found only in commercial, industrial, and utility-
scale applications, however manufacturers are expected to introduce 
residential flow battery systems in the future.  While its efficiency and 
energy density are lower than lithium-ion, flow batteries compensate with longer life 
and safety features that enable lower fire protection requirements. 

Codes, Standards, & Regulations 
Commonly grouped together and referred to as CSR, Codes and regulations typically 
dictate how a product is installed, while product standards dictate the tests a product 
must pass to receive a certification or listing as being safe when used per 
manufacturer’s instructions.   

Codes such as building, fire, or electrical codes are typically updated on a 3-year cycle 
and are adopted on often different schedules at the federal, state, local, tribal and 
territorial level as well as by utilities, insurance interests and other non-regulatory 
bodies. 

Product standards are updated as needed based on either change in building codes or 
identified safety requirements. 
 
The applicable published building, fire & electrical codes including chapter relating to 
ESS include: 
2015 International Fire Code Chapter 12 
2015 International Residential Code Chapter R327 
2015 NFPA1 Fire Code Chapter 52  
2017 National Electric Code Article 706 

© Energy Response Solutions, Inc. | 831-566-3057 | www.energyresponsesolutions.com 
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UL  STANDARDS  
The primary applicable US standards relating to ESS include: 
UL 1642  (Lithium Batteries) 
UL 1973  (Batteries for Use in Light Electric Rail and Stationary Applications) 
UL 1741  (Inverters and Power Electronics) 
UL 9540  (Energy Storage Systems)  

National Electric Code  
Installation requirements for ESS are covered in the National Electric Code (NEC). The 
2017 NEC includes a new article 706 “Energy Storage Systems” for the 2017 cycle. It 
covers classification of systems, requirements for disconnect locations and marking, 
over-current protection, ventilation, and their listing requirements.   
All ESS systems will need to be listed to safety standards such as UL 9540 to address 
the batteries, inverters, and battery management systems.  The system classification 
identifies whether the system is pre-engineered and comprised of listed components, 
or listed as a self-contained system. Adoption of the NEC is typically by state and the 
chart below shows the current cycle in each state as of May 2017. 
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ESS Installed in locations currently on the 2014 NEC (or earlier) have less 
guidance with only article 480 “Storage Batteries” available for reference. 
There is very little code language on safe installation practices for lithium-
ion storage systems prior to the 2017 NEC. 

 
Fire  Codes  
Fire Codes are being updated to address ESS beginning in the 2018 cycle of both the 
International Fire Code (IFC) and NFPA1 Fire Code.  Technical committees are trying to 
ensure that both codes are harmonized to the maximum extent possible in order to 
avoid conflicting recommendations.  The IFC section on ESS in Chapter 12 will 
address the following: 

" Threshold quantities for various chemistries ! 

"! Listing of systems to UL 9540 
"! Requirement for Hazard Mitigation Analysis or Failure Modes Effects Analysis (FMEA) 

related to fire safety  
"! Location & Separation of battery systems 
"! Maximum allowable quantities and sizes requiring permitting based upon kWh 

instead of electrolyte quantities  

In both the 2018 Fire Codes and the draft of NFPA 855, lithium-ion technologies will 
likely see more stringent requirements in terms of fire suppression systems and 
exhaust and/or deflagration venting.  Early testing, such as DNV-GL/ConEdison’s 
research cited above, recommended allowances for reduced fire suppression systems 
in ESS with non-flammable electrolyte. For all others, water-based sprinklers were 
proposed for any ESS with a flammable electrolyte when installed indoors. 

“If a battery is demonstrated to have a non-flammable electrolyte, there may be 
considerations for a reduced water extinguisher requirement, or at a minimum a water 
requirement equivalent to that required for the space without battery systems 
installed.  
The ventilation requirements should be the same for all battery chemistries tested in 
this program because they all have varying degrees of HCl or similar toxic emission 
upon heating.”3  

 
 

3.  Considerations  for  ESS  Fire  Safety,  DNV-GL/ConEdison,  Jan  18,  2017  
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Written into the Fire Codes are exceptions for large scale fire testing.  Key 
to this will be a standardized test protocol that produces repeatable results 
that can be used to determine safe clearances to ensure that a fire in a 
battery remains contained and does not extend to unaffected units, or the structure.  
Flow battery systems will only require exhaust if installed inside structures.  As of the 
writing of this paper, UL is expected to release an outline of investigation covering full 
scale testing.  

Summary 
Vanadium flow battery systems offer significant safety advantages relative to li-ion in 
the areas of short-circuit fault, arc-flash / blast, “stranded” energy, fire suppression, 
and deflagration. This can lead to a streamlined review and approval process for all 
stakeholders involved.  

When comparing available ESS technologies, many factors will affect the final system 
choice.  From a safety perspective, significant questions remain unanswered when it 
comes to protecting Li-ion batteries from thermal runaway, even more so in an 
occupied structure.  If codes continue developing along their current trajectory, many 
structures may not be suitable without significant modifications.  As one designer of 
naval-based ESS explained, “A submarine must have a significantly higher level of 
safety than a land based structure, as escape is impossible”. However, when looking at 
ESS installations inside high-rise apartment dwellings, these structures may be 
compared to submarines standing on end in terms of life hazard profiles. 

This highlights the need for AHJ’s to adopt current CSR, or “look forward” to published 
but not yet adopted codes to assist in the safe installation of ESS.  

! 
! 
! 
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Responses to Energy Storage
Systems 
06/30/2015 

By PAUL ROGERS 

Green energy is emerging and, with it, a new power source; thus, there are risks involved. Energy 
storage systems (ESS) and the strategies involved in renewable energy have many benefits, but with 
every new technology comes new challenges including the hazards and risks to first responders. Fire 
departments are being asked to accept these new technologies and work with the green industry. 
However, we must remind the green industry that it must work with us, too, by producing testing results 
that are important to the fire service during their failure mode analysis. Some new batteries have a 
battery monitoring system (BMS) that is supervised from a remote location to check on the battery 
efficiency and failure modes. The system is designed to shut down if any safety parameters within the 
system malfunction. This article focuses on ESS, which is rapidly being introduced into New York City 
(NYC) in existing and new construction high-rise commercial/residential buildings and will eventually 
reach other municipalities because of its rapid expansion. 

(1, 2) Demand Energy's Joule.System™, in the Paramount Building at 240 East 39th Street in 
Manhattan. (Photos courtesy of Demand Energy.) 
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This burgeoning program in NYC is drawing attention from the private sector as well as the public. 
Consolidated Edison (Con Ed), the public utility company serving NYC, needs to reduce its power 
consumption. NYC is building at a rapid pace, and this expansion is placing such intense demands on 
electrical power that there is a risk that the power sources available today will not be able to produce 
enough energy during the peak hours of the business day. 

Con Ed has put together a program allowing building owners to apply for funding to purchase batteries 
with the qualification that the commercial landlords install these batteries inside their buildings so the 
peak load is reduced during daylight peak consumption time. The batteries will be charged at night 
when power is more readily available, and they will use the stored energy during daytime peak hours 
when demand is high. Although these batteries have clear benefits, this evolving technology presents a 
precarious situation for fire departments that do not have standard operating procedures/guidelines 
(SOPs/SOGs) to deal with them. 

Risks to First Responders 
Battery chemistry. Depending on the individual specifications of the landlord/real estate sector/owner, 
the ESS may differ from one building to another. It is never recommended to have two or more different 
chemistries in the same location or even within the same building. There are more than 80 chemistries 
available from which consumers can choose. These chemistries may be a derivative of chemistry-for 
example, lithium-ion has different variations. Each chemistry has its own set of challenges including 
corrosives, reactive metals, toxic gases, hydrogen, and thermal runaway. 

Electrical issues. If these batteries fail, the fire service would be called in for fire suppression within 
the battery systems. Typically, the fire department shuts down electrical power prior to operating. The 
problem in this case is that even if the power is shut down, there still is STORED energy inside the 
system that can injure or even electrocute a first responder. For example, if water is one of the 
suppressing options, firefighters need to be aware that there is a danger of electrical current flowing 
back to the firefighter's nozzle, thereby increasing the risk of injury to the first responder-a process 
known as "electrical leakage." Initial testing results demonstrate that keeping a safe distance 
(depending on the voltage) and using a fog pattern (rather than a straight stream application) set at 30° 
are recommended and preferable. All testing done by fire protection engineers and the military 
suggests that when you place an additive such as foam, wetting agents, or other suppressive agents 
into the attack line, that additive will make the water more electrically conductive, thereby increasing 
the risk of electrical injury. 

Buildings 
Since there are no codes or standards to follow for these types of systems and their current use, there 
is no guideline for fire protection. The system's location within the building should be in an area to 
which the general public has no access and that will not interfere with the building evacuation routes, 
which would be hard in existing buildings but easier in new construction. Hydrogen sensors should be 
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placed in the battery room or the immediate location of the batteries, and consider ventilation for 
chemistry that produces flammable and potential toxic gases as a by-product of normal battery 
operations. No combustible materials should be stored in the battery storage rooms. Also, post signs 
that warn first responders of the type of dangers involved-i.e., WARNING: BATTERY STORAGE 
ROOM Electric Hazard/Corrosive Hazard. 

NYC requires that someone from the building such as a building engineer or a maintenance supervisor 
take a fire department examination that demonstrates proficiency in the operation of the building's 
battery storage system. The examination basically gives building personnel a three-year certificate of 
fitness (C of F) license for safe operations of a battery system. This C of F holder must meet with fire 
personnel when there is a fire or an emergency that involves these battery systems. A licensed holder 
must be on the premises while the battery system is in operation, which is usually 24 hours a day. 

Some municipalities may need to think about placing these batteries in their own separate room to 
contain the system. This room containment is sufficient in new construction, but in an existing structure 
a separate room could be of tremendous cost to the owner, thereby killing the much needed program 
of energy storage and peak demand shaving. 

The fire service must straddle that fine line with the industry and protect its firefighters from serious 
injury or death. We will never eliminate all the risks associated with ESS, but we can reduce the risk by 
using innovative techniques that can be a compromise for all stakeholders. 

Training and SOPs 
Although we have identified the clear benefits of this technology, there are many gaps between the 
technology and the fire service. Fire departments have been responding to these situations with no 
guidance or SOPs; therefore, first responders are taking a defensive posture at these operations. 
When life safety situations are at stake, this alters the dynamic of the fire/emergency. 

National Fire Protection Association (NFPA) 472, Standard for Competence of Responders to 
Hazardous Materials/Weapons of Mass Destruction Incidents, does not address this type of 
emergency. My findings in this area revealed that the fire service is behind the curve when it comes to 
emergencies/fire operations for this technology. 

Considerations for Fire or Emergency Response Operations 
Ascertain locations of emergency shutoffs for the ESS. 
NFPA 1971, Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire 
Fighting, may need revision. 
Know the system voltage prior to starting operations. 
Identify the chemistry prior to developing an incident action plan. 
After identification, understand the chemistry's potential dangers and risks. 
Be aware of and prepared for potential battery cell explosions. 
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During emergencies without fires, seriously consider heat propagation and monitor for it with a 
thermal imaging camera. 
Fog nozzles are necessary when using water as an extinguishing agent to reduce the risk of 
electrical leakage. 
Do not do overhaul until all stored energy has dissipated. 
Consider postfire decontamination. 

Technology Is Evolving Faster than Fire Protection Demands 
Fire departments need to be aware of this new type of evolving technology. Today's technology is 
rapidly progressing, and the fire service must be able to adapt more quickly. Allowing new technology 
to make its way into structures unchecked is irresponsible and reckless. Do not be afraid to question 
the industry and request cooperation in managing these risks. From my experiences, we have been 
able to find common ground to move forward with this emerging technology, and that is a step in the 
right direction. As new battery chemistry continues to emerge in the ESS sector, these challenges may 
become more hazardous for firefighters. 

Testing and information sharing are essential to the development of SOPs/SOGs; we learn and grow 
from these data. The fire service needs to be vigilant to its new surroundings and new technologies. 
We must continue to be proactive and stay above the curve to protect firefighters and to ensure the 
most effective and safest response. 

Author's note: Thanks to Julie Nacos for her assistance with this article. 

PAUL ROGERS is a lieutenant with the Fire Department of New York (FDNY) Haz Mat Company 1, a 
hazmat manager with the Federal Emergency Management Agency's USAR NY-TF1, and a hazmat 
liaison with the United States Marine Corps' Chemical Biological Incident Response Force. Rogers is 
also a hazmat instructor with the International Association of Fire Fighters, a fire prevention subject 
matter expert for hazmat with FDNY, and an industrial hazmat chief training instructor for Safety 
Consulting Group. 
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607.8.4 Responsibility to provide keys. The building 
owner shall provide up to three standardized fire service 
elevator keys where required by the fire code official, 
upon installation of a standardized fire service key switch 
or switches in the building.

607.9 Shunt trip. Where elevator hoistways or elevator 
machine rooms containing elevator control equipment are 
protected with automatic sprinklers, a means installed in 
accordance with NFPA 72, Section 21.4, Elevator Shutdown, 
shall be provided to automatically disconnect the main line 
power supply to the affected elevator prior to the application 
o f water. This means shall not be self-resetting. The activa
tion o f sprinklers outside the hoistway or machine room shall 
not disconnect the main line power supply.

SECTION 608 
STATIONARY STORAGE BATTERY SYSTEMS

608.1 Scope. Stationary storage battery systems having 
capacities exceeding the values shown in Table 608.1 shall 
comply with Sections 608.1.2 through 608.6.6, as applicable.

TABLE 608.1
BATTERY STORAGE SYSTEM THRESHOLD QUANTITIES

BATTERY TECHNOLOGY c a p a c it v

Lead acid, all types 70 kWh (252 Megajoules)

Nickel cadmium (Ni-Cd) 70 kWh (252 Megajoules)

Lithium, all types 20 kWh (72 Megajoules)

Sodium, all types 20 kWh (72 M egajoulesf

Flow batteries1’ 20 kWh (72 Megajoules)

Other battery technologies 10 kWh (36 Megajoules)
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a. For batteries rated in amp-hours, kWh shall equal rated voltage times amp- 
hour rating divided by 1000.

b. Shall include vanadium, zinc-bromine, polysulfide-bromide, and other 
flowing electrolyte type technologies.

c. 70 kWh (252 Megajoules) for sodium-ion technologies.

608.1.1 Permits. Permits shall be obtained fo r  the instal
lation and operation o f stationary storage battery systems 
in accordance with Section 105.7.2.

608.1.2 Construction documents. The following informa
tion shall be provided with the permit application:

1. Location and layout diagram o f the room in which the 
stationary storage battery system is to be installed.

2. Details on hourly fire-resistant-rated assemblies 
provided.

3. Quantities and types o f storage batteries and battery 
systems.

4. Manufacturer’ s specifications, ratings and listings 
o f storage batteries and battery systems.

5. Details on energy management systems.

6. Location and content o f signage.

7. Details on fire suppression, smoke detection and 
ventilation systems.

8. Rack storage arrangement, including seismic sup
port criteria.

608.1.3 Hazard mitigation analysis. A failure modes and 
effects analysis (FMEA) or other approved hazard mitiga
tion analysis shall be provided in accordance with Section
104.7.2 under any o f the following conditions:

1. Battery technologies not specifically identified in 
Table 608.1 are provided.

2. More than one stationary storage battery technol
ogy is provided in a room or indoor area where 
there is a potential fo r  adverse interaction between 
technologies.

3. When allowed as a basis for increasing maximum 
allowable quantities. See 608.3.

608.1.3.1 Fault condition. The hazard mitigation anal
ysis shall evaluate the consequences o f the following 
failure modes and others deemed necessary by the fire 
code official. Only single failure modes shall be consid
ered.

1. Thermal runaway condition in a single battery 
storage rack, module or array.

2. Failure o f any energy management system.

3. Failure o f any required ventilation system.
4. Voltage surges on the primary electric supply.

5. Short circuits on the load side o f the stationary 
battery storage system.

6. Failure o f the smoke detection, fire suppression, 
or gas detection system.

7. Spill neutralization not being provided or failure 
o f the secondary containment system.

608.1.3.2 Analysis approval The fire code official is 
authorized to approve the hazardous mitigation analy
sis provided the consequences o f the hazard mitigation 
analysis demonstrate:

1. Fires or explosions will be contained within 
unoccupied battery storage rooms for the mini
mum duration o f the fire-resistance-rated walls 
identified in IBC Table 509.1.

2. Fires and explosions in battery cabinets in occu
pied work centers will be detected in time to 
allow occupants within the room to safely evacu
ate.

3. Toxic and highly toxic gases released during fires 
and other fault conditions shall not reach concen
trations in excess oflDLH level in the building or 
adjacent means o f egress routes during the time 
deemed necessary to evacuate from that area.

4. Flammable gases released from batteries during 
charging, discharging and normal operation 
shall not exceed 25 percent o f their lower flam- 
mability limit (LFL).

5. Flammable gases released from batteries during 
fire, overcharging and other abnormal conditions
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shall not create an explosion hazard that will 
injure occupants or emergency responders.

608.1.3.3 Additional protection measures. Construc
tion, equipment and systems that are required for the 
stationary storage battery system to comply with the 
hazardous mitigation analysis, including but not limited 
to those specifically described in Section 608.1, shall be 
installed, maintained and tested in accordance with 
nationally recognized standards and specified design 
parameters.

608.1.4 Seismic and structural design. Stationary storage 
battery systems shall comply with the seismic design 
requirements in Chapter 16 o f the California Building 
Code, and shall not exceed the floor loading limitation o f 
the building.

608.1.5 Vehicle impact protection. Where stationary stor
age battery systems are subject to impact by a motor vehi
cle, including fork lifts, vehicle impact protection shall be 
provided in accordance with Section 312.

608.1.6 Combustible storage. Combustible materials not 
related to the stationary storage battery system shall not 
be stored in battery rooms, cabinets or enclosures. Com
bustible materials in occupied work centers covered by 
Section 608.2.5 shall not be stored less than 3 feet (915 
mm) from battery cabinets.

608.1.7 Testing, maintenance and repairs. Storage bat
teries and associated equipment and systems shall be 
tested and maintained in accordance with the manufac
turer’s instructions. Any storage batteries or system com
ponents used to replace existing units shall be compatible 
with the battery charger, energy management systems, 
other storage batteries, and other safety systems. Intro
ducing other types o f storage batteries into the stationary 
storage battery system, or other types o f electrolytes into 
flow battery systems, shall be treated as a new installation 
and require approval by the fire code official before the 
replacements are introduced into service.

608.2 Location and construction. Rooms and areas contain
ing stationary storage battery systems shall be designed, 
located and constructed in accordance with this section.

608.2.1 Location. Stationary storage battery systems shall 
not be located in areas where the floor is located more 
than 75 feet (22 860 mm) above the lowest level o f fire 
department vehicle access, or where the floor level is more 
than 30 feet (9144 mm) below the finishedf loor o f the low
est level o f exit discharge.

Exceptions:

1. Lead acid and nickel cadmium stationary storage 
battery systems.

2. Installations on noncombustible rooftops o f 
buildings exceeding 75 feet (22 860 mm) in 
height that do not obstruct fire department roof
top operations shall be permitted where 
approved by the fire code official.

608.2.2 Separation. Rooms containing stationary storage 
battery systems shall be separated from other areas o f the

building in accordance with Section 509.1 o f the Califor
nia Building Code. Battery systems shall be allowed to be 
in the same room with the equipment they support.

608.2.3 Stationary battery arrays. Storage batteries, pre
packaged stationary storage battery systems and pre-engi- 
neered stationary storage battery systems shall be 
segregated into stationary battery arrays not exceeding 50 
kWh (180 Megajoules) each. Each stationary battery 
array shall be spaced a minimum 3 feet (914 mm) from  
other stationary battery arrays and from walls in the stor
age room or area. The storage arrangements shall comply 
with Chapter 10.

Exceptions:

1. Lead acid and nickel cadmium storage battery 
arrays.

2. Listed pre-engineered stationary storage battery 
systems and prepackaged stationary storage bat
tery systems shall not exceed 250 kWh (900 
Megajoules) each.

3. The fire code official is authorized to approve 
listed pre-engineered and prepackaged battery 
arrays with larger capacities or smaller battery 
array spacing if large scale fire and fault condi
tion testing conducted or witnessed and reported 
by an approved testing laboratory is provided 
showing that a fire involving one array will not 
propagate to an adjacent array, and be contained 
within the room for a duration equal to the fire- 
resistance rating o f the room separation specified 
in Table 509 o f the California Building Code.

608.2.4 Separate rooms. Where stationary batteries are 
installed in a separate equipment room accessible only to 
authorized personnel, they shall be permitted to be 
installed on an open rack for ease o f  maintenance.

608.2.5 Occupied work centers. Where stationary storage 
batteries are located in an occupied work center, they 
shall be housed in a noncombustible cabinet or other 
enclosure to prevent access by unauthorized personnel.

608.2.5.1 Cabinets. Where stationary batteries are 
contained in cabinets in occupied work centers, the 
cabinet enclosures shall be located within 10 feet (3048 
mm) o f the equipment that they support.

608.2.6 Signage. Approved signs shall be provided on 
doors or in locations near entrances to stationary storage 
battery system rooms and shall include the following or 
equivalent.

1. The room contains energized battery systems.

2. The room contains energized electrical circuits.

3. The additional markings required in Section 608.6 
for  the types o f storage batteries contained within 
the room.

Exception: Existing stationary storage battery 
systems shall be permitted to include the signage 
required at the time it was installed.
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TABLE 608.1 
BATTERY REQUIREMENTS

 NONRECOMBINANT BATTERIES  RECOMBINANT BATTERIES OTHER BATTERIES

REQUIREMENT  Vented (Flooded) Lead
 Acid Batteries

 Vented (Flooded) 
Nlckel-Cadmium 

-  (Ni Cd) Batteries

 Valve Regulated Lead- 
  Acid (VRLA) Cells  Lithium-Ion Cells  Lithium Metal Cells

Safety caps Venting caps 
(608.2.1)

Venting caps 
(608.2.1)

Self-resealing flame- 
arresting caps 

(608.2.2)
No caps No caps

  Thermal runaway
management Not required Not required Required

(608.3)  Not required Required
(608.3)

 Spill control Required
(608.5)

Required
(608.5)  Not required Not required  Not required

Neutralization Required
(608.5.1)

Required
(608.5.1)

Required
(608.5.2) Not required Not required

Ventilation  Required
 (608.6.1; 608.6.2)

 Required
 (608.6.1; 608.6.2)

 Required
 (608.6.1; 608.6.2)  Not required Not required

Signage Required
(608.7)

Required
(608.7)

Required
(608.7)

Required
(608.7)

Required
(608.7)

Seismic protection Required
(608.8)

Required
(608.8)

Required
(608.8)

Required
(608.8)

Required
(608.8)

 Smoke detection Required
(608.9)

Required
(608.9)

Required
(608.9)

Required
(608.9)

Required
(608.9)
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608.4.1 Separate rooms. Where stationary batteries are 
installed in a separate equipment room accessible only to 
authorized personnel, they shall be permitted to be 
installed on an open rack for ease of maintenance.
608.4.2 Occupied work centers. Where a system of 
VRLA, lithium-ion, or other type of sealed, nonventing 
batteries is situated in an occupied work center, it shall be 
allowed to be housed in a noncombustible cabinet or other 
enclosure to prevent access by unauthorized personnel.
608.4.3 Cabinets. Where stationary batteries are con
tained in cabinets in occupied work centers, the cabinet 
enclosures shall be located within 10 feet (3048 mm) of 
the equipment that they support.

608.5 Spill control and neutralization. An approved 
method and materials for the control and neutralization of a 
spill of electrolyte shall be provided in areas containing lead- 
acid, nickel-cadmium or other types of batteries with free- 
flowing liquid electrolyte. For purposes of this paragraph, a 
“spill”  is defined as any unintentional release of electrolyte.

Exception: VRLA, lithium-ion, lithium metal polymer or 
other types of sealed batteries with immobilized electro
lyte shall not require spill control.
608.5.1 Nonrecombinant battery neutralization. For
battery systems containing lead acid, nickel cadmium or 
other types of batteries with free-flowing electrolyte, the 
method and materials shall be capable of neutralizing a 
spill of the total capacity from the largest cell or block to a 
pH between 5.0 and 9.0.

608.5.2 Recombinant battery neutralization. For VRLA 
or other types of batteries with immobilized electrolyte, 
the method and material shall be capable of neutralizing a 
spill of 3.0 percent of the capacity of the largest cell or 
block in the room to a pH between 5.0 and 9.0.

Exception: Lithium-ion and lithium metal polymer 
batteries shall not require neutralization.

608.6 Ventilation. Ventilation of stationary storage battery 
systems shall comply with Sections 608.6.1 and 608.6.2.

608.6.1 Room ventilation. Ventilation shall be provided 
in accordance with the California Mechanical Code and 
the following:

1. For flooded lead-acid, flooded Ni-Cd and VRLA 
batteries, the ventilation system shall be designed to 
limit the maximum concentration of hydrogen to 1.0 
percent of the total volume of the room; or

2. Continuous ventilation shall be provided at a rate of 
not less than 1 cubic foot per minute per square foot 
(1 ftVmin/ft2) [0.0051 m3/s • m2] of floor area of the 
room.

Exception: Lithium-ion and lithium metal poly
mer batteries shall not require additional ventila
tion beyond that which would normally be 
required for human occupancy of the space in 
accordance with the California Mechanical 
Code.

608.6.2 Cabinet ventilation. Where VRLA batteries are 
installed inside a cabinet, the cabinet shall be approved for
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use in occupied spaces and shall be mechanically or natu
rally vented by one of the following methods:

1. The cabinet ventilation shall limit the maximum 
concentration of hydrogen to 1 percent of the total 
volume of the cabinet during the worst-case event of 
simultaneous “boost”  charging of all the batteries in 
the cabinet.

2. Where calculations are not available to substantiate 
the ventilation rate, continuous ventilation shall be 
provided at a rate of not less than 1 cubic foot per 
minute per square foot [ 1 ft7min/ft2 or 0.0051 m3/(s • 
m2)] of floor area covered by the cabinet. The room 
in which the cabinet is installed shall be ventilated 
as required in Section 608.6.1.

608.6.3 Supervision. Mechanical ventilation systems 
where required by Sections 608.6.1 and 608.6.2 shall be 
supervised by an approved central, proprietary or remote 
station service or shall initiate an audible and visual signal 
at a constantly attended on-site location.

608.7 Signage. Signs shall comply with Sections 608.7.1 and 
608.7.2.

608.7.1 Equipment room and building signage. Doors 
into electrical equipment rooms or buildings containing 
stationary battery systems shall be provided with approved 
signs. The signs shall state that:

1. The room contains energized battery systems.
2. The room contains energized electrical circuits.
3. The battery electrolyte solutions, where present, are 

corrosive liquids.
608.7.2 Cabinet signage. Cabinets shall have exterior 
labels that identify the manufacturer and model number of 
the system and electrical rating (voltage and current) of the 
contained battery system. There shall be signs within the 
cabinet that indicate the relevant electrical, chemical and 
fire hazards.

