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Sent: 03 February 2022 16:45

To:

Cc: Jacqui Dixon BSc MBA;-- Kerr, Angus
Subject: FW: Official complaint

Caution — This email has been received from outside the NICS network.

Please ensure you can verify the sender’'s name and email address.

Treat all attachments and links with caution.

FOR INTERNAL NICS STAFF ONLY - If you have any concerns regarding the email please
forward to spam@finance-ni.gov.uk.

oeer [ I

Official complaint.

As detailed in my e mail below, | formally raise the following complaints:

(1) The failure of Antrim and Newtownabbey Borough Council to take effective timely action to stop an
unauthorised development.

(2) The failure by Antrim and Newtownabbey Borough Council to inform residents about an unauthorised
development that could endanger lives.

(3) The failure to provide a response to representations made.

(4) Failure to place in the public domain correspondence from all parties relating to the unauthorised
development.

(5) The refusing to disclose information pertaining to the unauthorised development requested under EIR
regulations.

(6) The refusal to permit public participation in the decision making process.

(7) Failure to seek a new planning application and EIA

(8) The placing of the developer’s right to a fair trial above the rights of residents to life.

(9) The acceptance of the material changes, some of which are listed below, without consultation with
statutory consultees.

For the avoidance of doubt some of the material changes resulting from the unauthorised development include:

Complete change to site layout

Increase in size of compound area.

Building closer to Doagh Road

Raising construction levels

Infrastructure moved from rear of building to front of building

Increased volume of infrastructure

Increased height of infrastructure

Removal, due to moving closer to boundaries, of landscaping and planting.
1

ONO UL WN B



9 Removal, due to moving closer to boundaries, of acoustic barrier.

10 installing water lagoons

11 changing cable routes

12 Water connection

13 Communications connection

14 Intention to install water hydrants

15 Lighting along Doagh Road

16 Increasing battery capacity of each container
17 Increasing size of battery containers

18 Change of cooling fans

19 Change of inverters

20 Placing battery containers closer to residential property.

Due to the refusal to provide information the above list may not be complete. When | have access to the plans for
the unauthorised development | will comment further.

Please confirm receipt of this e mail and your stage 1 response to this complaint.

Yours sincerely

From:.
Sent: 31 January 2022 15:19

To: <--@antrimandnewtownabbey.gov.uk>;--

@antrimandnewtownabbey.gov.uk>; Jacqui Dixon BSc MBA
@antrimandnewtownabbey.gov.uk>

Cc: Kerr, Angus <-.@infrastructure-ni.gov.uk>

Subject: FW: Unauthorised unsafe development.

ocar [ I

It is now five months since breaches of planning in respect of Kells BESS were notified.

The developer meantime continues to complete the unauthorised development. The extent of the unauthorised
infrastructure along the Doagh Road is entirely unacceptable. It appears that battery containers have been sited
closer to Number 3 Whappstown Road than was permitted. You are aware that this house could be demolished
when the batteries explode. You are aware that the battery containers on site will contain over twice the approved
battery capacity. You are aware that noise from the BESS under construction has not been assessed. You are aware
that unauthorised water catchment on site will carry toxic fire water to designated sites.

The BESS under construction bears no resemblance to that approved by PAC.
Your refusal to provide residents with any information whatsoever on any possible remedy is not acceptable. It

appears that while you tell us about the developers right to a fair trial you ignore our right to life and permit the
developer to complete this unauthorised development that has the potential to kill residents.



As previously stated you will have broken the law if you try to grant retrospective planning permission for this
unauthorised development.

Please provide us with information on what action has been taken and on what dates that action was taken and
what follow up action was taken and when.

If this information is not provided in the next 24 hours please take this e mail as an official complaint regarding

(1)Antrim and Newtownabbey Borough Council’s failure to take effective timely action to stop an unauthorised
development

(2) failure by Antrim and Newtownabbey Borough Council to inform residents about an unauthorised development
that could endanger lives.

(3) Failure to reply to or comment or place in the public domain correspondence from all parties relating to the
unauthorised development.

(4) refusing to disclose information under EIR regulations

(3)placing the developers right to a fair trial above the rights of residents to life.

Please place this objection on the portal.
Please reply within 48 hours.

Yours sincerely,

2
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3 February 2022
LA05/2021/1117/DC

To Mr David Burns and Mr Conor Hughes, Lisburn and Castlereagh
Council

| note the contents of the response from the applicant’s consultant to my
concerns. | sent you a detailed, reasoned and referenced letter of
objection regarding Fire Growth Parameter and a risk classification which
was calculated for me to be “Ultra fast’ not ‘medium’ as claimed in the
FRA. The response you have received is purely a statement of opinion on
FGP and risk. It is without scientific reference or reference to standards
and how they have complied with those standards. The Council must seek
independent expert advice to address the issues | have raised, maybe
Atkins Ltd as they have already issued a report on the dangers of BESS.

| would note in particular that the figures | supplied are not disputed: the
Fire Growth Parameter (FGP), the capacity of the development, the
classification of the FGP and so on. These are measures of risk. The scale
of the quantities of batteries and their capacity, closely packed on to this
site with no mitigation measures taken such as battery reduction per
container, spacing of battery racks in containers, fire rating of the
containers, fire separation of the containers etc. - none of this is disputed
in the response.

In addition please note the original FRA focussed on the Fire Growth
Parameter as a key issue of risk. The FRA did not state that it used the
beginning of the test as the starting time for the calculation, whereas the
referenced scientific experiment (also not disputed by the developer’s
consultant) used the point of ignition of the battery as the starting time.
This is clearly wrong. Imagine a test using a candle which would take a
long time to start a fire in a battery. Now compare the same experiment
using a flame thrower and the time to start a fire in the battery would be a
lot quicker. So using the time it takes for the battery to actually go on fire
and adding that time onto the time it actually takes to go from ignition of
the battery to it reaching the peak heat point, is just nonsense.

Furthermore, a battery can catch fire from within itself and not from an
external source therefore it is the ignition point of the fire in the battery
which is the starting point. In addition once the fire takes hold, explosions
can take place adding to the dangers of spread of damage between
modules and racks.



It is clear that if you are going to cite graphs and calculations from a
scientific paper, you must follow the methodology in the paper.

Applying the methodology and figures from the scientific study used in
the FRA, the result of the FGP is “ultra fast’ - not medium as stated in the
FRA.

With an ‘ultra fast’ classification of the FGP, the Council must ask itself:
is one of these BESS containers safe? Is the one adjacent to it safe at the
distance proposed and without a fire rating of the containers? Is this
development safe with this capacity of batteries on this size of a site. This
is risk assessment that the Council now needs to carry out and must do so
with independent experts in this field if they do not have access to such
experts in house.

Why is this important? It is important because if a fire takes hold and
explodes there will be significant impacts on neighbours of this
development. The HSENI/Atkins report makes this crystal clear. There
are people living and working within the zones highlighted in that report.
The developer’s consultant’s response makes no reference to our safety at
all. It make no reference to the safety of the environment. The Group
Commander of the NIFRS has advised that we as neighbours have to be
considered and that has not been done. The responsibility for approving
or rejecting this report lies entirely with the Council, together with the
responsibility for our safety.

Please place this response on the planning portal. As | stated in my
previous letter, | have set Planning Application number
LAO05/2019/0675/F and LA05/2021/1117/DC to be tracked, however, |
am not getting a tracking notification alert. | did get a explanation from
the council, the Group Commander letter had to be uploaded manually
and that was the reason why | did not receive a notification. My letter
dated 21 January 2022 has not been uploaded and I did not get a
notification of Jenson Hughes letter dated 28 January 2022. Can the
Council please look into this.

| await your response.

Yours sincerely
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KellsVOCAL

Moorfields
Ballymena

Deputy Director of Planning

Antrim and Newtownabbey Borough Council 1%t February 2022
Mossley Mill Newtownabbey

BT36 5QA

By e-mail

Letter of objection Kells BESS Ref: LA03/2020/0265/DC- Discharge of Condition 1 - for Kells BESS
LA03/2018/0984/F

Dear.
Planning has partially discharged LA03/2020/0265/DC — Condition 1 — CEMP.
CEMP April 2020 (amended 01/04/2021) -POINT 1.1

“It is the purpose of this CEMP to discharge associated Condition 1 requiring a detailed CEMP
to be submitted and approved by the Planning Authority. All works will adhere to this plan as

approved, thereafter.” (KV underline)

and
“A proposed layout drawing showing the consented development is provided in Annex A.”

The CEMP Condition cannot be fully discharged because it pertains to the approved site layout for
LA03/2018/0984/F that was passed by PAC. However, as you are aware, the developer has
constructed a totally different BESS, which is now under enforcement consideration in
LA03/2021/0276/CA.

The ANBC Decision Letter for the CEMP 19/01/2021 states:

“The second element of the condition requires the construction work to be carried out in
accordance with the specifications in the CEMP and this element can only be discharged
once the works are complete....”

The works referred to in the Decision letter can never be completed because the developer has
constructed a BESS other than that passed by PAC.

And

“The second element of the condition requires the construction work to be carried out in
accordance with the specifications in the CEMP.”



The developer’s complete departure from the planning application approved by PAC and referenced
within the CEMP means that the second element cannot be met. ANBC must require the developer
to cease construction immediately.

The BESS under construction bears no resemblance to the one approved by PAC. The changes in
infrastructure layout, battery container size, battery concentration and overall MW Power/ MWH
capacity, which have been introduced by the developer, post-approval, are of a nature and
magnitude that cannot be judged non-material.

Clearly, the decision to partially discharge the CEMP must be rescinded because the CEMP is no
longer relevant. The BESS that has been constructed is not the one referenced in the CEMP and all
works have not adhered to the plan as approved.

In addition, the Certificate of Lawfulness of Proposed Use or Development dated 02/09/2021 should
be rescinded as the BESS that has been constructed is materially different from that passed at PAC.
The developer has not constructed the BESS that is referenced in the site layout drawing attached to
the Certificate and stamped LA03/2021/0511/LDP.

“this certificate applies only to the extent of the operations described in the First Schedule
and to the land specified in the Second Schedule and identified on the attached plan. Any
operations which are materially different from that described or which relate to other land
may render the owner or occupier liable to enforcement action.”

The Certificate of Lawfulness of Proposed Use or Development was dated 02/09/2021. As early as 7"
September 2021 Kells VOCAL emailed the Planning Department asking for information because
residents were aware that the layout of the site was not in accordance with what had been
approved by PAC. KellsVOCAL then requested Planning to make a site inspection and take
enforcement action 23/09/2021. An enforcement case LA03/2021/0276/CA was then opened.

Planning Services must clarify how and why the Certificate of Lawfulness of Proposed Use or
Development was issued 02/09/2021 when the construction of an unauthorised site layout was
already well underway as reported to Planning by KellsVOCAL.

A new planning application would be required for the BESS that has been constructed.

Will you please ensure that this objection is placed within LA03/2020/0265/DC on the planning
portal?

Yours sincerely

L ]
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Moorfields
Ballymena
Mr Angus Kerr BT42 3DA
Chief Planner and Director of Regional Planning
Dfl 2" February 2022
By Email

Objection letter for Kells BESS LA03/2018/0984/F
Dear Mr Kerr

Please find attached a letter of objection for Kells BESS which | have sent to ||} I of
ANBC Planning. It pertains to the partial discharge of the CEMP, Condition 1, imposed by PAC. ltis
one of a number of objections that you have been copied in to recently. You will note that | believe
that the CEMP condition cannot be fully discharged because it does not relate to the BESS that has
now been built.

You will be aware that Kells BESS is the subject of an enforcement investigation. The developer has
constructed a BESS that is totally different from what was passed by PAC. | believe that the changes
that have been made would require a new planning application because consultation with HSENI,
NIEA, Environmental Health, Dfl Roads and NIFRS is required - the risk to people and the
environment, visual impact, drainage, noise, safety of road users, fire risk and fire water
containment would need to be assessed for the BESS that has been constructed. In addition,
residents have the right to be notified of, and comment on, departures from the approved BESS,
that could have an adverse impact on their health, property, and environment.

The developer has constructed a completely different site layout, in which 25 x 2MW power (1IMWh
capacity) battery containers have been replaced by 13 x 4.1MW power (3.12MWh capacity)
battery containers, 30 metres from the closest residence. | believe that the higher concentration of
batteries per container has increased the fire/explosion and toxic gas release risk to human life,
property, and the environment in the event of a thermal runaway incident. This is not a non-material
change.

A monstrosity of electrical infrastructure items has been built in front of the BESS substation,
adjacent to the Doagh Road, contrary to the approved site layout. This is not a non-material change.
The Case Officer’s Report, relied on by the Commissioner in the PAC Hearing, stated that such
infrastructure would lie to the rear of the BESS substation (a large, long pitched roof building that
the planners understood would have screened the electrical infrastructure from the road). | have
attached the BESS and Substation Lighting Drawing 14/12/2021 to illustrate how this infrastructure
has now introduced an unacceptable visual impact along the Doagh Road and a distraction to
motorists on a blind summit just before the crossroads. | have also attached the site layout approved
at PAC, which you will note contained none of the detailed substation infrastructure now shown in



the Lighting drawing, submitted with the application to discharge Condition 8. | have also attached
our recently taken photographs.

This planning application was originally refused by ANBC due to visual impact, road safety concerns
and noise. These concerns have been heightened by the unauthorised development.

The changes made by the developer are of a magnitude that cannot be judged as non-material. |
find it incomprehensible that ANBC Planning continues to consider yet another application to
discharge a Condition ( Condition 12-Lighting) that references site layout drawings so glaringly
different from the layout passed by PAC. | believe that this unauthorised development makes a
mockery of the N Ireland planning system.

| urge you to examine what is happening at Kells BESS and to consider the added dangers that this
unauthorised development poses for our community. It is now 5 months since KellsVOCAL brought
the unauthorised development to ANBC'’s attention. Despite an ongoing enforcement investigation,
the developer has continued throughout to construct a BESS that is contrary to the one approved by
PAC.

| would very much appreciate your views on this matter and look forward to hearing from you.

Yours sincerely

00
o .
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Moorfields
Ballymena
BT42 3DA
I
Deputy Director of Planning
Antrim and Newtownabbey Borough Council 23rd January 2022
Mossley Mill Newtownabbey
BT36 5QA
By e-mail

Regarding Kells BESS — Electrical Infrastructure adjacent to the Doagh Road.

Dear [ I

Thank you for your continued assessment of the changes to the Kells BESS.

We have taken photos this weekend of the electrical infrastructure to date which is adjacent and in full
view of the Doagh Road.

There are two issues for your consideration:

1. The development drawings were misleading to the Professional Planners of the
Council, the Public and the PAC and as a result the electrical infrastructure has a
significantly greater visual impact.

2. The electrical infrastructure actually being constructed is much higher and there is
more of it than what is shown on the drawings for the Full Planning Permission.

Point 1.
The Professional Planner’s Report to the Council clearly stated that:

“The site will be laid out with the substation adjacent to the main Doagh Road, associated
switch gear to the rear of this...”

The drawings submitted to the LPA, and which are still on the portal, P2-100 is a small scale site plan
with a dotted box labelled ‘“110kv Substation refer to P8-100’. The latter drawing is a larger scale
substation building and electrical infrastructure layout. This drawing has no North point and nowhere
on the drawing is there a reference to Substation layout’s relationship to the adjacent Doagh Road.
However, the Substation Elevations drawing P8-200 are critically labelled FRONT ELEVATION and
REAR ELEVATION. The ordinary meaning of FRONT ELEVATION is that elevation that fronts on to
the road, and REAR ELEVATION is that elevation that faces away from the road. Your professional
planners clearly took the ordinary meaning of FRONT and REAR when they assessed the drawings
and compiled their Professional Planners’ Report stating:

“The site will be laid out with the substation adjacent to the main Doagh Road, associated
switch gear to the rear of this...”

The Professional Planners’ interpretation of the applicant’'s drawings meant that their understanding of
the development was that the substation building would itself be a visual screen to the electrical
infrastructure from the Doagh Road.



This Professional Planners’ report was presented to the Council Planning Committee. It was also
presented to the public. | personally understood from the drawings, which was confirmed by the
Professional Planner’s Report, that the substation would be screening the electrical infrastructure
from the Doagh Road and it was a shock to me when all this electrical equipment appeared in full
view of the Doagh Road with the substation building behind it.

At the Council Planning Committee Meeting, the Applicant did not take the opportunity to correct the
Professional Planners’ Report nor provide any clarity that they planned to build the electrical
infrastructure adjacent to the Doagh Road with the substation building behind it.

When the case was heard by the PACNI, I rerresented the Council Planning Authority. He
did not make any statement verbal or written to change the Council’s Professional Planners’ Report
and so it must be taken that he stood over the Professional Planners’ Report and the Council’s
interpretation of the drawings and this became the evidence for the Commissioner. At the PAC
Hearing, whilst many minor dimensional changes were presented by the applicant for several hours,
at no time did the applicant bring to the attention of the Commissioner that the Professional Planners
Report was incorrect in its reading of their drawings. The matter was not discussed at all and neither
is this matter mentioned in the Commissioner’s report. It therefore has to be assumed that the
Commissioner too took the ordinary meaning of the Substation elevations together with the
Professional Planner’s reading and assessed the visual impact on that basis and approved it
accordingly.

So this community now asks the Council to take immediate enforcement action and to advise
the PACNI of the situation that has occurred. Please advise me of your decision and actions.

Point 2.

