Battery Energy Storage
Systems



Operational hazards

Image credit: FireTech-HCT, India
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Specific site considerations

e Arc flash : ROCTIVE KT =~
* Limited operational life, <10 years
* Future proofing and resilience

* Detection and monitoring

e Electrical interfaces and network
connections

* Back-up supplies




Fundamentally it is about public
safety

* |dentification of hazards

* Impact on surrounding
communities

 Location of infrastructureina
way that does not put at | S L e ™
extreme risk emergency -
responders

e Safe access and withdrawal
from around the facility




Pulse Clean Energy, Hyde, Stockport

Connected to 110,000 homes

1 hour duration

Pulse Clean Energy, Hyde. Gtr. Manchester


Presenter Notes
Presentation Notes
Much the same issues as Bredbury, EXCEPT this site is located at the ‘dead end’ of a cobbled road with poor access for a fire appliance and no turning area.


Typical ‘dimensions’

* 6.25MWh. Many sizes are
available

* Lithium lIron Phosphate ]
(LiFePO,) cells: 3.2V /587Ah “ &
A

* |P54 ingress protection rating

* Liquid cooled

e Mass: 36 tonnes
e Format: 20ft ‘ISO’ container

Image credit: © HighJoule Group



Quantity Dimensions Sl Unit Comment

Energy ML?T2 Joule (J) KE=%2MV2
° ° ° KE=mgh
Size, capacity, units
doing work

ML2T2 Joule (J) A measure of the
transfer of energy
MLT=2 Newton (N) Mass.acceleration
Pow ML2T3 Watt (W) P=Work/unit time
1Joule per second
Often kW, MW,
GWorTW
A unit of electricity ML2T3x T kWhr A quantity of
energy, used for
= ML?T? billing the use of
Power

* A household consumes 30kWhr
of electricity per day ...

e Say: 1.25 kW/hr (1.25 Units)
* Price: 26.5p / unit

* Making a brew ... 1.0l water, 2.5
kW kettle: 114 sec. Say 2 min

* 2 units/hr=53p x2/60 =1.76p
e Say 2p to make a brew!
* Thanks Constantine

Z500-300H
Made in China
26417MD
Lo Spectrum Brands (UK) Ltd
[H[ /g c E Manchester M35
www.spectumbrands.co ik




DEVICE

1500 Standard microwave oven

Microwave oven 6.5

Pre 2017, 1.6kW. Pre 2014 2kW, >2017

7.0 1600 900W

Vacuum cleaner

Electrical bad boys

Toaster (4 Slice) 9.0 2000 900W for a 'two-slice' toaster

Portable air
conditioner

Typically, 900-2000W. The higher the BTUs /

< <
ek AUy kW, the higher the power

* Anything that heats or moves,
except 2 slice toasters

* Don’tdo washing and ironing or
charge your BEV

. ,fAnything with a motor, pump or
an

Hair dryer 10.0 2200 Use atowel or buy a Caterham

Washing machine 10.0 2200 Avoid

10.0 2200 Avoid

Tumble dryer 2500 Avoid

Single drawer versions tend to be around
<11.0 <2600 1500W whilst twin drawer versions are
closer to 2600W

Air Fryer

<13.0 <3000 Typically, 2200 -3000W

e Sitindoors, Eat toast, Drink tea,
play games on the laptop,
straighten hair (60W), listen to
the radio (15W) or read the paper
(5W LED bulb) by a desk lamp

Radiator / Fan

Heater <13.0 <3000 Typically, 2000 — 3000W

13.0 3000 Don't bother

Single oven 13.0 3000 Eattoast

Not to be used with an extension lead.
<13.0 <3000 Dedicated circuitrequired and ideally an EV
rated socket-outlet. Use your bike

Electric Vehicle
(Slow Charge)

Patio Heater <13.0 <3000 Typically, 1200-3000W. Sitindoors

=y
- .
o



Fundamentally it is about public
safety

* Provision of fire water supplies

* Land management of
vegetation

* Limitations on fire spread
* Effective E-planning

* Comprehensive E-response
plan




BESS Li-ion battery incident data
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(2) Wood Mackenzie, Global Energy Storage Outlook.
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Li-ion battery incident data: QBE
Insurance, 2025