608.8 Seismic protection. The battery systems shall be seis- 
mically braced in accordance with the California Building 
Code.
608.9 Smoke detection. An approved automatic smoke 
detection system shall be installed in accordance with Section
907.2 in rooms containing stationary battery systems.

SECTION 609 
COMMERCIAL KITCHEN HOODS

[M] 609.1 General. Commercial kitchen exhaust hoods shall 
comply with the requirements of the California Mechanical 
Code.
[M] 609.2 Where required. A Type I hood shall be installed 
at or above all commercial cooking appliances and domestic 
cooking appliances used for commercial purposes that pro
duce grease vapors.

Exception: A Type I hood shall not be required for an 
electric cooking appliance where an approved testing 
agency provides documentation that the appliance effluent

contains 5 mg/m3 or less of grease when tested at an 
exhaust flow rate of 500 cfrn (0.236 m3/s) in accordance 
with UL 710B.

609.3 Operations and maintenance. Commercial cooking 
systems shall be operated and maintained in accordance with 
Sections 609.3.1 through 609.3.4.

609.3.1 Ventilation system. The ventilation system in 
connection with hoods shall be operated at the required 
rate of air movement, and classified grease filters shall be 
in place when equipment under a kitchen grease hood is 
used.
609.3.2 Grease extractors. Where grease extractors are 
installed, they shall be operated when the commercial-type 
cooking equipment is used.
609.3.3 Cleaning. Hoods, grease-removal devices, fans, 
ducts and other appurtenances shall be cleaned at intervals 
as required by Sections 609.3.3.1 through 609.3.3.3.

609.3.3.1 Inspection. Hoods, grease-removal devices, 
fans, ducts and other appurtenances shall be inspected 
at intervals specified in Table 609.3.3.1 or as approved 
by the fire code official. Inspections shall be completed 
by qualified individuals.

TABLE 609.3.3.1 
COMMERCIAL COOKING SYSTEM INSPECTION FREQUENCY

  TYPE OF COOKING OPERATIONS  FREQUENCY OF 
INSPECTION

High-volume cooking operations such as 24- 
hour cooking, charbroiling or wok cooking

Low-volume cooking operations such as 
places of religious worship, seasonal busi
nesses and senior centers

 3 months

12 months

Cooking operations utilizing solid fuel-bum- 
ing cooking appliances

  All other cooking operations

1 month

 6 months

609.3.3.2 Grease accumulation. If during the inspec
tion it is found that hoods, grease-removal devices, 
fans, ducts or other appurtenances have an accumula
tion of grease, such components shall be cleaned in 
accordance with ANSI/IKECA C 10.
609.3.3.3 Records. Records for inspections shall state 
the individual and company performing the inspec
tion, a description of the inspection and when the 
inspection took place. Records for cleanings shall 
state the individual and company performing the 
cleaning and when the cleaning took place. Such 
records shall be completed after each inspection or 
cleaning and maintained.

609.3.3.3.1 Tags. When a commercial kitchen hood 
or duct system is inspected, a tag containing the ser
vice provider name, address, telephone number and 
date of service shall be provided in a conspicuous 
location. Prior tags shall be covered or removed.

609.3.4 Extinguishing system service. Automatic fire- 
extinguishing systems protecting commercial cooking sys
tems shall be serviced as required in Section 904.12.6.
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608.2.6.1 Electrical disconnects. Where the stationary 
storage battery system disconnecting means is not 
within sight o f the main service disconnecting means, 
placards or directories shall be installed at the location 
o f the main service disconnecting means indicating the 
location o f stationary storage battery system discon
necting means in accordance with California Electrical 
Code.

608.2.6.2 Cabinet signage. Battery storage cabinets 
provided in occupied work centers in accordance with 
Section 608.2.5 shall have exterior labels that identify 
the manufacturer and model number o f the system and 
electrical rating (voltage and current) o f the contained 
battery system. There shall be signs within the cabinet 
that indicate the relevant electrical, chemical and haz
ards, as required by Section 608.6.

608.2.7 Outdoor installations. Stationary storage battery 
systems located outdoors shall comply with this section, in 
addition to all applicable requirements o f Section 608. 
Installations in outdoor enclosures or containers which 
can be occupied for servicing, testing, maintenance and 
other functions shall be treated as battery storage rooms.

Exception: Stationary battery arrays in noncombusti
ble containers shall not be required to be spaced 3 feet 
(914 mm) from the container walls.

608.2.7.1 Separation. Stationary storage battery sys
tems located outdoors shall be separated by a minimum 
5 feet (1524 mm) from the following:

1. Lot lines

2. Public ways

3. Buildings

4. Stored combustible materials

5. Hazardous materials

6. High-piled stock

7. Other exposure hazards

Exception: The fire code official is authorized to 
approve smaller separation distances i f  large scale 
fire and fault condition testing conducted or wit
nessed and reported by an approved testing labora
tory is provided showing that a fire involving the 
system will not adversely impact occupant egress 
from adjacent buildings, or adversely impact adja
cent stored materials or structures.

608.2.7.2 Means o f egress. Stationary storage battery 
systems located outdoors shall be separated from any 
means o f egress as required by the fire code official to 
ensure safe egress underfire conditions, but in no case 
less than 10 feet (3048 mm).

Exception: The fire code official is authorized to 
approve smaller separation distances i f  large scale 
fire and fault condition testing conducted or wit
nessed and reported by an approved testing labora
tory is provided showing that a fire involving the 
system will not adversely impact occupant egress.

608.2.7.3 Security o f  outdoor areas. Outdoor areas in 
which stationary storage battery systems are located 
shall be secured against unauthorized entry and safe
guarded in an approved manner.
608.2.7.4 Walk-in units. Where a stationary storage 
battery system includes an outer enclosure, the unit 
shall only be entered fo r  inspection, maintenance and 
repair o f batteries and electronics, and shall not be 
occupied for other purposes.

608.3 Maximum allowable quantities. Fire areas within 
buildings containing stationary storage batteries systems 
exceeding the maximum allowable quantities in Table 608.3 
shall comply with all applicable High Hazard Group H occu
pancy requirements in this code and the California Building 
Code.

Exception: Where approved by the fire code official, 
areas containing stationary storage batteries that exceed 
the amounts in Table 608.3 shall be permitted to be 
treated as incidental use areas and not Group H occupan
cies based on a hazardous mitigation analysis in accor
dance with 608.1.3 and large-scale fire and fault condition 
testing conducted or witnessed and reported by an 
approved testing laboratory.

TABLE 608.3 
MAXIMUM ALLOWABLE BATTERY QUANTITIES

BATTERYTECHNOLOGY
MAXIMUM

ALLOWABLE
QUANTITIES?

GROUPH 
OCCUPANCY

   Lead acid, all types unlimited  Not Applicable

  Nickel cadmium (Ni Cd)- unlimited  Not Applicable

 Lithium, all types  600 kWh  Group H-2

  Sodium, all types  600 kWh  Group H-2

 Flow batteries1’  600 kWh  Group H-2

  Other battery technologies  200 kWh  Group H 2C-

a. For batteries rated in amp-hours, Watt-hours (Wh) shall equal rated 
battery voltage times the amp-hour rating divided by 1000.

b. Shall include vanadium, zinc-bronune, polysulfide-bromide, and other 
flowing electrolyte type technologies.

c. Shall be a Group H-4 occupancy i f  the fire code official determines that a 
fire or thermal runaway involving the battery technology does not 
represent a significant fire hazard.

608.3.1 M ixed battery systems. Where areas within build
ings contain different types o f storage battery technolo
gies, the total aggregate quantities o f batteries shall be 
determined based on the sum o f percentages o f each bat
tery type quantity divided by the maximum allowable quan
tity o f each battery type. If the sum o f the percentages 
exceeds 100 percent, the area shall be treated as a high- 
hazard Group H occupancy in accordance with Table 
608.3.

608.4 Storage batteries and equipment. The design and 
installation o f storage batteries and related equipment shall 
comply with Sections 608.4.1 through 608.4.8.

608.4.1 Listings. Storage batteries and battery storage 
systems shall comply with all o f the following:

1. S
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2. Prepackaged and pre-engineered stationary storage 
battery systems shall be listed in accordance with 
UL 9540.

Exception: Lead-acid batteries are not required 
to be listed.

608.4.2 Prepackaged and pre-engineered systems. Pre
packaged and pre-engineered stationary storage battery 
systems shall be installed in accordance with their listing 
and the manufacturer' s instructions.

608.4.3 Energy management system. An approved energy 
management system shall be provided for battery technol
ogies other than lead acid and nickel cadmium fo r  moni
toring and balancing cell voltages, currents and 
temperatures within the manufacturer' s specifications. 
The system shall transmit an alarm signal to an approved 
location i f  potentially hazardous temperatures or other 
conditions such as short circuits, overvoltage (over
charge) or under voltage (over discharge) are detected.

608.4.4 Battery chargers. Battery chargers shall be com
patible with the battery chemistry and the manufacturer' s 
electrical ratings and charging specifications. Battery 
chargers shall be listed and labeled in accordance with 
the UL 1564 or provided as part o f a listed pre-engineered 
or prepackaged stationary storage battery system.

608.4.5 Inverters. Inverters shall be listed and labeled in 
accordance with UL1741. Only inverters listed and labeled 
for utility interactive system use and identified as interactive 
shall be allowed to operate in parallel with the electric util
ity power system to supply power to common loads.

608.4.6 Safety caps. Vented batteries shall be provided 
with flame-arresting safety caps.

608.4.7 Thermal runaway. Where required by Section 
608.6 storage batteries shall be provided with a listed 
device or other approved method to prevent, detect and 
control thermal runaway.
608.4.8 Toxic and highly toxic gas. Stationary storage 
battery systems that have the potential to release toxic and 
highly toxic gas during charging, discharging and normal 
use conditions shall comply with Chapter 60.

608.5 Suppression and detection systems. Suppression and 
detection systems shall be provided in accordance with Sec
tions 608.5.1 through 608.5.5.

608.5.1 Fire suppression systems. Rooms containing sta
tionary storage battery systems shall be equipped with an 
automatic sprinkler system installed in accordance with 
Section 903.3.1.1. Commodity classifications fo r  specific 
technologies o f storage batteries shall be in accordance 
with Chapter 5 o f NFPA 13. I f  the storage battery types 
are not addressed in Chapter 5 o f NFPA 13, the fire code 
official is authorized to approve the fire suppression sys
tem based on full-scale fire and fault condition testing 
conducted or witnessed and reported by an approved lab
oratory.

Exception: Spaces or areas containing stationary stor
age battery systems used exclusively for telecommuni
cations equipment in accordance with Section 903.2.

608.5.1.1 Alternative suppression systems. Battery sys
tems that utilize water reactive materials shall be pro
tected by an approved alternative automatic fire- 
extinguishing system in accordance with Section 904. 
The system shall be listed for protecting the type, 
arrangement and quantities o f storage batteries in the 
room. The fire code official shall be permitted to 
approve the alternate fire suppression system based on 
full-scale fire and fault condition testing conducted or 
witnessed and reported by an approved laboratory.

608.5.2 Smoke detection system. An approved automatic 
smoke detection system shall be installed in rooms con
taining stationary storage battery systems in accordance 
with Section 907.2.

608.5.3 Ventilation. Where required by Section 608.6 or 
Section 608.1.3, ventilation o f rooms containing station
ary storage battery systems shall be provided in accor
dance with the California Mechanical Code and the 
following:

1. The ventilation system shall be designed to limit the 
maximum concentration o ff lammable gas to 25 per
cent o f the lower flammability limit, or fo r  hydrogen 
1.0 percent o f the total volume o f the room; or

2. Continuous ventilation shall be provided at a rate o f 
not less than 1 cubic foot per minute (cfm) per 
square foot [0.00508 m3/(s • m2)] o ff loor area, but 
not less than 150 cfm (4 m3/min).

3. The exhaust system shall be designed to provide air 
movement across all parts o f the floor fo r  gases hav
ing a vapor density greater than air and across all 
parts o f the ceiling fo r  gases having a vapor density 
less than air.

608.5.3.1 Cabinet ventilation. Where cabinets located 
in occupied spaces contain the storage batteries that 
are required by Section 608.6 or 608.1.3 to be provided 
with ventilation, the cabinet shall be provided with ven
tilation in accordance with Section 608.5.3.

608.5.3.2 Supervision. Required mechanical ventila
tion systems fo r  rooms and cabinets containing storage 
batteries shall be supervised by an approved central 
station, proprietary or remote station service or shall 
initiate an audible and visual signal at an approved 
constantly attended on-site location.

608.5.4 Gas detection system. Where required by Section
608.6 or 608.1.3, rooms containing stationary storage bat
tery systems shall be protected by a continuous gas detec
tion system complying with Section 916. The gas detection 
system shall be designed to activate where the level o f 
flammable gas exceeds 25 percent o f the lower flammable 
limit (LFL), or where the level o f toxic or highly toxic gas 
exceeds V2 o f the IDLH.

608.5.4.1 System activation. Activation o f the gas
detection system shall result in all the following:

I. Initiation o f distinct audible and visible alarms in 
the battery storage room.
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2. Transmission o f an alarm to an approved loca
tion.

3. De-energizing o f the battery charger.

4. Activation o f the mechanical ventilation system, 
where the system is interlocked with the gas 
detection system.

Exception: Lead acid and nickel cadmium 
stationary storage battery systems shall not be 
required to comply with Items I, 2, and 3 
above.

608.5.5 Spill control and neutralization. Where required 
by Section 608.6, approved methods and materials shall 
be provided for the control and neutralization o f spills o f 
electrolyte or other hazardous materials in areas contain
ing stationary storage batteries as follows:

1. For batteries with free-flowing electrolyte, the 
method and materials shall be capable o f neutraliz
ing a spill o f the total capacity from the largest cell 
or block to a pH between 5.0 and 9.0.

2. For batteries with immobilized electrolyte, the 
method and material shall be capable o f neutraliz
ing a spill o f 3.0 percent o f the capacity o f the larg
est cell or block in the room to a pH between 5.0 and 
9.0.

608.6 Specific battery type requirements. This section 
includes requirements applicable to specific types o f storage 
batteries. Stationary storage battery systems with more than 
one type o f storage battery shall comply with requirements 
applicable to each battery type.

608.6.1 Lead acid storage batteries. Stationary battery 
systems utilizing lead acid storage batteries shall comply 
with the following:

1. Ventilation shall be provided in accordance with 
Section 608.5.3.

2. Spill control and neutralization shall be in accor
dance with Section 608.5.5.

3. Thermal runaway protection shall be provided for  
VRLA storage batteries in accordance with Section 
608.4.7.

4. The signage in Section 608.2.6 shall also indicate 
the room contains lead acid batteries.

608.6.2 Nickel cadmium (Ni-Cd) storage batteries. Sta
tionary battery systems utilizing nickel cadmium (Ni-Cd) 
storage batteries shall comply with the following:

1. Ventilation shall be provided in accordance with 
Section 608.5.3.

2. Spill control and neutralization shall be in accor
dance with Section 608.5.5.

3. Thermal runaway protection shall be provided for  
valve regulated sealed nickel cadmium storage bat
teries in accordance with Section 608.4.7.

4. The signage in Section 608.2.6 shall also indicate 
the room contains nickel cadmium batteries.

608.6.3 Lithium-ion storage batteries. The signage in 
Section 608.2.6 shall also indicate the type o f lithium bat
teries contained in the room.

608.6.4 Sodium beta storage batteries. Stationary battery 
systems utilizing sodium beta storage batteries shall com
ply with the following:

1. Ventilation shall be provided in accordance with 
Section 608.5.3.

2. The signage in Section 608.2.6 shall also indicate 
the type o f sodium batteries in the room and APPLY 
NO WATER.

608.6.5 Flow batteries. Stationary battery systems utiliz
ing flow  batteries shall comply with the following:

1. Ventilation shall be provided in accordance with 
Section 608.5.3.

2. Spill control and neutralization shall be in accor
dance with Section 608.5.5.

608.6.6 Other battery technologies. Stationary battery 
systems utilizing battery technologies other than those 
described in Sections 608.6.1 through 608.6.5 shall com
ply with the following:

1. Gas detection systems complying with Section 916 
shall be provided in accordance with Section
608.5.4 where the batteries have the potential to 
produce toxic or highly toxic gas in the storage 
room or cabinet in excess o f the permissible expo
sure limits (PEL) during charging, discharging and 
normal system operation.

2. Mechanical ventilation shall be provided in accor
dance with Section 608.5.3.

3. Spill control and neutralization shall be in accor
dance with Section 608.5.5.

4. In addition to the signage required in Section 
608.2.6, the marking shall identify the type o f  batter
ies present, describe the potential hazards associ
ated with the battery type, and indicate the room 
contains energized electrical circuits.

SECTION 609 
COMMERCIAL KITCHEN HOODS

[M] 609.1 General. Commercial kitchen exhaust hoods shall 
comply with the requirements of the California Mechanical 
Code.

[M] 609.2 Where required. A Type I hood shall be installed 
at or above all commercial cooking appliances and domestic 
cooking appliances used for commercial purposes that pro
duce grease vapors.

Exception: A Type I hood shall not be required for an 
electric cooking appliance where an approved testing 
agency provides documentation that the appliance effluent 
contains 5 mg/m3 or less of grease when tested at an 
exhaust flow rate of 500 cfm (0.236 m3/s) in accordance 
with UL 710B.
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609.3 Operations and maintenance. Commercial cooking 
systems shall be operated and maintained in accordance with 
Sections 609.3.1 through 609.3.4.

609.3.1 Ventilation system. The ventilation system in 
connection with hoods shall be operated at the required 
rate of air movement, and classified grease filters shall be 
in place when equipment under a kitchen grease hood is 
used.
609.3.2 Grease extractors. Where grease extractors are 
installed, they shall be operated when the commercial-type 
cooking equipment is used.
6093.3 Cleaning. Hoods, grease-removal devices, fans, 
ducts and other appurtenances shall be cleaned at intervals 
as required by Sections 609.3.3.1 through 609.3.3.3.

609.3.3.1 Inspection. Hoods, grease-removal devices, 
fans, ducts and other appurtenances shall be inspected 
at intervals specified in Table 609.3.3.1 or as approved 
by the fire code official. Inspections shall be completed 
by qualified individuals.

TABLE 609.3.3.1 
COMMERCIAL COOKING SYSTEM INSPECTION FREQUENCY

   TYPE OF COOKING OPERATIONS  FREQUENCY OF 
INSPECTION

High-volume cooking operations such as 24- 
hour cooking, charbroiling or wok cooking  3 months

-    Low volume cooking operations such as places
    of religious worship, seasonal businesses and

 senior centers
12 months

   -  Cooking operations utilizing solid fuel burning
 cooking appliances  1month

All other cooking operations 6 months

609.3.3.2 Grease accumulation. If during the inspec
tion it is found that hoods, grease-removal devices, 
fans, ducts or other appurtenances have an accumula
tion of grease, such components shall be cleaned in 
accordance with ANSI/IKECA C 10.
609.3.3.3 Records. Records for inspections shall state 
the individual and company performing the inspec
tion, a description of the inspection and when the 
inspection took place. Records for cleanings shall 
state the individual and company performing the 
cleaning and when the cleaning took place. Such 
records shall be completed after each inspection or 
cleaning and maintained.

609.3.3.3.1 Tags. When a commercial kitchen hood 
or duct system is inspected, a tag containing the ser
vice provider name, address, telephone number and 
date of service shall be provided in a conspicuous 
location. Prior tags shall be covered or removed.

609.3.4 Extinguishing system service. Automatic fire- 
extinguishing systems protecting commercial cooking sys
tems shall be serviced as required in Section 904.12.6.

609.4 Appliance connection to building piping. Gas-fired 
commercial cooking appliances installed on casters and 
appliances that are moved for cleaning and sanitation pur

poses shall be connected to the piping system with an appli
ance connector listed as complying with ANSI Z21.69. The 
commercial cooking appliance connector installation shall 
be configured in accordance with the manufacturer’s instal
lation instructions. Movement of appliances with casters 
shall be limited by a restraining device installed in accor
dance with the connector and appliance manufacturer's 
instructions.

SECTION 610 
COMMERCIAL KITCHEN 
COOKING OIL STORAGE

610.1 General. Storage of cooking oil (grease) in commer
cial cooking operations utilizing above-ground tanks with a 
capacity greater than 60 gal (227 L) installed within a build
ing shall comply with Sections 610.2 through 610.7 and 
NFPA 30. For purposes of this section, cooking oil shall be 
classified as a Class II1H liquid unless otherwise determined 
by testing.
610.2 Metallic storage tanks. Metallic cooking oil storage 
tanks shall be listed in accordance with UL 142 or UL 80, and 
shall be installed in accordance with the tank manufacturer’ s 
instructions.
610.3 Nonmetallic storage tanks. Nonmetallic cooking oil 
storage tanks shall be installed in accordance with the tank 
manufacturer’s instructions and shall also comply with all of 
the following:

1. Tanks shall be listed for use with cooking oil, including 
maximum temperature to which the tank will be 
exposed during use.

2. Tank capacity shall not exceed 200 gallons (757 L) per 
tank.

610.4 Cooking oil storage system components. Cooking oil 
storage system components shall include but are not limited 
to piping, connections, fittings, valves, tubing, hose, pumps, 
vents and other related components used for the transfer of 
cooking oil, and are permitted to be of either metallic or non
metallic construction.

610.4.1 Design standards. The design, fabrication and 
assembly of system components shall be suitable for the 
working pressures, temperatures and structural stresses to 
be encountered by the components.
610.4.2 Components in contact with heated oil. System 
components that come in contact with heated cooking oil 
shall be rated for the maximum operating temperatures 
expected in the system.

610.5 Tank venting. Normal and emergency venting shall be 
provided for cooking oil storage tanks.

610.5.1 Normal vents. Normal vents shall be located 
above the maximum normal liquid line, and shall have a 
minimum effective area not smaller than the largest filling 
or withdrawal connection. Normal vents shall be permitted 
to vent inside the building.
610.5.2 Emergency vents. Emergency relief vents shall 
be located above the maximum normal liquid line, and
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Executive Summary  

This report  summarizes the main findings and recommendations from extensive fire and  

extinguisher testing  program that evaluated  a broad  range of battery chemistries1. The  

testing was conducted through much of 2016  on behalf of the New York State  Energy 

Research & Development Authority (NYSERDA)  and Consolidated Edison, as they engaged  

the New York City Fire  Department (FDNY) and the New York City Department  of Buildings 

(NY DOB) to address code and training updates required to accommodate deployment of 

energy storage  in New York City.  This executive summary can be read as a standalone  

summary of the main project findings and recommendations.  

The main conclusion  from the program is that installation of battery systems into buildings 

introduces risks, though these are  manageable  within existing  building codes and  fire  

fighting methods  when  appropriate conditions are met. This statement  comes with caveats.  

There is a need to  clarify a universal finding  in this program: in the case  of heating by fire  

or thermal abuse all  batteries tested  emitted toxic gases.  It  should also be noted that the  

average emissions rates of equivalent masses of plastics exceed those of batteries. Every 

battery tested  emitted  toxic gases (Table  3  on page  29);  however,  this can be  expected  

from most fires.  

 

The toxicity of the battery fires was found to  be  mitigated with  ventilation rates common to  

many occupied spaces.  While it was found that all batteries tested emitted toxic fumes, the  

toxicity is similar to a plastics fire  and therefore a precedent  exists. The batteries exhibited  

complex fire behaviors that led to abundant water use;  however,  it was found that  the  

extinguishing requirements for batteries need not be excessive if an intelligent,  system-level  

approach is taken that  includes  external fire ratings, permits direct water contact,  and  

implements internal cascading protections.  The  general outcome of the  work is that fire  

safety  considerations are  applicable to  all the batteries tested in this program, even though  

vanadium redox and lead acid electrolytes were  not observed to be  flammable.  The  data 

presented in this report  supports these  findings.  

All energy systems carry with them a risk in their deployment;  however,  the risks identified  

in this study are manageable within the  limits  of today’s engineering controls for safety  
when appropriate  conditions are  met. The resulting requirements in codes, if implemented, 

are within the boundaries of the typical built environment.  

The batteries tested in this program are as follows:  

1.  Li-ion NCM (4 vendors)  

2.  Li-ion LiFePO4 (2 vendors)  

3.  Li-ion LTO  

4.  Lead  Acid  

5.  Vanadium Redox  

6.  An additional Li-ion  chemistry described as BM-LMP  

1  Chemistries are  listed  in  the  Appendix  on  page 107  
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In addition, at the request of FDNY the following extinguishing agents were tested:  

1.  Water  

2.  Pyrocool  

3.  F-500  

4.  FireIce  

5. An aerosol agent  

Greater detail is found within the report. It is suggested the reader  use cross references  

provided in the report  to see where technical  information can be  found  that supports these  

findings. This report  extensively uses  cross  references so that the  reader can begin reading  

at any point in the document and quickly find relevant supporting  information  in  other  

sections of the document, similar to a handbook.  

   Sections Directly Informing Code Development and Training 

1. Locations (see  Locations and Ventilation  on page  48)  

2.  Ventilation rate (see  Locations and Ventilation  on page  48, as well as the Appendix,  

page  64)  

3. Enclosures, fire  rating  (see  Fire Rating, page  40)  

4.  Capacity limitation dependent on space (see  Room Capacity Limitations  on page  56)  

5.  Clearances (see  Clearances  page  55)  

6.  Monitoring, Detection, and Alarms (see page  55)  

7.  Fire suppression  and Water Requirements  (see  Extinguishing, page  45  as well as the  

Appendix, page  68)  

8. Emergency Response (see  Guidance for  First Responders  on page  34  and Frequently 

Asked Questions, page  8)  
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Consolidated Edison  and NYSERDA Disclaimer  
This report  was prepared  by  DNV  GL  in  the course  of  performing  work  contracted  for  and  sponsored  by  Con  Edison  
along  with  the  New  York  State Energy  Research a nd  Development  Authority  (NYSERDA  (hereafter  the "Sponsors").  
The opinions expressed  in  this report  do  not  necessarily  reflect  those  of  the Sponsors or  the State  of  New York,  and  
reference to  any  specific product,  service,  process,  or  method  does  not  constitute an  implied  or  expressed  
recommendation  or  endorsement  of  it.  Further,  the  Sponsors and  the State  of  New  York  make no  warranties or  
representations,  expressed  or  implied,  as to  the fitness  for  particular  purpose or  merchantability  of  any  product,  
apparatus,  or  service,  or  the usefulness,  completeness,  or  accuracy  of  any  processes,  methods,  or  other  
information  contained,  described,  disclosed,  or  referred  to  in  this report.  The  Sponsors,  the State  of  New  York,  and  
the contractor  make no  representation  that  the use of  any  product,  apparatus,  process,  method,  or  other  
information  will n ot  infringe  privately  owned  rights and  will a ssume no  liability  for  any  loss,  injury,  or  damage  
resulting  from,  or  occurring  in  connection  with,  the use of  information  contained,  described,  disclosed,  or  referred  
to  in  this report.  