We have had the opportunity to review the ‘REAR ELEVATION’ on drawing P8-200 and assessed it
against photographs we took of the site this weekend. Clearly the work is unfinished as there is
further infrastructure to be installed. However, we have transposed what we can see, and foresee
from what is there but at present is unfinished, on to the ‘REAR ELEVATION’ OF P8-200 on the next
page. We attach to this letter both this marked up P8-200 and the photographs taken 23-01-22.

People on this area have already nicknamed it ‘CAPE CANAVERAL.

No one can understand how such a flagrant monstrosity could have been approved by the PAC and
supported in that approval by the Professional Planners of Antrim and Newtownabbey Council.

Worse still, what is being constructed bears not a veil of resemblance to what was declared on the
applicants’ drawings. Not in the quantity of infrastructure, nor the heights of the individual pieces of
equipment.

What is perfectly clear is that no visual impact assessment was carried out by the Council or
the PAC based on the electrical infrastructure that is being constructed in front of the
substation and in full view of the Doagh Road.

Similarly, no noise impact assessment was ever carried out for this equipment in this layout in
this position.



| therefore ask the Council to take immediate enforcement action against this unauthorised
development. Please advise me of the actions you have taken.

Yours sincerely



PERIMETER
PALISADE FENCE

MEW A -ﬂﬁmm“dh‘

250cT fﬂ}ﬁ
File e N, o

‘-'-"--_._
mw/zota/osaa
VIEW B

FRONT ELEVATION

LIGHTNING
PROTECTION SYSTEM

PERIMETER
LIGHTING PALISADE FENCE

G STATCOM

REAR ELEVATION

— LIGHTNING PROTECTION
» SYSTEM

2 NS N

- *Iﬂ 2 ’ﬂm e _\\
Il

rWMMWMWMWWJm.

VIEWW A

LIGHTNING PROTECTION —

SYSTEM

V

LIGHTNING PROTECTION

SYSTEM

/y \\

IIV o

\VIEWW D

m

COMPLETED 23-01-22
ELECTRICAL INFRASTRUCTURE NE—

INCOMPLETE 23-01-22

Drawing G Nowkowrxioey

BORQUGH COUNCIL

Number... ')

LIGHTNING PROTECTION —
SYSTEM

Amendment amended | Date: | ID:
] — — Stage Proj.~no.: NI016
| \ Planning Pogs ra: P8.200
Dete: 22102018
| Froject Drawn by: KES

“m ”I l" J “| H | || | Kells Battery Storage, "
Co. Antrim 1:200@A3
Pian Content

Substation Elevatinns

Conyrin ma P with the slon of Land & Property
the
smsm.—,om & Grown C wé-tmammmtmam

KELLS BES actman ™

Bellast, BT 12 6HU
L TD Morthem lreland
Tal +44 (0) 28 00 096 445




. =000

From: Kerr, Angus

Sent: 12 January 2022 15:51

To:

Cc:

Subject: RE: Update on Declaratory Order

Good afternoon-

This matter is currently with Judge Humpbhries. | will let you know as soon as we hear from him.

Regards,

Angus Kerr
Chief Planner & Director of Regional Planning
Department for Infrastructure

Personal Secretary:
+44 (0) 28 905 4064 Xt
@infrastructure-ni.gov.uk

From: - - [mailto _@aol.com]

Sent: 12 January 2022 15:11

To: Kerr, Angus <--@infrastructure-ni.gov.uk>
Subject: Update on Declaratory Order

Caution — This email has been received from outside the NICS network.

Please ensure you can verify the sender’'s name and email address.

Treat all attachments and links with caution.

FOR INTERNAL NICS STAFF ONLY - If you have any concerns regarding the email please
forward to spam@finance-ni.gov.uk.

Good afternoon Angus

Happy new year to you and I trust you're well.

I was just wondering if you had an update on the Declaratory Order asked for by Judge Humphries? I'd
appreciate any update you are at liberty to provide.

Best

Sent from the all-new AOL app for Android




hseni ATKINS

CONTROLLING RISK TOGETHER

Hazard Assessment of Battery Energy Storage Systems

By . Atkins Ltd

1 INTRODUCTION

1.1 Scope

HSENI is aware of the hazards associated with large scale lithium-ion Battery Energy Storage System (BESS)
sites. Consideration has been given to whether such sites should come under the COMAH and Hazardous
Substances Consent Regulations, and following discussions with COMAH colleagues in HSE and HSA the view is
that batteries alone would not bring a facility under COMAH (as batteries are regarded as articles and not
dangerous substances under CLP).

Nevertheless, HSENI is still interested in the consequences of a fire in a battery container unit as there may be a
need for HSENI to provide advice to Local Planning Authorities, comment on an environmental assessment,
provide advice to fire fighters or review an operator’s own risk assessment.

HSENI is aware that this is a relatively new area, with little available guidance, and has therefore requested that
Atkins provide some initial advice based on the following scope:

e Review of incidents involving lithium-ion battery energy storage sites (and manufacturing sites)

e Review of technical papers/information, concentrating on any information relevant to major accident
hazards

Consideration of fire load (associated with the electrolyte)

Consideration of potential for flammable vapour explosion

Assessment of HF dispersion toxic hazard ranges to DTL/IDLH using ADMS

Brief consideration of washout/deposition from fire plumes

Brief consideration of firewater run-off issue (environmental hazard)

Summary of key issues

It is emphasised that this Technical Note is only intended to provide brief advice in most of the above areas, and
that in some areas there is very little available good information. HSENI has indicated that their main concern is
the firefighter who could be facing a fire at one of these facilities, and therefore their principal interest is in the
potential toxic fire plume, and potential explosion, associated with a single BESS container. This Technical Note
therefore concentrates on those areas.

It is recognised that this has been a rapidly developing area over the last few years, and so the information
presented in this Technical Note would benefit from regular review.

1.2 Background

A recent issue of Energy Storage News (11 January 2021) summarises the key hazards for firefighters:

Energy storage is a relatively new technology to fire departments across the US. While different fire
departments have differing levels of exposure to battery energy storage systems (or BESS for short), the
primary concern of each is the same: the safety and well-being of their first responders.

Departments and local officials are, however, becoming increasingly aware of the hazards associated
with battery storage and it is important that their concerns be properly addressed. Addressing these
concemns in a complete and transparent manner has been seen not only to promote overall first
responder safety but also to ensure project success. Perhaps the most defining characteristic of lithium-
ion battery failures is a state known as ‘thermal runaway’, in which a battery cell experiences
uncontrollable overheating, often accompanied by the release of large quantities of flammable off-gases.

Thermal propagation from the failing cell may lead to incipient thermal runaway of adjacent cells, thus
creating a cascading failure across the system, resulting in tremendous amounts of heat and gas. When
these gases are allowed to accumulate in an enclosed space (such as a BESS container), an explosive
atmosphere may develop, which, given an ignition source, may lead to a devastating deflagration
(explosion) event. This blast wave can cause damage to nearby buildings and structures, as well as first
responders who may be arriving on the scene, as was seen in the incident that unfolded in Arizona in
2019. Deep-seated fires are also common in lithium-ion failure events. These fires are not easily
extinguished and may continue for hours, fuelled by heat and gas from cascading cell failures. Even if
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suppressed by water, stranded energy within the cells often causes reignitions, thus perpetuating the
event.

Concerns based on environmental risks are also often cited by fire departments across the country.
Large quantities of smoke and gas are often released during battery fires, with high levels of carbon
monoxide and hydrogen cyanide measured on-site in Arizona at the time of the incident. Contaminated
runoff water may also affect the surrounding area. Electrical hazards also exist during and after battery
failure events and should not be overlooked.
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2 REVIEW OF INCIDENTS

This section provides a brief review of incidents involving lithium-ion cells, and key lessons learned in terms of
major hazard assessment. It is not intended to be comprehensive, but highlights important events such as the
2019 McMicken (Arizona) BESS explosion.

21 Incidents Involving Single Cells

Many billions of individual lithium-ion cells have been produced worldwide over the last 30 years, and there have
been thousands of incidents which have been potentially hazardous. Many of these have been well reported in
the press, and some have led to major product recalls. The majority of these incidents relate to Thermal
Runaway (TR) events due to a short circuit within a cell between the anode and cathode. Such events are often
apparently spontaneous and the precise cause of the short circuit is often not clear. Common causes can
include:

Impact/vibration/penetration
Manufacturing defect

Failure of the battery management system
Overheating

Overcharging

Undercharging

It is also noted that as the widespread use of such cells has grown very rapidly, there is relatively little data on
incidents that may be related to aging for current cell designs.

Incidents are generally most severe when a cell has a high State of Charge (SOC). Any major failure of a
charged cell can lead to the rapid and energetic ejection of the electrolyte liquid, as a short (e.g. 1 to 2 m long) jet
flame. It is noted that such failure events with charged cells are highly likely to ignite, but there are also situations
where cascading thermal runaway can occur due to heat transfer between cells without any ignition, due to the
highly exothermic nature of the thermal runaway.

The precise nature of an incident may depend on the cell size and whether the cell is cylindrical, pouch or
prismatic. Large pouch cells are generally used in large scale BESS container units.

2.2 Incidents at BESS Facilities

Table 2-1 lists a number of incidents which have occurred at BESS facilities.

Table 2-1 Incidents at BESS Facilities

Location Date of Description of Incident
(Company) Incident
Arizona, Nov 2012 | In November of 2012, a fire occurred at a state-of-the-art solar energy
USA storage system that the Arizona Public Service Company (APS) was
(Arizona Public testing. The system, the relative size of a shipping container with a
Service Company) capacity of 1.5 MW, had been running since February of 2012. Similar to

the First Wind fires, the fire department personnel allowed the fire to burn
freely for some time. The cause of the fire was not reported.
Ref. Blum and Long (2016)

Unknown 2014 A fire in a Li-ion battery storage unit caused an explosion that seriously
injured fire fighters.
Ref. Ronken (2017)

Yeongju, Nov 2018 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Cheonan, Nov 2018 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Geochang Nov 2018 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Munyeong, Nov 2018 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
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Location Date of Description of Incident
(Company) Incident
South Korea Dec 2018 | Fire at lithium-ion peak load reduction plant.
Jecheon Ref. INERIS (2021)
Samcheok, Dec 2018 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Yangsan, Jan 2019 | Fire at lithium-ion peak load reduction plant.
South Korea Ref. INERIS (2021)
Wando, Jan 2019 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Jangsu, Jan 2019 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
Ulsan, Jan 2019 | Fire at lithium-ion peak load reduction plant.
South Korea Ref. INERIS (2021)
Chligok, May 2019 | Fire at lithium-ion PV power plant.
South Korea Ref. INERIS (2021)
McMicken Substation, | 19/4/2019 | The incident occurred at two twinned grid-scale energy storage systems of

Surprise,
West Valley,
Arizona,
USA

(Arizona Public
Services)

2 MW / 2 MWh at the McMicken substation. The explosion caused a
“significant pressure wave” resulting in the injuries of four firefighters.
Technical analysis by certification and standards group DNV GL indicated
that the event had begun with internal cell failure in a single LG Chem
0.24 kWh pouch cell in the ESS.

The fire suppression system onsite worked as designed, but it was
inadequate to prevent or stop the cascading thermal runaway. Heat
transfer between the cells in a module, and then between modules, in one
of the battery racks caused the thermal runaway to propagate - facilitated
by the absence of “adequate thermal barrier protections between battery
cells,” which could have stopped or slowed the propagation.

Whilst the incident was at first thought to be a fire, it was in fact a
cascading thermal runaway from a single cell, through every other cell in
the module, and then through all the modules in Rack 15 via heat transfer.
It took around two hours from the first report of a suspected fire at the
facility, at 17:48 local time on 19 April 2019, to around 20:04 before an
explosion happened from inside the BESS. The BESS and its container
were “essentially destroyed” and the incident left several firefighters injured.
On the day of the incident, the BESS was performing solar smoothing
applications - charging during the daytime from local solar generation and
discharging electricity to the grid during the evening peak load. Data
collected by APS found that just before 5pm on 19 April, there was a
sudden drop in voltage during one of the system’s charge cycles.

Thermal runaway began shortly after that. Smoke detection systems went
into operation but off-gassing of battery cells as the thermal runaway
cascaded through neighbouring modules caused a “flammable atmosphere
within the BESS,” the DNV GL report said. Then, when firefighters opened
the side container door around three hours after thermal runaway began,
an explosion occurred within 2-3 minutes, causing the side and rear doors
of the BESS as well as other debris to be ejected by the explosion.

It is thought that opening the doors agitated flammable gases that
remained and brought the gases into contact with a spark or heat source -
causing the explosion.

Ref. McKinnon, DeCrane and Kerber (2020) — Detailed incident report.
DNV GL (2020) — Technical incident report.

Energy Storage News (23 April 2019, 29 July 2020, 12 March 2021, 25
March 2021)
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Location
(Company)

Date of
Incident

Description of Incident

Carnegie Road,
Liverpool,
England
(QDrsted)

See Figure 2.1

15/9/2020

Large grid battery system container fire at 20 MW BESS site which lasted

several hours.

Merseyside Fire & Rescue Service, local first-responders, said that crews

were alerted shortly before 1am on 15 September and arrived to find a

“large grid battery system container well alight”.

A "massive bang" was heard as fire crews rushed to tackle the blaze.

One resident said he "heard an explosion after midnight" while another said

their house "shook”.

Five fire engines were immediately on the scene after being alerted at

12.52am to reports of a blaze on Carnegie Road in Tuebrook.

The fire service said that it had used main jets and ground monitors in

tackling the fire, asking residents nearby to keep their windows and doors

closed due to smoke from the incident.

The blaze went on for several hours, with an update from the service at

7:30am noting that although operations at the site had been scaled down,

firefighting was ongoing, with two ground monitor units and a main water jet

still in use. A further update at 11:45am said one fire engine was still at the

scene, with firefighting still continuing, although by that stage only one

hand-held pump was in use.

It was reported that the explosion caused a “significant pressure wave”,

causing debris to be thrown between 6 and 20 metres away according to

the fire department’s response report.

The environmental impact from firewater runoff was also a major concern.

Ref. Energy Storage News (16 September 2020 and 25 March 2021)

e Fire at 20MW UK battery storage plant in Liverpool - Energy Storage
Virtual Summit (solarenergyevents.com)

Ningxiang,

Hunan Province,
China

(CATL Brunp
Recycling Technology
plant)

See Figure 2.2

7/1/2021

Explosion and fire occurred at one of the old workshops of the battery
recycling plant - 1 person was killed and 6 were seriously injured. CATL is
a battery supplier to Tesla.

e  https://uk.motor1.com/news/465244/explosion-catl-battery-plant-china/
e #177 Explosion at CATL-owned company #shorts - YouTube

Figure 2.1 Incident at Carnegie Road, Liverpool (15/9/2020)
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Figure 2.2 Incident at Ningxiang, Hunan Province, China (7/1/2021)

An explosion occurred

It is noted that there have been many incidents in Asia relating to BESS facilities, but details are generally scarce
or unavailable.
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23 Incidents at Battery Manufacturing Facilities

Table 2-2 lists a number of incidents which have occurred at battery manufacturing facilities.

Table 2-2 Incidents at Battery Manufacturing Facilities

Location Date of Description of Incident
(Company) Incident

Koriyama City, 4/11/1995 | An explosion occurred at a Sony battery factory in Koriyama City, Japan,

Japan where cylindrical lithium-ion batteries for notebook PCs were
manufactured. The fire occurred on the floor where batteries underwent
final testing. Cells in this location were stored in racks 4-high under
ambient temperature conditions. Ultimately, approximately 3 million cells
burned, 7,000 m? of facility was damaged and two people were injured.
Ref. Mikolajczak et al (2011)

Moriguchi, Aug 1997 | An explosion occurred at the Matsushita Battery Industry factory in

Osaka, Moriguchi, Osaka. The owner of the factory, T&T Dream, was a

Japan subcontractor for Matsushita. The factory carried out charge/discharge and

(Matsushita Battery check processes of cylindrical lithium-ion batteries. Cells in this location

Industry Factory) were stored on thirteen layers under ambient temperature conditions.
Ultimately, approximately 1.22 million cells burned, 1,700 m? of facility was
burned, buildings within a 175 m radius were damaged, and two people
were injured.
Ref. Mikolajczak et al (2011)

Karlstein, Aug 2008 | A fire occurred at Batterie-Montage-Zentrum (BMZ) in Karlstein, Germany.

Germany The fire destroyed a production area and a warehouse.

(BMZ) Ref. Mikolajczak et al (2011)

Pawcatuck, Sep 2008 | A large format lithium-ion battery that was undergoing testing at Yardney

Connecticut, Technical Products in Pawcatuck Connecticut caught fire.

USA Ref. Mikolajczak et al (2011)

(Yardley Technical

Products)

Dongguan City, 2014 Fire in a lithium-ion battery factory in Dongguan City in China, which

China caused 5 deaths and 6 injuries.
Ref. Niu and Li (2018)

China 8/2/2017 | The fire occurred in the battery waste area of the factory, after faulty

(Samsung SDI lithium-ion batteries went up in flames.

battery manufacturing e  https://fortune.com/2017/02/09/samsung-battery-factory-explodes/

facility)

North Phoenix, 6/5/2017 | Pallet of Li batteries caught fire and 5 minutes later the whole building was

Arizona, USA burning, producing toxic smoke which spread all over the north valley and

(Gruber Motor forced evacuation of nearby buildings.

Company) e Fire breaks out at factory that produces lithium batteries - Bing video

Peera Garhi, 2/1/2020 | Battery factory collapses after explosion in fire during firefighting operations

New Delhi — killing 1 and injuring 19 other firefighters.