* UK Fire Services attended 921 * Electric Power Research Institute

iIncidents (EPRI) California data
* E-scooters: 125. BEV: 118 * https://storagewiki.epri.com/index
« E-trucks: 12 (involving 7 FRS) .php/BESS_Failure_Incident_Data

base
 But how many E-trucks are on the
road??? * 105 entries: 3 historically in the

* [tis unclear whether the data is UK

rising or falling * 2011-2025

* NB Some incidents could be logged
under the construction sector

* A fantastic database, but not if you
live in South Korea!!


https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database
https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database
https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database
https://storagewiki.epri.com/index.php/BESS_Failure_Incident_Database

Incident No. 1: Orsted Ltd. Carnegie
Road, Liverpool

* First debut BESS fire in the UK
* 15 September, 2020

* 59 hours to extinguish

* Automatic FA system activated

* Significant blast, debris travelled
6-23 metres

* The blast blew the (******) doors
off!

* Site remotely managed from
Denmark




Orsted Ltd. Carnegie Road, Liverpool

* Note the proximity of a
‘Neighbourhood Nursery’

* NOVEC 1230 system fitted to
the units, which had activated

e 33kV battery on site

* Excellent Investigation Report
again from Merseyside Fire &
Rescue

 Causation: (Poor) Frequency
Regulation




Incident: Cirencester

* Wippet Lane, Preston, near Cirencester
* 1531 Friday 28 March 2025
* Two 20ft ISO containers

* Hybrid solar farm: Owned by Warrington Borough
Council! >88 acres. 43,000 solar panels

* Fire Crews prevented fire spreading to a third
container Stop time 2204

* Roads closed and public movement lockdown

Image credit: © Entica AG



Presenter Notes
Presentation Notes
Significant events in the UK include:

Gloucestershire, Cirencester 
Capacity (MW):10
Capacity (MWh):51
Battery Module:  Li ion
Integrator:  Gridserve
Application:  Solar shifting
Installation:  Solar + storage
Enclosure Type:  Container
Event Date:  28 March 2025
System Age (yr):  2.5 
Extent of Damage:  Two containers were affected.
State During Accident:
Description:  A fire occurred in two BESS containers at Cirencester Hybrid Solar Farm. The solar + storage facility is DC coupled, with 23 MW solar and 10 MW of BESS. Two containers were affected by the fire, and propagation to a third container was prevented. The event lasted 7 hours.
Root Cause:  Failed Element:  
Source:  Warrington Guardian
Additional Resources:  Energy Global�GRIDSERVE�Solar Power Portal


Small devices

E-micromobility

PLG, BEV Cars

PSV,
Construction
site vehicles

Waste
management

Typical battery
mass

BMS

'Fiddle factor’

Advice and ERG

FFA

RISK

Nokia BL5C 22g
iPhone 180g
est.

Dell Lat. 500g

OK

OK. No
swapping-out of
IT / mobile
phone batteries
now!!

Essentially
NONE

Submerge / AVD
extinguishers

LOW

Typically 5kg

Questionable

Dangerous

Questionable to

Dangerous

Copious water

HIGH

Tesla~500-
700kg
M-B ~ 900+kg

Excellent

V Low. Cost,
complexity and
value of the
product

Excellent
CTIF/NFPA

Run

V LOW

Volvo / CAT
2000+kg

Excellent

V Low.Cost,
complexity and
value of the
product

Excellent
CTIF/NFPA

Run faster

LOW

5kW - >100MW
already for Li-

ion systems
Up to 36 Tonnes

Excellent

Low.Value of
the project and
its place in the
infrastructure

Excellent

Evacuate?

?7LOW

Completely
unknown!
? tonnes

None

Inherentin the
process?

Evacuate and
escape

V HIGH



Battery energy storage systems &
Superchargers

* Tesla products, such as: Powerwall,
Powerpack, Megapack.