1.0  ACKNOWLEDGEMENTS  

The battery and extinguishing companies identified below all donated their products  for testing in this  
project.  The Con Edison  - NYSERDA team and  DNV-GL are extremely grateful for the generosity and  
engagement with this project by these companies.  We also thank the key stakeholders for their 
significant contributions to  this effort.  

NCM 1:   LG Chem  
NCM 2HE and NCM 2HP:  Samsung SDI  
NCM 3:    Kokam (donated  by Sunverge)  
NCM 4:   Electrovaya  
LFP 1:   BYD  
LFP 2:   XO Genesis  
T 1:   Toshiba  
BM-LMP:   C4V  
VR 1:   UET  
PBA 1:   EnerSys  
Aerosol agent:   Fireaway Inc. (product Stat-X)  
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2.0  ACRONYMS  

ACH  –  Air Changes per  Hour  

AHJ –  Authority Having Jurisdiction  

BESS  –  Battery Energy Storage Safety  

BIC  –  Building Information Card  

BMS  –  battery management system  

BM-LMP  –  Bio-mineralized Lithium Mix-Metal Phosphate  

BSCAT –  Barrier-Based  Systematic Cause  Analysis Technique  

BTM –  Behind the Meter  

CFM –  Cubic Feet per Minute  

CFR  –  Code  of Federal  Regulations  

CHP –  Combined  Heat and Power   

CID  –  Current  Interrupt Device  

CO  –  Carbon Monoxide  

COF  –  Certificate of Fitness  

C-rate  –  charge  rate  

DCE  –  Duty Cycle  Eccentricity  

DMC –  Dimethyl Carbonate  

DOB –  New York City Department of Buildings  

DOD –  depth  of discharge  

EC –  Ethylene Carbonate  

EDS –  energy dispersive spectroscopy  

ERPG  –  Emergency Response Planning Guidelines  

ESS  –  Energy Storage System  

FAQ –  Frequently  Asked Questions  

FID –  Flame  Ionization Detector  

FDNY –  New York City Fire Department  

FEA –  Finite Element Analysis  

FMEA –  Failure Mode  Effects Analysis  (sometimes FMECA to include “Criticality”)  
FTA –  Fault Tree Analysis  

FTIR  –  Fourier Transform Infrared  Spectroscopy  

GPM –  Gallons Per Minute  

HAZID –  Hazard  Identification  

HCl  –  Hydrochloric Acid  

HRR  –  Heat Release Rate  

HCN –  Hydrogen  Cyanide  

HF  –  Hydrofluoric Acid  

HVAC –  Heating, Ventilation, and Air Conditioning  

IDLH  –  Immediately Dangerous to Life and  Health  

IE  –  Independent Engineer(ing)  

IEC –  International Electrotechnical Commission  

IFC –  International Fire  Code  

IPP –  Independent  Power Producer  

LEL  –  Lower Explosion Limit  

LMO  –  Lithium Manganese  Oxide  

LTO  –  Lithium Titanium Oxide  

NYSERDA  –  New York State Energy Research and Devlopment Authority  

NAVSEA –  Naval Sea Systems Command  

NCA –  Nickel Cobalt Aluminum  

NCM –  Nickel Cobalt Manganese  
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NIOSH  –  National Institutes for Occupational Safety and Health  

NFPA  –  National Fire Protection Association  

NHTSA  –  National Highway and Traffic Safety Administration  

NRTL –  Nationally Recognized Test Laborator  

PBA –  Lead Acid  

PC –  Polypropylene Carbonate  

PID –  Photo  Ionization Detector   

PPE  –  Personal Protective  Equipment  

PVC –  Polyvinyl Chloride  

SCBA  –  self contained  breathing apparatus  

SEI  –  Solid Electrolyte  Layer  

SOC –  State  of Charge  

SOP –  Standard Operating Procedures  

SME  –  Subject Matter  Expert  

UL –  Underwriter’s Laboratories  
UN –  United Nations  

UPS  –  Uninterruptible Power Supply  

VOC –  Volatile Organic Compounds  

VRLA –  Valve Regulated Lead Acid  

3.0  HOW TO USE THIS DOCUMENT  

This document is designed to inform codes writing procedures and first responder training. 

It  can be considered a reference and handbook for this purpose. To that end, the document  

is structured around key ingredients to codes as determined by a survey of building and fire  

codes for  energy-related machinery and devices.  

Executive  Summary:  This section can be considered the  consolidated list of findings and  

recommendations from the NYSERDA/Con Edison  Battery Energy Storage System  (BESS)  

Program.   

Frequently  Asked  Questions  (FAQ):  This may be considered the main guide of the  

document, cross  referencing to relevant sections of the  report, and also serving as an  

introduction to the topic.  

Recommendations:  This is the main deliverable of the document. Essential data is 

provided to support  recommendations, detail is left to the  appendix. Recommendations and  

main findings are within the document text in  bold.  

Appendix:  Supplementary reference data needed to communicate the  recommendations,  

but as useful reference for detailed background. The Appendix begins on page  64. The  

appendix is separated in two parts that represent supporting information: a literature  review 

on past fire incidents and data, and a confidential appendix which can be  omitted for the  

public version of the  report.  

Literature  References:  Whenever possible, literature  references are provided for  

independent confirmation of facts, figures, or assertions.  Literature  references are  found in  

“References” on page  62.  

Cross references:  Whenever possible, cited data or key conclusions that are  relevant to  

other sections of the report are cross  referenced by section title and page number.  
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Figure  1  Diagram  of  the abuse  chamber  used for  fire testing of batteries in the  

BESS program.  
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4.0  TESTING METHODOLOGY  

Four different lithium chemistries (LTO, LFP, NCM, BM-LMP), lead acid, and vanadium redox 

batteries  represented by nine unique  battery types  from eight different  manufacturers were  

tested. For the Li-ion batteries, these included prismatic cells as well as pouch cells, but no  

cylindrical cells.  For the  lead acid and vanadium redox batteries, testing was largely focused  

on the battery electrolytes.  Modules were also provided for large  scale burn testing. A more  

explicit description of the test plan  is included in the Appendix.  

4.1  Cell Testing  

The cells tested  ranged  from 1.2 to 200 Ah  with an average of 52 Ah, excluding the  

electrolytes from vanadium redox and  Pb acid cells that were tested separately.  All cells 

were heated with 4  kW of  radiant electric heat in  DNV  GL’s Large Battery Destructive  
Testing Chamber (see  Figure  1). All cells were placed inside the chamber and  exposed to  

heat until they vented.  Upon venting, some cells self ignited. For those  that did  not, hot  

point  ignitors were placed in the upper half of the chamber and  were activated once  lower  

explosive limit (LEL)  reached 50% to prevent  an explosion. Many cells vented  enough gas to  

lead to a flashover in the chamber upon activation of ignitors. In addition to heaters and  

ignitors, the chamber also co ntained ambient and inlet air temperature thermocouples, two  

thermocouples on  each  cell (top and bottom) and eight thermocouples in a cube shape  

around the  cell to act as a thermopile for  Heat Release Rate  (HRR)  calculations; four were  

level with the cell while four  more were  eight  inches above the cell. There was one  

additional thermocouple in the center  exhaust stack  of the  abuse chamber.  In addition, 

swatches of Morning Pride  personal protective  equipment (PPE)  material were placed in the  

unit above the cell to assess the effect of the fire and  offgas on  firefighter PPE. Cells were  

tested  at 25, 50, 75 and 100%  state  of charge (SOC).  
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Finally, gas sampling was performed by a Gasmet DX4000  Fourier transform infrared  

spectroscopy (FTIR)  gas analyzer. This analyzer monitored  HCl, HF, HCN, CO, CO2, O2, SO2,  

NO, NO2, and a range  of hydrocarbons including methane, ethane, ethylene, benzene, 

toluene, and others. In line with the FTIR analyzer were MSA Ultima sensors for  O2 

(redundant measurement), H2, and F2/Cl2. A final MSA sensor  was placed directly off the  

chamber for  flammability measurements. The  sensor was of the catalytic bead type and was 

factory calibrated to non-specific gas for total LEL measurement. This was deemed  suitable  

as a range  of flammable gases were  expected and calibration to one may show improper  

bias. In addition to the  gas sensors, gas capture bags were set up  off of the  exhaust stacks.  

Select gas bag samples were taken periodically  and were used to verify the FTIR  

measurement.  

For  extinguishing, the  abuse chamber was fitted  with a 2.5-gallon water can  with an  

extinguishing trigger. The can was pressurized  and engaged by a temperature trigger, with  

an in-line electronic solenoid valve for actuation. Once a single temperature  exceeded  

350°C, the  solenoid was opened and the extinguisher released. The can was typically filled  

with 1 gallon  of liquid  and the entirety of the can was emptied. In one test, an 8-second  

pulse of water was used and the solenoid reclosed. The  extinguisher nozzle was fixed  

approximately 10  inches  from the battery, to  the side and about 3  inches  above. The nozzle  

was a fogging mist nozzle, and because  of proximity, tank pressure was reduced to 75  psi  

to allow better  saturation. All cells for extinguisher testing were tested  at 90% SOC.   

For large scale testing, a purpose built propane torch was constructed  by Fire Force  Inc, a 

builder of aircraft fire  simulators. This torch was used to  apply a direct propane flame to  

battery modules which were placed in a walled off  shipping container  shown in  Figure  2  and  

Figure  24. The “room” was approximately 10  feet  into the trailer, with one end being the  

trailer door  and having a man door installed into a double sheeted drywall wall on the  

interior wall. A series of ventilation ports were cut into the room to allow for  ventilation  

testing (two high, two low, one roof) and positive and negative ventilation were tested.  In  

addition, two sprinklers were piped into the room for  suppression testing. Most tests were  

conducted with doors open;  however, two tests were conducted with the container closed to  

test ventilation.  In addition to the sprinklers, hose  suppression was used at times as  well to  

assess effectiveness.   

4.2  Module Testing  

DNV  GL  and Rescue methods constructed a partially enclosed outdoor  burn facility for  

module testing  for all Li-ion battery types where modules were provided.  The module sizes 

ranged from 7.5 to 55 kWh. Burns were conducted directly with a propane torch. A steel  

grate  was hung from the ceiling of the burn enclosure at a height of approximately 4 feet.  

Below the grate a pan was constructed to catch water runoff from extinguishing. Two  

sprinkler heads were installed above the burn location and were fed  with a 2.5-inch  line  

reduced to a ½-inch  pipe  from a hydrant and pumper  truck at the burn site.  

Venting ports were constructed above and below the burn platform to  control ventilation  

and also provide sampling locations. The doors to the burn chamber  could be opened  or  

closed to test the  effect on oxygen, toxicity, and heat release  of the fire  (Figure  2).  
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Figure  2  Configuration  of module  burn  site.  

5.0  CONSIDERATIONS FOR  SYSTEM TYPES AND LOCATIONS  

As of 2016, energy storage systems to be deployed in the near-term market will have  

differentiating characteristics dependent on  size and location.  

5.1  Large versus  Small Systems  

The testing results have been translated to scalable metrics for ventilation and fire  

suppression such as cubic feet per minute of air  flow per kilogram of battery mass 

(CFM/kg), and gallons per minute of water  flow per  kilogram  of battery  mass (GPM/kg).  

The  reasons for this are several:  

- Large systems and  small systems should have an intelligent means of addressing  

ventilation and fire suppression with a scalable metric that  correlates to size or mass  

is preferable to meet this challenge, rather than an arbitrary kW, kg, or  kWh number  

as what is proposed in some codes  as shown in  Table  5.  

- Energy and power densities for systems are perpetually evolving and  improving. 

Arbitrarily prescribing a kW,  kWh, or kg number to limit system installation threatens 

the value proposition of energy storage  as energy density increases in the future   

- With  an energy density metric, it is possible to translate CFM/kg or GPM/kg to 

CFM/kWh or  GPM/kWh with a single calculation.  The same  can be done for power  

density such as  CFM/kW or GPM/kW.  Lastly, it  is possible to translate these numbers 

to CFM/ft3  or  GPM/ft3  as is used by the fire service. All of these  metrics  are scalable  

and can be  calculated depending  on context.  Because battery mass  and energy 
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density  will continue to  evolve, these metrics will capture that evolution as codes 

follow the market.  

- Many small systems are dependent on the ventilation and fire suppression in the  

space, and there should be a means to  check if the host-infrastructure is adequate.  

- Large systems may have standalone ventilation and fire suppression equipment.  

- One  of the main stakeholders of this report is the New York Fire  Department (FDNY) 

and consequently most  United States (US)  fire  departments, and they are familiar  

with GPM and CFM units of measure for firefighting and codes.  

5.2  Occupied versus Non-Occupied Spaces  

As discussed, the proposed  codes  in many standards organizations  shown in  Table  5  

become increasingly prescriptive as  energy equipment becomes installed in occupied  

spaces.  Non-occupied spaces (such as outdoor  energy storage  containerized systems, for  

example) may have less restrictive codes for ventilation or  clearance.  

The water flow calculations presented in this document are addressing a key issue in battery  

safety.  Over-reaction to the threat of thermal runaway has led to  recommendations for  

“copious amounts of water” [12] for the extinguishing of Li-ion battery systems.  Such 

recommendations inflate the perceived water  requirement. The  reasoning for this is logical;  

it  is better to  err  on the  side of caution and advise  first responders to use as much water as  

possible to indirectly cool the battery system.  

This work has demonstrated that excessive water need not be the design criteria but should  

instead be considered part of an intelligent set of safety systems including external fire  

ratings, internal cascading protections, and fixed suppression systems to slow the  

propagation of  heat in a combined manner such as in  Figure  3.  If a systems approach to  

safety is taken, the water requirements may be  far less  severe.  If and  when first responders  

need to  react to a system fire, it may be the  case that these systems be  overridden or  

overcome, and  a “copious amounts of water” approach may be desired. Therefore  water  

requirements for  the  codes  and  water  requirements for  first responders  are  

separate  issues.  
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Figure  3  A  proactive,  system  level  approach  to extinguishing  need not  prescribe 

excessive  levels  of water  if the system also contains  a  high  external  fire  rating as 

well  as internal  barriers  to prevent  cascading.   

5.3  Challenges with Proposed Codes  

The findings from this program indicate that scalable metrics are appropriate for sizing  

ventilation and water  requirements for building sites. A summary of proposed codes is 

shown in  Table  5. For  example, in proposed  changes to  the  International Fire Code  IFC 608, 

20 kWh is cited as a threshold for battery sizes or 600 kWh in a  room. The code also  

proposes 3  feet  of clearance between battery arrays.  Such prescription threatens the value  

proposition of energy storage  as energy and power density metrics have been increasing  

rapidly over the last 5-8 years.  Limitations placed on kWh or kW will directly limit the  

energy service  function of the device and will therefore limit the market. Providing scalable  

safety metrics,  however,  will allow the market to be flexible within safety limits.  

6.0  NEW FINDINGS AND ANSWERS TO FREQUENTLY ASKED  

QUESTIONS IN  BATTERY  SAFETY  

The findings of this program directly address some common misperceptions in battery 

safety.  It is therefore  helpful to address some  of them directly in this section.  These  

questions are an aggregation of questions posed during the testing program by FDNY,  

battery vendors, and  other  stakeholders. Reading through this section may serve as an  

adequate introduction  to the topic and will also g uide the reader through the report and its 

logic.   
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Question: Are the commonly cited battery fires in the media due to spontaneous 

ignition events? 
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Finding:  No.  The Literature Review (an addendum to this report)  covers several  incidents in  

detail.  In the  context of fire risk and firefighting  for batteries, it is helpful to summarize the  

abuse tests that are performed in  United Nations (UN)  38.3, the  required testing scope in  

order to  ship and transport  Li-ion batteries.  The  eight separate tests in UN 38.3 are a 

checklist of nearly all physically conceivable abuses that could cause a Li-ion battery to  

catch fire. These abuse  events are:  

1.  Low ambient pressure  

2.  Overheating  

3.  Vibration  

4.  Shock  

5.  External  short  circuit  

6.  Impact  

7.  Overcharge  

8. Forced  discharge  

All of the safety incidents commonly reported in the general media can  be traced to  one of  

these abuse mechanisms.  In  some  cases, contaminants in the battery (as a result of 

manufacturing defects) weaken the ability of the battery to withstand instances of these  

eight  abuse factors.  In  general it is good practice to avoid any scenario that may introduce  

the threat of any action on the above list. Three items in particular (overheating, external  

short  circuit, and impact) are the abuse mechanisms that have increased probability of 

occurring to a battery during and after a fire.  The fire is the  most obvious heat source, but  

subsequent heating may occur internally once  batteries reach critical temperatures 

(typically > 120oC). Short circuiting  may occur  by contact with tools or  equipment or by  

water.  Items #7 and #8 are  electrical stimuli that are typically monitored and controlled  by 

active safety barriers in the battery management system (BMS).   

     Question: How is the battery industry handling safety today? 

Finding:  For most energy storage projects that are not paid for  on the  “balance sheet”, the  
typical  independent engineering (IE) verifications that are  required in the wind and solar  

industries apply to energy storage projects as well. During  the technology review, 

performance and safety analyses are performed. This may include a review of accredited  

testing, certifications, and other hazard-consequence  analyses.  DNV  GL  routinely supports 

this with  risk  analysis to look at the overlap between  energy storage system (ESS)  safety  

functions and the site (see “Why Bowtie Models?” on page  74); particularly for energy 

storage projects that are a portfolio of behind-the-meter devices deployed across a 

geography in a mix of commercial and  industrial applications. In  some cases for larger  

installations a heat and plume study is performed to determine clearances. Such practices  

are common to  energy and petrochemical sectors prior to the  commissioning of any new  

project.  IE practices are described in “Present Day Industry-Accepted Safety Practices for  

Energy Storage Projects” on page  31.  

        Question: Are battery fires more toxic than plastics fires? 

 

Finding:  In general, no, with conditional exceptions. The average emissions rate2  of a 

battery during a fire condition  is lower per  kilogram of material than a plastics fire, as 

shown in  Figure  5. However, the peak emissions rate (during thermal runaway of a Li-ion  

2 

 

 Emissions  concentration  in  ppm averaged  over  total mi nutes of  burn  time  
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battery, for example) is higher  per kilogram of material  than a plastics fire, as shown in  

Figure  4.  This illustrates that a smoldering Li-ion battery on a per kilogram basis can be  

treated with the same precautions as something like a sofa, mattress, or  office fire in terms 

of toxicity, but during the most intense moments of the  fire (during the  2-3 minutes that  

cells are igniting exothermically) precautions for toxicity and ventilation should be taken. It  

should be noted that if Li-ion battery modules are equipped with cascading protections, the  

cell failure rate  may be  randomized and staggered. The  randomized failure  rate limits the  

toxicity and heat release  rate  of the fire.  

Figure  4  Peak  ppm per  kg (in  a  0.44 m3  volume) for  all  batteries tested  as 

compared  to  plastics.   
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Figure  5  Average  emissions  per  kg  per  minute of  test  mass for  plastics  vs.  

batteries.   

       

 

Question: Is standard firefighter turnout gear adequate protection from a battery 

fire? 

Finding:  DNV  GL  and the provider  of turnout gear (Honeywell  Morning Pride) did not note  

any degradation  in PPE  as a result of exposure to fire test conditions  when the gear was fit  

on a mannequin and exposed to the fire directly. Therefore  first responders equipped with  

standard issue turnout  gear  may  have protection against the toxic gas species observed  

under these tested  conditions. Limited electrical protection  was also observed  without  

modifications to PPE,  based  on the  conditions tested.  Rescue Methods used  common MSA  

Altair four- and five-gas  sensors during full scale testing.  Rescue Methods worked with 

Honeywell to test turnout gear, and one  recommendation from Honeywell  was that the  

general materials integrity of the jacket  should withstand most species measured in this 

testing, cautioning that sustained exposure to Chlorine can have a degrading  impact on  

Kevlar. It should be noted that HCl was observed in the battery fire testing and  is also a 

common byproduct from combustion of most plastics in similar or greater  volumes  per  

kilogram of burning material.  
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Finding:  Because the volume of the room plays a key role in dictating  the ventilation rate, 

batteries in larger rooms will have lower air changes  per hour (ACH)  requirements and the  

size of the room will have a buffering effect  on  the peak emission rate.  The vanadium redox 

and lead acid batteries tested both  emitted HCl upon heating, starting as low level emission  

around 100-150OC (see  Figure  6  for vanadium redox and  Figure  8  for lead acid). The  

findings in this program demonstrate that HCl plays a dominating role in ventilation rates  

for battery systems in enclosed spaces, and because it is common  for all battery types 

tested, ventilation recommendations (in section “Locations and Ventilation” on page  48) are  

universal for all battery types.  However, it should  be  noted that  in the smallest  unit of 

failure scenarios, the  recommended ventilation  rate of 0.25  ACH  is well  below  the 

typical  rating of 3-4 for  most general  spaces  which  means that  vanadium  redox  

and  Pb  acid  batteries,  as well  as single cell  failure modes for  Li-ion, are already  

within  the  implied  code requirements  [27]. Laboratories and  server rooms can have  

ACH  ratings > 10.  Therefore the  DNV  GL  recommendation for  air change  rates > 0.25 ACH  

is already exceeded by the building code in most instances.   

Figure  6  Emission of HCl w as  observed from  the  vanadium redox  flow  electrolyte.  

Figure  7  Heating  of  Pb  acid electrolytes yielded SO2.  
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Figure  8  Heating  of  Pb  acid electrolytes also  yielded HCl.  

Question:  What  kind of testing is  required to certify  the safety of battery systems?  

Finding:  The most commonly referenced  system level safety testing the US is Underwriters’  
Laboratories (UL)  1973. For marine and automotive applications,  International  

Electrotechnical Commission (IEC)  62619 covers many of the same  requirements and has a  

more  stringent pass/fail criteria to demonstrate limited cascading between  cells.  The US  

market appears to be moving toward UL 9540 which includes aspects of UL 1973 and UL  

1642 (for cell safety) in addition to an up-front failure mode effects analysis (FMEA)  on the  

system. As mentioned, such a risk analysis should also include the site  under unique  

circumstances.  It is also conventional to have a third party inspect the field installation and  

provide a sign-off for the local  authority having  jurisdiction (AHJ).  Globally, UN 38.3 is the  

most widely recognized safety testing for  Li-ion battery cells and is a requirement for  

transport.  The  results of  accredited  safety testing are an indicator o f the strength of the  

barriers in a risk model.  

          Question: Do battery systems have an external display of error or health? 

 

Finding: Yes, in a limited  way. The present  codes in NYC for uninterruptible power supplies 

(UPS) require  a system health display panel. A primary concern for first responders is lack  

of knowledge about what is happening inside the battery system upon being called to the  

scene, which impacts their ability to deem a site under  control and then hand off  control of 

the site to the property  owner.  Some  engagement between the  systems integration, project  

development, and first responder community is needed to discuss viable solutions for  such a 

panel, or whether the intent of the panel is met through other means (such as an  

emergency hotline or  remote data access by phone  or other means).   

 
   Question: Do battery fires re-ignite? 

Finding:  The term “re-ignition” is a misnomer  due  to  the factors described in the incident  

history of Li-ion battery fires. Upon  extinguishing, great care must be taken to assure that  

all  electrical, thermal, and mechanical  abuse  factors  are neutralized. If any remain, it  
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poses a hazard for  continuing  (not reigniting) the fire.  Therefore, it  is technically inaccurate  

to classify this as re-ignition  if the primary cause  of the hazard is never removed. After a  

fire, a battery module  or system may contain  intact cells that still have DC voltage, meaning  

there is a persisting electrical hazard (Figure  11).  Water  shorting out cells, for  example, is a 

genuine risk (such as was witnessed in the Chevrolet Volt crash test or  the flooded Fisker  

cars [15,17  ]).  In addition, if the heat deep within the module has not  been  removed, that  

heat poses a continued thermal hazard. DNV  GL  and Rescue  Methods witnessed this effect  

during testing as shown  in Figure  9, the  cause of which was lack of thermal barriers 

between cells.  DNV  GL  replicated this effect in more  controlled  laboratory tests in  Figure  10  

and observed that temperatures between battery cells can be 300oC higher  than the  

exterior  during extinguishing unless there is a means to  remove internal heat or prevent its 

transfer between  cells.  First responders should be cognizant that all electrical, thermal, and  

mechanical hazards have been mitigated before deeming a battery fire  fully extinguished.   

Figure  9  Observation  of delayed cascading  during  extinguishing in a  module  

without cascading protections.   
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Figure  10  Internal  temperatures  between  two sandwiched  pouch cells remained  

300OC  higher  than external  faces  after  aerosol  extinguishing.  

      Question: What is the time frame for delayed ignition? 

Finding:  As mentioned  previously, this is entirely dependent on  whether the  residual  

hazard is electrical, thermal, or mechanical. If these measures are  successfully taken then  

no delayed ignition should occur. In the case  of thermal abuses,  DNV  GL  witnessed the  

residual heat cause a delayed cascading event  within 10 minutes (Figure  9).  In the case  of  

the Chevrolet Volt that shorted across the battery pack terminals after the  National Highway 

and Traffic Safety Administration  (NHTSA)  crash test, the shorting event occurred 3 weeks 

later and was a separate hazard  event.[15]  Again, the delay was due to the time it took for  

the coolant to leak and  eventually short the battery; it  is not the battery that caused this 

event but the electrical  short hazard introduced by the  coolant.  Therefore if all electrical, 

thermal, and mechanical hazards are monitored, controlled, or mitigated, first responders  

should be able to assess the  risk of delayed cascading during the first encounter and the  

minutes or hours after  extinguishing.  The signature  of any abuse due to shorting, crush or  

penetration, or residual  heating  is climbing temperature  on the battery, which can be  

monitored by the  system thermocouples (if they are  still  intact and the data is provided  

remotely) or by handheld thermal sensors or  infrared (IR)  monitors.   

          

  

Question: How long does it take for a Li-ion battery to go into thermal runaway if 

it is being heated? 

Finding: This is entirely dependent  on the  rate of heat absorption into the cell. DNV GL 

observed in this work and other projects that a  Li-ion cell can smolder  for more than an  

hour if the heat transfer rate is slow. By the time temperatures near  120oC (248oF) were  

reached,  all Li-ion batteries tested (including LiFePO4  and  LTO chemistries) offgassed and/or  

ruptured.  If the  threshold near  120oC is never crossed, the battery may smolder and gas 

but never ignite unless an external spark ignites the  flammable gases emitted from it. It  

was common for  LiFePO4, LTO, and the  BM-LMP  cells to offgas without flame, but their  

offgas composition contains the same  flammable and toxic constituents as batteries with  

higher temperature failures.  
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Finding: During extinguishing, Rescue Methods did not observe transfer of electricity from 

the battery system to the first responder through the water  stream. Some sparks were  

observed to be thrown  during the active burning of some modules. Arcing was also  

observed  when  the batteries were disturbed, such as when  they shorted to metal tools or  

the  metal support structure upon which they sat. The turnout gear  worn by the  firefighters 

provided adequate protection such that no evidence of shock was observed  in the conditions 

of this test program.  The shock hazard, as shown in  Figure  11, is presented by stranded  

energy in the form of DC voltage in the remaining intact cells.  