India e Battery Factory In Peeragarhi Collapses During Fire Fighting

See Figure 2.3

Operations | CNN News18 (msn.com)
e Battery factory collapses in fire in New Delhi, killing 1 (apnews.com)
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Figure 2.3 Incident at Peera Garhi, New Delhi, India (2/1/2020)

The incidents in Table 2-2 show that major incidents at battery manufacturing facilities are most likely to occur in
the Formation, Aging and Testing stage, where large numbers of cells are being charged for the first time. Such
events are less likely at BESS sites as the cells have been through all the necessary testing, but the nature of the
potential incidents is similar due to the large number of cells present.

24 Other Incidents

Table 2-3 lists a number of incidents which have occurred at other facilities.

Table 2-3 Incidents at Other Facilities

Location Date of Description of Incident
(Company) Incident

Germany 2017 A major fire broke out in a bicycle warehouse in Germany that also
contained a large number of electric bicycles with Li-ion batteries. It proved
an extraordinary challenge for the fire brigade and ultimately resulted in a
total loss in the warehouse. Four employees suffered minor injuries.
Ref. Ronken (2017)
e  https://rp-online.de/nrw/staedte/emmerich/grossbrand-bei-fahrrad-

rose aid-14299219
Lyons Park industrial 20/2/2020 | Factory storing Li batteries goes up in flames.

estate, Coventry,
England

e  Factory where lithium batteries stored goes up in flames -
CoventryLive (coventrytelegraph.net)

Mikolajczak et al (2011) also lists a number of air transport incidents involving lithium-ion batteries.
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3 REVIEW OF LITERATURE

This section presents a brief literature review concentrating on information which is relevant in terms of major
hazard safety issues.

31 Published Papers and Reports

Wang, Sun & Chu (2005) provide an overview of how lithium-ion cells can fail, leading to fire and explosion.

Figure 3.1 Development of Cell Failure (Wang, Sun & Chu, 2005)
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Ditch and de Vries (2013) and Ditch (2014) describe a detailed study of the flammability characterisation of
lithium-ion batteries in bulk storage, which tested the effectiveness of sprinklers and measured heat release rates
etc. The overall goal was to develop sprinkler protection recommendations for bulk storage of Li-ion batteries.
The test results show that fires can develop rapidly, reaching heat release rates of several MW for a single pallet
of batteries.

Mikolajczak et al (2011) present a literature review of battery technology, failure modes and events, usage,
codes and standards, and a hazard assessment during the life cycle of storage and distribution. The failure
modes and root causes are discussed, together with information on flammable cell components and the fire
behaviour of cells and battery packs. Key gaps in knowledge, such as the vent gas composition, are identified.

Blum and Long (2016) summarise a literature review and gap analysis related to Li-ion battery ESSs, as well as
full-scale fire testing of a 100 kWh Li-ion battery ESS. The overall objective was to help enable the development
of safe installation requirements and appropriate emergency response tactics.

Larsson, Andersson, Blomqvist and Mellander (2017) provide a useful study of toxic fluoride emissions from
lithium-ion battery fires. It is shown that lithium-ion battery fires generate intense heat and considerable amounts
of gas and smoke. It is noted that although the emission of toxic gases can be a larger threat than the heat, the
knowledge of such emissions is limited. The paper presents quantitative measurements of heat release and
fluoride gas emissions during battery fires for seven different types of commercial lithium-ion batteries. The
results are validated using two independent measurement techniques and show that large amounts of hydrogen
fluoride (HF) may be generated, ranging between 20 and 200 mg/Wh of nominal battery energy capacity. In
addition, 15 to 22 mg/Wh of another potentially toxic gas, phosphoryl fluoride (POF3), was measured in some of
the fire tests. Gas emissions when using water mist as an extinguishing agent were also investigated. It is
concluded that fluoride gas emission can pose a serious toxic threat and the results are crucial findings for risk
assessment and management, especially for large Li-ion battery packs. The paper states that:

If extrapolated for large battery packs the amounts would be 2-20 kg for a 100 kWh battery system, e.g.

an electric vehicle and 20-200 kg for a 1000 kWh battery system, e.g. a small stationary energy storage.
The immediate dangerous to life or health (IDLH) level for HF is 0.025 g/m? (30 ppm) and the lethal

10 minutes HF toxicity value (AEGL-3) is 0.0139 g/m?® (170 ppm). The release of hydrogen fluoride from
a Li-ion battery fire can therefore be a severe risk and an even greater risk in confined or semi-confined

spaces.
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Ronken (2017) also describes the risks and safety measures required for lithium-ion batteries, and emphasises
the importance of a suitable risk assessment. Several incidents are also identified (see Section 2.2).

Niu and Li (2018) describe a fire risk assessment method for use in lithium-ion battery factories, and summarise
the key areas where fire risks are significant, based on experience with such facilities in China. It is suggested
that in the event of a short circuit, lithium can react with the various electrolyte components (ethylene carbonate,
propylene carbonate, dimethyl carbonate) to form flammable gases such as propene (CsHg). A risk matrix is used
to assess all stages of the battery manufacturing process. Several events are identified as likely to result in
severe injury, but none are identified as likely to result in death. Serious events such as the spontaneous ignition
of batteries in storage are identified as unlikely to happen in a lifetime.

Finegan et al (2019) describe detailed experiments where internal short circuits (ISCs) were caused in cylindrical
18650 cells. These ISCs cause the Li-ion battery to fail catastrophically due to thermal runaway. That is, at a
critical temperature and in the presence of non-aqueous liquid electrolytes and oxygen, the active materials within
a Li-ion battery can exothermically react. Exothermic reactions can become self-sustaining when local heat
generation is greater than heat dissipation, resulting in violent combustion and total cell failure. During thermal
runaway, it is estimated that about 2 litres of gas is generated per amp hour (Ah) of commercial LiFePO4 and
LiNixCoyAl;O2 18650 cells. It is noted that modern 18650 cells have capacities greater than 3 Ah, and can
generate more than 6 litres of gas within about 2 seconds during thermal runaway, which is mostly flammable. In
this short time (< 2 seconds), more than 70 kJ of heat can also be generated.

The Department for Business, Energy & Industrial Strategy (BEIS, 2020) reviewed the safety risks associated
with domestic battery energy storage systems. The authors state that even though few incidents with domestic
battery energy storage systems (BESSs) are known in the public domain, the use of large batteries in the
domestic environment represents a safety hazard. Three hazard categories are identified:

e Excessive heat generated deep inside a battery pack as cells fail and thermal runaway propagates
through the pack, highlights the need to design packs to minimize risk for propagation and limit spread of
fire between cells/modules. Early detection and means for cooling individual cells as they begin to fail
are important for avoiding thermal runaway of the full system.

e Cell and pack failures can generate large volumes of gases resulting from the rapid pressure build-up
and vent release as the system heats up. Management of gases generated must be considered in pack
and system design.

¢ The toxicity of gases generated from battery fires may require specific consideration in the design of
ventilation systems.

Key considerations regarding risk mitigation are summarised as:

¢ The Battery Management System (BMS) has a central role in keeping cells within their operating window
for voltage, current and temperature. BESS safety standards have specific requirements and tests which
apply for the BMS.

e Internal cell faults, though rare, do occur. For well-constructed 18650 cells, the failure rate from an
internal event is estimated as one in ten million (0.1 ppm). This translates to a single cell failure in every
10,000 BESS (assuming a 5 kWh BESS containing 500 18650 cells). This is not to say that 1 in 10,000
BESSs will fail, with significant risk of fire. Proper BESS design and construction should be capable of
preventing propagation of cell failure across the battery pack. A single cell failure should be controllable.

e If the system is well designed, it should take into consideration propagation of a thermal event arising
from a single cell. This is of great importance for the risk mitigation and will have a large impact on the
overall risk assessment for the system. Control of single cell failures within a pack reduces the risk of
complete system failure and residential fire. Assessment of cell failure propagation is captured in the
standards applicable for domestic lithium-ion battery storage systems such as BS EN 62619 and IEC
62933-5-2.

The BEIS report also provides some statistics for the likelihood of failures, although it doesn’t deal with large scale
BESS installations. Hydrogen fluoride, CO and CO- are all identified as potential toxic combustion products
following a thermal runaway. The potential for an explosion is also mentioned, either as a result of a cell failing
violently due to an internal build-up of pressure, or as a result of ignition of flammable gases released from a cell.
The total heat released during total combustion of lithium-ion batteries ranges from 30 to 50 kJ/Wh, or 4 to
10 MJ/kg, which is about 5-10 times less than for organic materials like plastic or paper. No projectiles were
observed in any full scale testing of larger racks of batteries for energy storage systems. The violence of thermal
runaway, and the gas volume generated, tends to increase with SOC.

The BEIS report discusses the vent gases that can be generated, including volatile organic compounds (such as
alkylcarbonates, methane, ethylene and ethane), hydrogen, carbon monoxide, carbon dioxide, soot and other
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particulates containing nickel, cobalt, lithium, aluminium, copper. The authors note that a major point of
discussion is the amount of HF and other fluorinated compounds found in vent gases, because of their toxicity,
and that this is still an open question. Some tests have indicated HF concentrations well in excess of 100 ppm.
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Diaz et al (2020) provide a comprehensive review of fire safety information for lithium-ion batteries. The authors
note that the majority of research has considered single cells, and there is much less safety information relating to
larger scale fires involving pack, modules, or large numbers of cells. The review includes information on the
various challenges faced by the industry, including detection and reliability issues and emergency response
challenges. The use of water for fire fighting appears to be preferred, although there are still issues with
reignition.

Rosewater et al (2020) presents a systematic hazard analysis of a hypothetical, grid scale lithium-ion battery
powerplant to produce sociotechnical ‘design objectives’ for system safety. This includes key considerations for
firefighter training objectives.

INERIS (March 2021) recently presented an overview of the lithium-ion cell assessments and modelling that they
are currently undertaking in France. The presentation included brief details of fires at large scale energy storage
sites in South Korea, as illustrated in Figure 3.2.

Figure 3.2 Examples of Fires at BESS Sites in South Korea (INERIS, 2021)
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It was concluded that there was no single root cause for these events.

INERIS noted that there have been similar fires in Belgium, UK, France, US (Arizona) and Australia. A number of
issues and uncertainties were identified in relation to fire protection and firefighting for such sites:

e Fixed fire fighting systems: water (sprinklers, water mist)?, Foam?, Inert gas?, Others?
o Fire fighter capacities for such a fire: drowning a battery container in water is not really an option

e Safety aspect of emergency response: gas toxicity and explosivity

One conclusion from their presentation was that the toxic combustion products from a small fire involving a
lithium-ion battery are generally not significantly more hazardous than a comparable sized fire with packaging and
plastics etc. However, for a large fire involving many lithium-ion cells, the view expressed was that the HF vapour
was the most significant toxic concern.
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3.2 Project Specific References

HSENI has provided several documents which relate to BESS sites. These are considered briefly below in terms
of the key data which is relevant in terms of the assessment of major hazards.

Haigh (2020) provides an analysis of what might occur under a loss of control scenario at the Kells BESS and
what chemical reactions might take place. The site is described as having a total energy capacity of 26.3 MWh
with:

25 ISO containers

28 racks in each 1SO container

6 modules in each rack

22 lithium-ion cells in each module

The total quantity of electrolyte on site is 28.6 tonnes, together with 9.5 tonnes of polyvinylidene difluoride, all of
which may generate HF in a fire. A fire involving a single container is predicted to generate 20 to 210 kg of HF.
This corresponds to 19 to 200 mg/Wh, consistent with the range suggested by Larsson et al (2017).

Marks (2020) provides technical details for the Newry Energy Storage Ltd BESS located approximately 85 m
North of No. 68 Cloghanramer Road, Newry, BT34 1QG. The site is described as having a total energy capacity
of 18.635 MWh with:

5 1S0 containers (3,727,000 Wh for each ISO container)

10 racks in each ISO container (372,700 Wh for each rack)

26 modules in each rack (14,336 Wh for each module)

16 lithium iron phosphate (LFP) cells in each module (896 Wh for each cell)

Each of the 20,800 cells on site, each with a mass of 5.46 kg, includes:

540 g of polyvinylidenefluoride-hexafluoropropylene copolymer (PVDF-HFP)
486 g of ethylene carbonate

432 g of dimethyl carbonate

432 g of propylene carbonate

378 g of diethyl carbonate

378 g of ethyl methyl carbonate

162 g of lithium hexafluorophosphate (LiPFeg)

It is predicted that a full stoichiometric decomposition of LiPFs will generate 4 moles of HF (plus other fluorine
compounds). This corresponds to 354.2kg of HF per ISO container. Similarly, a full stoichiometric
decomposition of the PVDF-HFP would generate 1,679 kg of HF. Marks states that these stoichiometric results
are considered worst case, and a more foreseeable prediction is based on the work of Larsson et al (2017) (i.e.
200 mg/Wh) giving 738 kg of HF per ISO container.

3.3 Standards

Standards for energy storage systems include:

NFPA 855 - Standard for the Installation of Stationary Energy Storage Systems, 2020

This debut edition addresses the dangers of toxic and flammable gases, stranded energy, and increased fire
intensity associated with BESS sites. It is designed to give first responders and those who design, build,
maintain, and inspect facilities the information they need to prepare for ESS safety.

IEC 62619 - Secondary cells and batteries containing alkaline or other non-acid electrolytes - Safety
requirements for secondary lithium cells and batteries, for use in industrial applications, 2017

Specifies requirements and tests for the safe operation of secondary lithium cells and batteries used in industrial
applications including stationary applications.

There are obviously many other standards which are important, but the above are some of the most directly
relevant. NFPA 855 is one of the most useful in terms of major hazard and firefighting considerations.
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4 CONSIDERATION OF FIRE LOAD

The main fire load within a BESS container is the electrolyte within each cell. The precise composition of the
electrolyte generally involves several flammable liquids and lithium hexaflurophosphate, as detailed in Section 3.2
by Marks (2020).

The overall heat of combustion of the electrolyte is approximately 20,000 kJ/kg.

Electrolyte typically makes up about 40% of the mass of a cell in a BESS. For other cell designs, such as cylinder
cells, it is typically closer to 15% of the mass.

Any fire is likely to start as a result of failure of a single cell, which then escalates by involving progressively more
cells. In the very early stages, the fire may not be ventilation controlled, but the container would rapidly begin to
fill with combustion products, and the fire would become ventilation controlled. If the container becomes
breached then the fire will no longer be ventilation controlled.

The growth of the fire is therefore likely to be similar to fire growth in other situations, such as a warehouse fire,
although the rate of fire growth is likely to be higher due to the exothermic nature of the thermal runaway event.

For the purposes of assessing the fire, a conservative assumption typically adopted by the HSE is that the entire
contents are combusted over a relatively short period of 30 minutes (Atkinson and Briggs, 2019). This
assumption can be useful for defining a heat release rate and maximum source term for toxic combustion
products, but it is noted that in reality such fires could continue to burn for many hours. Lithium-ion fires are also
well known for re-igniting after having been apparently extinguished.
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5 POTENTIAL FOR EXPLOSION

The potential for explosion during the course of a major incident in a BESS ISO container is an important issue
which has recently become better understood following several incidents.

It is well known that individual cells may fail explosively due to the build-up of pressure within the cell, but this will
depend on the cell design. Pouch cells tend to fail easily on seams, and so, considered individually, may be less
likely to explode than, for example, cylinder cells. However, when pouch cells are packed into a module it may be
more difficult for gases to vent, and so an explosion may still be possible. The energy of such an explosion would
depend on the module design. Such an event could produce a loud bang as the module fails, but the event is
likely to be contained within the ISO container.

More significantly, it is also known that cell failures can generate quantities of flammable vapour. If a 10 Wh
18650 cell can generate 6 litres of gas (Finegan et al, 2019), an 896 Wh pouch cell could theoretically generate
over 500 litres of flammable vapour. Several such failures could occur before the vapour ignites. Suppression
systems can prevent flaming, though flammable vent gases can continue to be released due to cascading thermal
runaway as a result of heat transfer between cells and modules. Ignition can then lead to a vapour cloud
explosion (VCE) within the ISO container. The worst case is if such flammable vapour fills the entire ISO
container (typical dimensions are 40 x 8 x 8.5 feet, or 77 m®). It is noted that the 2019 McMicken incident only
involved thermal runaway of the cells in a single rack, and this was still sufficient to generate enough flammable
gas for a significant explosion.

Table 5-1 provides hazard ranges to various levels of overpressure for hydrocarbon vapour cloud volumes of 0.5,
5 and 50 m3, based on a standard analysis using the TNO Multi-Energy Model with a typical ignition strength of 7
(based on the type of approach typically adopted by HSEGB for VCEs).

Table 5-1 Distances to Various Levels of Explosion Overpressure

Volume of vapour 0.5 m? 5m?d 50 m3
involved (m3)

Distance (m) to various levels of overpressure

600 mbar 2 5 10
300 mbar 3 7 16
140 mbar 6 12 26

70 mbar 10 21 45

Any flammable vapours released from cells may be ignited almost immediately, without any generation of
overpressure, but there have been several incidents where explosions have been reported in containers. This
delayed ignition of vapour can occur if a fire suppression system prevents flaming. Continued release of vent
gases from failed cells after the suppression system operates can then lead to a build-up of flammable gas, which
can then ignite leading to an explosion. There have also been incidents with no suppression system where a
build-up of flammable gas has occurred without a fire, until delayed ignition caused an explosion.

It is noted that HSEGB typically use 600, 140 and 70 mbar as the basis for defining the Inner, Middle and Outer
land use planning zones for explosion hazards.