* Supercharger roadside charging
facilities.

* Risks: Very low. High Li-ion battery
mass. Essentially sealed units. May
be linked to PV panels. Under
constant observation &
surveillance.

e Action: EXCELLENT
manufacturer’s emergency
response guides.

* FFA: Let it burn? Water to cool?



Presenter Notes
Presentation Notes
Risks have been classified here in this category as very low, although there is not much data linked to the sector.

Standard Description NFPA 885.  Standard for the Installation of Stationary Energy Storage Systems.
BS EN 16009:2011 Flameless explosion venting devices.
FM Global 5-33  Property loss prevention guidelines for energy storage systems.
Local Fire Codes.  Consultation with local authorities ensures compliance with UK-specific regulations.

Further Reading: Battery Energy Storage Systems: Typical Standards

See further data at:  BESS Failure Incident Database - EPRI Storage Wiki

Significant events in the UK include:

Gloucestershire, Cirencester 
Capacity (MW):10
Capacity (MWh):51
Battery Module:  Li ion
Integrator:  Gridserve
Application:  Solar shifting
Installation:  Solar + storage
Enclosure Type:  Container
Event Date:  28 March 2025
System Age (yr):  2.5 
Extent of Damage:  Two containers were affected.
State During Accident:
Description:  A fire occurred in two BESS containers at Cirencester Hybrid Solar Farm. The solar + storage facility is DC coupled, with 23 MW solar and 10 MW of BESS. Two containers were affected by the fire, and propagation to a third container was prevented. The event lasted 7 hours.
Root Cause:  Failed Element:  
Source:  Warrington Guardian
Additional Resources:  Energy Global�GRIDSERVE�Solar Power Portal�

Aberdeenshire, Rothienorman 
Capacity (MW):
Capacity (MWh):  
Battery Module:  Integrator:
Application:
Installation:
Enclosure Type:
Event Date:21 February 2025
System Age (yr):
Extent of Damage:
State During Accident:
Description:  A fire occurred at a BESS facility. The fire was extinguished and firefighters left 4 hours after arrival.
Root Cause:  Failed Element:
Source:  The Press and Journal
Additional Resources:

England, Essex, Tilbury
Capacity (MW):  300
Capacity (MWh):  600
Battery Module:  Integrator:
Application:  
Frequency Regulation, Capacity Market, Balancing Mechanism, Wholesale Power Markets
Installation:  Substation
Enclosure Type:  Container
Event Date:  19 February 2025
System Age (yr):0
Extent of Damage:  A single container out of "multiple“
State During Accident:  Construction
Description:  A fire occurred in a single BESS container and was extinguished 1 day later. The Thurrock site was still under construction at the time. Firefighters relied on thermal imaging cameras and drones to monitor temperatures and manage the fire, and a water curtain was used to prevent propagation.
Root Cause:  Failed Element
Source:  Energy Storage News
Additional Resources:[https://www.essex-fire.gov.uk/incidents/firefighters-respond-battery-storage-site-fire-east-tilbury-2025-02-19-15-51 Essex County Fire and Rescue Service�Statera Energy]��
�


Two new documents

PAS 63100:2024

Electrical installations — Protection against
fire of battery energy storage systems for
use in dwellings — Specification

%
asecos:
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Lithium-lon Batteries —
Fire, Explosion and Smoke Hazards
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Department for
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New icons
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Battery in
installation

Battery in
NOTE Adapted from IEC 60417-6400 and ISO 7000-0242. i nStaI Iatio n L
Solar PV on roof



Significant Guidance from PAS 63100

6.5.5 Batteries shall not be installed in any f) outdoors (ground-mounted or wall-

of the following locations: mounted in a suitable enclosure)
: : : within 1 m of:
a) roomsin which persons are intended 1 .
to sleep ) escape routes;
2) doors;
b) routes used as a means of escape that 3) windows; or

are not defined as protected escape

routes, including landings, staircases 4) ventilation ports.

and corridors g) voids, roof spaces or lofts
c) corridors, shafts, stairs or lobbies of h) within 2m of stored flammable
protected escape routes materials and fuel storage tanks or
d) firefighting lobbies, shafts or cylinders; and

staircases i) cellars or basements that have no

e) storage cupboards, enclosures or access to the outside of the building

spaces opening into rooms in which
persons are intended to sleep



A Tesla Powerwall installation

smm ° Compliant or not?