Figure  11  Some  battery modules  still  had  residual  voltage  after  fire testing.  

     Question: Is water a sufficient extinguisher? 

Finding:  DNV  GL’s testing indicates that all extinguishers have benefits and drawbacks, 

including water.  Every extinguisher that  DNV  GL  tested put out the flame  on battery cells,  

including the aerosol. During module testing, all extinguishers tested knocked  out the flame  

but in some cases the  flame  rekindled once the  stream was removed because the battery  

was still hot enough to ignite the  remaining  fuel. The ideal battery fire  extinguisher would  

be both highly thermally conductive and highly electrically insulating. Water is the former  

but not the latter.  Deionized water is both until  it dissolves contaminants from the fire, 

including ash and soot.  In  DNV  GL’s testing, it  was found that other  extinguisher types could  

have  equal or poorer heat removal capability to  water, but all were  electrically conducting  

due to their reliance on  water as a dispersion medium. (Figure  29) Gases or aerosols—due  
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to lack of thermal mass, poorer  thermal conductivity,  and restricted access to the deep  

seated heat source—were not observed to cool as quickly as water can. Water has been  

historically recommended because  of its ability  to cool. It was found in  this program that  

water cools best, with the potential unwanted side effect of shorting other  cells.  

       Question: Do battery fires require “copious amounts of water” to be extinguished? 
Finding:  If appropriate precautions are not taken to limit propagation between cells in the  

module design, then the water requirement could  be described as “copious” as  NHTSA  

coined in 2012. [12]  The total content of water  is entirely dependent on the water  contact  

efficiency with the battery cells (see the  regression coefficients in  Figure  36  and the  GPM  

example calculation  in  Figure  31). This language is anecdotal, however, and requires some  

quantification. As mentioned previously, lack of barriers between  cells results in a deep  

seated and inaccessible fire  (Figure  10). In  practice, this would result  in the use  of more  

water to  cool and contain a battery fire. The use of “copious amounts of water” potentially 

introduces the unwanted effect of shorting out other cells, thereby perpetuating the fire. 

The water amount need not be so  excessive if heat can be  removed  from the  between cells,  

and cells have limited ability to transfer heat to nearest neighbors.  DNV  GL  found through  

testing that this water amount could be increasingly reduced as strategies to direct cooling  

were learned  (Figure  12).  

Figure  12  Progression toward  lower  water  requirements as  testing progressed.  

    Question: What about fire suppressants other than water? 

Finding:  DNV  GL  found that all suppressants put out the fire including  an aerosol. The  most 

effective agent for cooling the fire is water.  (Figure  29)  

     Question: Is FM-200 sufficient as an extinguisher? 

Finding:  FM-200 was not included in the test scope of this program.  DNV  GL  did,  however,  

obtain permission from  an aerosol manufacturer to test their product, which succeeded in  

putting out the cell fire. The testing demonstrated that  the  cooling rate  for the aerosol is 

less than the liquids (a direct consequence of less thermal mass in a gas versus  a liquid, 

and a reduced effect from latent heat of vaporization).  If gases have less thermal mass to  

take heat from the batteries, then it  is the assumption that all gas-based agents are likely 

to cool less  effectively than water. For this reason  DNV  GL  recommends a staged  

extinguishing approach as demonstrated in “Extinguishing” on page  45.  

      Question: Do the other extinguishing agents produce slippery conditions? 

Finding:  DNV  GL  and Rescue  Methods did not observe slippery conditions with the use  of 

the other agents during full scale testing.  
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             Question: Is a 2 ½” hose line with 250 GPM sufficient to put out a battery fire? 
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Finding:  This is dependent on the battery size. DNV  GL  translated the  findings to both  

GPM/kg  and  GPM/kWh of battery mass (Table  9).  In general, however, if the water  can be  

targeted at the deep seated, highest temperature areas of the  fire, it will be most effective  

and the water  requirement will be reduced. It is demonstrated as an example  in  Table  7  

that 250 GPM is more than sufficient for typical battery systems on the market, provided  

that cascading protections and external fire  rating requirements are  also met.  

       Question: How much water is required? 

Finding:  DNV  GL  found in  Table  17  and  Table  9  that  a minimum of 0.07-0.1  GPM/kg  of 

battery mass  can accomplish both extinguishing and cooling for a battery fire.  

Accommodation for increasing energy density can be accomplished by dividing  this number  

by the  energy density (in Wh/kg) and multiplying by 1000 Wh/kWh.  

       

    

Question: Is the water extinguisher requirement for batteries significantly larger 

than what is already prescribed in the built environment? 

Finding:  This need not  be the  case  if battery firefighting  is considered at a system level. 

Residual heat within a battery  module was observed in this program, demonstrating  that  

battery modules equipped  with  cascading protections will  have  a  reducing effect  

on water  flow  rate requirements  because  less  water  will  be  needed to cool  them.  

This has direct economic impacts on the overall system installation cost.  In  Figure  3  it is 

demonstrated how the combined effect of external fire rating and internal cascading  

protections works to limit the heat transfer rate, thereby reducing the overall water  

requirement.  Overall, DNV  GL  found that it  is conceivable that water flow requirements 

would not exceed what is  already seen in the built environment when appropriate room 

volumes are  considered (compare  Table  10  with  Table  8).  

      Question: Will the ventilation rates for battery systems be excessive? 

Finding:  They need not be  excessive if the appropriate room volume is considered.  

(Compare  Table  10  with  Table  8.)  

       

  

Question: What are the differences in safety considerations for outdoor vs. indoor 

systems? 

Finding:  Please  cross reference to “considerations for  System Types and Locations”.  
Outdoor  systems may have  standalone safety equipment such as fixed  suppression systems 

and  self-contained  heating, ventilation, and air conditioning (HVAC). The  risk to  the site  

should be considered in all cases,  which is intended to be addressed in the FMEA required  

by UL 9540. A risk analysis should guide  stakeholders toward a probable risk consideration  

during project commissioning. This probability-driven analysis helps avoid over- or under-

prescribing safety systems.  Outdoor  systems may have different or lower ventilation  

requirements, but their  size and proximity to inhabited structures may  dictate heat or plume 

considerations in the event of fire (see  Figure  25  and considerations in”  Present Day  

Industry-Accepted Safety Practices for  Energy Storage Project” on page  31).  Indoor  systems 

may be dependent  on the building  infrastructure for ventilation and fire suppression. If that  

is the case, the risk  analysis should identify  if these systems are adequately sized, using the  

guidance identified  in  Table  9.  
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    Question: Are residues left behind after a battery burns? 
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Finding:  There is potential for residues.  DNV  GL  found traces of  vanadium  after boiling the  

vanadium redox electrolyte. In the  EDS (energy dispersive  spectroscopy) scan  from the  

scanning electron microscope, coincident detection of both V and  O  could indicate vanadium 

oxide dust (Figure  13).  The vanadium peak is low;  however,  there is no other component of 

the test that would contribute it other than the  vanadium redox electrolyte.  Oxygen  can also  

be sourced  from various oxides that form on metals. In addition, some  Pb residue was  

swabbed  from the  burn  container where Pb acid batteries were tested,  but it was in low 

amounts and limited to  immediate proximity of the burn specimen.  Traces of metals were  

observed in the interior  of the battery abuse  chamber  after  Li-ion testing. In addition, the  

pH of runoff water from the module burn tests  was measured to be anywhere  from pH 6 to  

pH 11. However, many of the same  contaminants found from plastics fires were  common to  

those found from battery fires. In any case, the precautions recommended for  PPE and  self-

contained breathing apparatus  (SCBA)  during overhaul apply to solids residues and dusts as  

well.  Bare skin contact with residues should be  avoided, as is good practice  in the aftermath  

of most fires.  

Figure  13  Residue analysis  from a  coupon hung  in  the headspace  of the  vanadium 

redox  boiling  test.   

      Question: Are certain form factors of cells safer than others? 

Finding:  DNV  GL  saw that unconstrained pouch cells, if given the opportunity, will  inflate  

and then burst catastrophically under extreme  heating conditions (Figure  14). However, 

pouch cells are compressed when  engineered into modules, so a free-floating pouch cell  is 

not a realistic representation of a field system.  DNV  GL  did notice, however, that controlled  

venting of cells is necessary to  reduce their volatility. The ability to vent and relieve  

pressure is critical to whether the cell’s failure is benign or  sudden. This illuminates  the  

fact  that  trapped  gases  are the cause  of  explosive  failure.  It  should be noted that  

DNV  GL  did not directly witness any exploding battery cells during testing.  However,  

flashovers of the contained gases within the test chamber were a frequent occurrence for all  

Li-ion batteries tested.   
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Figure  14  Percent of mass loss as  a  function  of cell  form  factor.   

   Question: Will Li-ion batteries explode? 

Finding:  In this program DNV  GL  tested dozens of Li-ion batteries and could not 

conclusively  say that any of them “exploded.”  DNV  GL  has conducted hundreds of abuse  

tests on  cells in other programs and has not conclusively observed an  event where a battery 

exploded  or was the source of a rapid energy event. What is a highly repeatable condition, 

however, is the degree  to which the test chamber fills with  flammable gases before those  

gases ignite. The  flashover event  could be very rapid. The  explosion hazard is not the  

battery itself, but the gases it may generate. Therefore the requirements for stress-relief by 

venting of the cells (described above) and the ventilation of the space are emphasized  

throughout this report.  

 

      Question: How long would it take for flammable gases to explode? 

Finding:  This is entirely dependent on the emissions rate and the  ventilation of the  

surrounding area. It is shown in  Figure  5  that the  emissions rate varies for all batteries but  

the diagram indicates the upper and lower boundaries of emissions limits.  The  emissions 

rates corresponded to 0-57% mass loss over a period of 13-83 minutes.  CO is the primary 

signature of flammable gases. Sensors detecting CO may be cross-sensitive to hydrogen.  

Many flammable gas sensors are  non-equally cross sensitive across a family of 

hydrocarbons and provide a general “LEL” audible warning. The emissions rates observed  
from batteries are included in  Table  1.  
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Table  1  Statistics  on  cell  failure rates  for  the entire test program  including all  Li-ion 

variants.  

  Single Cell Emissions Statistics 

     Average  Std Dev  Min  Max 

   Mass Loss  18%  14%  0%  57% 

   Duration  41.7  17.1  13.0  83.0 
 (min) 

 Average ppm per kg per min in 
 1 m^3 

 HCl  0.057  0.150  0.000  0.719 

 HF  0.009  0.010  0.000  0.032 

 HCN  0.003  0.005  0.000  0.027 

 CO  0.279  0.440  0.000  2.341 

 

 

       Question: What is the energy of the explosions from battery offgas? 

Consolidated Edison 
Considerations for ESS Fire Safety 

Finding:  DNV  GL  did not observe batteries exploding directly, but did observe the  energy of  

flammable gas flashovers. The energy of these  events is proportional to the concentration of 

gases in the enclosed volume. The  power  of these  events (or the heat release  rate) is 

significantly variable depending on the volumes of gases, the duration  of their  release, the  

resulting mixture, and the rates of their ignition, DNV  GL  observed considerable  scatter in  

the HRR  (Figure  15).  The  HRR was observed to  be anywhere from 2-8 kW with 100-800 g of 

released materials.  This brackets the  value from 2.5-80 kW/kg.  By comparison, burned  

specimens of common  furniture items have demonstrated a mass weighted HRR  of 32-260 

kW/kg.  [51]  It was found during testing that long periods of smoldering for the batteries 

resulted in reduction  in  mass prior to the peak  event, which likely produced much of the  

scatter  observed in the  measurements.   
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Figure  15  Relationship  of heat release  rate  (kW) per  gram of mass lost.   

       

    

Question: Is the ventilation rate governed by the LEL or Immediately Dangerous to 

Life and Health (IDLH) limits ? 

Finding:  IDLH. The concentrations of HCl reach a threatening  level much faster than the  

concentrations of flammable gases. Therefore by sizing the ventilation requirement to the  

IDLH of HCl, the flammability concern is also mitigated.  See  Figure  16  and related figures  

starting on page  23.  

      Question: What are the ventilation requirements for batteries? 

Finding:  DNV  GL  quantified and produced suggested ventilation rates in  Table  9. The  

suggested ventilation rates range  from 0.02-0.03 CFM/kg or 0.2-0.32 CFM/kWh. This 

translates to  roughly 0.25 ACH in many cell failure  scenarios, climbing to as high at 10-14 

ACH in the worst case (see  Figure  16  on page  23  and related figures).  It should be noted  

that laboratory spaces, pharmacies,  or some manufacturing environments can also have an  

ACH  of 10 or higher (compare  Table  15  and  Table  8). Therefore, the  ventilation rates in  

most buildings will meet or exceed the ventilation  required  for the battery system in single  

cell or low mass failure modes.  
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Table  2  Average release  rate for  battery  materials  over  a  30  minute  time period.  

 Materials   30 min Release 
 Rate (kg/s) 

 HCl  2.36E-07 

 HF  1.74E-07 

 HCN  1.74E-07 

 CO  2.00E-07 

 
Figure  16  Estimated ventilation  rates (air  changes  per  hour)  as a  function  of  room 

volume and mass of battery undergoing failure  for  HCl.  

Figure  17  Estimated air  changeover  rate (air  changes  per  hour)  as a  function  of 

room  volume  and  battery mas undergoing failure for  HCN.  
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Figure  18  Estimated air  change over  rate  (air  changes  per  hour)  as a  function  of 

room  volume  and  battery mass  undergoing failure for  CO. Because  the  IDLH  of  CO  

is much  higher,  there  is  little dependency on battery masses  at  these  scales.   

 
Figure  19  Estimated air  change rate (ACH) as  a  function of room  volume  and  

battery mass  during failure for  HF.  

    Question: Is HF emitted from batteries? 

Finding:  Yes.  HF was observed in all of the Li-chemistries.  Vanadium redox  also  

demonstrated HF  emissions in 2 out of 3 tests, even after a complete  overhaul of the test 

equipment to remove the possibility of contaminants affecting the result  (see  Figure  20  as 

well as  Figure  5).  However, it is HCl, not HF, that governs the  ventilation and toxicity 

consideration. It was found that  on a per kilogram basis,  the average emission rate of HF in  

a plastics fire  can be higher than the average  emission rate of a battery fire (compare  

Figure  4  to  Figure  5). From this study it was found that the ventilation requirements for  
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anything  less than 15 simultaneously burning battery cells are the  same for HCl and HF (see  

Figure  16  and  related figures starting on page  23).  

Figure  20  Representative emissions histogram from  a  Li-ion battery.   

       

  

Question: Is the combined LEL of the flammable gases lower than any of the gases 

alone? 

Finding: Yes. This phenomenon is described by Le  Chatelier's Mixing Rule  which states that  

the combined LEL of a mixture of gases is the  sum of the weighted ratios of volume to LEL 

for each individual gas species. Because the  emissions rates are  constantly varying and  

therefore never in a prolonged chemical equilibrium such that this simplified textbook 

solution may apply,  DNV  GL  was able to  observe that ignitions occurred as low as  400oC at  

CO  concentrations as low as 3,000 ppm. (Figure  21)  Frequently observed gases of C2H4, CO,  

and CH4, if coexisting  in a mixture, have the lowest autoignition temperature of 490oC and  

100,000 ppm, respectively (see below):  

- C2H4  = 2.7% (27,000), 490oC  

- CH  o
4 = 5% (50,000), 537 C  

- CO = 10% (100,000), 609oC  

As expected the combined LEL is indeed lower than the individual components but as 

mentioned above,  the  ventilation  requirements should  be  set  by  the IDLH, which 

should  exceed and override  LEL considerations.  Therefore  LEL is  less of an  

immediate concern  than  IDLH.  
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Figure  21  The combined LEL and autoignition temperature  of  mixed gases  emitted  

from  Li-ion  batteries may  be  as low  as  3,000 ppm and less than  400oC, as  

flammable  gases  were ignited  and burned  off above this temperature.  
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     Question: What is the explosion risk? 

Finding:  The battery is not the source of an  explosion risk, but the flammable gases  

generated  from it are. These gases need to be  vented to reduce the risk. Because the  

ventilation rates are dictated by the lower  IDLH thresholds than the LEL thresholds,  

ventilation sized to the  IDLH should exceed the  ventilation requirement  for explosion  

hazards.  

       Question: Are Li-ion batteries more volatile with higher states of charge? 

Finding:  Yes.  There is a very direct increasing relationship between mass lost and the SOC  

before failure as shown  in  Figure  22. However, the BMS limits the SOC of the battery 

intentionally for both longevity and safety reasons.  As shown in the figure, the decline  in  

mass loss is significant as the SOC of  the battery is decreased  from 100% to 90% or 80%. 

As many battery systems limit the upper  electrochemical SOC range to  80-90%, a 

significant safety precaution has already been made. It  should be noted  that the GPM/kg 

and CFM/kg metrics found in this program are inherently conservative  because they include  

the peak emission rates observed at 100 % SOC and they also capture the short lived peak 

emission events.  In  reality, a system fire spends most of its time smoldering, and if the BMS 

is properly functioning, no cells should be at 100% SOC.  
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Figure  22  For  Li-ion  batteries,  the  mass  loss  is  directly  proportional  to the state of 

charge  prior  to  failure.  

    Question: Are some battery chemistries safer than others? 

Finding:  No battery tested in this program is excluded from toxicity concerns in a fire. In  

general, it  is good advice to treat a battery like  any fuel should be treated, and make note  

that risk is context specific and weighted. In  Figure  23  it  is evident that iron phosphate,  BM-

LMP, and titanate batteries have lower heat  release  rates and less flammability, as does 

vanadium redox and lead acid which did  not exhibit flammability. However, it  was shown in  

Figure  5  that all batteries have varying degrees of emissions of HCl, HF, CO, HCN, and  

potential SO2  and  H2S.  Because many of them  have plastic casing, the plastic itself is a 

toxicity and flammability hazard. Therefore, there is no single battery chemistry in this 

testing program that should be excluded from toxicity considerations in an enclosed space  

or near a populated building.  Furthermore, the  source of toxicity may be as much plastic 

componentry as it may be attributed to  electrolytes. Because the toxicity risk is similar  

to plastics, it  is DNV  GL’s recommendation  that  toxicity  be  treated equally across 

chemistries. In the case  of batteries with non-flammable electrolytes, adequate  

precautions should be demonstrated that polymer cases or  other flammable materials are  

sufficiently protected against external fire in order to warrant any reduction  in the water  

requirement, if any.  It  should also be noted that the water  requirements for Li-ion batteries 

need not be excessive if the fire safety measures are  viewed as a system rather than  

standalone requirements.  Lastly, it should also be noted that the low level ACH  

requirements for  vanadium redox and  Pb acid  are well below the typical 2-4 ACH  ventilation  

requirement in most occupied spaces, so the existing  infrastructure may be adequate in  

many instances.  

DNV GL – OAPUS301WIKO(PP151894), Rev. 3 

January 18th, 2017 

27 



 

  
    

 

 

     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consolidated Edison 
Considerations for ESS Fire Safety 

Figure  23  It is  generally true  that LiFePO4, LTO, and BM-LMP  batteries  demonstrate 

lower  than average  temperatures during  failure. The temperatures  indicated for  

Pb acid  and  vanadium redox  batteries  is  the peak  heating  temperature, as  these  

electrolytes  did not demonstrate flammable or  exothermic  properties  as they were  

tested.  

     

   

Question: What is the solubility of liberated gases, and are some of them 

consumed by fire? 

Finding:  The  solubility of the gases observed is shown in  Table  3. Those consumed by fire  

have an indicated flammability limit and autoignition temperature.  
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Table  3  Inventory  of  Toxic and  Flammable  Hazards found in  this  Study  

Concentration (ppm  unless  
otherwise noted)  

NFPA Codes  
(F=flammability,  
H=health,  
R=reactivity,  
S=special)  

 Chemistry  Relevant  
Batteries  

Detected 
State  

LEL (Lower  
Explosion 

Limit)  

IDLH  
(Immediately  
Dangerous to 

Life and 
Health)  

Solubility  
in Water  
(mg/L)  

Auto Ig.
Temp 

(°C)  

 F  H  R  S  Ref.  

 Methane  CH4  Li-ion  Gas  50,000  5,000  22.7  537  4  1  0  NJ DOH  

Carbon 
Monoxide  

 CO  All  Gas  12,500  1,500  27.6  609  4  2  0   CDC.gov 

 Benzene  All except  
PbA  

 Gas  12,000  3,000    3  2  0   CDC.gov 

 Ethane  Vanadium  
Redox  

 Gas  30,000     4  1  0   CDC.gov 

 Ethylene  C2H4  Li-ion  Gas  27,000  -  2.9  490  4  2  2  Matheson  
MSDS  

 Hydrogen  H2S Pb Acid, Li-
ion  

 Gas  40,000  -    4  0  0   CDC.gov 

Hydrogen 
Sulfide  

 H2S  VR, PbA  Gas  4,000  300  4,000.0  260  4  4  0   CDC.gov 

Hydrogen 
Fluoride  

 HF All except  
PbA  

 Gas  -  30 miscible   -  0  4  0   CDC.gov 

Hydrogen 
Chloride  

 HCl  All  Gas  -  100  720.0  -  0  3  1   CDC.gov 

 SO2  SO2  VR, PbA  Gas  -  100  94,000.0  -  0  3  0   CDC.gov 

Hydrogen 
Cyanide  

 HCN  All except  Gas  -  50 miscible   -  4  4  2   CDC.gov 

 PbA 
 Nickel  Ni  Li-ion Residue / 

Powder  
     1  3  0    

 Manganese  Mn  Li-ion Residue / 
Powder  

     3  3  3    

 Cobalt  Co  Li-ion Residue / 
Powder  

 -  - Insoluble    0  1  0    

 Lithium  Li  Li-ion Residue / 
Powder  

     2  3  2  W   

 V2O5 Dust  V2O5  VR   Residue (V)  -  35 mg/m^3  0.8  -  0  3  0   CDC.gov 

Pb Vapor, 
salts, dust  

 Pb  PbA  Residue  -  700 mg/m^3 10^-5 to  
4400  

 -  0  2  0    CDC.gov 

      

 

Question: Can batteries be “neutralized” by immersing them in water after an 

incident? 

 

Finding: Partially. Immersion in water provides adequate  cooling to prevent violent thermal  

runaway, but it may not neutralize voltage. DNV  GL  found the following  results should be  

considered prior to doing so:  

- Batteries may have  residual voltage on damaged and exposed terminals.  

(Figure  11)  Handling of the battery may produce a shock hazard.  

- Batteries persistently gassed even under water. The primary  measured  

component of  that gas was CO, though the handheld CO sensors are  cross  

sensitive to H2.  
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- For most tests the water runoff  was slightly acidic measuring pH 6-7. In one  

case, however, the water became alkaline climbing to pH 10-11 after a few  

hours of submersion. This case  was observed for a battery that was highly 

consumed in the fire.  

- Batteries did not climb  in temperature after submersion, indicating that even  

if cells short  circuited, their temperature was never permitted to climb  to  

thermal runaway conditions.  

- Some battery cells still  had voltage on them after 24 hours of submersion. 

While some cells may have  shorted, not all shorted. The water did not have  

any additives such as salt to make it more  conductive.  

        Question: Was hydrogen generated as a result of electrolysis during submersion? 

Finding:  Possibly, high  levels of CO (10-100ppm) were detected on the four and  five gas  

meters right above the  submersion pools.  These  electrochemical sensors are cross sensitive  

to H2. High levels of CO  were also detected on the FTIR during and after testing though, 

suggesting that CO generation is real and any cross  sensitivity from H2  is low as CO is the  

dominant gas. This was further supported by data from cell testing not involving  

submersion.  

    Question: How much hydrogen was emitted? 

Finding:  During cell testing  DNV  GL  witnessed  > 1000 ppm  (sensor  max value)  on a few 

occasions.  Hydrogen was not  observed directly during submersion, though CO was  

measured. CO sensors can be cross sensitive to  hydrogen. The lower  flammability limit for  

ethylene and related species is 3.6%, which is lower than hydrogen at 4%.  Therefore the  

greater flammability risk is presented by ethylene carbonate decomposition due to its 

greater volumes, higher emissions rates, and similar volatility.  This is supported by gas bag  

sampling, which showed far higher levels of hydrocarbon gases than  H2, which was still well  

below the LEL.  

       Question: Are the liberated gases lighter or heavier than air? 

Finding:  The molecular weight of air is generalized at 29 g/mol. By comparison the  

molecular weights of the main gases observed from battery fires are shown below (in  

g/mol). It can be  seen that HCl is heavier than air. Another  observation from testing is that  

the gases are typically hot, which means they are rising as part of the  plume.   

- CO: 28.01  

- HF: 20.01  

- HCl: 36.4  

- HCN: 27.02  

     Question: Should exhaust fans be intrinsically safe or grounded? 

Finding:  DNV  GL  used  an exhaust fan during module testing (Figure  24). After several  

consecutive fire tests the heat and  smoke  eventually overstressed the fan. However, it was 

not observed that the fan ignited the gases.  Consideration of intrinsically safe  fans may be  

necessary in sensitive locations.  
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Figure  24  Smoke  plume rising  through door  gaps and  out of  top  vents  in  the burn 

container.  

   Question: Should exhaust fans be variable speed? 
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Finding:  Based on the  nonlinear behavior  of emitted gases (Figure  16  and related figures) a 

variable speed  fan should be a consideration.  This may be a more cost effective solution  

than a highly rated fan  running continuously which may exceed the minimum ventilation  

requirement of ~0.25 ACH.  A variable speed fan can accommodate the low level ventilation  

rate  for the majority of the time, with the capability to ramp up in the event of failure.  

      Question: How were gases measured in this testing? 

Finding:  DNV  GL  used  a Gasmet DX4000 FTIR  gas analyzer  during cell  testing supported by 

MSA Ultima sensors for  IR transparent gases and LEL. The FTIR was used again for module  

testing. In addition, for  module testing, Rescue  Methods  used  MSA Altair handheld four- and  

five-gas sensors.  These  tools were used for both LEL and toxicity monitoring.  LEL was 

measured  via a photo ionization detector  (PID)  (10.6eV bulb) on the handheld sensors.   

7.0  PRESENT DAY INDUSTRY-ACCEPTED SAFETY  PRACTICES  

FOR ENERGY STORAGE PROJECTS  

It is important to place  this report in the context of what is actually occurring in energy  

storage project development today. Presently there  are  over 400  stationary storage  systems  

comprising 1,200 MW  operating around the world, with 600 MW of electrochemical energy  

storage in the United States  [5].  

The types of battery energy storage  systems being deployed are both  utility solutions at the  

multi-MW scale in consolidated sites, typically with energy storage batteries housed in  
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shipping-container like systems with  integrated BMS, ventilation and cooling, and fixed fire  

suppression.  Smaller, behind the meter energy storage  systems are designed to be  

deployed near the customer and controlled as an aggregate fleet.  These smaller systems 

have a BMS and may have active cooling, but rarely have integrated fire suppression. 