Table 5-2 provides some data from HSE (2005) on the effect on structures of various levels of blast overpressure.
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Table 5-2 Effect of Various Levels of Explosion Overpressure

Incident Peak Side-On

Damage Description Overpressure
(mbar)
General effects on buildings
5% of exposed glass panes broken | 1-3
50% of exposed glass panes broken | 6-13
Near 100% of exposed glass panes broken | 50-110
Limited minor structural damage | 20-30
Doors and window frames may be blown in | 50-90
Partial demaolition of houses - rendered uninhabitable | 70
Lower limit of serious structural damage | 140
Partial collapse of walls and roofs of houses | 140
Nearly complete destruction of houses | 340-480
Probable total destruction of houses | 690
Effects on UK brick built houses
Category A damage (completely demalished) | 690-1830
Category B damage (badly damaged and beyond repair) | 240-590
Category Cb damage (uninhabitable without extensive 140-240
repairs)
Category Ca damage (uninhabitable but repairable) | 70-120
Category D damage (inhabitable but repairs required) | 20-50
50% destruction of brickwork ‘ 280-480
Effects on plant
Reinforced structures distort and unpressurised storage 210-340
tanks fail
Wagons and plant items overturned | 340-480
Extensive damage | >480
Failure of a pressunsed storage sphere | =700

A recent Energy Storage News (25 March 2021a) focussed on the potential explosion issue at BESS sites,

stating:

The challenges of explosion prevention — with flammable gases needing to be vented “very rapidly” — in
the event of a battery fire have been highlighted at this week’s Energy Storage Summit USA.

Speaking at the event, hosted by our publisher Solar Media, Matthew Paiss, technical advisor, battery
materials & systems at Pacific Northwest National Laboratory (PNNL), referenced the two most recent
high-profile battery fires, with one at utility Arizona Public Services’s (APS) energy storage facility in
2019 and one at @rsted’s 20 MW project in Liverpool, England in 2020.

Both explosions caused a “significant pressure wave”, with the APS incident resulting in the injuries of
four firefighters and the Liverpool incident causing debris to be thrown between six and 20 meters away
according to the fire department’s response report.

Paiss explained that there are “many similar battery enclosures operating today that could experience
the exact same kind of failure”.

He said that most systems being deployed today do include a deflagration vent — which is used to vent
gases after deflagration occurs — but “what is not very common in systems is deflagration prevention”
which he described as typically being a mechanical exhaust system.

It was also stated (Energy Storage News, 25 March 2021b) that:
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Per Onnerud ... said that statistically, some failures will always happen.

While some experts have said that failure may only occur in one of every 10 million battery cells, energy
storage projects are getting larger and contain more cells. Meanwhile the cells themselves are
individually getting larger and therefore produce more gas if active materials like electrolyte catch fire.

Explosions caused by that gas and fires caused by propagation should not be acceptable, Onnerud said.
Battery design should be such that failures should be prepared for, and so that those failures can be
dealt with “elegantly”.

The incident report for the 2019 McMicken Arizona incident (McKinnon, DeCrane and Kerber, 2020) provides
photos which show that, when the fire service arrived, there was a low level cloud of vapour around the container
(possibly associated with the suppression system), as shown in Figure 5.1.

Figure 5.1 Photos of ESS Prior to Explosion (McKinnon, DeCrane and Kerber, 2020)

¢

When firefighters were satisfied that HCN and CO concentration had dissipated sufficiently, they proceeded to
open the container door. The report describes what then happened to the four firefighters, stating:

At the moment of the deflagration event, the firefighters outside the hot zone described hearing a loud
noise and seeing a jet of flame that extended at least 75 ft outward and an estimated 20 ft vertically from
the southeast-facing door. In the event, E193 Capt and E193 FE were ballistically propelled against and
under the chain-link fence that surrounded the ESS. E193 Capt came to rest approximately 73 ft from
the opened door beneath a bush that had ignited in the event. E193 FE came to rest approximately 30 ft
from the opened door. HM193 FF1 was projected toward the transformer and distribution box to the east
of the ESS and remained within the fenced area. The entire HAZMAT team lost consciousness in the
deflagration event. The event also dislodged or removed the SCBA face pieces and helmets from all of
the HAZMAT team members.
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6 ASSESSMENT OF TOXIC FIRE PLUME

The literature is clear that a wide range of toxic combustion products could be generated in a fire. However, there
seems to be reasonable agreement that for a major fire the most significant in terms of toxicity is hydrogen
fluoride.

The quantity of HF generated can be estimated based on stoichiometric decomposition, or on experimental data.
The approach of Larsson et al (2017), who suggest 20 to 200 mg/Wh based on experimental data, seems to be
the most widely adopted approach, and use of the upper bound is likely to provide a cautious best estimate. For
a fire involving an entire 5 MWh I1SO container (i.e. slightly more than the 3.7 MWh ISO containers at Newry) this
would correspond to 1,000 kg of HF.

The duration of the release is conservatively taken to be 30 minutes, which is consistent with the approach
recommended by Atkinson and Briggs (2019) for warehouse fires. This implies a release rate of 0.56 kg/s. It is
emphasised that in reality there would not be a constant release rate for 30 minutes, but it would grow
exponentially to a maximum before gradually decaying over much longer than 30 minutes. However, it is noted
that the HSE SLOT and SLOD are based on integrated dose, and so the precise time variation is not important for
such criteria.

The other key factor in any toxic fire plume dispersion assessment is the buoyancy of the fire plume, as defined
by the convective heat content of the fire plume. The major source of any heat release is likely to be the
electrolyte, of which there could be up to about 10 tonnes in a single ISO container. Based on a typical heat of
combustion of 20 MJ/kg for the electrolyte, and a release duration of 30 minutes, this would correspond to about
100 MW. In practice, combustion would not be complete and only a fraction would become convective heat in the
fire plume (see below). It is noted that BEIS (2020) indicated a heat release of 30 to 50 kJ/Wh, which would
correspond to 83 to 138 MW over 1800 seconds for a 5 MWh facility, which is reasonably consistent with the
value of 100 MW.

Any generation of HF which is released from the ISO container will be advected downwind, though the plume will
tend to rise due to the buoyancy of the hot fire plume. The container may also entrain some or all of the fire
plume into its downwind wake, which may spread the plume out and bring it down to ground level, depending
primarily on the wind speed.

The dispersion of a fire plume depends principally on the wind speed. At low wind speeds, a fire plume tends to
rise buoyantly (see Figure 2.1) and ground level concentrations tend not to be significant. At higher wind speeds,
there is generally more dilution of the plume, but it may not lift off the ground, and so moderate to high wind
speeds generally represent the worst case for such fire plumes. A range of weather conditions has therefore
been considered, namely D2, D5, D10 and F2. It is noted that atmospheric stability may also have some effect,
and so stable F2 conditions have also been considered, although (unlike many toxic gas assessments) it is not
expected that F2 will be the worst case in terms of hazard ranges.

As noted above, the heat content of the fire plume is a key parameter in determining the degree of buoyant plume
rise - a higher heat flux leads to greater plume rise and lower ground level concentrations. Based on CERC
(2018), the heat flux is typically calculated as:

Fo=(1-a,)eH.m

Where Fp = Heat flux (W)
ar = Fraction of heat radiated (typically 0.3)
€ = Efficiency of combustion (taken as 0.5)
Hc = Heat of combustion (J/kg) - taken as 2x107 J/kg (based on electrolyte)
m = Mass rate of combustion (kg/s) (taken as 1,000 kg of electrolyte over 1800 seconds)

This suggests a relatively high heat flux of 4 MW.

However, in view of the considerable uncertainty associated with making such an estimate of the effective heat
flux, and the extent of possible heat losses (e.g. to sprinkler water) the approach adopted was to assume an
effective source diameter of 5 m, with a flux of hot air with a vertical velocity of 1 m/s and an excess temperature
of 100°C. This corresponds to a lower heat flux of m x 2.52 x 1 x 100 x 1012 x 0.9 / 10 = 1.8 MW (NB heat
capacity of air is 1012 J/°C/kg, density of air at 115°C is 0.9 kg/m3). The source was conservatively assumed to
be located on the lee side of the ISO container at a height of 1 m, leading to significant entrainment in the wake of
the container.
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Dispersion modelling of the HF releases has been conducted using ADMS 5.2.4 which is well suited to modelling
the dispersion of such fire plume releases. In addition to the source term and weather categories referred to
above, the following input data has also been used in ADMS.

ISO container dimensions 2.6 m high, 2.4m wide, 12.2 m long

Atmospheric temperature 15°C

Surface roughness length 0.1m

Surface energy flux 0 kW/m? for D2, D5 and D10 conditions; -6 kW/m? for F2 conditions
Boundary layer height 800 m for D2, D5 and D10 conditions; 100 m for F2 conditions
Relative humidity 65%

Averaging time 30 minutes

Most of these parameters have relatively little effect on the dispersion results; the most significant inputs being the
wind speed and heat flux. The entrainment of the release in the container wake has been included in the ADMS
modelling. This entrainment increases as the wind speed increases, and in D10 conditions the release is almost
fully entrained in the container wake and the plume centreline is effectively at ground level.

Table 6.1 presents results for the downwind hazard ranges to the HF IDLH, AEGL (10 and 30 minute), HSE SLOT
and HSE SLOD for each of the representative weather categories.

Table 6.1 Outdoor Hazard Ranges to SLOT for HF Releases

I Concentration Outdoor hazard range (m)
Criterion
(PPm) D2 D5 D10 F2
IDLH 30 85 240 200 85
AELG-3 (30 min) 62 50 150 130 50
AELG-3 (10 min) 170 25 80 70 25
SLOT 400 20 45 40 20
SLOD 700 15 30 30 15

Table 6.1 shows that the worst case hazard ranges tend to occur at moderate wind speeds of 5 m/s. At this wind
speed the plume rise is not very significant. As the wind speed increases, the plume rise still decreases, but this
is more than compensated by the additional dilution. Figure 6.1 illustrates the ground level concentration results
for the worst case D5 weather conditions.
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It is worth noting that the worst case conditions for toxic hazard ranges may occur in very typical (i.e. D5) weather
conditions.

The analysis presented above is considered to be conservative in that the actual heat release rate is likely to be
higher, so the worst case conditions would probably occur in higher wind speeds (e.g. D10), but with shorter
hazard ranges. There are also some conservatisms in the magnitude of the HF source term, and in the
assumption that all the HF is released over 30 minutes, and that people remain exposed in the plume rather than
escaping.

It is also noted that, even without a significant fire (due to the fire suppression system), the 2019 McMicken
Arizona incident showed that significant concentrations of toxic gases from cell venting, such as HCN and CO,

could escape from a container.
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7 ASSESSMENT OF WASHOUT AND DEPOSITION

Any fire plume which contains particulates will tend to deposit these particles to the ground, which can lead to
issues relating to foodstuffs and clean-up.

Whilst a fire involving a BESS ISO container may generate some such particulate matter, including metal oxides,
this has not been regarded as a significant issue in the literature.

Similarly, if there is rain, or water sprays are used on the fire, then there will be some washout (wet deposition) of
both particulate and soluble gases. It is noted that gases such as HF are reasonably soluble in water, so water
curtains are sometimes used to reduce the airborne concentration of HF following an HF release.

This washout can lead to contamination of ground and water, but again it is not considered to be a significant
issue in the literature.

8 FIREWATER RUN-OFF

The HSEGB generally assesses maijor fires using methods developed by Carter (1989 and 1991) and Atkinson
and Briggs (2019). Atkinson and Briggs (2019) state that:

There are many examples of chemical warehouses fires that have caused major environmental damage
through contaminated firewater run-off. One use of fire plume toxicity assessment is to support “let burn”
decisions in planning for and dealing with large fires.

It is noted that a major concern at the Carnegie Road fire (see Table 2-1) was fire water run-off and potential
environmental harm.

There is currently no good data on the significance of firewater from such fires in terms of their impact on the

environment, but it is likely to be similar to that from comparable sized fires involving plastics and packaging.
There may be specific concerns if the firewater is not contained and can reach sensitive environmental receptors.
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9

SUMMARY

This Technical Note provides a high level review of the major hazard issues associated with large scale Battery
Energy Storage System (BESS) sites using lithium-ion batteries in an 1ISO container. It is emphasised that the
intention was not to provide a comprehensive review or assessment, but to provide an overall understanding of
the key issues, with the principle aim of assisting HSENI to provide more informed advice.

The review has considered published literature and project documents provided by HSENI to establish current
best practice for the analysis of such hazards, in terms of source terms and heat loads. A number of incidents
involving lithium-ion batteries have been reviewed to provide context and understanding, and some quantitative
assessment of fire and explosion hazards has been presented, concentrating on the hazards associated with
explosions and dispersion of the toxic fire plume.

Key points which have been identified in the course of producing this Technical Note are:

Any ISO container BESS has the potential to catch fire due to an unpredictable and spontaneous
thermal runaway in a cell. The event may escalate to a fire involving the entire container. There is also
a potential for an explosion. The design and mitigation measures in place should ensure that thermal
runaway events do not escalate to involve an entire ISO container, but this remains a credible event
which should be considered for emergency planning purposes.

The generation of toxic combustion products from such fires can pose a hazard to those in the vicinity.
The main concern appears to be hydrogen fluoride, although there are many other toxic combustion
products. Toxic gases such as CO and HCN can also be generated in vent off-gas. This Technical Note
provides a reasonably cautious assessment of the HF dispersion and hazard ranges for a worst case fire
event, and shows that the HSE SLOT could be exceeded at up to about 45 m, with much higher
concentrations in the immediate vicinity.

The most significant risk to those in the immediate vicinity, or to firefighters, is from potential explosions
of flammable vent gases from cells failing due to thermal runaway (either with or without fire). This
Technical Note provides some predictions of the potential consequences of such explosion events in
terms of the possible levels of blast overpressure. It is noted that there have been several incidents
involving significant explosions at BESS sites. It is recognised that cells and modules can undergo
cascading thermal runaway without any flaming or ignition, and still generate significant quantities of
toxic and flammable gas, with the potential for a delayed explosion.

It is stressed that the assessment of BESS containers in terms of major accident hazard analysis is a new and
rapidly developing area, and whilst the assessments here are considered to be reasonably robust, and consistent
with current thinking, it is likely that there will be significant developments in the coming months and years.
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Battery Energy Storage Systems (BESS)

The fire risk associated with battery packs is not new to the UK Fire and Rescue Services.
There have been a range of incidents in recent years in which a Lithium-ion battery pack was
identified as a cause of fire. One fire in London that was judged to have started in a Lithium-
ion battery, resulted in a fatality. Various other incidents have seen fires where the battery
pack has been ejected across a room.

These have typically been of the small consumer sized batteries normally found in portable
devices such as laptops and power tools for example.

As this technology has developed there has been a commercial up scaling of these batteries
for the storage of electrical energy, generally from renewable sources and referred to as
Battery Energy Storage Systems (BESS).

A number of BESS facilities have been built in Northern Ireland and a number of additional
sites are in the planning stages.

Northern Ireland Fire and Rescue Service (NIFRS) do not have statutory powers relating to
the planning application of these sites or in granting of permissions for their operation.
NIFRS would be a consulted for various planning applications relating to Hazardous
Substances Consent (HSC) for example, and NIFRS would also have a statutory role in
relation to a Fire Risk Assessment for sites, once they were completed and operating, with a
workforce.

The Energy Institute, London, has published a series of documents relating to the use of
Battery Storage technologies;
e Battery storage guidance note 1: Battery storage planning;
e Battery storage guidance note 2: Battery energy storage system fire planning and
response;
e Battery storage guidance note 3: Design, construction and maintenance.

NIFRS is in receipt of a National Fire Chiefs Council (NFCC) Briefing Note following a recent
incident in Merseyside that presented a number of significant risks to emergency
responders;
e Well-developed fire in a 20mW/33KYV facility (3 container storage site).
e Evidence of blast damage to a container, several large pieces of material projected
up to22m.
e Fire water run-off, in addition to the smoke, contained hydrogen fluoride,
e The incident required significant amounts of water to contain and ultimately
extinguish the fire over a prolonged period of time;

The Briefing Note to all UK Fire & Rescue Services recommended that Fire Services should
gather Risk Critical Information for any BESS sites.

NIFRS does have a statutory duty and powers to require the provision of information
regarding the hazards present on a site (Risk Critical Information), which may pose a danger

17t December 2020



to firefighters should they be required to respond to an incident there. This information
would be essential for NIFRS to maintain the safety of its staff and in protecting the lives of
any other persons affected by an incident. It will also determine the level of response and
any tactical plan employed to resolve such an incident.

Key areas of Risk Critical Information NIFRS would want to see considered are:

e The identification of any hazardous materials that may be present,

e The quantity of any hazardous materials that may be present,

e The identification and quantity of any materials that may be produced at the site,
should there be a loss of control.

e Containment required for polluted fire water run-off and leakage of any hazardous
materials from the facility

e Any mitigation strategies determined by the operators relating to extinguishment or
burn-out.
(NIFRS considers the Energy Institute Guidance Note 2 as the basis for any risk
information gathering and resultant planning for a NIFRS response to a BESS facility.
NIFRS would be particularly focused on section 3 of the guidance ‘Pre-fire planning,
fire response and aftermath’).

e fire monitoring, alerting and suppression systems;

e fire modelling to provide information for risk/hazard/evacuation zones, including
any blast distances for debris;

¢ modelling for the impact of a thermal runaway in one of the units;

e radiated heat generation that may impinge on adjacent units;

e Access and egress to the site for emergency vehicles.

e Details of the capacity of any on-site bund or containment.