Photo credit: © Dan Pyett FRMC



So, what's next?

* FSMS, Fire Risk strategy, FRAs  * Wallboards / posters

* Review, identify, prioritise, plan ¢ ALL 3 top level objectives
stand: Life safety, property

* Back-to-basics approach with ) ,
protection and business

the introduction of new site

hazards: matching fire continuity

extinguishers to hazards etc * Evacuation priorities are NOW
* What else can be so easily * Active and passive protection

compromised? « Compartmentation and FIRE

* E.g. BEV charging for visitors? DOORS



Li-ion power series A1 or A2 size

posters

1: LITHIUM-ION BATTERY SAFETY

2: E-BIKES, E-SCOOTERS and PERSONAL
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Li-ion power series A1 or A2 size
posters

Baticry encrgy storage systems (BESS) comprise groups of battery packs, designed o provide energy from intermitient renewabde solar or wind energy sources o be stored and then
released to consumers when they need power most. Syatems are constructed from arrays of infercennectsd baftery packs within racking to creatz a high-power enengy storage matr:
BESS may 250 be used as Uninterruplible Power Supply {(UPS) systams 1o prolect apainst power disaaplions in supply 1o sensibve localions such 2s dala cenlres or hosgials, Compulsr
cetrolled ham’,' rranagemant systems (BME) are key risk centrols whi..h manags the flow of enengy arourd the BESS systams o ensure that Li-ioe battery cells remain within their safe™-
operating range o, and temp . Mationa! Grid i tad ial BESS systems, using fhium-ion battenies, may be found en industial and commercal
facilities. Flammable elecirolytes, combined with the high infinsic energy within fhium-ion batieny celis, can present fire and exslosion risks fiom single point failures.
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Fire, safety and health considerations
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D4FS: The TWO (philosophical) equations for life!

* Designing for fire safety.
PROTECTH % BUS PROEE(?C-)I-I\\I(TINUIT *N=M+1 and...

-S=N-1. OrS#N-1

i

* Always argue for more! Go large,
have at least one more than you
thought you needed!

* Never compromise on survivability.
Never go less that N-1.

* Iltistime to look at fire protection in
much more detalil ...



Presenter Notes
Presentation Notes
N ≥ M+1 is an expression for the number of systems that you need should always be one more that you thought you wanted.  It allows for redundancy and therefore one of the systems could be ‘down’ for unavailability or maintenance.  In naval systems there should always be ‘one and two spares’!

S ≤ N-1 is another expression for ‘survivability’:  Here you SHOULD be able to survive a situation with ONE LESS feature or facility that you knew you had. For example:  all the crew are safe in one less life-raft, the aircraft can be flown on one less engine, and you can all evacuate safely through one less means of escape.  This S factor allows for unavailability of assets, systems or services. 

Secondly, there will be elements of property protection to make escape from facilities tenable.  These requirements of active and passive fire prevention are detailed on the Wallboard.  It is absolutely vital that these principles are designed-in from the outset in D4FS (designing for fire safety) and that the active and passive measures are properly constructed, installed, inspected and tested.  Above all, there MUST be a continuing planned preventative maintenance programme to maintain these essential life safety and property protection measures.



Evacuation and escape...

Evacuate, get people out and
away to a safe distance.

Minimise travel distances.
* Minimise evacuation time.

Clear, illuminated wayfinding
& safety signs.

Assemble potentially at
100+m.

Inspect MOE routes
frequently.

MEANS OF ESCAPE, FIREEXITS ¢}y
and ASSEMBLY POINTS .
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Presenter Notes
Presentation Notes
So, what can you do about it now?  The key is to get the people out:  Evacuation AND Escape.