Shipping container systems are typically located  outdoors  and are  MW scale, whereas  

behind the meter systems are typically sited at a commercial site (or potentially residential)  

and may be indoors, and will have ratings in 10’s of kW.   
 

Energy storage can be  utility owned  or it can be  owned by an independent power producer  

(IPP). Much of the US  energy storage market is presently being driven by IPPs.  The  IPP may 

monetize the  energy storage  asset through utility contracts or a commercial power purchase  

agreement.  Some  IPPs  have the balance sheet  to pay for  energy storage projects 

themselves, but many seek financing. With financing comes insurance to underwrite risk in  

both the finance and safety of the project. Because  of  these  additional  parties  that are 

exposed to  financial  risk,  a  performance  and safety review  are  a  critical  piece for  

financing  an energy  storage project,  which  is  performed by an  independent 

engineer  (IE).  

Independent  Engineering is a field of service  where independent third-party engineers  

review the technical specifications of energy projects and provide an assessment  of financial  

or technical  project risk. The practice  of hiring an IE is common in  the  wind and solar  

industries and is now industry practice for  energy storage  projects. Many insurers and  

lenders require an  IE report  –  and must feel comfortable with the findings of the  report  –  in  

order to  finance or underwrite an  energy storage  project. The  first step  in most IE  reports 

on storage is a review of the technology  which will  include performance and safety aspects.  

The  IE functions are typically performed during or prior to permitting and before project 

commissioning, as shown in  Figure  25.  

In the context of safety the  IE is tasked with independently evaluating the adequacy of 

safety systems appropriate to the project. With the business case and project site(s) 

identified, the AHJ is likely to become aware  of the project when the project developer is 

seeking permit(s). The  AHJ will typically respond with requirements,  which may be few or  

many, at which point the project developer takes actions to fulfill them in order to  secure  

the sites as quickly as possible. Project finance  may be secured  or will  be sought in parallel  

to this process.  Because the project developer is encouraged to obtain the  IE report by the  

financial stakeholders, it is most cost effective for the project developer to use the  IE report  

to simultaneously satisfy requirements for the  AHJ and the  financial parties. The  objectivity 

of the report  should increase comfort in the transaction(s) between parties.  Therefore at the  

request of the project developer, the  IE  report is written in the context of generalized  

project specifications so that it may enable as  many transactions as possible. Therefore it is 

never the case that more than one  IE  report is generated  for identical projects because it  is 

a cost that can be practically avoided. It is also co mmon practice for large aggregated  

projects of similar system types to have inspections performed on a subset  of sites.  
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Figure  25  Project  development timeline and  the  implementation of FMEA  or  other  

safety review  for  the  site.  

For an  outdoor container system, the  IE may provide the following services related to  

safety:  

  Assessment of the adequacy of the safety systems  

  Assessment of the safe  perimeter around the  site  

  Emergency  response plans  

  Review or  recommendations of materials to be provided to  the local AHJ  

for permitting or code review  

  Adequacy  of firefighting equipment  

  Impact of a fire scenario on the site  or surrounding area, which may 

include a plume study if residential or populated areas are nearby  

  Risk model  for the site   

For an indoor system, the following IE services  related to safety may be  requested:  

  Review of safety testing   

  Assessment of the adequacy of safety systems  

  Recommendations on the  requirements for indoor  room locations  

  Adequacy  of cooling and venting  

  Review of fire ratings  

  Inspection of installation  

  Risk analysis  related to  the system and its site(s)  

In the case  of behind the meter systems, this review is usually done at the  project 

portfolio  level  unless  specific site considerations require local review.   
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Many of the questions in the FAQ  were intended for first responders,  who wish to know what  

should be done upon  encountering a fire that involves a battery.  

 

The first and  foremost finding from this report is that the  equipment  available to  present 

day  first  responders  can  be  considered adequate for  battery  fire  fighting  with  

additional considerations.  

8.1  Considerations for Permitting and Siting  

If a building or site information summary is available, it should state whether there is a 

battery on  site and its chemistry. The primary concern upon approaching the scene should  

be HCl toxicity and rising temperatures, and the potential for the fire to  expand if it has not  

already.  

  FMEA, siting, and  standard operating procedure (SOP)  development:  UL 9540  

requires an FMEA for ESS permitting and siting. In addition, DNV  GL  recommends an  

FMEA be performed on  any system or project portfolio, particularly for  behind-the-

meter applications.   

o  A risk analysis involves review of all potential failure modes for their likelihood  

of failure and the  resulting consequence to determine the total risk. As  this 

process  serves as a deep dive into the design and operation of the unit, this 

process would provide valuable  insight for code  officials and first responders 

to better understand the  risks and potential faults they may be dealing  with  

during emergency  situations.   

o  Requesting participation in this process would serve  as the best opportunity 

to become involved in the development process and would allow AHJs and the  

fire service to best understand the  system in the least intrusive way to  the  

project developer (since an FMEA may be  required regardless  of AHJ 

participation).  

o  In addition to FMEA involvement, DNV  GL  recommends all AHJs and fire  

departments perform a walk through for all  large  ESS in their jurisdictions 

and develop SOPs according to their level of comfort with the electrical risks.  

Though small home systems may not exceed 48  VDC and be  easily 

disconnected  from the AC source, larger utility scale systems may exceed  

1,000  VDC and 10,000  VAC. Again, even prompt disconnect of AC voltage  

does not  eliminate voltage on the DC side.  

o  DNV  GL  recommends all fire departments with large  ESSs or  ESS portfolios in  

their jurisdictions work with project developers  or  system manufacturers to  

provide  emergency  contacts and  readily available subject matter  experts 

(SME)  who can quickly advise  fire departments  on system status and risks 

associated with the current fire  environment.   

o  Finally,  DNV  GL  recommends fire departments and  first responders work with  

system and project developers to understand the level of risk and their  

appropriate response. A single cell failure in a large  containerized system 

need not require the  entire system be destroyed with water. However, a 

DNV GL – OAPUS301WIKO(PP151894), Rev. 3 

January 18th, 2017 

34 



 

  
    

 

 

     

  

 

 

Consolidated Edison 
Considerations for ESS Fire Safety 

system with an unknown internal hazard may pose  risks to the  surrounding  

environment  or to  fire fighters and  may be better handled via a defensive  

posture than entry and  attack.  

8.2  Considerations for Operations at the Scene  

Upon arriving at a fire scene, the following  considerations should be made:  

- Has on-site extinguishing already been triggered?  

- Is the  system gassing?  

- Is the temperature  of the system rising?  

- Are fl ames visible?  

- Is there a site  representative or SME available?  

Answers to the above questions will indicate whether the  system fire has already peaked  or  

if it  is expanding.  Support from an SME, an information display panel, or other form of 

emergency  contact will greatly aid in assessing the risk.  

If the  system is gassing but onboard suppression (if any) has already triggered, and  

temperatures are remaining stable, it  is likely that a single cell or module fire has occurred  

and been isolated, and  may have been managed by the  onboard system. Additional  

suppression may not be required in this case. Eventually, the system will need to be  

ventilated to remove the internal atmosphere,  but only if temperatures have  remained  

stable for approximately 60 minutes.  

 

The list below summarizes key points from this study that are directly relevant to  

firefighters and  other first responders. This section may stand on its own as an independent  

part of this report  and may be distributed to fire departments and first responders  

nationwide independent of this document. It is not intended to serve as an  SOP  on its own,  

but should  inform the  response and development of SOPs for situations involving ESS. 

There has been much said about ESS fires in the past which has led to  several myths about  

these fires. DNV  GL  wishes to dispel the falsehoods while promoting real world, data driven 

facts when dealing with  these systems. Ultimately, findings suggest that while these  

systems are unique in the combination of threats posed, none of the threats on their own  

are unfamiliar to firefighters, and they remain manageable so long as certain points are  

known and followed.  

  Toxicity:  In general, battery fires resemble plastic fires in terms of emission of toxic 

gases including CO, HCl, HF, HCN, Benzene, and Toluene  

o  The average toxicity of the fire is equivalent to many plastics  on a per  mass  

basis. Li-ion fires will have  short peaks  of toxicity as individual cells randomly 

fail.  

o  However, battery fires, even once  extinguished, continue to  emit CO as  long  

as the batteries remain hot.  

o  DNV  GL  and Rescue  Methods (RM)  recommend  continued monitoring of CO  

from ESS fires,  especially in enclosed spaces, and the continued use of 

personal protective  equipment (PPE), including  self-contained breathing  

apparatus  (SCBA), until CO levels are shown to be at normal levels. These  

practices may include monitoring for  HCl, if applicable or possible.  
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  Ventilation:  Though integrated ventilation will be recommended  for indoor systems,  

it may not always exist or prove adequate to remove heavy  smoke, especially in  

cases where the surrounding environment is fully involved or the battery is rapidly 

overtaken.  

o  DNV  GL  and RM recommend sufficient firefighting ventilation, ideally negative  

pressure, to  remove  fire gases from enclosed areas.  

o  The batteries themselves emit  flammable gas and fully involved or improperly 

ventilated systems may pose a  lower explosive  limit  (LEL)  or flash hazard.  

o  DNV  GL  and RM recommend monitoring of LEL levels in the fire ground and  

surrounding environment to determine if intrinsically safe ventilation  is 

required.  

o  Partially burned systems may continue to  emit flammable gas even  after the  

fire is extinguished as long as the  cells remain hot. Proper cooling of the  

system is key to remove prolonged fire risks.  

  Temperature:  Climbing temperature is an indicator of increasing risk.  

o  If flames are visible and  temperature is rising, the system may have  more  

than one battery cell or  module engulfed.   

o  If temperatures are  rising rapidly (>1  °F per minute) and temperatures on the  

battery are approaching anywhere near 100  °C (212  °F), cooling will be  

required with water.  

o  Monitoring with handheld  infrared (IR)  thermometers, if available, should  

provide an assessment  of risk.  

  Delayed Cascading Ignition:  On site responders should assess that all thermal, 

electrical,  or mechanical stimuli that may act on the system have  been  mitigated.  

o  In the short term, when cells appear to “reignite” after seconds or minutes, it  
is almost always a result of incomplete  removal of heat from the  system, or  

an electrical short due to liquids or water. Prevention of cascading between  

cells  may be addressed  by proper cascading protections in the system, which 

may retard extinguishing and external cooling but also mitigates the free  

movement  of heat internally in the batteries which can ignite previously 

undamaged cells.  DNV  GL  refers to this phenomena as delayed ignition.  

o  In  some  cases, the  only way to halt this process is to let the  system burn  

itself out (but this may not be practical) or continue to drown the battery until  

this process  stops as the battery finally cools.  This decision should  be  made  

based  on the  circumstances of the  fire  ground.  

  Shock  Hazards:  Cells that have not been burned may remain intact in systems and  

modules.   

o  Shock during water suppression (via conduction into the water spray) was not  

observed in this program.  

o  Beware  of arcing  if batteries are disturbed. Turnout gear  was observed to  

provide  shock protection under the  conditions tested in this program, but do  

not touch arcing equipment.  

o  Stranded  energy in partially burned batteries will  likely remain an  issue  in any 

system that is extinguished unless it has consumed itself entirely.  DNV  GL  
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found that even in systems that appeared thoroughly damaged, live cells and  

stranded  energy can  remain. These  cells may pose a shock/arcing risk and  

can reignite if physically damaged, reheated, or  allowed to  short.  

  Extinguishing:  DNV  GL  tested  several water based  extinguishing agents and found  

none to be as  effective for  cooling as water. These included PyroCool, F500, and  

FireIce.  

o  The most challenging aspect of the battery fire is its deep-seated nature. 

Access to the heat source is necessary to provide adequate cooling.  

o  Cooling the battery once flames are knocked down is the most important  

aspect of containing battery fires. The tested agents proved  slightly less  

effective than water at cooling the cells. On a module level, there was no 

evidence to  suggest these agents perform better than water.  

o  Because many encapsulating agents, including foam (AFFF)  are intended to  

blanket the fire, and a battery fire needs to have heat removed as  quickly as 

possible, DNV  GL  generally recommends against using foam for  ESS fires.  

Foam has been tested in other projects and used in real world ESS fires.  In  

testing  in other projects, it failed to perform better than  other agents.  

o  The aerosol  may prove  effective at knocking down flames from ESS. Gas 

based  agents may suppress the flammability of contained atmospheres with  

high  explosive gas content; however, in the case  of severe  ESS fires where  

these agents would be tasked to  suppress flammability,  cells may be  

producing heat above the autoignition temperature  of their  flammable gases.  

This may result in fire if oxygen were  reintroduced to the  system.  DNV  GL  

recommends gas-based systems be backed up  by water-based  suppression  

when cooling becomes a necessity, in combination with cascading protections 

in the modules and systems.  

o  Though water proved most effective  for  cooling, water and any water-based  

agent introduces shorting risks when applied on  a full system. This may 

exacerbate the situation in addition to presenting a collateral damage risk.  

o  Several entities, including  DNV  GL, have  advised that class D fire  

extinguishers and agents be investigated for use during the incipient stage  of 

the fire. Based  on the findings from this program, DNV  GL  views the  

deployment of classical class D agents as impractical due to the short lived  

peak of a cell fire and its deep  seated nature, which prevents direct access.  

o  RM’s experience during suppression testing suggests forced access to the  
interior  of battery systems  may be difficult or inadvisable for first responders. 

In this case, water should be used to provide indirect cooling on the outside  

of the system to prevent spreading.  

o  Water use inside the system, if applicable, should be done with care to avoid  

shorting  neighboring and surviving cells, i.e., the failing module should be  

isolated and targeted. Fully involved systems may be compromised  enough to  

allow better water penetration. Fully involved systems posing a risk to  

surrounding  life and property, or neighboring systems, should be suppressed  

immediately and heavily to avoid spreading.  
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o  If the fire appears to be stable and not expanding, periodically stop water  

flow and monitor temperatures.  Note that the temperature may “spring back”  
after water  extinguishing  stops, but it should plateau and stabilize if the fire  

fuel has been consumed.  

o  Observe  for water shorting other cells. They may begin to heat, meaning the  

deep  seated heat remains.  

o  Repeat  extinguishing process as needed, while ventilating the area as much 

as possible.  

o  If the battery system has closed doors, do not open them unless absolutely 

necessary or it has been determined that opening the doors will not introduce  

new hazards. Forced  entry is discouraged unless a prior access plan has been  

described.  

o  Suppression of large, fully involved systems may take more time than fires of 

similar size with different fuels.  It is recommend fire service personnel  

continue to suppress with water  for as long as  required and then  ensure the  

system is fully cooled throughout  once suppression appears complete.  

8.3  Guidance for Isolation and Overhaul  

After burning, the removal and  isolation of the  batteries demonstrated  real-world hazards 

that may be  encountered in the overhaul stages of fighting a battery fire.  Residual  live DC 

voltages in intact battery cells, and damaged but still  live bus bars within modules after a 

fire represent an  electrical shock hazard (see  Figure  11). During testing, it was found that  

firefighters were not shocked while wearing  standard turnout gear  when  arcs and sparks 

resulted from disturbance  of the debris.  For  this reason  it  is recommended that  

whenever  possible, first responders need not open  or  otherwise disperse  burned  

battery modules and  wait for  an experienced liaison  to arrive on  site and take 

ownership of  the site  after  extinguishing  has  been achieved.   

As shown in  Figure  26, submerging battery modules in water provided adequate  cooling to  

slow and prevent delayed cascading thermal runaway in the remaining battery cells;  

however,  the batteries persistently off-gassed  even under  water. The  primary gases 

detected in the bubbles generated were CO and  possibly hydrogen.  The  figure demonstrates 

the bubbles observed even after submersion for over 30 minutes.  

Even after  submerging, some batteries generated a severely alkaline solution climbing to pH  

10-11. Other solutions gradually became slightly acidic (pH 6). There was not a clear  

explanation for the pH behavior  of the solutions, other than one of the  most  severely burned  

batteries created the most basic solution.  Therefore,  if water  submersion is  used  by  

first responders for  isolating  spent  modules, preparation  to deal  with alkaline or  

basic water  for  disposal  should  be  a  consideration.  

Lastly, it was found that after  extinguishing the  persistent emission of CO was sometimes in  

quantities large enough to trigger threshold alarms on the gear  worn by  fire fighters. The  

persistent emission is perhaps a more insidious risk than the  emissions during the fire, as  

the apparent climax of the fire has passed, and  first responders may be inclined to remove  

their masks.  After  extinguishing, continued  ventilation and  monitoring of the area  

with  gas  monitors  is highly  recommended.   
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Figure  26  Submerging batteries in  water  resulted  in cooler  temperatures,  but slow  

shorting and  persistent CO  generation (bubbles).   

As the  climax of the fire has concluded, but continued ventilation and monitoring  is 

underway, first responders are left with the final challenge of determining when they can  

relinquish control of the area. There  are several risks that first responders wish to avoid and  

they are prioritized by the list demonstrated on page  57.  It  is highly  recommended that  

battery systems  installed within  buildings  have an  established emergency  contact  

list  and  a  SME  who can arrive  on  the scene to take over  containment, cleanup,  and 

eventual  disposal  of  damaged battery  equipment. This  recommendation requires  

involvement  from the  project  development  and systems  integration  community. 

This is a necessary risk  transfer procedure to  mitigate the first responder concern that they  

are responsible for damaged battery systems for hours or days after they have been  

involved in a fire or catastrophic safety event.  

The following summarizes recommendations for overhaul procedures:  

  Overhaul  and  Stranded Energy:  As mentioned, stranded  energy in the surviving  

cells remains a risk to first responder during overhaul and post fire operations.  

o  Live or damaged but surviving cells may contain voltage that will cause arcing  

when shorted by debris or  metal tools. This arcing may also serve as an  

ignition source to localized gases if hot batteries are still venting.  

o  Firefighters should thoroughly avoid penetrating, cutting, or  otherwise  

damaging batteries in  the ESS, especially during overhaul, as live cells that  

are physically damaged  or penetrated are  subject to rapid venting.  

o  Firefighters should avoid  blindly  reaching  into cabinets to remove damaged  

batteries as DC energy  may still remain active  even if AC  and site power is 

cut. It was observed that typical turnout gear provided  adequate protection  
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against shocks in this testing;  however, high voltage DC may penetrate  PPE in  

cases where it is damaged or  otherwise  compromised, such as a torn glove or  

a exposure to  sharp metals.  These kinds of hazards were not studied in this 

testing program.  

o  DNV  GL  and RM recommend fire  fighters continue to wear PPE and SCBA even  

during overhaul as CO  levels may remain elevated even after flames are  

extinguished as batteries remain hot and continue to  offgas.  DNV  GL  

recommends CO levels,  especially in enclosed or unventilated spaces be  

monitored and SCBA worn until  levels are shown to be safe.   

o  Complete submersion of damaged batteries in water provides cooling for  

damaged batteries;  however, batteries continued to  offgas CO. Because  

handheld sensors are cross sensitive to CO, H2 may have also been  emitted  

while submerged. In addition, this did not always  entirely neutralize the  

voltage on  surviving cells.  However, cells seem to  remain stable once pulled  

from water and dried. Caution should be exercised when  removing damaged  

batteries from enclosure/containment per the  risks discussed above.  

Whenever possible, a relevant subject matter  expert from the site, project 

owner, or manufacturer should provide guidance  or  control of removal.  

9.0  FINDINGS RELATED TO CODES AND TRAINING  

The following summarizes key recommendations from the  report  study.  The  findings are  

sorted in their relevance to sections of precedent codes.   

9.1  Fire Rating  

DNV  GL  testing has shown that naked cells3  and modules exposed to direct fire are  

susceptible to failure within 10 minutes. However, systems deployed in the field, when  

exposed to  external flame, are likely to sustain much longer durations because  of the  

shielding and air gap provided by the enclosure since the  cells and modules are not likely to  

be installed “naked” in an installed system.  Because  many code  precedents such  as  

those  shown in  Table  4  and Table  5  require 1-hour  fire ratings, and more  

conservative precedents require 2-hour  fire ratings  dependent on height above  the  

ground floor, DNV  GL  recommends a  minimum 1-hour  fire rating  with  a  2-hour  

rating  in areas with critical  population  density,  and  that the fire rating  be  

considered  as part of a  system level a pproach  to avoid  cascading fires.  Exceptions 

to this general rule may include 1-hour requirement for  outdoor locations, similar to  

combined heat and power (CHP) and backup generator  requirements.  The  finite element  

analysis (FEA)  model in  Figure  28  demonstrates an Abaqus FEA model of a fire impinging on  

a generic battery system.   

3  Cells  not  integrated  into  modules or  systems  
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Figure  27  Simplified diagram  of  

fire  impinging  on  the  external  

wall  of  a  battery energy storage  

system.  
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The model demonstrates the heating effect on  a 

battery module after 60 minutes of  a 1000oF  fire  

(811K or 537oC) impinging on a steel wall of 1/16” 

thickness, with a 1” air  gap between the wall and  
the nearest inner battery module. For  simplicity, the  

battery is assumed to be constructed  of entirely 

aluminum or polypropylene in order to bracket  the  

low and high temperature scenarios, because many 

battery modules are a composite of these  or  similar  

materials. After 60 minutes of exposure the model  

predicts the battery temperature to be 84oC for  the  

aluminum and 231oC for the polypropylene4.  

Because a critical temperature for  Li-ion batteries is 

~120oC, a conservative  2-hour rating on the  system 

metal enclosure would slow heat absorption for  the  

worst case polypropylene  estimation.  

The boundary conditions are a fixed  wall  temperature  of  811K  (537oC or 1000oF). Model  

components are a steel wall with temperature-dependent conductivity, an air gap (1 in) with  

temperature-dependent conductivity, and a composite battery case made  of aluminium with  

fixed conductivity and polypropylene with  fixed  conductivity. The heat transfer  modes  are  

natural convection  and  conduction.  

4  This may  seem  counterintuitive; t he aluminum conducts  heat  away  faster  and  therefore  maintains a  lower  
temperature than  polypropylene.  
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Figure  28  Direct fire exposure model  to  a  steel  wall  with a  1/16”  thickness  and  1”  
air  gap  between  the  wall  and  battery  modules.  
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  Non-Battery Codes 

 Code Item  CHP Backup Diesel  
Generator  

Confined Spaces  OSHA  Flammable  
Liquids 1926.152  

 Ventilation Rated to maintain gas  
concentrations below 25% LEL of  
the fuel gas, or at an  exhaust or  
makeup rate equal to 80 times 
the maximum leakage rate  

 Effective engineering  
controls required 
rather than 
dependence on 
respirators  

Should be constructed 
to keep vapor at or  
below 10% of the LFL. 
Shall have pressure  
release capability to  
relieve pressure during  
a fire.  

 Fire suppression Fully sprinklered  Automatic fire   
sprinkler system  

Sprinkler, water spray,  
or CO2 or other system  
approved by  nationally  
recognized test  
laboratory (NRTL).  
  Monitoring: Detection,  

alarm, display  
Gas detection and alarm in 
supervised location  

 Monitor and display  
that potential  
hazardous  
atmosphere can be  
mitigated by forced 
ventilation  

Capacity limitation 
dependent on space  

1 MW in dedicated room,  
0.5  MW in boiler room  

Fuel stored  
limited to 10 
gallons  

25 gallons outside  
storage cabinet, 60  or 
120 gallons in cabinet  
depending on 
flammability category  

 Clearance   5 ft from other  
structures  

3 ft wide aisle access  

Thermal  runaway  
protection  

  NA  NA NA  NA   

  Fire rating If indoors or in a dedicated 
room, 2-hour fire rating on 
external walls  

Up to 2 hours  Compatible with NFPA  
251-1969,  1-2 hour  
rating  

 Location Outdoor, penthouse, boiler  
room, dedicated room  

Outdoor,  
penthouse, boiler  
room, dedicated 
room  

Electrical rated for Class 
I, Division I Hazardous  
Locations  

 Seismic rating Appropriate for zone  Appropriate for  
zone  

Appropriate for zone    

  Accountable parties       

 FMEA/HMA       

 Inspections      
 Signage      Flammable, keep away 

from open flames  
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Table  4  Non-battery related  codes for  energy systems  in  buildings.  
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Code Item  IBC  IFC 608  NFPA 1 Chapter 52  FDNY Certificate of Fitness  (COF) B-29 
(Uninterruptible Power Supply)  

 Ventilation 307.1.1 Rooms shall  
have ventilation, 
batteries shall have  
venting caps  

 None for Li-ion  Required for  Valve  Regulated Lead  Acid  
(VRLA)  only, designed to  limit H2 
buildup to 1% of  the entire  room  
volume; Continuous ventilation = 1 
CFM per ft^2 of room  

 Fire suppression 403.3 and 903.2 
Not required in 
external structures 
with fire detection  

Proposed Chapter 5 
of NFPA 13.  

 Sprinklers not required but  
recommended. Portable Class ABC on 
hand.  

Monitoring: Detection,  
alarm, display  

907.2.23 Smoke  
detection system  

  Hydrogen monitoring or handheld 
detector for COF holder, system health 
status  

Capacity limitation 
dependent on space  

  > 50 gallons  
electrolyte or 1000 
lbs.  Li-ion. Proposed 
20 kWh limit for 
single units, 600 
kWh limit for total  
in a room.  

100 gallons of  
electrolyte  
(sprinklered)  or  
50  gal electrolyte  
(unsprinklered)  or  
1000 lb. Li-ion  

50 gallons of electrolyte for Pb acid, 
VRLA, NiCd, or 1000 lbs.  for Li-ion  

 Clearance   Proposed 3 ft  
between arrays no  
larger than 50  kWh. 
5 ft from lot lines  
for outdoor.  

   

Thermal  runaway  
protection  

   Required  Required for both VRLA and Li-ion  

  Fire rating Table 509 1 and 2 
hour ratings  

    

 Location   Proposed  no  more  
than 75 ft above or  
30 ft below  fire  
access, exceptions  
on non-combustible  
rooftops  

   

 Seismic rating Appropriate for  
zone  

 Required for zone  Appropriate for 
 zone 

Appropriate for zone  

  Accountable parties     Equipment shall be under "general  
supervision" of certificate holder, in  
case of emergency there shall be a  
hazardous materials liaison, contact  
info available to fire command center  
   FMEA/HMA    HMA required  

 Inspections     Performed by COF holder. Record 
keeping on site.  

 Signage     Warning against electrolyte or  voltage. 
Battery information on Building  
Information Card.  
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Table  5  Battery specific codes for  battery systems  in buildings, existing  and 

proposed.  

Battery Related Codes  
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9.2  Extinguishing  

DNV  GL  tested a number of extinguishers during cell and module testing. During testing, 

DNV  GL  found that all extinguishers tested5  could put out the fire if applied immediately 

upon detection of a thermal spike (indicating the immediate onset of thermal runaway).  

While extinguishing was accomplished with all extinguishers,  water demonstrated the best  

ability to cool and maintain cool temperatures on the battery.   

9.2.1  Class D and Deep Seated Fires  

During testing, DNV  GL  witnessed firsthand how residual heat between  batteries can lead to  

delayed cascading and prolonged  extinguishing for battery modules.  This highlights the  

importance  of cascading protections between cells and  inter-cell cooling in battery modules.  