This is not an exhaustive list and is used to highlight the nature of the detail required.
NIFRS would consider the information referred to in the Energy Institute Guidance as critical
to the safety of fire crews and the public who may be impacted by an incident at a BESS site

and therefore require interventions from NIFRS staff.

NIFRS feels that such safety critical information should be provided by the operators at the
earliest opportunity.

It would be the view of NIFRS that the elements outlined above (as described in the Energy
Institute Guides) should be considered as part of the planning process to ensure that a full

and holistic assessment might be undertaken.

NIFRS believe that waiting until a site is in operation before the operator is required to
provide risk critical information, would not be appropriate.
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From:

Sent: 12 January 2022 15:32

To:

Cc: Kerr, Angus; Symington, Scott

Subject: Battery Energy Storage Systems

Attachments: Letter to Council HoPs re Battery Energy Storage Systems - 08.07.21.pdf; BESS - HOP Advice

Letter - BESS Report HSENI - June 2021.pdf; BESS - HOP Advice Letter - NIFRS Input.pdf

Further to your request for a copy, please see attached, advice issued to Heads of Planning in July 2021.



Armagh City
Banbridge

& Craigavon
Borough Council

Kells Vocal
. Armagh City, Banbridge & Craigavon
Moorfields Borough Council
Ballymena Bridgewater House
BT42 3DA Planning Office
23A Castlewellan Road
Banbridge
BT32 4AX
Date: 10th December 2021
Your Ref: 036-07
Our Ref: LA08/2021/061 1/F
(Please quote at all times)
Please Contact: _
Contact Number 0300 200 7830
Dear Sir/Madam,

Location: Land off Drumbroneth Road, 50m North East of 47 Drumbroneth Road,
Dromore, BT25 1PP,

Proposal: Erection of a battery energy storage system, to include inverter and battery
cubes, NIE kiosk, gas genset, 2 x bio-diesel storage tanks, switch room and
transformer for the provision of back up electricity enclosed by 1.8m palisade
fence

| note you objected to the above mentioned proposal.

Please be advised that Officers have had regard to the ABO WIND NI LIMITED & ENERGIA RENEWABLES
COMPANY 1 LIMITED Judgment.

The Judge looked at whether a BESS would fall wholly within one of the classes 1-8 in the 2015 regulations
and decided a BESS facility does not fall wholly within any single class of development. It therefore falls
within the “all other development” of class 9.”

Therefore, Officers, have applied this threshold to this application and in considering the floor size and / or
the area of the site, this is a now a local application.

The application has been placed on the delegated list as an approval.

——r
——-




The application has been placed on the list of planning applications, which Planning Officers propose to
deal with under the Council’s Scheme of Delegation that are eligible for ‘call-in’.

Any applications on this list are eligible for call in, and you can approach an elected member in this case to
have it called in.

Where elected members consider an application should not be dealt with under the Scheme of Delegation,
and should instead be presented to the Council’s Planning and Regulatory Services Committee, they must
complete an ‘Elected Members Call-in Request Form’, providing a sound planning reason for call-in. The
Call-in Template should be forwarded to callinrequests@armaghbanbridgecraigavon.gov.uk no later than
Thursday 16 December 2021 at 5.00 pm (ie. 5 working days)

If you wish to discuss the contents of this letter please do not hesitate to contact me at

_;@ armaghbanbridgecraigavon.gov.uk

Yours faithfully

- MRTPI Senior Planning Officer (Major Projects Team)

Armagh City, Banbridge and Craigavon Borough Council
Planning Office | Bridgewater House | 23a Castlewellan Road | Banbridge | Co. Down | BT32 4AX

Mobile JII < ozco osoo soo |
Vv
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CONTROLLING RISK TOGETHER

Armagh City, Banbridge & Craigavon Local Planning Office
Bridgewater House

Planning Office

23a Castlewellan Road

Banbridge

BT32 4AX

20 May 2021

Dear Sir/Madam
Planning Ref LA08/2021/0586/F

HSENI Ref: CN202105-0007
Lands 170m west of 42 Ballydown Rd, Banbridge BT32 4JB

The Health and Safety Executive for Northern Ireland (HSENI) is a statutory consultee for
developments within the consultation distance's (CD's) of high-pressure gas transmission
pipelines or major hazard installations regulated under the Control of Major Accident
Hazards Regulations (Northern Ireland) 2015 (COMAH). HSENI is also a statutory consultee
for planning applications for Hazardous Substances Consent (HSC) and should be consulted
regarding developments within 100 metres of the boundary of a quarry.

HSENI advises that the applicant should provide information on the type and mass of
dangerous substance stored or produced during normal operation.

This information is required to access the applicability of Hazardous Substance Consent and
the COMAH Regulations.

The Classification, Labelling and Packaging of Chemicals (Amendment) Regulations
(Northern Ireland) 2015 defines dangerous substances.

HSENI commissioned a study into the risks associated with a fire/explosion in a single BESS
container and provides the following information to assist the Local Planning Authority.

For the worst-case scenario;

. The pressure wave from a blast can generate an overpressure of 70 mbar, 45m from
the container. For reference, a 70 mbar overpressure can partially demolish a house.
. Hydrogen fluoride produced from a fire can cause severe and fatal effects up to 45m

and immediate dangers to health 240m away from a container fire.
Analysis of geographic information (Gl), indicates several dwellings within 240m of the
proposed development.

The above is for guidance only. It is the legal duty of the operator to identify the risks and
consequences of their operation.

Health & Safety Executive
Northern Ireland

83 Ladas Drive, Belfast, BT6 9FR, Northern Ireland
Telephone: 028 9024 3249 Helpline: 0800 0320 121
Textphone: 07854 212477  Facsimile: 028 9023 5383
Email: mail@hseni.gov.uk  Web: www.hseni.gov.uk
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CONTROLLING RISK TOGETHER

HSENI does not have information on the impact of firewater runoff on the environment.
There may be specific concerns if the firewater is not contained and can reach sensitive
environmental receptors. Agencies such as the Northern Ireland Environment Agency are
the appropriate consultees to comment on this matter.

Yours faithfully

Notifications Team, HSENI

Health & Safety Executive
Northern Ireland

83 Ladas Drive, Belfast, BT6 9FR, Northern Ireland
Telephone: 028 9024 3249 Helpline: 0800 0320 121
Textphone: 07854 212477  Facsimile: 028 9023 5383
Email: mail@hseni.gov.uk  Web: www.hseni.gov.uk
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Hazard Assessment of Battery Energy Storage Systems
By BN . Atkins Ltd

1 INTRODUCTION
11 Scope

HSENI is aware of the hazards associated with large scale lithiwm-ion Battery Energy Storage System (BESS)
sites. Consideration has been given to whether such sites should come under the COMAH and Hazardous
Substances Consent Regulations, and fallowing discussions with COMAH colleagues in HSE and HSA the view is
that batteries alone would not bring a facilty under COMAH (as batteries are regarded as articles and not
dangerous substances under CLP).

Nevertheless, HSENI is still interested in the consequences of a fire in a battery container urit as there may be a
need for HSEN! to provide advice to Local Planning Autharilies, comment on an environmental assessmaent,
provide advice to fire fighters or review an operator's own risk assessment.

HSEN! 15 aware that this is a relatively new area, with litle available gudance, and has therefore requested thal
Atkins provide some initial advice based on the following scope:

«  Review of incidents involving lithium-ion battery energy storage sites (and manutacturing sites)

«  Review of technical papersfintormation, concentrating on any information relevant 10 major accident
hazards

Consideration of fire load (associated with the elecirolyte)

Consideration of polential for flammable vapour explosion

Assessment of HF dispersion toxic hazard ranges to DTUIDLH using ADMS

grief consideration of washaut/deposition from fire plumes

Brief consideration of firewater run-off issue (environmental hazard)

Summary of key issues

* 2 = ® & &

It is emphasised that this Technical Note is only intended 1o provide brief advice in most of the ahove areas, and
that in some areas there is very littie available good information. HSENI has indicated thar their main concern is
the firefighter who could be facing a fre at one of these facilities, and therefore their principal interest is i the
potential toxic fire plume. and potential explosion, associated with a single BESS container.  This Technical Note
therefore concentrates on those areas.

it 1s recognised that this has been a rapidly developing area over the tast few years, and so the information
presented in this Techrical Note would benefit from regular review.

12 Background

A recent issue of Energy Storage News (11 January 2021) summarises the key hazards for firefighters:

Energy storage is a relatively new technology fo fire departments across the US. While different fire
departments have diffening levels of exposure to battery energy storage systems (or BESS for shaort), the
primary concern of each is the same: the safety and well-being of their first respanders.

Departments and focal officials are. however, becoming increasmgly aveare of the hazards associaled
with batlery slorage and i is inportant that their concens be properly addressed. Addressing these
concems in a complete and ransparent manner has been seen nol only o promate overall fist
responder safety but also lo ensure project Success. Parhaps the most defining charactenstic of lithium:
ion battery falures 1 a slate known as ‘thermal runaway’, in which a battery cell experiences
uncontroliable overheating, often accompanied by the release of large quanties of flammabie off-gases.

Thermal propagation from 1he failing cell may lead to ncigent hermal runaway of adiacent cells, thus
creating a cascading fadure across the system, resulting in tremendous amounts of heat and gas. when
these gases are allowed to accumulaie n an enclosed space (such as a BESS container). an explasive
atmosphere may develop, which, given an ignition source, may lead to a devastating deflagration
(explosion) event. This biast wave can cause darmage to nearby buldings and structures, as well as fiest
responders who may be arriving on the scene. as was seen in the incident that unfoided in Arizona in
2019, Deep-seated lres are also common i lithium-sen failure events. These fires are not easily
extmguished and may continue for houwrs, fuelled by heat and gas from cascading cell fadures, Evend
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suppressed by water, stranded energy wathin the cells often causes regniions, thus perpeluating the
event.

(R R SRR

Concerns based on environmental nisks are also often cited by fire departments across the country.
Large quantities of smoke and gas are often reieased during battery fires, with high levels of carbon
manaxide and hydrogen cyanide measwred on-side in Anzona al the tme of the incident. Contaminaled
runoff water may also affect the surrounding area.  Electrical hazards also exist during and after battery
failure events and shouid not be overiooked.

Atkins GOBB0L4 TNAS 1ssue 01 (30 March 2021) Page 2
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2 REVIEW OF INCIDENTS

Thafs section provides a bref review pl incidents involving lithium-ion cells, and key lessons earned in terms of
major hazg:rd assessment. 1t is not intended to be comprehensive, bt highlights important events such as the
2019 McMicken (Arizana) BESS explosion,

2 Incidents Involving Single Celis

Many billions of individual lithium-ion cells have been preduced worldwade over the last 30 years, and there have
heen thousands of incidents which have been potentially hazardous. Many of these have been well reported in
the press, and some have led to major product recalls. The majority of these incidents relate to Thermal
Runaway (TR) events due to a short circuit within a cell between the anode and cathode, Such events are often
gp;lnat;enlly spontaneous and the precise cause of the short circuit s often not clear. Common causes can
melude.

impactiviti ation/penetration
Manufacturing defect

Failure of the battery management system
Overheating

Owercharging

Undercharging

s ® 5 8 ® @

it is also noted that as the widespread use of such cells has grown very rapidly, there is relatively little data on
incidents that may be related to aging fot current cell designs,

Incidenms are generally most severe when a cell has a hgh State of Charge (SOC).  Any major failure of a
charged cell can lead to the rapid and energetic ejection of the electrolyte liquid. as a short (e.g. 1 to 2 m long) jet
flame. 1t is noted that such failure events with charged cells are highly likely 10 ignite, but there are also siuations
where cascading thermal runaway can occur due to heat transfer between cells without any ignition, due to the
highly excthermic nature of the thermal runaway.

The precise nature of an incident may depend on the cell size and whether the cell is cylindnical, pouch or
prismabic. Large pouch cells are generally used in large scale BESS container units.

2.2 Incidents at BESS Facilities
Table 2-1 lists a number of incidents which have occurred al BESS facilities.

Table 2-1 Incidents at BESS Facilities

Location Date of Description of Incident
{Company) Incident
Anizona, MNov 2012 | In November of 2012, a fire otccurred at a state-of-the-art solar energy
USA storage system that the Arizona Public Service Company (APS) was
{Anzona Public testing. The system, the relative size of a shipping container with a
Service Company) capacity of 1.5 MW, had been ruaning since February of 2012, Simitar 10

the Eirst Wind fires. the fire department persennel allowed the fire 1o burn
freely for some time. The cause of the fire was not reported.
Rel, Blum and Long {2016)

" Unknown 2014 A fire in a Li-ion battery storage unit caused an explosion that se;i‘cs;agty'
mjured fhre fighters,
) _ _ Ref, Ranken (2017) - e
Yeongju, Nov 2018 | Fire at lithium-ion PV power plant.
South Korea _ Rel, INERIS (2021)
Cheonan, MNov 2018 | Fire at lithium-ion PV power plant,
South Korea Ref. INERIS (2021)
Geochang Nov 2018 | Fire at lithium-ion PV pawer plant.
South Korea Ref. INERIS (2021)
Munyeong), Nov 2018 | Fire at lithium-ion PY power plant.
| South Korea Ref. INERIS {2021)
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Location Date of Description of Incident
{Company) Incident
South Korea Dec 2018 | Fire at lithium-ion peak load reduction plant.
Jechean Rel, INERIS {2021)
Samcheok, Dec 2018 | Fire at lithium-ion PV power plant,
South Korea Rel. INERIS {2021)
Yangsan, Jan 2019 | Fire at lithium-on peak load reduction plant.
South Korea Rel. INERIS {2021)
Wando, Jan 2019 | Fire at lithium-on PV power plant.
South Korea Ref, INERIS {2021)
Jangsu, Jan 2019 | Fire at lithium-ion PV power plant.
South Korea Rel. INERIS (2021)
Ulsan, Jan 2019 | Fire at lithwm-ion peak load reduction plant.
South Korea Rel. INERIS (2021)
Chiigok, May 2019 | Fire at lithium-ion PV power plant.
South Korea Rel. INERIS (2021)
McMicken Substation, | 19/4/2019 | The incident occurred at two twinned grid-scale energy storage systems of
Surprise, 2 MW 2 Mwh at the MeMicken substation. The explosion caused a
West Valley, “significant pressure wave” resulling in the injunies of four firefighters.
Anizona, Technical anatysis by certification and standards group DNV GL indicated
USA that the event had begun with imernal cell falure in a single LG Chem
0.24 kWh pouch cell in the ESS,
(Arzona Public The fire suppression system onsite worked as designed, but it was
Services) inadequate (o prevent or siop the cascading thermal runaway, Heat

Atking 5088014 TNAS Is5ue A1 (30 March 2021)
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transfer between the celis in a module, and then between modules, n one
of the battery racks caused the thermal runaway 1o propagate - faciitated
by the absence of "adequate thermal barrier protections between baltery
celis,” which could have stopped ar slowed the propagation,

Whilst the incident was at first thought to be a fire. it was infact a
cascading thermal runaway fram a single cell, through every other cell in
the module, and then through all the modules in Rack 156 via heat transfer.
it took around two hours from the first report of a suspected lire at the
facibly, at 17:48 local time on 19 April 2019, 10 around 20:04 before an
expiosion happened from inside the BESS. The BESS and its container
were “essentially destroyed” and the incident left several firefighters injured,
On the day of the incident, the BESS was performing solar smoathing
applications - charging duning the daytime from local solar generation and
discharging electricity to the grid during the evening peak fbad. Data
collected by APS found that just before Spm an 19 April, there was a
sudden drop in voltage during one of the system's charge cycles.

Thermal runaway began shonly after that. Smoke detection systems went
into eperation but off-gassing of battery cells as the thermal runaway
cascaded through neighbouring modules caused a “flammable almosphere
within the BESS,” the DNV GL report said. Then, when firefighters opened
the side caontainer deor around three hours after thermal runaway began,
an explosion occurred within 2-3 minutes. causing the side and rear doors
aof the BESS as well as other debris 1o be gjected by the explosion.

It 15 thought that opening the doors agaated flammable gases that
remained and brought the gases into comact with a spark or heal source -
causng the explosion.

Ref, McKinnon, DeCrane and Kerber (2020) - Detaited incident report.
DNV GL (2020) — Techmeal incident report,

Energy Storage News (23 Aptil 2019, 29 July 2020, 12 March 2021, 25
March 2021
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Lecation
(Company)

Date of
Incident

Description of Incident

Carnegie Road,
Liverpool,
England
(@rsted)

See Figure 2,1

15/9/2020

Large grd battery system container fire at 20 MW BESS sile which lasted

several hours,

Merseyside Fire & Rescue Setvice, local first-responders, said that crews

were alerted shortly befare 1am on 15 September and arrived to find a

“large grid battery system container well alight”,

A "massive bang" was heard as fire crews rushed 1o tackle the blaze.

One resident said he "heard an explasion after midnight” while another said

their house “shook”,

Five fire engines were immediately on the scene after being alerted at

12.52am to reports of a blaze on Caimegie Road in Tuebraok.

The fire service said tha it had used main jets and ground monitors in

tackling the fire, asking residents nearby to keep their windows and doors

closed due to smoke from the incident.