By this stage we have already passed all the aspects of fire prevention.  The fire has already initiated, and thermal runaway may well be chemically and physically underway.  Reverting to first principles, the first action is LIFE SAFETY and you must get people evacuated from the building, facility or the surrounding area of a lithium-ion battery fire without delay.  Means of escape, fire exits and assembly points need to be clear, accessible and available for immediate use.  This Wallboard give clear advice on the requirements.

Remember that fire is bad enough but a fire with smoke is terrible, and a fire with toxic chemical smoke will be lethal.  Evacuation UPWIND to a safe distance is paramount.



AFP & PFP: Fire protection is key!

INTRODUCTICH XAMPLE! PASSIVE SYSTEM:
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EXAMPLES OF ACTIVE SYSTEMS
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KNOW YOUR FIRE EXIT,
KNOW YOUR MEANS OF ESCAPE

(o) FIRE RISK MANAGEMENT GROUP
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Detect, warn, alarm, evacuate.
nvest in AFP and PFP.
Design in compartmentation.

it and test dampers in air
nandling systems.

nstall and test sprinklers.
Maintain everything, often ...


Presenter Notes
Presentation Notes
N ≥ M+1 is an expression for the number of systems that you need should always be one more that you thought you wanted.  It allows for redundancy and therefore one of the systems could be ‘down’ for unavailability or maintenance.  In naval systems there should always be ‘one and two spares’!

S ≤ N-1 is another expression for ‘survivability’:  Here you SHOULD be able to survive a situation with ONE LESS feature or facility that you knew you had. For example:  all the crew are safe in one less life-raft, the aircraft can be flown on one less engine, and you can all evacuate safely through one less means of escape.  This S factor allows for unavailability of assets, systems or services. 

Secondly, there will be elements of property protection to make escape from facilities tenable.  These requirements of active and passive fire prevention are detailed on the Wallboard.  It is absolutely vital that these principles are designed-in from the outset in D4FS (designing for fire safety) and that the active and passive measures are properly constructed, installed, inspected and tested.  Above all, there MUST be a continuing planned preventative maintenance programme to maintain these essential life safety and property protection measures.



Fire Doors: Fundamental fire protection

* In buildings and infrastructure:

INSPECTION OF FIRE DOORS e Fire doors ‘seal’ compartments and
prevent ‘smoke’ spread. Check
them frequently.

* |[n any circumstances, an open fire
door is useless.

* |[n domestic accommodation, never
re-charge batteries unattended, at
night, or on an MOE, and close
doors.



Presenter Notes
Presentation Notes
Anne Isaacs is the FRMG expert in this field.  Contact her via Networks@iosh.com.

An essential part of the passive fire protection scheme is the provision of fire doors to maintain compartmentation within the building in the event of fire.  However, in these circumstances it is also essential to have well provisioned and maintained fire doors to limit the passage of toxic gases and smoke throughout a building or between compartments.  Where passage of smoke or TOXIC gases could be suspected then intumescent seals and smoke seals on doors should be installed and doors graded 30S or 60S.




Latest International
interest

* Austroads Research Report AP-R746-25

* Incident Response for Low and Zero
Emission VEhicles

Incident Response for Low and Zero

Emission Vehicles




Standards for safe working

* BSI PAS 43:2018-TC * UK Dept Transport guidance
* Safe working of vehicle * Recovery operators: working with
breakdown, recovery and electric vehicles - GOV.UK

removal operations.

Management system . .
specification * To ID an electric vehicle

* Enter the registration number of
the vehicle - Check if a vehicle is
taxed and has an MOT - GOV.UK

e VVehicle Tax and MQOT status

results - Check if a vehicle is
taxed and has an MOT - GOV.UK



https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
https://www.gov.uk/government/publications/recovery-operators-working-with-electric-vehicles/recovery-operators-working-with-electric-vehicles
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en
https://vehicleenquiry.service.gov.uk/VehicleFound?locale=en

EV conversions: 1970 Mercedes-Benz SL

EV FireSafe: Thermal Runaway
https://www.youtube.com/watch?v=52mfE2w9t1c

Images credit: Channel 10 News Melbourne
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