Cascading protections can be tested by the UL 1973 internal fire test, the  IEC 62619 

internal propagation test, SAE J2929 propagation test, or similar standards. DNV  GL  

recommends more stringent criteria such that a single cell failure cannot propagate to  

neighboring cells, with the intent of maintaining heat release  rates that  can be  otherwise  

managed by the water  extinguisher flow rate and the system external  fire rating.  This 

recommendation illuminates that the extinguishing solution and the module design are  

interlinked; a module with adequate cascading protection is more likely to be  appropriately 

designed  with a gas-based suppression system.  

Because the consumption of a single cell  is rapid, the metal fire fuels (Class D) are  rapidly 

consumed and the  fire  evolves to Class A, B, or  C quickly.  Because  of  the rapid  evolution  

of a  cell  fire,  DNV  GL  does  not  see an  advantage to  using a  Class D  extinguisher  on  

a  single cell  or  system fire. This has direct implications for first responders who are  

accustomed to using water as their primary extinguishing agent. In the  event of a single cell  

fire, cascading protections should limit propagation to other cells. First responders may still  

respond to a call reporting smoke, but in the best  case  scenario the fire has  consumed  itself  

and  burned out.  If a fixed suppression agent is installed within an enclosed  environment  

containing the single failed battery cell, it may suppress flammability in  the enclosed space. 

The use  of water may be unnecessary at this point unless the fire has progressed. A key 

issue to be addressed in later sections is how the first responder is able to determine if this 

single cell fire has been  mitigated or if further action (and water  extinguishing)  is needed, 

and hence some system health  information, an emergency  response phone line, or  some 

other means to gain  information on  system health is a need that requires industry 

engagement to  overcome.  The  first responder  is not comfortable deeming the site  

extinguished and is technically responsible for the scene until this information allows them 

to make the decision to leave the  control of the  scene  with a responsible party.  

  9.2.2 Cooling and Collateral Damage 

Cooling  is a  secondary component of extinguishing that has not been previously discussed in  

the literature.  In 2011, the NHTSA  recommended “copious amounts of water” in  an official  

release  concerning  the extinguishment of battery fires in hybrid and electric vehicles.  [12] 

The intent and purpose  of this recommendation was to introduce cooling to the  fire.  

DNV  GL  found that water  extinguishes, cools, and maintains lower temperatures on a  

battery fire than other tested agents.  As shown in  Figure  29, water  consistently maintained  

a 50-100oC sustained cooling advantage over  equivalent volumes of other water borne  

5  For  the complete list  of  extinguishers  tested,  see the  Appendix,  page 82. 
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agents in the seconds and minutes following extinguishing.  The behavior demonstrated in  

the figure is consistent for all battery types, with the heat decay duration, “reheat” period, 

and peak temperatures  varying as a function of cell mass.  

Figure  29  Performance of  water  compared to other  agents as  water additives,  top  

temperature  of  battery cell.  

Figure  30  Cooling  performance  of  water  compared  to other  extinguisher  types, 

bottom temperature of cell.  
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The initial cooling rate is nearly equivalent for all extinguisher types, but the thermal mass  

of the battery causes the  extinguishing agent to evaporate as temperatures climb back to  

250-275oC. Extinguishers were triggered the moment the battery fire climbed above 350oC.  

In  each  case 1 gallon of water was applied. In all  instances the total extinguishing time 

spanned less than 60  seconds, or about 1 GPM.  

The duration of this “reheating” is approximately 200s for non-water agents, whereas water  

is shown to  reheat for about 100 seconds.  Therefore, DNV  GL  saw no particular cooling  

advantage of water borne agents such as F-500, FireIce, or Pyrocool over water alone. 

(Figure  29) Some of these agents are encapsulators, which are designed to blanket a fire  

and insulate surrounding areas from heat; in an exothermic battery fire,  trapping heat is 

undesirable. The figure  demonstrates that cooling with water persistently achieves lower  

sustained temperatures after extinguishing, with as much as a 50-100oC advantage within  

1-2 minutes of extinguishing (See appendix on  page  76). This data demonstrates that water  

and all water borne  agents reduce cell temperatures from > 400oC to near 50oC within 10-

30 seconds. Water can  maintain cell temperatures after extinguishing below 100oC even  as 

the initial mass of water evaporates.  

An additional vendor provided an aerosol agent to be tested. The aerosol was observed to  

extinguish the cell fire. The aerosol provides some initial cooling but does not reduce cell  

temperature until the exothermic reactions of the battery begin to decay.  It was  shown  that  

the cooling ability of the aerosol was significantly less than water.  

Because cooling  is an  inevitable  need, a  fixed suppression  gas  agent may reduce 

or  mitigate  flammability in  an environment  until  ventilation  and/or  cooling 

strategies  are  implemented.  

While the use  of water  demonstrates excellent  cooling capability, it also potentially shorts  

out undamaged cells or  neighboring modules. The use of water is a fully committed  

extinguishing tactic that is highly likely to result in a total  loss of the asset.   

Because it was noted that the aerosol test demonstrated  extinguishment of the fire upon  

execution, aerosols can  potentially serve as an initial attack for the fire  followed by water as 

a backstop.  

 

Therefore, DNV  GL  recommends  the  following:  

  Stage  1:  If a  system  can  limit  cell  cascading, a  gas  based suppression 

system may  be  considered for  the  first  stage of fire  fighting  to  extinguish a  

single  cell  fire  and prevent  flashover  in  a  contained environment.  

  Stage  2:  If temperatures  continue to rise or  if an  increasing level  of  smoke 

and  gas  is detected, forced  ventilation  and  water  extinguishing should be 

considered  to cool  the system  and  prevent  further  propagation of fire.   

Stage 1 provides an opportunity for  avoiding collateral damage and total asset loss. Stage 2  

provides a backstop for  a situation when more than one  battery cell is on fire. Both stages  

may also include some form of alarm or notification external to the battery system that  

notifies first responders  of elevated  risk.  
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9.3  Locations and Ventilation  

DNV  GL  quantified that the gases emitted from a battery fire have somewhat differing  

toxicity and flammability risks across  chemistries. However, mitigation of toxic or  flammable  

gases is addressed with ventilation in all cases.  

  9.3.1 Outdoor Locations 

Toxicity of the fire  should be modeled to account for the impact on neighboring areas. The  

fire may be modeled in scenarios of increasing severity, such as a single cell fire of short  

duration, a module fire  of short and long duration, and a total system fire.  

The  probability of fire, size of the  system, plume contents, proximity of nearby buildings,  

wind direction, and duration of the fire will have an impact on the location of fencing and  

safety perimeters.  It is the discretion of the project owner to consider these hazards.  

DNV  GL  deploys a tool called PHAST for plume models  [58] and uses the output to inform  

the  risk  analysis. This model directly impacts a FMEA, Bowtie, HAZID, or other hazard  

analysis as required by  UL 9540 or  standards with the same intent.  It is implied by ANSI  

and IEEE 1547 updates  that UL 9540 will be a requirement for energy storage projects,  

which includes FMEA for the system and related ancillary equipment.  [25]  As shown in  

Figure  25, it  is common practice  for a safety review to occur during permitting and prior to  

installation.  This review may include the FMEA as required by UL 9540,  or it can be part of  

an independent engineering review on behalf of the lender, project developer, or insurer.  

  9.3.2 Indoor Locations (Penthouse or Dedicated Room) 

Emissions from batteries are  simultaneously flammable and toxic during failure. The  

emissions characteristics of a Li-ion battery are  shown in  Figure  20. In  all of the tests 

conducted in this program, this behavior was consistent among all Li-ion batteries.  The  

figure indicates that 40-90%  of the time,  a single battery cell  emissions rate  corresponds to  

less than 10 ppm in a 0.44 m3  volume. The peak event  can exceed 200 ppm in this volume 

for a single cell, and  it  is short lived (2-3 minutes).   

Similarly, it was found that vanadium oxide electrolytes emit HCl and HF, with HCl occurring  

in greatest quantities (see  Figure  6  on page  12). Lead acid battery electrolytes emit SO2  and  

HCl when heated (see page  12, Figure  7, and  Figure  8).  The mass and  volume equivalent  

concentrations of emissions from all battery types are included in  Figure  4  (peaks) and  

Figure  5  (average ppm per  kg per minute).  

A common toxic emission from all battery types  was HCl. This is also common with plastics  

fires.  Because the  IDLH  rating for  HCl is low and the quantity of HCl emission is typically 

largest among the four  toxic constituents monitored, the ACH  rating  is therefore governed  

by HCl.  As shown in  Figure  5  all battery types average lower than 2 ppm per kilogram per  

minute in the categories of CO, HF, HCN, and HCl emissions.   

IDLH and  Emergency Response Planning Guidelines  (ERPG)  values for  HCl, HF, HCN, and CO  

are shown in  Table  6.  The term immediately dangerous to life or health (IDLH) is defined by 

the US National Institute for Occupational Safety and Health (NIOSH) as exposure to  

airborne  contaminants that is "likely to cause death or immediate or delayed permanent  

adverse health effects or prevent escape  from such an environment."  

  ERPG-1  is the maximum airborne concentration below which nearly all individuals 

could be exposed  for up to 1 hour without experiencing more than mild, transient  

adverse health effects or without perceiving a clearly defined objectionable odor.  
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  ERPG-2  is the maximum airborne concentration below which nearly all individuals 

could be exposed  for up to 1 hour without experiencing or developing irreversible or  

other serious health effects or symptoms which could impair an individual's ability to  

take protective action.  

  ERPG-3  is the maximum airborne concentration below which nearly all individuals 

could be exposed  for up to 1 hour without experiencing or developing life-threatening  

health effects.  

Table  6  Immediately  Dangerous  to Life and Health  (IDLH)  for  the emphasized  toxic  

gases  identified in  the testing work.   

 IDLH (ppm)  ERPG-1  ERPG-2  ERPG-3 

 HCl  50  3  20  150 

 HF  30  2  20  50 

 HCN  50  n/a  10  25 

 CO  1200  200  350  500 

 SO2  100  0.3  3  25 
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This dynamic and varying emissions rate was time-averaged and then  charted  as a function  

of air change  over  rate  (air changes per hour, or ACH),  of the battery mass undergoing  

failure,  and the  room volume. Because this time averaged calculation  includes the nonlinear  

effect of higher emissions during the peak, this ACH  calculation  is overly conservative  for 

40-90% of the duration of the battery failure event. As mentioned  previously and as shown  

below, HCl (Figure  16)  governs the dominating air change over  requirement because of the  

low IDLH value.  The chart in  Table  15  on page  66  converts ACH to CFM  based  on room size  

and approximate  room footprint. In all cases the ACH  rate is calculated to maintain gas 

concentrations below IDLH.  

An air change rate  of 0.25 ACH is sufficient for  limited  cell failure scenarios to  mitigate HCl  

in the room sizes considered (see  Figure  16).  The peak emissions rate for up to 1.5 Li-ion  

modules (typical masses assumed) would require up to 11.5 ACH. This is within normal  

laboratory  building  ACH requirements, by comparison (Table  8  on page  51), and ASHRAE  

notes that 1 –  4.4 ACH is common in residential and commercial environments. [26] This  

clarifies DNV  GL’s recommendation  that ventilation  requirements are  within  
established  limits of the built environment  as  long as the system  demonstrates  it  

can  limit  propagation  of cell  failures with cascading  protections  

  CO (Figure  18  and  Table  13  on page  66) can be mitigated in all scenarios with only 

0.25 ACH.  

  HF (Figure  19  and  Table  14  on page  66)  can be  mitigated with 0.25 ACH in the most  

probable  failure scenarios and may require up to 14.5 ACH in the smallest room 

considered.  

  HCN emissions rates can be mitigated for the  most probable failure scenarios (a 

single or multiple cells) with only a 0.25 ACH. In the worst case  scenario of 1.5  

failing modules, the ACH is 7.5.  
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Note that  HCl a nd HF  govern the ventilation requirements,  which  implies  that the 

ventilation requirement is determined  by  toxicity,  not  flammability. This is because  

toxic gas IDLH limits are between 30-50 ppm, while flammability limits for many gases are  

in the 1,000-10,000+ ppm range.  The assumptions used in this calculation are shown  

below.  The  emissions rates assumed for the ACH calculations are the average  of the  

emissions measured during cell testing. A 30-minute  release  rate is conservative, and  

accounts for an average of emissions rate  that is higher than the low level emissions leading  

up to peak failure, and  lower than the peak emissions.  

  9.3.3 GPM and CFM Requirement 

It is shown in  Figure  15  that the heat release  rate has a weak positive correlation to mass  

lost because the linear fit has a positive slope but the R2  is low  due to  scatter  in the data. As 

discussed  on page  4, the scatter is due to the nonlinear behavior  of battery fires. As shown  

in  Figure  20  the battery spends between 40-90%  of the time in a smoldering state, meaning  

that the exothermic contribution to the fire is low during this period and much of the battery  

mass is lost during  this time, which means there is less to contribute to the peak HRR  

event. It was also show n in  Figure  12  that it  was possible to  reduce  the water requirement  

as  testing  progressed  on modules and systems. This data was directly measured  from the  

masses of the cells and modules and the water  used.  

The theoretical minimum water  requirement  for the battery mass  (not  the system mass)  is 

calculated in  Table  7.  It  should be noted that the water calculation  is determined in units of 

GPM/kg; dividing this number by the  energy density (commonly given in Wh/kg) will  

convert the result to GPM/Wh, and multiplying  by 1000 Wh/kWh will convert the result to  

GPM/kWh.  A cross check for these conversions will be needed  as energy density of batteries 

will  inevitably increase  over time.  

For  context and  benchmarking, typical ventilation and water sprinkler requirements are  

shown in  Table  8  on page  51. The  range of possible  values for the GPM/kg of battery are  

shown in  Figure  31  on page  54. Table  15  on page  66  shows conversion factors between  

ACH, CFM, and  CFM/ft2.  

 

The aggregate of such data is shown on page  67, which demonstrates the means to  

estimate water  flow and ventilation flow requirements based  on system size.  In some cases 

it can be seen that the  ventilation rates and GPM requirements are within  the norm of  

building codes. This is translated in  Table  10  on  page  53.  However, the factors that affect 

this most are the  mass  of batteries, their energy density, and the volume of the room  where  

they are installed. The air volume in  larger  rooms will dilute emissions, resulting  in  lower  

requirements for air change.  

DNV  GL  and Rescue  Methods found that the water requirement per  kg of battery material  

decreased as the quantity of modules became larger (Figure  31). It is acknowledged that  

initial testing began with an arbitrary water volume at the  cell  level, and it was found that  

this quantity was more  than sufficient—and  is therefore  excessive—for  a practical  

application.  DNV  GL  recommends  that further  study be considered to find the 

minimum  water  requirement for  extinguishing  and measure  the  physical  

parameters impacting water  contact  efficiency  

DNV GL – OAPUS301WIKO(PP151894), Rev. 3 

January 18th, 2017 

50 



 

  
    

 

 

     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           

Consolidated Edison 
Considerations for ESS Fire Safety 

Because  outdoor  systems are likely containerized they are also likely to include on-board  

gas-based  fixed suppression systems.  As recommended by DNV  GL  in the extinguishing  

section (see page  45), a gas based  suppression  system  may serve as a  first line of 

extinguishing.  Adequate sizing of nearby fire hydrants should be considered in the context 

of the maximum possible heat load during a system fire.  

Table  7  Example  calculation  to determine  the minimum  water  requirement per  kg 

of burning  cell.   

Theoretical Minimum Water  Requirement to  
Cool a Battery  

  Battery burn time (min) 42.25  

water density (kg/gal)  3.7  

 m battery (kg) 2.87  

 c water (kJ/kgC) 4.1  

 c battery (kJ/kgC)6 1.4  

 ΔT battery (deg C) 525  

 ΔT water (deg C)  75 

 Q battery (kJ) 2,107.0  

 m water (kg) 6.9  

 vol water (gal)  1.9  

 GPM 0.044  

 Theoretical Minimum GPM/kg  0.015  

Table  8  Benchmarks for  airflow  and  water  flow  for  typical  structures.  

 Benchmarks  CFM/ft2  GPM/ft2  Sources 

 Libraries  0.12 0.05-0.3  ASHRAE  Addendum n to  
ANSI/ASHRAE Standard  
62-2001 "Ventilarion for 

Acceptable Indoor Air 
Quality"  and NFPA 13 
Area Density Curves  

 Warehouses  0.06 0.05-0.3  

 Pharmacy  0.18 0.05-0.3  

 Laboratories  0.18 0.05-0.3  

Based  on the known test data, DNV  GL  is able to recommend the  following across the  

aggregate of battery chemistries. The values in  Table  9  are derived  from Table  16.  These  

are converted to  example CFM/ft2  and GPM/ft2  values in  Table  10  on page  53.  

6  Estimated  by  phenolic,  given  that  the battery  is  a  composite of  multiple polymers,  liquids,  and  some  metals.  
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Table  9  Values derived from probabilistic analysis  of  water  flow  rates (GPM) and  air  

flow  rates (CFM)  per  system energy  (kWh)  or  mass  (kg).   

Scalable Metrics for Systems based on Electrochemical Battery Mass and Energy  
Content  

25th Percentile  Mean  75th Percentile  

Water Flow Rate GPM/kg   0.07 0.10  0.20  

Water Flow Rate GPM/kWh   0.70 0.99  2.09  

Air Flow Rate CFM/kg   0.01 0.02  0.03  

Air Flow Rate CFM/kWh  0.11  0.18  0.31  
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A sensitivity analysis is demonstrated with calculated regression coefficients. The  

uncertainty in the calculation  is captured by triangular probability distributions created in  

Table  16.  In regression  analysis, the coefficients calculated for each input variable measure  

the sensitivity of the output to that particular input distribution. The sensitivity of the  

calculation of the  ventilation rate is shown in  Figure  35.  

The  energy density, cell mass, and  emissions rate from the  cell are the  greatest influencing  

factors in 90% of the calculated outcomes.  DNV  GL  recommends  that  when  calculating 

the air  flow  and water  extinguishing rate, one must  account for  battery energy  

density  (only  the  battery cells,  not  the entire system)  as well  as the duration of 

the event.  The sensitivity of the calculation of the water flow rate is shown in  Figure  36. 

The two main factors influencing the calculation are the  range  of flow rates found during  

testing and the range  of possible energy densities of the battery  system.  

These uncertainties demonstrate the following:  

  Energy density and the  emissions duration should dictate the ventilation requirement  

  Energy density and the  duration of the  event affect the  extinguishing requirement  

In  Table  10  some example ventilation and water  extinguisher ratings are calculated based  

on hypothetical systems. The values in  Table  10  are calculated from Table  7  and  

demonstrate the mean  of probability distributions generated from  Table  16. The  

distributions of the water requirement is skewed to the left, as shown in  Figure  31. The  

table demonstrates  how these findings translate to codes development  via examples. The  

table demonstrates that the ventilation and water requirements are within the scope  of  

present  requirements for the built environment when the  system is placed within adequate  

room volumes (compare with  Table  8).  Considerations of whether the spaces are  occupied  

or  whether they are outdoors apply.   

In practice, these  results will depend on the actual  system weight and room size on a per  

project basis.  When  considering a containerized system, the following additional  

considerations may occur:  

  A containerized system may not be considered  a livable or occupied space and  

therefore may have different code considerations.  

  The water requirement in  Table  10  is equivalent to about 4-5 garden hoses and is 

less than half the GPM rating of a typical 2.5” line (250 GPM).  If the  system is 

already equipped with  a gas-based  fixed  suppression  system, a parallel  water  
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connection on the  exterior  would accomplish the goal for first responders to  create a 

cost effective internal sprinkler system as a backup to the fixed  suppression  system.  

The  calculated  airflow requirement can be  oversized with a variable speed fan that meets  

the minimum air change  requirement and may peak upon detection of  smoke  or  

particulates.  

The leftward skewness of the distributions for both the  GPM requirement and the ACH  

requirement is demonstrated in  Figure  31  and  Figure  32.  

Table  10  Example  implications based  on  extrapolated  findings from testing.  It can  

be seen that  the  calculated  water  requirement is  within  the  bounds  of  what was 

described for  libraries, pharmacies,  warehouses, and laboratories;  similarly the air  

flow  requirements can be  at or  below  unless  the  room volume is too  small.  

Example Code  Requirements  

System
Size  

(kWh)  

  System  
Chemistry  

Estimated 
Mass (kg)  

Estimated 
Room Size  

(ft2)  

Ventilation 
Requirement  

(CFM)  

Theoretical  
Minimum  

GPM  
Requirement  

Median GPM  
Requirement  

GPM  
Requirement  

at 0.1 
GPM/kg  

 CFM/ft2 Min 
GPM/ft2  

 Median 
GPM/ft2  

 20  Li-ion  133.3  100  2.3  2.0  2.2  13.3  0.02  0.02  0.02 

 100  Li-ion  666.7  146  11.7  9.8  11.2  66.7  0.08  0.07  0.08 

 100  Pb Acid  3,333.3  200  58.4 UPS  
Requirement  

    0.29     

 1000  Li-ion  6,666.7  300  116.8  98.1  111.8  666.7  0.39  0.33  0.37 

 1000 Vanadium  
Redox  

 20,000.0  1500  350.4 Standard  
Commercial  

    0.23     
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Note: Fire flows in excess of 3,000 GPM per  buildings are considered impractical for many state fire codes. Consideration of battery  
flammability, cascading protections,  and building water supply should be considered. For  containerized systems, a parallel system may be 

fed externally by fire hose.  
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Figure  31  Distribution  of gallons per  minute  for  a  1  MWh  battery, calculated  from 

cell  testing and  extrapolating with the latent heat  value, which  demonstrates that  

the 0.1 GPM/kg estimation is  highly  conservative.  

Figure  32  Example  of the air  flow  requirement for  a  1 MWh  Li-ion system, 

demonstrating that  the distribution of values  is strongly  skewed leftward.  
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9.4  Inspection and Monitoring  

DNV  GL’s testing revealed that, besides lingering offgases such  as CO, lingering (unseen)  

internal temperatures and residual voltages on  unburned cells presented a hazard to first 

responders.  

Similar to the code for uninterruptible power  supplies, which recommends hydrogen  

monitoring and a system health status display  (see  Table  5),  DNV  GL  recommends at a  

minimum  that an  error  status  panel, emergency  response contact, or  other  form of  

error  notification be available  to first responders,  and that  the energy storage 

supply  chain engage  with  first  responders  to propose  a  viable solution.  Current  

codes for UPSs include  a display panel for inspection and error notification purposes.   

If a system has been in a fire which has been contained by internal fire  suppression, such  a 

display panel  is enough to alert first responders that the system has sustained damage. 

They may be able to  call  in a specialist to handle the hazard and relieve FDNY of their  

responsibility for the  site.  

There are technical parameters that have direct impact on the volatility of the system, 

though it  is debatable whether they should be the responsibility of the first responder.  

Recall that the ultimate objective  of the first responder is to protect life, preserve property,  

and ultimately secure the scene.  The intent of system health notifications or an  emergency  

response network is to  alleviate the concern  of  the first responder that  he/she  will somehow 

be obligated to own an  unknown hazard.  The project development community would serve  

its own interest to support  first responders in creating a means to facilitate  a hand-off from  

the first responder to a project owner with good certainty that the hazard is under control.  

9.5  Clearances  

As referenced in  Table  4  and  Table  5, the majority of codes identify a 3-5ft clearance  on  

energy devices within enclosed spaces. [4]  

In addition, from an  economic and technical standpoint, limitation of footprint of energy 

storage  systems directly undermines one of the key value propositions of energy storage, 

i.e.,  high  density stored electrical energy in a small space where it is most needed.  

Therefore there is a need to weigh overly prescriptive recommendations against the actual  

hazard. Recall that  in  DNV  GL’s model (also supported by testing) a system could withstand  
60 minutes of direct fire at 1000oF with only a metal barrier and an air gap (see  Figure  28  

on page  42).  

The current rule structures (NFPA 855, IBC, and IFC updates may allow for local AHJ 

exceptions for the spacing and  quantity of energy storage systems provided they pass a risk  

analysis).  

With these considerations, DNV  GL  recommends that  all  system installations 

undergo  a  risk  analysis,  with particular  attention paid to:  

- Cascading protections between  cells  and  modules  

- Clearances  to structures  above  the energy storage  systems  

- Fire  rating  of  the  enclosure  

- Most probable  expected failure  mode  
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This recommendation is consistent with the  IEEE 1547 and ANSI recognition of UL 9540  

because  of its FMEA process.  Because  cascading  protections have been overlooked in safety 

incidents (see Literature Review)  it is highly important that this consideration be  

emphasized in the up-front risk analysis.  Clearances to nearby structures are  presently 

being recommended on  a kWh basis, which may inadvertently limit the effectiveness of  

energy storage by artificially increasing its footprint and therefore its effective functional  

power and  energy density.  The  risk analysis  should provide a foundation for stakeholder  

agreement on when the risks are deemed acceptable to exceed these requirements.  

Similarly, the fire  rating of the  enclosure, if exceeding specification, may create  

opportunities to reduce  spacing or  clearances. And the most probable failure mode is the  

most important part of the  risk  analysis; it helps differentiate risks that seem significant but  

are actually low probability, versus risks that are probable and measurable, and then design  

with cost effectiveness and practicality.   
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9.6  Room Capacity Limitations  

The holding capacity of an enclosed space is dependent on a number of factors:  

- As shown  Figure  20  the  total quantity of emissions from burning  batteries is 

dependent  on the  mass  available and the  nonlinearity of its emissions rate.  

- As shown in  Figure  20, the battery fire is largely a smoldering event until a 2-3 

minute peak.   

- It was also mentioned in “Extinguishing” on page  45  that cascading protections 

between cells have a direct impact on the propagation of  the  event to the entire  

system.  

- It was also fo und in this work that peak room temperatures in a fire are directly 

correlated to the mass of the battery  (see  Figure  38  on page  76).  

Present guidance is suggesting limitations on battery systems as a function of kWh  capacity. 

It  should be noted that energy density (kWh/kg) in battery cells is continually increasing as  

new generations are released. Prescribing a code based  on mass (kg),  would present the  

challenge of increasingly higher amounts of energy being deployed under the same mass  

constraint.  The precedent is a limitation of 1000 lbs.  (453 kg) of Li-ion batteries in a space  

without  suppression, which at today’s typical Li-ion  energy density of  ~150 Wh/kg, 

corresponds to about 67.9 kWh. Proposed  IFC language will reduce this to 20 kWh for single  

units with a total limit of 600 kWh in an enclosed space.  

As  previously  stated, DNV  GL  recommends that a  risk analysis  be performed on 

any  basis  where battery systems larger  than  20  kWh and assembled in aggregate 

shall  be installed in an enclosed  space, with the intent of  answering these 

questions:  

  Is the  system  functionally  limited by the  code rating?  

  Does  the  system  have design  features  that prevent  cascading  failure 

between  cells and  modules?  (See fire test,  UL 1973  test, or  IEC 62619  test  

data.)  