The blaze went on for several hours, with an update from the setvice al

7:30am noting that although operations at the site had been scaled down,

firefighting was ongoing. with two ground monstor units and a main water jet

still in use, A further update at 11:45am said one fire engine was still at the

scene, with firefighting stll continuing, although by that stage only one

hand-held pump was in use,

It was reported that the explosion caused a “significant pressure wave”,

causing debris to be (hrown between 6 and 20 metres away accorging to

the fire depatment's response report,

The environmental impact from firewater runolf was also a major concern.

Ref, Energy Storage News (16 September 2020 and 25 March 2021}

« Fire at 20MW UK battery storage plant in Liverpool - Energy Storage
Vinual Summit (solarenergyevents.com)

MNingxiang.
Hunan Province,
China

(CATL Brunp

plant)

Atkns S0BB0L4 TNAS Issue 01 (30 March 2021)

Recycling Technology
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1 2021

Explosion and fire occurred at one of the old workshops of the battery
recycling plant - 1 persan was Killed and 6 were seriously injured. CATL s
a battery supplier to Tesla.

o https:iuk motorl cominews/465244/explosion-catl-battery-plant-china/
+  #177 Explosion at CATL-owned company #shorts - YouTube

Figure 2.1 Incident at Carnegie Road, Liverpool (15/912020)
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Figure 2.2 Incident at Ningxiang, Hunan Province, China (7/12021)
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ion occurred

It is noted that there have been many incidents in Asia relating to BESS facilities, but detals are generally scarce
of unavailable.

Atkins SOSB0LA TNAS 1ssue 01 (30 Mach 2021) Paye 6
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2.3 Incidents at Battery Manufacturing Facilities

Table 2-2 lists a number of incidents which have occurred at battery mamdacturing facilities.

Table 2-2 Incidents at Battery Manufacturing Facilities

Location Date of Description of Incident
{Company) Incident

Keriyama City, 4/111/1985 | An explosion occured al a Sony battery factory in Koriyama City, Japan,

Japan where cylindrical lithium-ion batteries for notebook PCs were
manulactured. The fire occurred on the lloor where balteries underwent
final testing. Celis in this location were stored in racks 4-high under
ambient lemperature conditions. Ultimately, approsxemately 3 million cells
burned, 7,000 m? of facility was damaged and two peaple were injured.
Ref. Mikolajczak et al (2011)

Moriguchi, Aug 1997 | An explosion occurred at the Matsushila Ballery lndusuy iaclo;y in

Osaka, Moriguchi, Osaka. The owner of the factory, T&T Dream, was a

Japan subcontracter for Matsushita. The factory carnied out charge/discharge and

{(Matsushita Batery check processes of cylndrical lithium-on battenes, Cells in this iocation

Industry Factory) were stored on thiteen layers under ambient temperature conditions.
Ultimately, approximately 1.22 million celis burned, 1,700 m of facility was
burned, buiidings within a 175 m radius were damaged, and two peaple
were injured,
Ref. Mikolajczak el al {2011)

Karistemn, Aug 2008 | A fire occurred at Batterie-Momage-Zentrum (BMZ) in Karlstein, Germany.

Germany The tire destroyed a production area and a warehouse.

(BMZ) N Rel, Mikolajczak et al (2011)

Pawcatuck. Sep 2008 | A large format ithium-ion bauery lhat was undergumg testing at Yardney

Connecticu, Techmcal Products in Pawcatuck Connecticut caugi fire,

USA fef. Mikolajezak et al (2011)

(Yardley Techmcal

Products)

Dongguan City, 2014 Fire in a ithium-ion battery factory in Dengguan City in China, which

China caused 5 deaths and 6 injures,
Ret. Niu and L1 (2018) o W

China Bi22017 | The fire occurred in the battery waste area of the ractory. after faulty

{Samsung SDI ltbuum-ion batteres went up i flames.

hattery manulaciunng e htips/Honune comi201 7/02/09samsung-banery-factory-gxpiodes/

taciity)

“Norh § 5’516&1]&. %2017 | Paliet of L bauenes caught fire and 5 minutes iater the whole bu:ldmg was
Arizona, USA burning, producing toxic smoke which spread all over the north vailey and
(Gruber Motor lureed evacuatmn of nemby b-.u!dmgs
Comparny) . A i JLICE ! alleries - Bing video
Peera Garhi. 21112020 | Batwery facmry collapses after exgxlﬁsmn in fire during Brefighting aperations
New Delhi = killing 1 and injuring 19 other lirelighters.

India « Battery Factory In Peeragarhi  Collapses During Fire  Fighting
See Figure 2.3

Oneralwus l CNN wa lmsn mmj
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Figure 2.3 Incident at Peera Garhi, New Delhi, India (2/1/2020)

The incidents in Table 2-2 show that major incidents at battery manulacturing faciities are most likely to ocour in
the Formation, Aging and Testing stage, where large numbers of cells are being charged for the hirst time.  Such
evenls are less hkely at BESS sites as the cells have been through all the necessary testing, but the nature of the
potential incidents is simidar due 1o the large number of cells present.

2.4 Other Incidents

Table 2-3 hisis a number of incidents which have occurred at other facilities,

Tahle 2-3 Inmdents at Other Facilities

Descr pnon of Incident

T
(Eumpany)_ Inc rdent

Germany 2017 A major fire broke out in a icycle warehouse in Germany that also
contained a large number of electric bicycles with Li-ion battenes. It proved
an extraordinary challenge for the fire brigade and ultimately resulted in a
total loss in the warehouse. Four employees suffered minor injuries.

Rel. Ronken (2017)
«  httpsdirp-onine de/nrwistagdie/emmerichigrossbrand-bei-lahrrad-
rose aid-14298219

Lyons Park indusinal 2002/2020 | Factlory stonng Li battenes goes up in llames,

estaie, Coveniry, . Egcm whme hﬂuwﬂ hagg_@s ﬂmed goes up in flames -
England :

i S e R i RORSCR— .-\w»u'\r-wn'b!\\':"wr"'e-‘\c'l‘n.'!-l"—.\—-umnam—\-r-")—vnu.-n-s?-r'ww-!.‘-’- = oot octtos oo SRR

Mikolajczak et al (2011) also lists a number of ar transport mcidents involving ithiurm-ion batternies.
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3 REVIEW OF LITERATURE

This section presents a brief literature review concentrating on information which is relevant in terms of major
hazard safety issues,

3.1 Published Papers and Reports

Wang, Sun & Chu (2005) provide an overview of how lithium-ion cells can fail, leading to fire and explosion.

Figure 3.1 Development of Cell Failure (Wang, Sun & Chu, 2005)
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Ditch and de Vries {2013) and Ditch (2014) descnbe 4 detaled study of the fammability charactensation of
lithiurm-1on battenes in bulk storage, which tested the effectiveness of sprinklers and measured heal release rates
eic. The overall goal was 1o develop sprinkier protection recommendations for bk storage of Li-on batteries,
The test results show that fires can develop rapidiy. reaching heat release rates of several MW for a single pailet
of hateries.

Mikolajczak et al (2011) present a ierature review of battery technology. fallure modes and evems, usage,
codes and standards, and a hazard assessment during the life cycle of storage and distribution. The failure
modes and ool causes are discussed, tegether with information on flammable cell companents and the fire
behaviour of cells and battery packs, Key gaps in knowledge, such as the vent gas composition, are identiied.

Blum and Long (2016) summarise a lilerature review and gap analysis related to Liion battery ESSs, as well as
full-scale fire testing of a 100 kWh Li-ion battery ESS. The averall objective was to help enable the development
of sate nstallation requirements and appropriale emergency response factics.

Larsson, Andersson, Blomgvist and Mellander {2017) provide a useful study of toxic fluoride emissions from
lithium-ion banery fires. It is shown thai lithium-ion battery fires generate intense heat and considerable amounts
of gas and smoke. 1t is noted that although the emission of toxic gases can be a larger threal than the heat, the
knowledge of such emissions is limited. The paper presents quantitative measurements of heat release and
fluoride gas emissions during battery fires for seven different types of commercial lithwm-ion batteries. The
results are validated using two independent measurement techniques and show that large amounts of hydrogen
flusoride (HF) may be generated, ranging between 20 and 200 mg/Wh of nominal battery energy capacity. In
addition, 15 to 22 mg@Wh of another potentially toxic gas. phosphoryl fluoride (POF;), was measured in some of
the fire tests. Gas emissions when using water mist as an extinguishing agent were also mvestigated. Il is
concluded that fluoride gas emission can pose a serious toxic threat and the results are crucial findings for nisk
assessment and management, especially for large Li-ion battery packs. The paper states that:

If extrapolated for large baltery packs the amounts would be 2-20 kg lor a 100 kwWh battery system, e.g.
an elecine vehicle and 20-200 kg for a 1000 kWh baltery system, e.g. a small stalionary enerqy storage.
The immediate dangerous to iife or heaith (1DLH) level for HE is 0.025 g/m’ {30 ppm) and the Jethal

10 minules HF toxicity vaiue (AEGL-3) is 0.0139 gém® {170 ppm).  The refease of hydrogen fluonde from
a Li-on battery fire can therefore be a severe risk and an even greater risk in confined or semi-confined

spaces,
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Ronken (2017) aiso describes the nisks and salety measures required for lthium-ion batteries, and emphasises
the importance of a suitable risk assessment. Several incidents are also identitied (see Section 2.2).

Niu and Li (2018) describe a fire risk assessment method for use in ithium-ion battery lactories, and summarise
the key areas where fire risks are significant, based on experience with such facilities in China. It is suggestied
that in the event of a short circuit, littium can react with the various electrolyte components (ethylene carbonate,
propylene carbonate, dimethyl carbonate) to form flammable gases such as prapene (CiH,). A risk matrix 15 used
to assess all stages of the battery manufacturing process. Several events are identdied as likely to result in
severe injury, but none are identified as likely to result in death. Serious events such as the spontaneous ignition
ol batteries in storage are identified as unlikely 1o happen in a lifetime,

Finegan et al (2019) describe detaled expenments where internal short circuits (ISCs) were caused in eylindrical
18650 cells, These 1SCs cause the Li-ion battery to tail catastrophically due 1o thermal runaway. That is, at a
criical temperature and in the presence of non-aqueous liquid electrolytes and oxygen, the active matenals waithin
a Le-ion baltery can exothermically react. Exothermic reactions can become seli-sustaining when local heat
generanon is greater than heat dissipation, resulting in violent combustion and wotal cell tailure,  During thermal
runaway, it is esimated that abouwt 2 lires of gas is generated per amp hour {(Ah) of commercial LiFePO, and
LiNi.Co,ALLO; 18650 cells. It is noted that modem 18650 celis have capacities greater than 3 Ah, and can
generate more than 6 litres of gas within about 2 seconds during thermal runaway, which is mostly flammable, 1n
this short ime (< 2 seconds), more than 70 kJ of heat can also be generated.

The Department for Business, Energy & Industrial Strategy (BEIS, 2020) reviewed the safety risks associated
with domeslic battery energy siorage systems. The authors state that even though few incidents with domestic
battery energy storage systems (BESSs) are known in the public domain, the use of large batieries in the
domestic environment represents a salety hazard. Three hazard categories are identified:

e Excessve heal generated deep inside a battery pack as celis fail and thermal runaway propagates
through the pack, highlights the need (o design packs to mimmize nsk for propagation and limit spread of
fire between cellsimodules. Early detection and means for cooling individual cells as they begin ta fail
are imponant for avoiding thermal runaway of the full system.

«  Cell arud pack falures can generate farge volumes of gases resulting lrom the ragid pressure builtd-up
and vent release as the system heats up. Management of gases generated must be considerad i pack
and systerm design,

+  Theloxicity of gases generated from battery fires may require specific constderation in the design of
ventlation systems.

Key considerations regarding risk mitigation are summarised as:

»  The Battery Management Sysiem (BMS) has a central role in keeping cells within their operating wandow
for vollage. current and temperature. BESS safety standards have specific requirements and tesis which

apply for the BMS.

o Imternal cell faulls, though rare, do occur, For well-constructed 18650 celfs. the failure rate from an
internal event is estimated as one in ten million (0.1 ppm). This translates to a single cell failure in every
10,000 BESS {assuming a 5 kWh BESS containing 500 1B650 cells). This is not to say that 1 in 10,000
BESSs will fail, with significant nsk of fire. Proper BESS design and construction should be capable of
preventing propagation of cell failure across the battery pack. A single cell failure should be controllable.

s I the system is well designed. it should take into consideration propagation of a thermal event ansing
troim & single cell, This is of greal impaontance for the nisk mitigation and will have a large impact on the
overall risk assessment lar the system. Control of single cell lailures within a pack reduces the risk of
complete system faiure and residential fire. Assessment of cell failure propagation is captured in the
standards applicable for domestic ithium-:on battery storage systems such as BS EN 62619 and I1EC
626833.5.2.

The BEIS report aiso provides some statistics {or the likelihood of failures, although it doesn’t deal with large scale
BESS nstallations.  Mydrogen fluoride, CO and CO; are all identified as potential toxic combustion products
following a thermal runaway. The potential for an explosion is also mentioned. either as a result of a cell failing
viglently due 10 an intemal build-up of pressure, ar as a result of ignition of flammable gases released from a cell.
The total heat released during total combustion of lithium-ion batteries ranges from 30 to 50 kJWh, or 4 to
10 MJikg, which is about 5-10 times less than for organic materials like plastic or paper. No projectiles were
observed i any full scale testing of farger racks of bhatteries for energy storage systems. The vinlence of thermal
runaway, and the gas volume generated. tends to increase with SOC.

The BEIS repart discusses the vent gases that can be generated, including volatle organic compounds (such as
alkylcarbonates, methane, ethylene and ethane), hydrogen, carbon monoxide, carbon dioxide, soot and other
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particulates containing mickel, cobal, lithium, aluminium, copper. The authors note that a major pont of
discussian is the amount of HF and other fluonnated compounds found In ven! gases. because of their toxricity,
and that this is still an open question, Some tests have indicated HE concentrations well in excess of 100 ppm,

Diaz et al (2020) provide a comprehensive review of fire safety infarmalion for lithium-ion batteries. The authors
note that the majorty of research has considered single cells, and there is much less safety information relating to
larger scale fires involving pack, modules, or large numbers of cells. The review includes information on the
various challenges faced by the industry, including detection and reliability issues and emergency response
challenges. The use of water for fire fighting appears to be preferred, although there are still issues with
rergnition,

Rosewater et al (2020) presents a systematic hazard analysis of a hypothetical, grid scale lithium-ion battery
pawerplant to produce sociolechnical ‘design objectives’ for system safety.  This includes key considerations for
tirefighter traming objectives.

INERIS (March 2021) recently presented an overview of the lithum-ion cell assessments and modelling that they
are currently undertaking in France. The presentation included brief details of fires at large scale energy storage
sites in South Korea, as dlustrated in Figure 3,2,

Figure 3.2 Examples of Fires at BESS Sites in South Korea (INERIS, 2021)
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it was conchided that there was no single root cause for these events,

INERIS noted that there have heen similar fires in Belgium, UK, France, US (Arizona) and Ausiralia. A number of
issues and uncertainties were identified in relation 1o fire protection and firefighting for such sites:

«  Fixed fire fighting systems: water (spanklers, water mist)?, Foam?, Inert gas?, Others?
+  Fire ighter capacities for such a fire: drowning a battery container in water 15 not really an aphion

«  Safety aspect of emergency response: gas toxicity and exploswvity

One conclusion from their presentation was that the toxic cambustion products from a small fire involving a
lithium-ion battery are generally not significantly mare hazardous than a comparable sized fire with packaging and
plastics etc. However, for a large fire involving many lithium-ion cells, the view expressed was that the HF vapour
was the most significan toxic concern.

Atkins BOBBOLA THA5 1550 01 (30 Mirch 2021) Paye 11




ATKINS

3.2 Project Specific References

HSENI has provided several documents which relate to BESS sites. These are considered brietly below in terms
of the key data which is relevant in terms of the assessment of major hazards.

Haigh (2020) provides an analysis of what might occur under a loss of control scenario at the Kells BESS and

wh:t chemical reactions might take place. The site 15 described as having a total energy capacity of 26.3 MWh
with: '

25 150 containers

28 racks in each 1S0 contamer

& modules m each rack

22 lahium-ion cells in each module

Thu_e total quantity of electrolyte on site is 28,6 tonnes, logether with 9.5 tonnes of polyvinyhidene diffluonde, all of
which may generate HF in a fire. A fire involving a single container is predicted 1o generate 20 to 210 kg of HF,
This corresponds 10 19 to 200 mg/wh, consistent with the range suggested by Larsson et al {2017},

Marks (2020) provides techrical detanls for the Newry Energy Storage Litd BESS located approximately 85 m
North of No. 68 Cloghanramer Road. Newry. BT34 1QG. The site is described as having a tolal energy capacily
of 18.635 MWh with;

5 IS0 containers (3,727,000 Wh tor each ISO comtainer)

10 racks in each IS0 container (372,700 Wh for each rack)

26 maodules in each rack (14,336 Wh for each module)

16 lithium iron phosphate (LFF) ceils in each module (8496 Wh for each cell)

Each of the 20,800 cells an site, each with a mass of 5.46 kg. includes:

540 g of palyinylideneflupride-hexafluoropropylene capolymer (PVDF-HFP)
486 g of ethylene carbonate

432 g of dimethyl carbonate

432 g of propylene carbonate

378 g of diethyl carbonate

378 g of ethyl methyl carbonate

162 g of ithium hexafluorophosphate (LiPF)

it s predicted that a full stoichiometric decomposition of LIPF: will generate 4 moles of HF (plus other fluorine
compounds).  This comesponds to 354.2kg of HF per 1SO conmtaimer.  Simdarly, a full stoichiometric
decomposition of the PVDE-HFP would generate 1.679 kg of HE. Marks stales that these stoichiometric results
are considered worst case, and a more loreseeable prediction s based on the work of Larsson et al (2017) (e,
200 myg/Wh) giving 738 kg of HF per IS0 container,

33 Standards
Standards for energy storage systems include:

NFPA 855 - Standard for the Installation of Stationary Energy Storage Systems, 2020

This debut edition addresses the dangers of 1oxic and flammable gases, stranded energy, and increased fire
intensity associated with BESS sites. It is designed to give first responders and those who design, build,
maintain, and inspect facilites the information they need 1o prepare for ESS safety,

IEC 62619 - Secondary cells and batteries containing alkaline or other non-acid electrolytes - Safety
reguirements for secondary lithium cells and batteries, for use in industrial applications, 2017

Specifies requirements and tests for the sale operation of secondary lithium celis and batteries used in industrial
applications including stationary applcations.