  Is the  baseline and peak  ventilation capacity adequate for  the  potential  off 

gas? (Example, Figure 16)  

  Is the  sprinkler  system adequately  designed for  the  potential  heat load  and 

battery chemistry?  (Example,  Figure  29)  
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  Does  the  protective  casing  provide adequate insulation and  fire  blocking?  

(Example,  Figure 28)  

The  output of this analysis should determine if the rules are too prescriptive for the  case  

being considered, or alternatively, if the rules have not adequately captured a safety risk.  

9.7  Project Development Considerations for Interaction with First 
Responders and AHJs  

DNV  GL  surveyed several handbooks for fire departments in large cities across the country 

and found a universal theme in fire fighter training concerning extinguishing. Fire fighters 

are trained to achieve the following  objectives when arriving  at the scene:  

  Objective  1:  Remove  endangered person(s) and treat the injured.  

  Objective  2:  Stabilize the incident and provide for life safety.  

  Objective  3:  Provide for the  safety, accountability, and welfare  of personnel  

(this priority is ongoing  throughout the incident).  

  Objective  4:  Protect the  environment.  

  Objective  5:  Property conservation.  

Note that Objective 5 is often the primary concern  of the property owner. It is on the  

priority list of the first responder, but safety of life at the scene takes  precedence.  The  

following recommendations for emergency response specific to batteries refer  to these  

objectives. These are based  on the UPS battery system precedent that  already exists in New 

York City.   

  Battery systems should be described in the Building Information Card (BIC) (see  

example, Figure  33). This greatly aids in first responders meeting  Objective 2.  

  A building should have an assigned  liaison  who  works  with FDNY to update  

emergency  response plans. This liaison  may be  the same as the  certificate of fitness  

(COF) holder  for the battery system, or  may be  a different individual. This Liaison  

should be listed in the BIC. This aids  first  responders  in  meeting Objectives  2  

and  3,  and also  protects the property  owner’s interest relating  to 

Objective  5.  

  Battery systems should have a COF  similar to what is required for UPS systems.  

Again, this aids in  Objectives  2,  3  and 5.   

  The  recommendations for  monitoring and  system health display are consistent for  

codes for uninterruptible power  supplies.  The  method  of system health display and  

monitoring should be proposed by the  system integrator  or project owner.  
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Figure  33  The FDNY Building Information Card  (actual  example)  contains 

emergency contact  information for  fire safety and  building engineers.  

9.8  Considerations for Battery Chemistries that are not Li-ion  

Much of the data in this report pertains to Li-ion because the majority of battery cells tested  

are  variants of that chemistry. However, the data contained in this report should concisely 

demonstrate the following:  

- Vanadium redox and Pb acid electrolytes are not flammable.  

- Vanadium redox and Pb acid electrolytes do represent a toxicity hazard when heated.  

- Polymer cases for any battery are flammable and will contribute to a fire as fuel and  

a source  of toxic emissions.  

While not tested  explicitly in this study, it  is also worth mentioning that under  rare  

circumstances lead acid batteries are also capa ble of so-called thermal runaway, i.e., an  

exothermic failure.  Because the members of the battery industry have taken great  care to  

differentiate themselves in the area of safety, with nearly all chemistries that are  not  Li-ion  

using marketing  language such as “safe”, “nonflammable”, “thermally stable”,  
“environmentally benign” or “incapable of thermal runaway”, there is a need to  clarify a 

universal finding  in this program: in the case  of external fire, all batteries emit toxic gases. 

It  should  also be noted  that the average emissions rates of equivalent masses of plastics  

exceed those  of batteries.  Every battery tested  either emitted a gas or left a residue that  

has a varying degree of  hazard (Table  3  on page  29);  however,  this can be  expected from 

most  fires. The general findings of this work conclude that water and ventilation  

requirements are within the technical limitations of legacy building codes, i.e., there are  

precedents for managing these hazards.  

All of the batteries tested carry with them a risk in their deployment;  however,  all of the  

risks identified are manageable within the realm of today’s engineering controls for  safety.  
In addition, the toxicity and flammability risks identified are not insurmountable or highly 

unique when compared  to the  challenges of burning hydrocarbons or plastics, and the  

resulting requirements in codes, if implemented, are within the boundaries of the typical  

built environment.  

DNV  GL’s recommendations are the following:  
- If a  battery  is demonstrated  to have a  non-flammable  electrolyte, there  may  

be considerations for  a  reduced  water  extinguisher  requirement, or  at  a  
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minimum  a  water  requirement equivalent  to that required  for  the space 

without battery  systems installed.  

- The ventilation requirements should  be  the  same  for  all  battery chemistries 

tested  in this  program because  they all  have varying degrees of  HCl or   

similar  toxic  emission  upon heating.  

Lastly, the  emissions rates of equivalent amounts of plastics during a fire, including  

common every day materials that are found in office  environments,  commercial and  

industrial settings, and  even residential homes, can exceed the quantity of emissions from a 

battery fire and will emit HCl as well.   

10.0  SUMMARY OF MAIN FINDINGS AND RECOMMENDATIONS  

The below directly summarizes key findings and recommendations from this study. These  

are placed in  list form up front in the document for access and readability. The reader is 

strongly encouraged to  use the cross  references in  the report to learn the reasoning behind  

the recommendations, or read the FAQ section for  clarifications.   

  The toxic emissions from fires in this study are not necessarily excessive in content  

or quantity, and can be  managed by today’s engineering controls.  
  The code requirements for battery systems have the potential to fall within the  

boundaries of legacy  codes, provided that technical and practical engineering  

considerations are made concerning room volume and battery size.   

  DNV  GL  recommends a minimum 1-hour fire  enclosure  rating with a 2-hour rating  in  

areas with critical population density.  

  For the intent of delaying the escalation of the  fire, all systems with  individual cells 

as part  of their assembly should demonstrate that a single cell failure cannot  

propagate to neighboring cells in a module design, which may exceed the acceptance  

criteria for UL 1973 or the  IEC 62619 internal propagation test.   

  Because  of the  rapid evolution of a cell fire, DNV  GL  does  not  see an advantage to  

using a Class D extinguisher on a single cell fire, given the difficulties of access and  

timing.  While technically appropriate, the deep  seated nature and window for access 

present technical challenges; the need for  cooling  should be prioritized.  

  Fixed suppression gas agents  may reduce or mitigate flammability in an environment  

until ventilation and/or cooling strategies are implemented, though their actual  

cooling capability should be  scrutinized in comparison to water.  

  DNV  GL  recommends the following  for  extinguishing:  

o  Stage 1:  If a system can limit cell cascading, a gas based suppression system  

may be considered for the first stage  of fire  fighting to extinguish a single cell  

fire and prevent flashover in a contained environment.   

o  Stage 2:  If temperatures continue to rise  or if an increasing  level of smoke  

and gas is detected, water  extinguishing  accompanied by forced ventilation  

should be considered to cool the system and prevent further propagation of 

fire.  

  For nearly all chemistries, the ventilation of HCl, CO,  and HF govern the  ACH  

requirements, i.e., toxicity considerations dominate the ventilation need rather than  

flammability.  
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  The gases emitted are  also found in plastics fires in greater time-averaged  

quantities. This should be considered in the context of prescriptive codes because  

these hazards are likely to already exist in the built environment.  

  DNV  GL  recommends that  the lowest level ventilation rate  - if prescribed  - be  

continuous under normal systems operation. The study concludes this may be as low 

as 0.25 ACH, which is lower than what is required for most occupied spaces.   

  Regardless of chemistry, DNV  GL  recommends sizing  for ventilation and extinguisher  

systems as the following (these may be translated to  GPM/ft2  and CFM/ft2  or ACH  

starting on page  50).  

  DNV  GL  recommends that minimizing the water requirement be an area of further  

study as it has likely been overstated in these  recommendations for  

conservativeness.  

  DNV  GL  recommends at a minimum that an error  status from an  operating energy 

storage  system be  readily apparent to  first responders for the  following parameters,  

and recommends that  a  dialog be opened with system integrators to  

determine the most  effective and economic way  to address  this need:  

o  Internal atmosphere  (normal or gas detected)  

o  Temperature  (above normal or normal)  

o  Current  (normal or threshold exceeded)  

o  Voltage  (normal or threshold exceeded)  

  During and after fire extinguishing, it  is recommended that if first responders choose  

to use water  submersion to cool and isolate battery modules, that preparation to  

deal with alkaline or acidic water be considered.  

  After extinguishing, continued ventilation and monitoring of the area is highly 

recommended to protect first responders  from continued toxic and flammable gas 

emissions. The first responder team can monitor the area with handheld sensors to  

determine the appropriate time to  stop  ventilation.  

  It is highly recommended that an emergency  contact list and/or subject matter  

expert be available for all battery systems installed in buildings in order  to introduce  

the opportunity for  first responders to  relinquish control of the scene to  the system  

developer  or a designate after the  site has been secured and extinguishing has been  

completed. This is likely to  require involvement  from the project development and  

systems integration community.   

  If a battery is demonstrated to have a non-flammable electrolyte, there may be  

considerations for a reduced water extinguisher requirement, or  at a minimum,  a 

water requirement  equivalent to that required  for the space without battery systems 

installed.  

  The ventilation requirements—if prescribed—should be the same for all battery 

chemistries tested in this program because they all  emit similar HCl levels.  

  In  order to meet or  exceed UL 9540  requirements,  DNV  GL  recommends that a risk  

analysis  be performed on any basis where  a battery system or portfolio of systems  

shall be installed in an enclosed space  near  occupants. The analysis should  look at  

the general safety picture of the  project(s)  —in aggregate if possible—with  a focus 

on  these  risks:  
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o  Does the system have design features that prevent cascading failure between  

cells and modules? (See fire test, UL 1973 test,  or  IEC 62619 test data.)  

o  Are ve ntilation systems  at the intended site(s)  adequately rated to handle the  

most probable failure mode? (Example:  Table  7)  

o  Are spr inkler systems at the intended site(s) adequately designed for the  

potential heat load and battery chemistry? (Example:  Figure  29  and  Table  7)  

o  Does the protective casing provide adequate insulation and fire blocking? 

(Example:  Figure  28)  

10.1  Conclusions  

  Many  historic battery incidents are due to  external damage factors which have  

created  confusion and overreaction to the topic of battery safety.   

  Existing building codes and engineering controls can be adequate in many cases  to  

handle battery safety issues.  

  The toxic emissions from fires in this study can be managed by today’s engineering  
controls and are not anomalous or  excessive when  compared  to a plastics fire. 

Plastics fires can generate similar gases in  larger quantities over the average  

emissions duration  on an equivalent mass basis.  

  The water requirements from this study can be  lessened for building fire  extinguisher  

systems when combined  system-level safety approaches are implemented.  

  Legacy codes could provide insightful interim requirements for battery systems used  

in energy management, provided that technical  and practical engineering  

considerations are made.  

  Gas-based agents that can  reduce  flammability in an enclosed environment can put  

out single battery fires,  but should not be considered an adequate  cooling measure.  

  Water demonstrated the highest cooling efficacy of all extinguishing agents tested. 

The use  of water should only be considered if there is an acceptable risk of shorting  

additional cells or collateral damage to the remainder of the system.  

  Water volumes for  cooling can be minimized based  on the  expected duration of a 

failure event. Systems with adequate internal cascading protections will minimize the  

water volumes required for  extinguishing.  

  Staged extinguishing with fixed aerosol or gas suppression agents first,  followed by 

water in the event of a cooling need, is recommended.  It may be possible to use  

parallel water inputs on fixed suppression systems for containerized battery systems.  

  Forced  ventilation  is recommended for first responders,  even after the  fire has been  

extinguished.  

  The historical  legacy  of safety concerns has validity, though understanding of the  

root  causes and failure modes is necessary in order to understand the true threats  

and failure modes.  

Appropriate mitigation of risk shall  include a pre-commissioning design review per accepted  

industry practices that are presently being used in California and  other states.  Overall  

DNV  GL’s findings are that these hazards are  manageable for building code  officials and first 
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responders. No  significant technology barrier  exists that prevents code  officials or  first 

responders from doing their duty when  encountering battery energy storage  systems.   
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12.0  APPENDIX 1: REFERENCED DATA  

12.1  Assumptions for Air Changes per Hour (ACH) Calculations  

Statistics for mass loss,  duration of failure, and HCl, HCN, HF, and CO  emissions are  shown  

in  Table  1. This data is taken directly from all of the cell tests.  It can be seen from the data  
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that the mass loss  ranges from 0-57%, the duration of the  event lasts from 13-83 minutes,  

and the emissions rate (in ppm per kg per min)  in the 0.44 m3  chamber ranges from zero to  

0.719 for  HCl, 0.032 for HF, 0.027 for HCN, and 2.341 for CO. This data demonstrates that  

CO is emitted in greatest quantity and HCl is emitted  in the second greatest quantity, but  

because  HCl has a lower  IDLH this threshold is met first in most scenarios.  

 

The following tables demonstrate the calculated ACH as a function of burning battery mass  

and room size.  The tables below are the same data that is  visually presented in  Figure  16  

and related figures. It is clear from the  visual representation of the data that these  

relationships are nonlinear. The  estimations limit the failure to 1.5 modules, with the  

presumption that the system should demonstrate adequate separations, cascading  

protections, and suppression systems to limit failure to a single cell or at least a single  

module. The probability of failure for multiple modules should be very low for  systems with  

these active and passive barriers to catastrophic failure.  Catastrophic failure scenarios  can  

be  examined by risk  analysis to determine which barriers are in place to prevent it and the  

relative strength of those barriers.  The  risk  analysis places practical boundaries on the  

probability of high consequence  events, and  should either 1) tame  the  deployment of 

extreme safety measures with a low probability of utilization or 2) identify likely failure  

scenarios that have been overlooked in the context of the site and system.  

 

Table  11  Air  change rates based  on  HCl em issions  as a  function of room size  and 

quantity  of  failing cells.  

 

     

  

 

 
20  ft  
container  

40  ft  
container

80  ft  X  
80  ft  
room  

 HCl  33.1  67.6  3624 

1  cell   1.54  0.25  0.25  0.25 

5  cells   7.70  0.25  0.25  0.25 

10  cells   15.40  0.25  0.25  0.25 

15  cells   23.10  1.25  0.25  0.25 

20  cells   30.80  3.25  0.25  0.25 

24  cells   36.96  4.75  0.25  0.25 

1  module   44  6.5  0.6  0.25 

30  cells   46.20  7  1  0.25 

35  cells   53.90  8.5  2  0.25 

1.5  modules   66  11.5  3.5  0.25 

   

Table  12  Air  change rates based  on  HCN  emissions  as a  function of room size  and 

quantity  of  failing cells.  

 

 

 

 

 

 

 
20  ft  
container   

40  ft  
container  

80  ft  X  
80  ft  
room  

 HCN 33.1  67.6  3624  

1  cell  1.54  0.25  0.25  0.25  
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5  cells   7.70  0.25  0.25  0.25 

10  cells   15.40  0.25  0.25  0.25 

15  cells   23.10  0.25  0.25  0.25 

20  cells   30.80  1  0.25  0.25 

24  cells   36.96  2.25  0.25  0.25 

1  module   44  4  0.25  0.25 

30  cells   46.20  4  0.25  0.25 

35  cells   53.90  5.5  0.25  0.25 

1.5  modules   66  7.5  1.5  0.25 

Table  13  Air  change rates based  on  CO  emissions  as a  function  of  room size and 

quantity  of  failing cells.  

20  ft  
container  

40  ft  
container   

80  ft  X  

80  ft  
room  

 CO  33.1  67.6  3624 

1  cell   1.54  0.25  0.25  0.25 

5  cells   7.70  0.25  0.25  0.25 

10  cells   15.40  0.25  0.25  0.25 

15  cells   23.10  0.25  0.25  0.25 

20  cells   30.80  0.25  0.25  0.25 

24  cells   36.96  0.25  0.25  0.25 

1  module   46.20  0.25  0.25  0.25 

30  cells   53.90  0.25  0.25  0.25 

35  cells   44  0.25  0.25  0.25 

1.5  modules  66  0.25  0.25  0.25 

 

 

 

Table  14  Air  change rates based  on  HF emissions  as a  function  of  room size and 

quantity  of  failing cells.  

   
20  ft  
container

40  ft  
container  

80  ft  X  
80  ft  
room  

 HF  33.1  67.6  3624 

1  cell   1.54  0.25  0.25  0.25 

5  cells   7.70  0.25  0.25  0.25 

10  cells   15.40  0.25  0.25  0.25 

15  cells   23.10  2.5  0.25  0.25 

20  cells   30.80  5  0.25  0.25 

24  cells   36.96  7  1  0.25 

1  module   44  9  2  0.25 

30  cells   46.20  9.5  2.5  0.25 

35  cells   53.90 

66  

 11.5  4  0.25 

1.5  modules   14.5  5.5  0.25 
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Table  15  shows conversion factors from air changes per hour to CFM and CFM/ft2  for the  

modeled  energy storage rooms and enclosures.   

Table  15  Conversions  from  ACH  to CFM  based  on the example  room volumes  for  

energy storage systems.  
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ACH (row) to CFM (column) CFM/ft2 @ ACH
3m 3ft 2ft 0.25 1 5 10 30 0.25 1 5 10 30

 

Shipping Container, 20 ft 33 1,168 146 5 19 97 195 584 0.03 0.13 0.67 1.33 4.00

Shipping Container, 40 ft 68 2,407 301 195 781 3,906 7,811 23,434 0.65 2.60 12.98 25.96 77.88

Room, 80x80 ft 3,624 128,290 16,036 417,549 1,670,195 8,350,973 16,701,946 50,105,838 26.04 104.15 520.76 1041.52 3124.55

 Notes: Occupied laboratories = 4-12 ACH, emergency ventilation ~ 30 ACH.
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In  Table  16, useful metrics derived directly from testing are provided. As mentioned  

previously these values are input  into a probabilistic model7  to generate  the sensitivity 

analysis demonstrated in  Figure  35  and  related  figures.  The min, average, and max values 

are used to generate triangular probability distributions.  The GPM/kg measurement is a 

direct measure  of the water used to  extinguish fires across the  entire spectrum of cell to  

module testing. The cell masses, mass loss, emissions range, HRR, and  duration are the  

ranges of values observed from cell testing.  The  energy density is calculated directly from 

the  cells.  The  estimated peak cell temperature is directly sourced from the cell data.  The  

fraction of cells simultaneously burning  is a factor used to  estimate the impact of total  

emissions rate and account for the observed  fact during module testing that cell failures 

were  rarely simultaneous and occurred as discrete events. It  should be  noted in the table  

that the water contact efficiency averages 1-2%. This highly conservative number greatly 

drives the water  requirement estimation. Any method by which a battery manufacturer or  

system integrator can demonstrate that the water contact efficiency is higher will reduce the  

water requirement  overall.  

7 Palisade @Risk 
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Table  16  Aggregation of data  regarding  battery fires,  extinguishing, emissions 

rates, and extinguishing. Distributions  in the column labeled  “Dist” are triangular;  
the mean is  shown.  

Probabilistic  Inputs  

 Parameter  min  avg  max  Dist  Notes 

 Cell Mass kg  0.5  1.6  6.5  2.867 From cell test data  

Peak Cell Temperature ( ° C)   350  525  700  525  From cell test data  

 Duration (min)  2  47  83  43.882 From cell test data  

 Water Contact Efficiency  0.001  0.01  0.04  0.017  Estimated 

 Energy Density (Wh/kg)  30  120  150  100 Pb Acid to Li-ion  

Probabilistic Outputs  

      

    Delta T to Cool Battery to 25 C  325  500  675  500  Calculated from Above 

  Energy to cool battery (kJ)  227.50  1120.00  6142.50  2006.67  mcdT 

Required Water Mass including  
 heat of vaporization (kg) 

 0.09  0.44  2.39  0.78 Q battery = Q water, m_water = Q  
battery / (energy to heat water to  
100 C + dHv)  

 Required Water Volume (gal)  0.02  0.12  0.65  0.21  divide by 3.7 kg/gal 

 GPM  0.012  0.003  0.008  0.005 divide gal by duration  

 GPM/kg  0.024  0.002  0.001  0.002 divide GPM by battery mass  

 GPM/kg with water contact 
 efficiency 

 23.916  0.158  0.030  0.099  Divide by water contact efficiency  

      

 Additional Probabilistic Parameters  

  Testing GPM/kg  0.105  0.881447  1.65789474  0.881  From cell, module, and system test 
 data 

 Emissions range kg/min per cell  0.0002  0.0077  0.0152  0.0077 From cell test data  

HRR kW/kg (of mass  lost)   17  31  45  31 From cell test data  

  Fraction of cells simultaneously 
 burning 

 0.12  0.16  0.2  0.16 From module testing, 1-3 out of 8-
 15 
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12.2  Water Mass Requirement Calculation  

There are two ways to calculate the water mass requirement.  One method is to  calculate  

the rate  of energy released,  which assumes that the extinguishing event is perfectly timed 

with the peak energy release  of the cell. The  other method is to size the water requirement  

to the battery mass, acknowledging that the cell failure event  is not a single peak event, but  

is instead characterized by long periods of smoldering (40-90% of the total event duration)  

and a 2-3 minute peak event (accounting for 1-15%  of the event duration).   

The latter method  was observed to be  effective during testing  as  the water use in  DNV  GL  

and Rescue Methods’ testing became progressively smaller (on a GPM/kg basis) as the  
timing of the  extinguishing event became decoupled with the peak HRR.  In  other words,  
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extinguishing the module  or large pack was an  exercise of removing distributed heat and  

preventing perpetuating failure modes.  

 

   12.2.1 Sizing the Water Requirement to Peak HRR 

Sizing the water requirement to the peak HRR  involves the calculation  of  the amount  of 

energy required to  raise the  temperature of 1 kg of battery8  by 500 degrees Celsius. Using  

the average  HRR in  Table  16, 1  kg  of battery emits 31 KJ/second. This would be the heat  

release  rate  𝑄  and the formula used to calculate the mass flow rate of water is  𝑄  = 𝑚 𝑐𝑝∆𝑇.  

This results in a flow rate  of 1.7  GPM  per  kg  of  battery.  This  is  an  oversized  water  

requirement, as  shown below.  

 

   

  

12.2.2 Alternative Strategy for Sizing the Water Requirement: Preventing 

the Peak HRR Altogether 

̇̇ ̇

There are minutes of opportunity to simply cool the cell and avoid the peak event  

altogether. Recall from Figure  20  that a Li-ion battery smolders for minutes before  

eventually failing. Also recall from Figure  28  that the metal enclosure around a battery 

system can provide a window as long as 60 minutes to respond to  a fire. Thermal runaway  

risk  builds,  but can be arrested by cooling and preventing the battery from reaching  

temperatures near 120oC.  A strategy in the marine sector is exactly this: cool the battery 

and prevent thermal runaway temperatures from ever  being reached, resulting  in very 

benign cell failure even  during aggressive  overcharge. [33]  

Therefore the  extinguishing strategy should be  arrest the climbing temperatures before they  

reach the transition temperature at 120oC. This more practical approach takes into account  

that automatic fixed suppression systems typically lack the intelligence to sense and trigger  

according to specific gas species or gas emission rates;  i.e., they are discharged upon  

detection of smoke  via a  sensor that is generally sensitive to multiple particulate and  

hydrocarbon species.  As a result,  fixed suppression will  trigger very early in the cell failure  

process.  This would be the case  for all battery types tested, as smoldering and gaseous 

emissions from the plastics used for containment began as  early as 60oC.  Just the fumes 

from the plastics may be  enough to trigger a smoke alarm.  

 

If the module  has  adequate cascading protections  and a  1-hour  fire rating, there is  

an  opportunity  to contain  the cell  failure and avoid the  issue of oversizing the  

water  requirement  to  the  peak  and instead  size  the water  requirement  to the  

battery mass.  

 

As a result the water calculation  is simplified by sizing the water flow to  the battery mass  

rather than the  HRR at thermal runaway. This strategy is only valid  if the cascading  

protections are demonstrated to contain single cell failures and prevent cascading from cell  

to cell and module to module, and the  fire rating of the system provides adequate time to  

address an  external fire.  

 

Following this method, the energy to be  removed from the system  is:   

Q = mcΔT  

8  Simulated  as phenolic due to  its specific heat  which i s  near  the average  of  the battery  composition  by  material  
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And  thus the thermal equilibrium requirement is:   

 Qwater = Qcell 

For a 1 kg battery cell with an estimated composite specific heat similar to phenolic 

(1.4  kJ/kg °C), and a temperature  change  of 525oC –  25oC = 500oC, the  energy of heat  

transferred is 700 kJ.  This calculation neglects the additional removal of heat by water  from 

the heat of vaporization, which is addressed below.  

 

The specific heat of water is 4.1 kJ/kg °C. The  objective is to use the minimum amount of 

water before water flashes into steam. If  we target a volume of room temperature  water  

necessary to prevent the water from flashing off into steam, we assume  ΔT = 70oC (70+25  

= 95oC, or just under the boiling point).  This translates to   

  

 

mwater = 700 kJ / (4.1 kJ/kgoC * 70oC) = 2.43 kg 

This states that 2.43 kg of water is required to  cool a 1 kg battery from 500oC to 25oC, and  

the water will have risen in temperature to 95oC. This calculation should be very 

conservative, as it neglects the vaporization of water into steam and assumes the  entire  

mass  of the battery is contributing to the heat.  

 

The density of water is 3.7 kg/gal, and therefore the theoretical  conservative  minimum 

volume of water  required is 0.65 gal. However  recall that this reaction  occurs over 1-3 

minutes during the peak, and up to 40 minutes over a slow duration, and therefore the  

gallons per  minute required  is 0.02-0.6 GPM/kg  with the latter  being 

conservatively  sized  to still  address the  peak.  The major  factors driving the GPM/kg  

requirement are the battery mass and the duration of the  event.  

The water  requirements need not be excessive  if the battery  system employs  

simple,  industry  proven safety  measures such as  an  external  fire rating  and 

cascading  protections  between cells  and modules.  Most of the batteries tested had  

masses from 0.5-1.5 kg, with one battery being particularly large at 6 kg, which skews the  

average to 2.8 kg and therefore makes this calculation more conservative.  The  values in the  

table are probabilistic and the resulting distribution of water flows is shown in  Figure  31.  

The skewness of the distribution demonstrates that  the theoretical  minimum water  

requirement mean is actually 0.019 GPM/kg, or  very near the minimum.  

   12.2.3 Additional Consideration: Heat of Vaporization 

When the heat  of vaporization of water is included, the water  volume requirement is further  

reduced. The latent heat of vaporization  is the energy required to accomplish the phase  

change from liquid to gas. This property is given in kJ/kg and  there is no change  of  

temperature to make the transition at 100o  C at atmospheric pressure. This factor is 

important is because the  latent heat of vaporization  is larger than the  energy required to  

heat water from 25  to 100o  C.  

 

The  required  energy to  heat water from 25o C and then vaporize to steam at 100oC is:  

 𝐸 = 𝑚𝐶∆𝑇 + 𝑚∆𝐻𝑣 
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The specific heat of water C is 4.187 kJ/kgC and the  latent heat of vaporization  ΔHv  is 

2257kJ/kg. Using these  numbers, the  energy required to heat and boil  one  kilogram of 

water from 25o  C is:  
 

 

𝐸 = 1𝑘𝑔 ∗ 4.187 ∗ (100 − 25) + 1 ∗ 2257 

314𝑘𝐽 + 2,257𝑘𝐽 = 2,571𝑘𝐽 
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It  can be seen  from the  calculation that the latent heat of vaporization is 7x greater than  

the  energy required to  heat from 25-100o  C.  This is important for  cooling considerations 

because the heat energy of the  fire is transferred from the fire to the heating and boiling of 

water;  water withdraws energy from the fire, reducing  its destructive power and  energy.  

Every kilogram of room  temperature water that  that is heated and flashed into steam draws 

2,571  kJ from the  fire.  

 

Energy is most efficiently drawn  from the fire  when water contact is as  complete as 

possible. The method  of delivery for the water  will  affect this contact efficiency such as  mist, 

spray, and jet. Access to the deepest seated batteries will govern the water  contact  

efficiency as well. When more  water is in contact with the hot surfaces of the battery,  the  

rate  of the water-to-steam conversion process  increases, which saps energy from the fire  

and reduces overall temperature as a result.  

 

Expanding on the prior  section, if the following  assumptions are reconsidered with the  

inclusion of latent heat of vaporization, the calculation follows:  

  mcΔT + mΔHv = Qcell 

Where    

     

 

   

 Qcell = 700 kJ. Therefore for 1 kg of battery cell: 

mH2O = Qcell / (cΔT + ΔHv) = 700 kJ / (4.1 kJ/kg oC * 75 oC + 2257 kJ/kg) 

= 700 kJ / (307.5 kJ/kg + 2257 kJ/kg) = 0.27 kg 

Using the conversion factor 3.7 kg/gal, the resulting water volume is 0.07  gal. Again  

assuming 1-3 minutes of battery burn duration, and up to 40 minutes for a slow duration  

failure, the water requirement is 0.07  gal over  1-40 minutes or  0.001-0.07  GPM  per  

kilogram of battery.  Note  that this  requirement is  nearly  10x  less  than the thermal  

mass balance  calculation  in  the previous section. The latent heat of vaporization is 

therefore a  significant contributor to the cooling of the battery fire.  
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Figure  34  A  reactive cooling  approach  requires an  oversized  water  flow  

requirement;  whereas a  system-level  proactive approach  enables  a  reduced  water  

requirement.  
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Figure  35  Regression coefficients  of the  ventilation requirement.  



 

  
    

 

 

     

  

 

 

 

 

 
 

 

Figure  36  Regression coefficients  for  the water flow  rate in GPM/kg demonstrate 

that the  duration  of  the event  and  the  water  contact  efficiency are  the strongest 

drivers in reducing the water  requirement.  

 

  12.2.4 Summary of Water Extinguishing Calculations 
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It  can be seen in  Table  17  that sizing the water requirement to the peak HRR leads to a 4-

170x oversizing of the  water extinguishing system, when proactive  and integrated safety  

approaches are more  efficient and reduce the water  requirement.  

The water contact efficiency  of the  extinguishing method is highly relevant to the  overall  

cooling effectiveness. The calculations demonstrate physically possible  water flow rates, 

however the testing is the most telling. As testing progressed, DNV  GL  was able to  reduce  

the water  requirement from 1.7 GPM/kg at the  module level to 0.1 GPM/kg. Conservative  

factors accounting for water  contact efficiency have  resulted in  DNV  GL’s recommendations 

in  Table  9.  
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Table  17  Summary of methodologies and results of the water  requirement 

calculation.  

 

     

  

 

Method   Water Requirement 

(GPM/kg)  

Cross Reference  

Module Testing  0.1 –  1.7     Figure 12 on page 

 17 

 Calculated by Peak HRR   1.7  Page 69  

 Calculated Minimum Static  

  Thermal Mass Balance  

0.015    Page 51, Table 7  

Calculated Time-Dependent 

  Thermal Mass Balance  

  0.02 - 0.6   Page 69  

Calculated by Thermal  

Mass Balance  and the  

Latent  Heat of Vaporization  

of Water  

0.001 –  0.07   Page 70  
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Based  on the testing results and the calculations,  0.07  GPM/kg (including latent heat of 

vaporization) and  0.1 GPM/kg (observed in testing a multi-module configuration) brackets a 

significant range in heating and cell failure rate  scenarios. A value of 0.1 GPM/kg appears to  

be a highly conservative extinguishing rate as it does not account for the added benefit of 

latent heat of vaporization and it provides a substantial compensation for  water contact 

efficiency.  

 

  12.3 Why Bowtie Models? 

Cell  level safety and  system level safety are two different things.  Assessing the risk of 

external abuse factors can be accomplished with a risk analysis at the  site.  This technique  

permits the visualization of all possible threats  that may cause a top  event, such  as battery  

failure, to  occur. Putting barriers in place to prevent such events may increase safety of the  

system overall. The diagram illustrates a generic battery failure model, illustrating that a 

number  of threats (left side of the diagram) can be prevented  from leading to the top event  

–  which is loss of battery control  –  with barriers in place such as active  monitoring and  

proactive controls.   

An example shown is mechanical damage by the  red arrows progressing from the left of the  

diagram to the  right. In  this example, there may be  monitoring methods in place that did  

not react quickly enough to identify and prevent consequences of mechanical damage, and  

other barriers (such as physical barriers) may have  failed. If these barriers are breached  

and the top  event occurs, then a possible consequence is thermal runaway.  There  may also  

be reactive controls such as fire  alarms, automatic module disconnects, or  emergency  

cooling systems to draw heat from the  battery before the thermal runaway threshold is 

reached. Either  side of the Bowtie model may be  expanded into multiple threat  or  

consequence layers, depending on the detail of the model.  

The Bowtie model is the highest level analysis that can be done  and  may be performed in  

tandem with or in lieu of a failure mode effects  and criticality analysis (FMECA). The FMECA  

process involves a listing of all possible failure  modes and a relative ranking of the  

probability of their  occurrence. The Bowtie model adds a  visual representation of the  

incident paths, the consequence  of their  occurrence, the barriers that are in place to prevent  
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the occurrence, and the escalation factors that can either defeat barriers or increase the  

probability of the event  occurring. Escalation factors are typically included on the left hand  

side  of a Bowtie model  and demonstrate how outside factors increase the likelihood of a  

barrier  failure. Barrier defeating mechanisms can occur  on either  side of the top  event in the  

figure, but are more  commonly included in the right hand side. The list of possible failure  

modes in the FMECA analysis is a rank order list of all possible incident pathways diagramed  

in the Bowtie model. Thus the Bowtie model is descriptive and qualitative in nature, while 

the FMECA analysis is more quantitative. The  Bowtie output can easily be converted to a 

FMEA output and vice versa.  Together, the Bowtie and the FMECA listing can be used to  

address  risks and  outline  recommendations for  improvement in safety systems.   

Figure  37  BowTie  analysis permits  the  visualization  of threats to  a  top  event, such

as  loss  of  battery  control,  and ties these threats to consequences.  

 

DNV GL – OAPUS301WIKO(PP151894), Rev. 3 

January 18th, 2017 

75 



 

  
    

 

 

     

  

 

  12.4 Heat Load from Li-ion Battery Failures 
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Figure  38  Battery  weight and  the  peak  room  temperature are positively correlated.   

13.0  APPENDIX 3: TESTING  PLAN AND APPROACH  

The total project scope for the Consolidated Edison-New York State  Energy Research and  

Development Authority (NYSERDA)  BESS program is shown below. It includes four project  

tasks with a final report, which also includes the development of guidelines and training  

materials.   

  Literature Review 

A literature  review concisely summarizing the findings from previous safety testing  

conducted on the specific battery chemistry families tested in this scope of work.  

Additionally, a review of sodium sulfur and nickel sodium chloride batteries, not being tested  

in this scope  of work, was  completed.   

   Chemistries Participating in the Program 

1.  NCM (4 vendors)  

2.  LiFePO4 (2 vendors)  

3.  LTO  

4.  Lead  Acid  

5.  Vanadium Redox  

6.  An  additional  Li-ion chemistry  described as BM-LMP  
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     Small Scale Testing Parameters Measured 
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1.  Heat  release rate   

2.  Species and  rate of release  of gasses liberated  during a burn and as a result of 

application of suppression agents  

3.  Species and  volume of liquids or solids released  during a burn and as a result of 

application of suppression agents  

4.  Perform limited suppression agent testing of a small number of suppressants:  Water,  

F-500, FireIce®, and  PyroCool®.  Testing of suppression release rates for  water, or if 

water is deemed ineffective or unsafe the next best candidate suppressant identified, 

will also be performed.  

5.  Observe  for presence  of electrical arcing or mini-explosions and post burn re-ignition  

  Computer Modeling 

Computer modeling  was used to  extrapolate small scale burn test results to larger  scale fire  

scenarios involving battery racks.  A model at the system scale (rack level)  was  constructed  

for each of the chemistries tested.  Model predictions were  validated through comparison  

with burn testing of small units.  

  Final Report 

The  final report  (this document)  includes  the following for  each  family of chemistries: 

findings from the literature  review, results from the small scale cell  level tests,  results of  the  

system size modeling, an assessment  of risk at the  system scale,  effectiveness  of  

extinguishers and techniques, and any other  code relevant findings that emerge.  First 

responder training materials and guidelines are  also a deliverable from this report.  

The testing program is designed to address two hazards: 1) toxic or flammable off gases as 

well as solids and liquids released during the burn and during fire suppression, and 2) heat  

load and release rate. The testing program is designed to determine what toxic and  

flammable gases are present as a function of chemistry and when they are released during  

the fire.  The heat release data provides scalable data as a function of chemistry to  

determine passive fire protection requirements (as part  of container  or  room design), as 

well as the quantity and duration of release  for fire extinguishers.   

13.1  Design of Experiments  

Extinguisher tests were  performed on  cells that  demonstrated the best burn properties for  

testing.  All module tests were also subject to extinguishing.  Vanadium redox and lead acid  

electrolyte tests were performed  in an autoclave (without direct fire) to examine the  

volatility of the  electrolyte in high heat conditions.  There were seven  donated battery 

chemistries to the program  as well as two  volunteer participants.  

13.2  Combustion Gas and Particulate Matter Analysis   

Of chief concern to the fire services and first responders are CO, O2, H2S and  

LEL/combustible values. There  are additional risks  of fluoridated  compounds (F2  and HF),  

SO2, VOCs and  H2. DNV  GL  monitored these during the tests using  an  FTIR  gas analyzer  

from Gasmet  (Figure  39) as well as gas chromatography bags for post-test analysis.   

Additionally, coupon sampling was performed to measure ash, soot and particulate matter  

emitted and deposited during the fire, in  addition to analysis of the battery debris. These  

coupons and debris measurements will  inform hazmat risks during overhaul and after fire  

ground operations.   
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13.3  Heat Release Rate  

ASTM9  tests were modified and combined to measure the heat release  rate of the batteries. 

Heat  release rates as a  function of time and fire stage  were calculated using a thermopile  

built around the battery as well as thermocouples around the chamber  including at inlet and  

outlet. DNV  GL  was able to quantify  heat release  rate  (kJ/s or  kW or BTU/min) and  fire load  

per  mass of battery  (BTU/lb.  or kWh/kg). As standardized sizes and footprints do not yet  

exist, these parameters provide better insight  into the fire hazard than the typical ASTM 

approach per unit area (per  ft2  or per m2).  

The  power and  energy of the fire per unit mass  of battery provided data to  estimate the  

required  extinguisher flow rates or mass.  The heat removal potential of the extinguisher  

was estimated by calculation prior to the  extinguisher test by matching the battery  mass to  

the required extinguisher mass (mcT) with an added safety margin.  

13.4  Procedure  

The setup for all tests is depicted in the figure below. Additionally, all batteries underwent  

multiple tests and state  of charge (SOC) was  varied to account for differences in energy 

levels10. Battery voltages were measured during and after each test to determine their  

potential for  re-ignition, if any.  

Figure  39  Large  abuse test chamber  design  for  battery fire and extinguishing 

testing.  

  
9  ASTM  906:  Standard  Test  Method  for  Heat  and  Visible  Smoke Release Rates  for  Materials  and  Products Using  a  

Thermopile Method,  ASTM  1354:  Standard  Test  Method  for  Heat  and  Visible Smoke  Release Rates  for  Materials 
and  Products  Using  an  Oxygen  Consumption  Calorimeter,  and  ASTM  E1623:  Standard  Test M ethod  for  
Determination  of  Fire  and  Thermal P arameters  of  Materials,  Products,  and  Systems  Using  an  Intermediate Scale  
Calorimeter  (ICAL)  

10  
 

Current  plan  is for  testing  at  50%  and  100% SOC  
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  13.4.1 Testing Procedure: Lithium Battery Gas Sampling, No Extinguishing11  
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Heating was accomplished with a radiative electrical heating element and hot point  ignitor to  

heat the lithium batteries to the point of sublimation or off gassing and ignite  any 

flammable  gases produced or  released. Testing was recorded with regular image and  

thermal video.  

 

 

 

Step 1: Put battery in chamber, verify function of all sensors.  Begin filming.  

Step 2: Compile gas sensor baselines, capture  ambient  gas bag  for baseline  

Step 3:  Initiate radiative heating element. Monitor temperature battery.  

 Step 4:  Gas bag  sample. Monitor temperature  and gas sensors.  Heat rise may last 

10 minutes to one or more hours. Monitor for  flammables such as hydrogen and  

VOCs.  

 Step 5: Record increasing heat with thermocouple measurements.  Gas  bag sample  

as appropriate  

 Step 6: Monitor for peaking heat. Gas bag  sample  as appropriate. Monitor gas 

sensor and thermocouples. This may occur in durations < 5 minutes.  

 Step 7: Monitor decaying heat. Gas bag sample  as appropriate. Monitor and  record  

gas sensor and thermocouple data.  

 Step 8: Monitor decaying heat until temperatures reach  safe levels. May take hours 

or  overnight.  

 Step 9: Once battery remains are deemed  safe, collect surface  swabs,  coupons, PPE  

swabs, and secure battery in flame resistant enclosure  for posttest observation.  

 Step 10: Battery remains will be secured and monitored (video and temperature) for  

24 hours. If re-ignition  does not  occur, batteries will be observed and  intentionally 

re-ignited the following  day to  observe remaining fire load.12 

   

 

13.4.2 Testing Procedure: Lithium Battery Gas Sampling With 

Extinguishing13 

 

With basic off gas testing complete, a range  of  extinguishing agents as well as water were  

tested for  effectiveness and reaction. Heat release  rates were used to  estimate required  

extinguisher flow rates  and volumes. Battery remains were stored in flame resistant  

enclosures for 24 hours  and monitored with video and thermocouples for re-ignition. Testing  

was video recorded with regular image and thermal video.  

 Step 1: Put battery in chamber, verify function of all sensors.  Begin filming.  

 Step 2: Compile gas sensor baselines, capture  ambient  gas bag  for baseline  

 Step 3:  Initiate radiative heating element. Monitor temperature battery.  

 Step 4:  Gas bag  sample. Monitor temperature  and gas sensors.  Heat rise may last 

10 minutes to one or more hours. Monitor for  flammables such as hydrogen and  

VOCs.  

 Step 5: Record increasing heat with thermocouple measurements.  Gas  bag sample  

as appropriate  

11  Items in  bold  are  actions to  be determined  as  a  function  of  testing  progress –  requires attentive monitoring  by  
technician.  

12  No  such  events were observed.   
13  Items in  bold  are  actions to  be determined  as  a  function  of  testing  progress –  requires attentive monitoring  by  

technician.  
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 Step 6:  Execute extinguisher based on  recommended  extinguisher use14. Monitor and  

record temperature and gas sensors.  Gas bag sample  immediately after.  

 Step 7: Monitor decaying heat. Gas bag sample  as appropriate. Monitor and  record  

gas sensor and thermocouple data.  

 Step 8: Monitor decaying heat until temperatures reach  safe levels. May take hours 

or  overnight.  

 Step 9: Once battery remains are deemed  safe, collect surface swabs,  coupons, PPE  

swabs,  and secure battery in flame proof enclosure.  

 Step 10: Battery remains will be secured and monitored (video and temperature) for  

24 hours. If re-ignition  does not  occur, batteries will be observed and intentionally 

re-ignited the following  day to  observe remaining fire load. Battery will  be allowed to  

burn out on its own to  ensure co mplete destruction and remove change  of re-

ignition.  

 

     

  

 

     13.4.3 Testing Procedure: Flow and Lead Acid Battery Electrolyte (liquid) 
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A sealed autoclave with heater was used to contain the test. A sample of either liquid  

(vanadium redox) or acid soaked glass  mat (Pb  AGM) was placed in a smaller container  

within the autoclave. The autoclave was heated  and off gases measured.  

 Step 1: Put  electrolyte  (liquid or wet glass mat)  in autoclave, verify  function of all  

sensors.  Electrolyte for  each test will be taken from batteries charged to different  

SOCs to maintain SOC variance in testing.  

 Step 2: Compile gas sensor baselines, capture  ambient  gas bag  for baseline  before  

heating  

 Step 3:  Initiate radiative heating element. Monitor  liquid and ambient temperature.  

 Step 4:  Collect gas bag sample. Monitor temperature and gas sensors.  If  

electrolyte is not expected to heat exothermically, monitor that heat rise is 

consistent with controller setting. Monitor  for  flammables such as hydrogen,  VOCs, 

and sulfuric gases (SO2  and H2S).  

 Step 5: Record increasing heat with thermocouple measurements.  Gas  bag sample  

as appropriate  

 Step 6: Continue heating to predetermined temperature15.  Collect  gas  bag sample  

as appropriate. Monitor  gas sensor and thermocouples. This may occur in durations 

<  5 minutes.  

 Option  Step  7A:  Attempt spark ignition. If fluid vapor is known to be inert, this step  

shall be  skipped.  

 Option  Step  7B:  Execute extinguisher. Monitor and record  temperature and gas  

sensors. Gas  bag sample  immediately after.  

 Step 8: Monitor decaying heat. Gas bag sample as appropriate. Monitor and record  

gas sensor and thermocouple data.  

14  Different  extinguishers,  including  automated  extinguishers,  have different  guidelines for  use and  deployment.  
Execution  of  extinguisher  will b e based  on  FDNY  recommendations and  use  cases.  

15  Peak  temperature  for  flow  batteries may  vary.  Temperature may  be based  on  common  class A/B/C/D  fire  
temperatures  to  determine fluid  behavior  during  boiling  or  combustion.  Max  testing  temperature may  specified  
by  NYSERDA or  Con  Ed.  
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 Step 9: Monitor decaying heat until temperatures reach  safe levels. May take  hours 

or  overnight.  

   13.4.4 Testing Procedure: Lead Acid Battery Lead (solid)16 

As multiple risks exist with burning  lead and lead oxides, a different approach was taken to  

test the lead acid batteries. This test involved burning a small amount  of lead in a simple,  

class “A” fire17  to determine the amount of lead vaporized and deposited  on the  surrounding  

surfaces.  This testing took place in a tightly contained enclosure to minimize lead  

contamination. As class  “A” fires are not uncommon to the fire service, the focus was to  

quantify the risk posed  by lead and lead oxides.  

 Step 1:  Place  small, known quantity of lead plate and lead oxide in class A material. 

Material will  be taken  from batteries charged to different SOCs to maintain SOC 

variance in testing.  

 Step 2:  Place  coupons and ensure swab areas are clean, ensure container sealed  

except for air inlets  

 Step 3:  Ignite class “A” materials   
 Step 4:  Collect gas bag sample, monitor temperature.  Allow fire to burn out on its 

own.  

 

 

Step 5:  Let container sit, allowing  lead vapor to  settle  

Step 6:  Open container  with appropriate PPE, collect sample coupons, all solid waste, 

and surface  swabs.  

 Step 7: Reseal container for disposal or  re-use.  

 

16  No  HRR  will b e  performed  on  the lead acid  or  flow  components as the  energy  storage portions of  these  
technologies  are non  flammable, o nly  the  balance  of  system  will a dd  to  the fire  load.  

17  Likely  PTFE  or  PET  plastic or  basic construction  materials  (wood).  
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Table  18  Battery burn tests  without extinguishing, combustible  batteries only18 

 

 Stage 

 of Fire 

Gases Analyzed   Information 

 Gained From Gas 

Analysis  

 Information 

  from Coupons 

 and PPE 

 samples 

 Information from Heat 

Release Rate  

Testing Standards used  

 

 Before 

 fire 

(Background)  Background gases,  

 baseline 

measurement.  

 Coupon and 

 turnout gear prior 

to damage.  

 Turnout gear 

 “as is” 
 condition. Bare 

  coupons before 

contamination  

 

Incipien 

 t/ 

Ignition  

 Sensors: CO, CO2, 

 O2, H2S, HF, F2, 

SO2, VOCs, H2, LEL  

 

 Gas 

Chromatography  

 Bags, post test  

 analysis: VOCs,  

 fluoride 

 compounds, CO, 

CO2, heavy  
19  metals

  Toxic or flammable  

 gases during fire  

incipient stage.  

    Early stage heat release  

 rate, potential 

  combustibility of 

  radiantly heated batteries  

Modified ASTM 906 

(thermopile);  modified 

ASTM 1354  (O2 

consumption  

calorimetry)  ;  modified 

ASTM 1623  (intermediate  

scale  calorimetry)  

Rising  

 heat 

 Same    Evolution of gases 

 as fire climaxes  

   Accelerating heat release  

rate, O2 consumption, 

 CO production20 , 

 thermopile temperatures  

Same  

 Heat 

Climax  

 Same  Gas composition  

  during fire climax  

    Peak heat loads, O2 

consumption  

Same  

Decayin 

g fire  

 Same   Gas composition as  

  fire evolves and 

decays  

   Heat decay rate  Same  

 Fully 

decaye 

d fire  

 Same Background gases  

   after fire has 

 decayed completely  

   Determination of 

 potential for re-ignition  

Same  

Debris  (Background)   Residues and 

 HAZMAT 

conditions.  

 Residues and 

 HAZMAT 

considerations,  

 degradation to 

 PPE 

  Turnout gear after 

  exposure. Coupons for  

  SEM/EDAX/XRD. Ion 

   chromatography may be 

 performed with swabs  

  from turnout gear.  
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18 See below test  procedures  for  flow  battery  electrolytes  
19  If  contained  within  battery,  based  on  MSDS  
20  
 

Compliments gas  analysis  
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Table  19  Battery burn or  heat21  tests  with  extinguishing  

Stage of Fire   Gases 

Analyzed  

 Information Gained 

From Gas Analysis  

 Coupons and PPE 

samples  

 Heat Release 

Rate  

Testing  

 Standards 

Used  

 Before fire  (Background)  Background gases,  

 baseline measurement. 

  Coupon and turnout gear  

  prior to damage.  

Turnout gear  “as  is”  
condition. Bare  

coupons  before  

contamination  

  

Incipient   Sensors: CO, 

CO2, O2, H2S, 

HF, F2, SO2, 

VOCs, H2, LEL  

 

 Gas 

Chromatography  

 Bags, post test  

 analysis: VOCs,  

 fluoride 

 compounds, CO, 

 CO2 

   Toxic or flammable gases  

  during fire incipient stage.  

    Early stage heat 

 release rate,  

potential 

  combustibility of 

 radiantly heated  

batteries  

Modified ASTM 

906 

 (thermopile); 

 modified ASTM 

 1354 (O2  

consumption  

  calorimetry) ; 

 modified ASTM 

1623 

 (intermediate 

scale  

calorimetry)  

  Rising heat  Same     Evolution of gases as fire  

climaxes  

 Accelerating  

  heat release 

rate, O2 

 consumption, CO 

 production22 

Same  

 Heat Climax   Same   Gas composition during  

 fire climax  

   Peak heat loads, 

 O2 consumption  

Same  

Extinguisher 

Deployment  

23 Same   Changes in gas 

 composition as a result 

of extinguishing  

 Changes in residues 

 as a result of 

extinguishing, 

HAZMAT impact  

Heat removal 
24 rate   achieved 

 with 

extinguisher  

Same  

Decaying fire   Same    Gas composition as fire  

  evolves and decays.  

 Changes in gas 

 composition as a result 

of extinguishing  

   Heat decay rate, 

ability to 

 sustain cooling 

 with 

extinguisher  

Same  

 Fully decayed 

 fire 

 Same   Background gases after 

  fire has decayed 

  completely. Changes in 

 gas composition as a 

 result of extinguishing.  

  Accelerated 

 cool down rate 

 with 

extinguisher  

 

Debris  (Background)    Residual fumes. Changes 

in gas composition as a  

result of extinguishing.  

 Residues and HAZMAT  

considerations.  

 Changes in residues 

 as a result of 

 Turnout gear 

 after exposure. 

  Coupons for 

SEM/EDAX/XRD.  
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21  Flow battery  electrolytes  may  be  heated  to  achieve the  simulation  of  external h eating  due to  a  fire.  Some  flow 
battery  electrolytes are  not  expected  to  be exothermic.  

22  Complements gas analysis  
23  To  be  compared  against  benchmark  “without  extinguishing”  
24  Evaluation  of  heat  management  as a  result  of  extinguishing  will i nform  firefighter  extinguisher  guidelines  
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extinguishing, 

HAZMAT impact, 

degradation to PPE  

Ion  

chromatography  

may  be  

performed with  

swabs  from  

turnout gear. 

Change in  

residues as a  

result of  

extinguishing. 

Liquid samples  

for IC will 

determine if  

extinguisher 

liquid residues  

are toxic.  

13.5  Large Scale Burns  

Upon completion and evaluation of the small scale burn tests, and following or in parallel to  

the modeling of the data from those tests, large scale  tests, at  the module or pack level or  

bigger, were  conducted  to verify modeling results and determine unforeseen risks posed by 

larger systems. This phase  of testing was performed in conjunction with Rescue Methods 

(RM) and involved  the complete ignition of a full  system or subsystem of an energy storage  

unit comprised  of cells of the previously tested  chemistries. These tests took place in a 

designated burn trailer used for the development of guidelines and training material for first 

responders as well as testing  the effectiveness of extinguishing agents on a larger  scale. 

Test units were  secured overnight for observation of re-ignition and then intentionally re-

ignited 24 hours later to determine remaining fire load as  well as to ensure  complete  

destruction for safe disposal. Samples of the  remaining battery, as well as  residual run-off  

from the  extinguisher and coupon  samples from within the burn area were  collected after  

each test. Thermal and regular video  was  taken.  
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Improperly in stalled  energy  storage  systems  pose  risks  to  workers,  emergency  responders  and  the  general  
public.  Where  connected  to  the  grid,  these  systems  can  also  pose  risks  to  utility  infrastructure  and  utility  
workers.   These  dangers  do  not  diminish  when  energy  storage  systems  are  paired  with  solar  PV  systems.  Only  
fully  qualified  contractors  should  be  installing  these  systems.  

Sincerely,  

Scott  Wetch  
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