There are abviously many other siandards which are important, but the above are some of the most directly
refevant. NFPA 85515 one of the most useful in terms of major hazard and firefighting considerations,
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ks CONSIDERATION OF FIRE LOAD

The main fire load within a BESS contamner is the electrolyte within each cell. The precise composition of the
electrolyie generally involves several flammable liquids and lithium hexaflurophasphate, as detailed in Section 3.2
by Marks (2020,

The overall heat of combustion of the electroiyte Is approximately 20,000 kl/kg.

Electrolyte typically makes up about 40% of the mass of a cell in a BESS. For other cell designs, such as cylinder
cells, it is typically closer to 15% of the mass.

Any fire 15 Iikely to start as a result of failure of a single cell, which then escalates by mvahang progressively more
celis. In the very early stages. the fire may not be ventilation cantrolled, but the conainer would rapudly begin to
fll with combustion products, and the fire would become ventilation controlled. If the container becomes
breached then the fire will no longer be ventilation controlle.

The growth of the fire is therefore likely to he similar to fire growth in other situations, such as a warehouse fire,
although the rate of fire growth is likely to be higher due 1o the exathermic nature of the thermal runaway event,

For the purposes of assessing the fire, a conservative assumption typically adopted by the HSE is that the entire
coments are combusted over a relatively short period of 30 minutes (Atkinson and Briggs, 2019). This
assumption can be useful for defining a heat release rate and maximum source term for toxic combustion
products, but it is noted that in reality such fires could comtinue 1o burn for many hows. Lithium-ion fires are also
well known for re-igniting after having been appareatly extinguished.
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5 POTENTIAL FOR EXPLOSION

Thg potential for explosion dunng the course of a major incident in a BESS 150 container is an important issue
which has recently become better understood following several incidents.

it is well known that indmidual cells may tail explosively due to the build-up of pressure within the cell. but this will
depend on the cell design. Pouch cells tend 1o fail easily on seams, and so, considered individually, may be less
likely o explode than, for example, cylinder celis. However, when pouch cells are packed into a module o may be
more dificult for gases to vent, and so an explosion may still be possible. The energy of such an explosion would
depend on the module design.  Such an event could produce a loud bang as the module fails, but the event is
likely 10 be camained within the IS0 container,

More sigrificamly, it s also known that cell failures can generale quantities ol llammable vapour, f a 10 Wh
18650 cell can generate 6 lires of gas (Finegan et al, 2019). an 896 Wh pouch cell could theoretically generate
aver 500 lires of Hammable vapour. Several such tailures could occur before the vapour ignites.  Suppression
systems can prevent flaming, though flammable vent gases can continue 10 be released due to cascading thermal
runaway as a result of heat transfer between cells and modutes. Ignition can then lead 10 a vapour cloud
explosion (VCE) within the 1SO container, The worst case is if such flammable vapour fills the entire 1SO
container (typical dimensions are 40 x 8 x 8.5 feet, or 77 m®). 1t is noted that the 2018 McMicken incident anly
involved thermal runaway of the cells in & single rack, and this was still suticient to generate enough llammable
gas lor a sigmbicant explosion,

Tabde 5-1 provides hazard ranges (o vanous levels of overpressure lor hydrocarbion vapour cloud volumes of 0.5,
5 and 50 m*, based on a standard analysis using the TNO Multi-Energy Model with a typical ignition strengih of 7
(based on the type of approach typicaily adopted by HSEGB for VCEs).

Table 5-1 Distances to Various Levels of Explosion Overpressure

Volume of vapour 0.5 m? 5m?* 50 m?
involved (m?)
Distance (m) to various levels of overpressure
600 mbar 2 5 0
300 mbar 3 7 i6
140 mbar 6 | 12 i
70 mbar e 21 a5

Any flammable vapows released from cells may he ignited almost immediately, without any generation of
overpressure, but there have been several incidents where explosions have been reported in contaners. This
delayed gnition of vapour can ocour if a fire suppression system prevents flammg. Continued release of vent
gases from failed cells after the suppression system operates can then lead to a build-up of flammalbile gas, which
can then ignite leading to an explosion.  There have alse been incidents with no suppression system where a
buid-up of ftammable gas has cccurred without a fire, untit defayed ignition caused an explosion.

It 15 noted that HSEGB typically use 600, 140 and 70 mbar as the basis for defining the Inner. Middle and Outer
land use planning zones for explosion hazards.

Table 5-2 provides some data from HSE (2005) on 1he eflect on structures of vanous levels of blast overpressure.
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Table 5-2 Effect of Various Levels of Explosion Overpressure

Incident Peak Side-Cn

Damage Description Qverpressure
{mbar)
General effects on buildings
5% of exposed glass panes broken | 1.3
5% _en! exposed glass panes broken ] 613
Near 100% of exposed glass panes broken | 50-110
Lirmateed munor structural damage | 20-30
Daors and window frames may be blown in | 50-90
Parial demalition of houses . rendered urinhatstable | o
Lawer it of sencus structural damage | 140
Paral colapse of walls and roofs of houses l 140
Nearly complete destruchion of bouses | 340-480
Prebable wtal destuction of houses | 6%0
Effects on UK brick built houses
Category A damage (completely demolished) | 690-1830
Category B damage (hadly damaged and beyond repair) | 240590
Category Ch damage {uninhabitable without extensive 1 ' 140,740
TEpa3irs )
Category Ca damage {uruinhabitable but reparatle) l 730-120
Categosy [3 damage (nhiabatable bul repans requined) | 2050
50% destruchon of bnckwark | 280.480
Effects on plant
Remmrgea structures distort and unpressunsed siorage ‘ 210340
tarks fail
Wagons and planl ilems overurmesd | 340-480
Extensive damage [ 480
Falute of a pressunsed storage sphere | 700

A recent Energy Storage News (25 March 2021a) focussed on the potential explosion issue al BESS siles,
stating: ‘

The chaflenges of explosion preventon — with lammalile gases needing 10 ba verded “very rapidiy” ~ in
the event of & haltery lire have been fughlighled af this week's Energy Storage Summi USA

Speaking at the event, hosted by our publisher Solar Media, Matthew Paiss, technical advisor, baltery
matenals & systemns at Pacific Northwest National Laboratory (PNNL), referenced the two most tecent
gh-profife batery fires, with one ar utiity Arzona Public Services's (APS) energy slorage faciify in
2019 and one at Grsted’s 20 MW project in Livergool, England in 2020,

Both expiosions caused a “significant pressure wave . with the APS incident resuiting m the inunes of
four firehghters and the Lwverpool ingident causing debs 10 be thrown between six and 20 meters away
according to the fire department's rasponse repod.

Pmiss explained that there are “many similar baltesy enclosuras oporating today that could experience
the exact same kind of faiure’”

He sad that most systems bewg deployed today do mclude a deftagraton vent - which 15 used to vent
gases after deflagration occurs - bul "what is not very common in syslems is deffagration pravention”
which he described as typically beng a mechanical exhaust systerm.

I was also stated (Energy Storage News, 25 March 2021b) that:
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Per Onnerud ... said that statistically, some faiures vall always hagpen.

While some experts have said that falure may only occur in one of every 10 milion battery celis, energy
storage projects are geling larger and comtain more celfs. Meanwhile the celfs themselves are
mdnadually getting larger and therefore produce more gas if active materials ke electrolyte catch fire,

Explosions caused by that gas and fires caused by propagation should not be acceplable, Onnerud sait.
Battery design should be such that failures should be prepared for, and so that those faiures can be
dealt with “elegantiy”

The ncident report for the 2019 McMicken Arizona incident (McKinnon, DeCrane and Kerber, 2020) provides
photos which show that, when the fire service arrived, there was a low level cloud of vapour around the contamer
(possibly associated with the suppression system), as shovm in Figure 5.1

Figure 5.1 Photos of ESS Prior to Explosion (McKinnon, DeCrane and Kerber, 2020)

N When firefighters were satishied that HON and CO concentration had dissipated sufficiently, they proceeded to
open the container door. The report describes what then happened 1o the four firefighters. stating:

Al the moment of the deflagration event, the firefighters outside the hot zone described hearing a loud
noise and seeing a jet of lame that extended at least 75 ft outward and an estimated 20 ft vertically from
the southeast-facing door. in the event, E193 Capt and E193 FE were ballistically propelled against and
under the chain-ink fence that sutrounded the E5S. E193 Capt came fo rest approximarely 73 ft from
the opened door beneath a bush that had ignited in the event. E193 FE came o rest approximately 30 f
from the opened door. HM193 FFI was projected toward the transformer and distribution box to the east
of the ESS and remained wilhin the fenced area,  The enlire HAZMAT feam lost consciousness in the
defiagration event. The event also dislodged or removed the SCBA face pieces and helmets from alf of
the HAZMAT team members.
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6 ASSESSMENT OF TOXIC FIRE PLUME

The literature is clear that a wade range of toxic combustion products could be generated in a fire. However. there

seems o be reasonable agreement thal for a major fire the most significant in terms of toxicity is hydrogen
fluoride.

The quartity of HF generated can be estimated based on stoichiometric decomposition, ar on experimental dala,
The approach of Larsson et al (2017), who suggest 20 to 200 mg/Wh based on expenmental data, seems 1o be
the most widely adopted approach, and use of the upper bound is likely 1o provide a cautious best estimate, For

a fire involving an entire 5 MWh 1SO comainer {i.e. slightly more than the 3.7 MWh 1SO contaners at Newry) this
would corespond 1o 1,000 kg of HF,

The duration of the release is conservatively taken to be 30 minutes, which is consistent with the approach
recommended by Atkinson and Briggs (2019) for warehouse fires. This implies a release rate of 0.56 kais. Iis
emphasised that in reality there would not be a constant release rate for 30 minutes, but it would grow
expanentially to a maximum belore gradually decaying over much longer than 30 minutes. However. i is noted
that the HSE SLOT and SLOD are based on integrated dose. and so the precise time variation is not important for
such criteria.

The other key factor in any toxic fire plume dispersion assessment is the buayancy of the fire plume, as defined
by the convectve heat content of the fire plume. The major source of any heat release is likely to be the
electrolyte, of which there could be up to about 10 tonnes in a single ISO container. Based on a typical heat of
combustion of 20 MXkg for the electrolyte. and a release duration of 30 minutes, this would correspond 1o about
100 MW, In practice, combustion would not be complete and only a fraction would become convective heat in the
fire plume (see below), It is naed that BEIS (2020) indicated a heat refease of 30 1o 80 kJWh. which would
correspond 10 83 to 138 MW over 1800 seconds for a 5 MWh facility, which is reasanably consistent with the
value of 100 MW,

Any generation of HF which is reteased from the ISO cantainer will be advected downwind, though the plume will
tend to nse due to the buoyancy of the hot fire plume. The container may alse entrain some or all of the fire
plume into its downwind wake, which may spread the plume out and bring it down to ground level, depending
primasily on the wand speed.

The dispersion of a e plume depends principally on the wind speed. Al low wind speeds, a fire plume lends to
rise buoyantly {see Figure 2.1} and ground level concentrations tend not 1o be significant. Al higher wind speeds,
there is generally more dilution of the plume, but it may not Iift off the ground. and so moderate 1o high wind
speeds generally represent the worst case for such fire plumes. A range of weather conditions has therefore
been considered. namely D2, D5, D10 and F2. 1t is noted that aimosphenc stability may also have some effect,
and so stable F2 conditions have also been considered, although (unlike many loxic gas assessments) it is not
expected that F2 will be the worst case in terms of hazard ranges.

As noted above, the heal content of the fire plume is a key parameter in determining the degree of buoyant plume
rise - a higher heat Hux leads 1w greater plume rise and lower ground level concentrations, Based on CERC
(2018}, the heat llux 15 typically calculated as:

Foz=il-a eH,m

Where F, = Heat flux (W)
o = Fraction of heat radiated (typically 0.3)
£ = Efficiency of combustion (taken as 0.5)
H, = Heat of combustion {Jkg) - taken as 2x107 Jikg (based on elecirolyte)
m = Mass rate of combustion (kg/s) (taken as 1,000 kg of electrolyte over 1800 seconds)

This suggests a relatively high heat flux of 4 MW,

However, in view of the considerable uncertainty associated with making such an estimate of the effective heat
lux, and the extent of possible heat losses (e.q. to sprinkler water) the approach adopted was to assume an
effective source diameter of 5 m, with a flux of hot air with a vertical velocity of 1 nv's and an excess temperature
of 100°C. This corresponds to a lower heat flux of n x 2.5° x 1 x 100 x 1012 x 0.9/ 10° = 1.8 MW (NB heat
capacity of air is 1012 J/*C/kg, density of air at 115°C is 0.9 kg/im?). The source was conservatively assumed to
be located on the lee side of the |SO comtainer at a height of 1 m, leading to signilicant entrainment m the wake of
the container.
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Dispersion medelling of the HF releases has been conducted using ADMS 5.2.4 which is well suited to modelling
the dispersion of such fire plume releases. [n addition to the source term and weather categories referred to
above. the following input data has also been used in ADMS,

1SO container dimensions 2.6 m high, 2 4m wide. 12.2 m long

Atmoespheric temperature 15°C

Surface roughness length 01m

Surface energy flux 0 kWim? for D2, D5 and D10 conditions: -6 kWim? for F2 conditions
Boundary layer height 800 m for D2, D5 and D10 conditions; 100 m for F2 conditions
Relative humidity 85%

Avaraging time 30 minutes

Most of these parameters have relatively little effect on the dispersion results; the most significant inputs being the
wind speed and heat flux. The entrainment of the release in the container wake has been included In the ADMS
modelling. This entrainment increases as the wind speed Increases. and In D10 conditions the refease is almost
fully entrained in the container wake and the plume centreline is effeclively at ground level.

Table 6.1 presents results for the downwind hazard ranges 1o the HF IOLH, AEGL {10 and 30 minute), HSE SLOT
and HSE SLOD for each of the representative weather categaories.,

Table 6.1 Outdoor Hazard Ranges to SLOT for HF Releases

critorion Concentration __Outdoor hazard range (m)
(ppm) D2 D5 D10 F2
1DLH 30 a5 240 200 85
AELG-3 (30 minj 62 50 150 130 50
AELG-3 (10 minj 170 25 BO 70 25
SLOT 400 20 45 40 20
SLOD 700 15 30 30 15

Table 6.1 shows that the worst case hazard ranges tend to occur at modesate wind speeds of Smis. At this wind
speed the plume rise is not very significant. As the wind speed increases, the plume rise still decreases. but this
fs more than compensated by the additional dilution. Figure &.1 illustrates the ground level concentration resuits
for the worst case D5 weather conditions.

Figure 6.1 HF Concentration Contours in D5 Weather Conditions
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it is worth noting that the worst case conditions for toxic hazard ranges may occur in very typical (i.e. DS) weather
conditions.

The analysis presented above is considered to be conservative in that the actual heat release rate is likely to be
higher. so the worst case conditions would probably occur in higher wind speeds (e.g. D10}, but with shorter
hazard ranges. There are also some conservatisms In the magnitude of the HF source lerm. and in the
assumption that all the HF Is released over 30 minutes. and that pecple remain exposed in the plume rather than
escaping.

it is also nated that, even without a significant fire (due to the fire suppression system), the 2019 McMicken

Arizona incident showed that significant concentrations of toxic gases from cell venting. such as HCN and CO,
could escape from a container,
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ASSESSMENT OF WASHOUT AND DEPOSITION

Any fire plume which contains particulates will tend to deposit these particles to the ground, which can lead to
issues refating 1o foodstuffs and clean-up.

Whilst & tire invaiving a BESS 1SO container may generate some such particulate matter, including metal oxides,
this has nat been regarded as a sgnilicant issue in the lilerature,

Sinularly, if there is rain, or water sprays are used on the fire, then there will be some washout (wet deposition) of
both particulate and soluble gases. It is noted that gases such as HF are reasonably soluble in water, so water
curtains are sometimes used to reduce the arborne concentration of HF following an HF release.

This washoul can lead 10 contamination of ground and water. but again 1t is not considered 1o be a sanikicant
issue in 1he iterature.

8 FIREWATER RUN-OFF

The HSEGB generally assesses major fires using methads developed by Caner (1989 and 1991) and Atkinson
and Brigygs (2019), Atkinson and Briggs (2019) state 1hat;

There are many examples of chemical warehouses fres thal have caused major epvironmental damage
through contaminated firevaaler run-olf. One use of fire plume loxicity assessment is to support et burn”
decisions in planning for and dealing with large fires.

it is noted that a major concern at the Camegie Road fire (see Table 2-1) was fire water run-off and potential
environmental harm,

There is currently no good data on the significance of firewater from such fires in terms of their impact on the

environment, bul it is likely 1o be similar 1o that from camparable sized fires involving plastics and packaging.
There may be specific concerns if the firewater 15 not contained and can reach sensitive environmental receptors,
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9 SUMMARY

This Technical Note provides a high level review of the major hazard issues assoctated with large scale Banery
Energy Storage System (BESS) sites using lithum-ion hatteries in an I1SO container. It is emphasised that the
intention was not 1o provide a comprehensive review of assessment. but to provide an overall understanding of
the key issues, with the principle aim of assisting HSENI to prowide more informed advice,

The review has considered published lierature and project documents provided by HSEN! to establish current
best practice for the analysis of such hazards, m terms of source terms and heat loads, A number of incidents
invalving lithium-ion batteries have been reviewed to provide context and understanding, and some quantitative
assessment of fire and explosion hazards has been presented, concenirating on the hazards associated with
explosions and dispersion of the toxic fire plume.

Key paints which have been identiied i the course of producing this Technical Note are:

o Any I1ISO container BESS has the potential 1o catch fire due 10 an unpredictable and sponianeous
thermal runaway in a cell. The event may escalate 1o a fire involving the entire contaner. There is also
a potential for an explosion. The design and mitigation measures in place should ensure that thermal
runaway events do not escalate to invelve an entire SO container, but this remains a credible event
which should be considered for emergency planning purposes.

+ The generation of toxic combustion products from such fires can pose a hazard to those in the vicimty.
The main concern appears o be hydrogen fluoride, although there are many other toxic combustion
products. Toxic gases such as CO and HCN can also be generated in vent off-gas. This Technical Note
provides a reasonably cautious assessment of the HF dispersion and hazard ranges for a worst case fire
event, and shows that the HSE SLOT could be exceeded at up to about 45 m, with much higher
concentrations in the immediate vicinity.

+  The most significant risk to those in the immediate vicinity, or to firefighters, is from potential explosions
of flammable vent gases from cells failing due w thermal runaway (either with or without fire). This
Technical Note provides some predictions of the potential consequences of such explosion events n
terms of the possible levels of blast overpressure. 1t is noted that there have been several incidents
involving significant explosions at BESS sites. It is recognised that cells and modules can undergo
cascading thermal runaway without any Haming or ignition, and still generate significant quantities of
toxic and flammable gas, with the potential for a delayed explosion.

It is stressed that the assessment of BESS containers in terms of major accident hazard analysis is a new and
rapidly developing area, and whilst the assessments here are considered to be reasonably rebust, and consistent
with cureent thinking, it is likely that there wall be sgnificant developments in the coming months and years.

N
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From: Kerr, Angus

Sent: 06 January 2022 14:54

To: Symington, Scott;

Subject: FW: Planning application LA08/2021/0611/F [UNSCANNED]

Attachments: ABC BC to Kells Vocal received 15th December 2021.pdf; Bann battery HSENIl.docx; HSENI Atkins

report 30 March 2021.pdf

Folks,

Another one for info only.

Angus

From:.- [mailto -@outlook.com]
Sent: 15 December 2021 22:17
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Cc: @armaghbanbridgecraigavon.gov.uk; Dfl Private Office <Private.Office@infrastructure-ni.gov.uk>;

Kerr, Angus -@infrastructure-ni.gov.uk>; Beggs, Alistair <- -@infrastructure—ni.gov.uk>
Subject: FW: Planning application LA08/2021/0611/F

Caution — This email has been received from outside the NICS network.

Please ensure you can verify the sender’'s name and email address.

Treat all attachments and links with caution.

FOR INTERNAL NICS STAFF ONLY - If you have any concerns regarding the email please
forward to spam@finance-ni.gov.uk.

Dear Chief Executive and Councillors,

Your planning department is attempting to approve a planning application without due scrutiny and assessment of
the dangers and without debate by you or the planning committee.

| apologise for the short notice which requires your immediate “call-in” notice, but it was only today that | received
a letter that was dated 10" December but was not posted until 13" December by second class thus ensuring that
the five-day response period had all but expired. A copy of this letter and its envelope is attached.

The planning application relates to a battery storage and electricity generating facility. HSENI commissioned a
report that states that if one battery container caught fire houses within 40m would be partially demolished and
people within this zone could suffer fatality from toxic gas. Within 240m people could suffer health damage from
toxic gas clouds. These facilities pose great risks to the public and their siting should ensure that they are well away
from houses and public facilities. The attached HSENI Atkins report confirms that there is a real danger of these
battery storage facilities catching fire and exploding. No decision can be made until a full assessment is made of the
dangers of this planning application.

HSENI notified your planning office of these dangers, copy letter attached, yet this planning department attempt to
approve an application without assessment of the dangers to residents, buildings, and the environment.

| will copy you into a detailed letter of objection to.- tomorrow.

In the interim | urge all of you complete an “Elected members Call-in Form” requesting details of the assessment of
this planning application in relation to the safety of ratepayers. This should be done now in order to protect the
safety of your constituents.

Thank you for taking the time to read this e mail.

Pleaser reply to this e mail if you require further details or information.

Yours sincerely

KellsVOCAL



.

Moorfields
Ballymena

BT42 3DA

29 December 2021

1 1
Deputy Director Planning
Antrim and Newtownabbey Borough Council.

Dear [ I
Re: Kells BESS New Layout Under Construction

Introduction:

| wish to make you aware that at the Kells BESS site adjacent to the Doagh Road, the developer is
currently constructing a completely different layout to that which received planning approval. ANBC
has opened an enforcement file because the developer has not made either an application for a Non
Material Change or a fresh planning application and | believe ANBC are currently considering whether
the changes are material changes requiring a fresh application or non-material changes requiring a
Non-material Change Application.

| write to advise you that whilst the number of containers on site has decreased from 25 to 13, a
recent application by the developer to the Utility Regulator reveals that the capacity per container,
which is what determines the risks of fire, explosion and toxic gas release per container on human
health and the environment, has increased three-fold from the risk assessments submitted to ANBC,
namely the Golder Report October 2020 and the Fire Risk Assessment, July 2020. Please refer to the
Evidence section of this letter for further detail.

This three-fold increase in capacity per container, the subsequent requirement of assessments and
consultation with statutory authorities, and the increased visual impact of additional and higher
electrical infrastructure adjacent to the Doagh Road requires, in my opinion, a fresh planning
application and that to process them as a Non Material Change Application would be procedurally
incorrect and open to legal challenge.

Policy and Reasoning

The Development Management Practice Note Non-Material Change April 2015 states under
6.0 Publicity that:

6.1 As an application for a non-material change is not an application for planning permission,
the existing provisions relating to statutory consultation and publicity will not apply. If
consultation and/or notification is considered necessary, it is likely that the proposal would
not then be acceptable as a non material change.

https://www.infrastructure-ni.gov.uk/sites/default/files/publications/infrastructure/dmpn-25-non-
material-change-v1-april-2015 0.pdf

The increase in capacity of each container will impact the fire risk assessment and the potential
impact on human health and the environment in a loss of control event. Therefore, consultation with
NIFRS, HSENI, NIEA, will be required.

The increase in the number of batteries per container will affect the heat output per container which
will affect the cooling requirements which will affect the air conditioning units required per container.
This will require a fresh acoustic assessment and consultation with Environmental Health for impact
on identified receptors such as adjacent dwellings.



It is reasonable to assume that, since an enforcement case has been opened, such assessments
have already been requested from the developer and may even have been received. If such
assessments have already been sent out to consultation with any of the statutory consultees, or
independent risk assessors, then in accordance with 6.1 it is likely that the proposal would not then

be acceptable as a non material change.’

The Development Management Practice Note Non-Material Change April 2015 states under
7.5 that:

In deciding whether or not a proposed change is non-material, consideration should be given to the
effect of the change, together with any previous changes made to the original permission. A local
council may wish to assess whether a proposal change may give rise of any of the following:

1. any potential conflict with planning policy;

Judge Humphries Decision in the recent JR on CPU 7 stated that whilst BESS do not generate
electricity all the time, and therefore were deemed to not fall wholly within the category of an
electricity generating station for Planning purposes, BESS are used for the production of electricity.
The Chief Planner has already identified to you that BESS are likely to require an EIA under Schedule
2 Category 3(a) and Schedule 3. The Kells BESS facility has a site area in excess of the 3(a) threshold
of 0.5H and has the potential to have significant effects on the environment and human health in a
loss of control of process (see HSENI/Atkins Report 2021) it being over 50MW. It therefore has to be
assumed that an EIA is therefore required for this development. Please note that Direction 4 of The
Planning (Environmental Impact Assessment) Regulations (Northern Ireland) 2017 places a
prohibition on the ‘grant planning permission or subsequent consent for EIA development unless an
environmental impact assessment has been carried out in respect of that development.’ Therefore, a
fresh application for this new scheme is required so that the Council avoids conflict with planning

policy.
3. any potential conflict with any of the conditions on the planning permission;

The new scheme is not in compliance with Condition 1 CEMP which was partially discharged on the
planning approved layout and associated plan.

The new scheme is not in compliance with Condition 7 as the assessment submitted is based on the
planning approved layout and not the new layout.

The new scheme is not in compliance with Condition 8 as the noise assessment submitted, and
mitigation measures determined, were based on the planning approved layout and not the new

layout.

The new scheme is not in compliance with Condition 9 as the noise assessment submitted, and
calculations determined, were based on the planning approved layout and not the new layout.

4. an exacerbation of concerns raised by third parties at the original application stage;

The fire risk concerns in a loss of control of process were raised to the PAC by third parties and the
increase in capacity of each container is an exacerbation of those concerns.

The noise from air conditioning units was raised by third parties and the increase in capacity and
associated cooling requirements exacerbates those concerns.



The increase in height and additional electrical infrastructure immediately adjacent to the Doagh
Road is an exacerbation of the visual impact concerns raised by third parties and unacceptable visual
impact was a reason for refusal of the original application by the Planning Committee.

6. anincrease in height of the building or extension ;

There has been an increase in height to the electrical equipment, and additional electrical
equipment has been added, in the area immediately adjacent to the Doagh Road.

8. a material change in the design of the building;

The layout of the battery containers is entirely different. The layout of electrical equipment adjacent
to the Doagh Road is entirely different.

9. new works or elements not considered by any environmental statement submitted with
the application;

No EIA was submitted for this approved development. No scoping/screening exercise is published on
the portal. | have to assume therefore that none was done or sought. Following the Chief Planner’s
advice, this development requires an EIA under Schedule 2 Category 3(a) and Schedule 3. A fresh
application for this new scheme is required so that the Council avoids conflict with planning policy.

10.the requirement for any consultations to be undertaken or any public advertising or
neighbour notification.

As previously stated above, the three-fold increase in the capacity of each container will impact the
fire risk assessment and the potential impacts on human health and the environment in a loss of
control event. Therefore, consultation with NIFRS, HSENI, NIEA, DEARA will be required. Therefore, a
fresh application is required.

The increase in the number of batteries per container will affect the heat output per container which
will affect the cooling requirements which will affect the air conditioning units required per
container. This will require a fresh acoustic assessment and consultation with Environmental Health
for impact on identified receptors such as adjacent dwellings. Therefore, a fresh application is
required.

As both the risks in a loss of control and operational noise may affect residents, neighbour
notification is required.

7.6 It should be noted that the criteria above are intended to provide guidance about
changes that are likely to be material and therefore not likely to be acceptable as a non-
material change. It is not a comprehensive list and each non-material change application
must be considered on its own merits. Furthermore, the criteria are designed to prevent
changes being accepted that would have a detrimental impact upon neighbours or amenity
in the wider public interest.

The Atkins/HSENI report on BESS identified clear risks to both human health and damage to the
environment. A fresh application with advertising to permit public participation in decision making, and
consultation with the statutory consultees and an EIA is required so that this new layout is fully
assessed in accordance with all relevant legislation.

Alignment of Follow-on consents



The planning approval together with the follow-on consents and licenses for the Kells BESS are all
required to align. If all the legislations were followed correctly, they would. However, as | set out
below, they will not:

e Planning Approval for the Kells BESS - there is no planning permission in place for the layout
that is being constructed. | believe there is an EIA requirement for this development and no
EIA has been sought or submitted as it has not appeared on the public portal.

e Consent from DfE to Construct and Operate the Kells BESS: Under Article 39 of the
Electricity NI Order 1992 - Consent has been granted for a Kells BESS of 25 containers, each
of 2MW, and the associated planning approved layout was submitted. Consent requires
planning approval to be in place and no such planning approval has been given for the 13
container layout that is currently being constructed. Furthermore, DfE rely on Planning to
have carried out an Environmental Impact Assessment, if required, before granting planning
permission because the consent requires confirmation under development (EU Article 8(2) of
Directive (EU) 2019/944 that public health and safety and protection of the environment have
been approved. No scoping/screening exercise has been carried out or published on the
portal for either the planning approved layout or the new layout that is being constructed. The
Chief Planner has advised that BESS are likely to require an EIA. The new layout currently
being constructed cannot be granted a consent by DfE without a fresh planning application
and EIA being approved.

e Utility Regulator’s Electricity Generating Licence — this was applied for in Dec 2021 with data
from the new layout which has no planning approval.

One would assume that it is the intention that all three consents - planning approval, consent from
DfE, UR Electricity Generating Licence - would align. If all the legislations were correctly
implemented, as described above, they would align. It would appear that this is not the case with this
new layout for the Kells BESS.

| believe that the only way forward is that a fresh planning application together with an EIA is
submitted for the new layout so that it can be assessed along with any other risk assessments
required under legislation. The consent by DfE and the license by the UR would follow-on from the
planning approval, if granted.

Evidence

Dec 2021: Application to the Utility Regulator for an Electricity Generating License for the Kells BESS
confirms the following:

e Date: UR Application Dec 2021

o Number of containers 13

e Power per container. 4. 1MW

e Total power MW 53.3 MW

e Total on site capacity MWh 40.56MWh
e Capacity per container 3.12MWh

https://www.thegazette.co.uk/notice/3958584

From the number of containers, thirteen, we must deduce that this is the data for the Kells BESS
layout that is currently under construction.

Nov 2019: Planning permission granted for a Lithium-ion BESS development of:



o Date: Planning Permission Nov 2019

e Number of containers 25

o (Deduced Power per container). 2 MW
e Total power MW 50 MW

April 2020: Application to Discharge Condition 7 Fire

You will recall that an application LA03/2020/0264/DC to Discharge the Fire Condition (FRA April)
was made on 02 April 2020. Document 02 carries out a Fire Load and Fire Risk Assessment based
on the stated use of use of 78 AH whilst providing the manufacturer’s data sheets for a 94Ah battery.
(The latter would have given a Total power of 63.77MW.)

Based on the 78 Ah batteries: the developer states

o Date: FRA April 2020

e Number of containers 25

e (Deduced Power per container) 2 MW

e Total power MW 50 MW

e Capacity on site 53.3MWh
e Capacity per container 2.13MWh

July 2020: Revised FRA

Following several detailed letters of objection by KellsVOCAL to the contents of FRA April, the
applicant submitted a revised Fire Risk Assessment on 3 July 2020 (FRA July). This revised FRA
reduced the number of batteries in each container by half reducing the capacity per container to

1 MW.

e Date: FRA July 2020

¢ Number of containers 25

o (Deduced Power per container) 2MW

e Total power MW 50 MW

e Capacity on site 26.3 MWh
e Capacity per container 1.05Mh

Oct 2020: Submission of Golder Report

Following several further detailed letters of objection to the contents of FRA July, the applicant
submitted an assessment by Golder on the 22" October 2020 (Golder Report) which was based on
the data of FRA July (1MW per container).

e Date: Golder Report Oct 2020

e Number of containers 25

o (Deduced Power per container) 2MW

e Total power MW 50 MW

e Capacity on site 26.3 MWh
e Capacity per container 1.05MWh

It is important to understand that the capacity in MWh is the basis of the Fire Risk Assessment
within a container.

The FRA April, which the related to the Planning Approval, declared a capacity of 2MWh.This was
revised to 1.05 MWh per container in the July FRA and used in the Golder Report Oct 2020 which
was submitted to the Council as a further risk assessment.

When the Council was alerted to the revised layout that was being constructed without your
knowledge or consent, the Council opened an enforcement case. | assume the Council have since



requested the developer to submit amended drawings and/assessments for fire risk, noise and
CEMP. | await the release of these documents under EIR.

Let us now look again at the recent application by Kells BESS Ltd to the Utility Regulator for an
Electricity Generating License:

o Date: UR Application Dec 2021

o Number of containers 13

e Power per container. 4. 1MW

e Total power MW 53.3 MW

o Total on site capacity MWh 40.56MWh
e Capacity per container 3.12MWh

Any fire risk assessment carried out on a single container is based on the capacity of that container
measured in MWh.

So, the fact that the capacity per container at the Kells BESS has risen threefold from 1 MWh

in the Golder Report (and FRA July) to 3.12 MWh in this new layout is a very significant rise in
fire risk which must be assessed. The proper procedure for this assessment, with the statutory
consultees of HSENI and NIFRS and NIEA, together with neighbour notification and public
advertisement, is a fresh planning application.

In the light of the above, please confirm that the applicant will be asked to submit a fresh planning
application accompanied by an EIA and that a discontinuance notice will be issued on the current
works on site.

Yours sincerely



Ref: LA05/2021/1117/DC

To: Mr David Burns, CEO, Lisburn and Castlereagh City Council
To: Mr Conor Hughes, Planning Office, Lisburn and Castlereagh City Council

Date: 30-12-21

To Mr David Burns and Mr Conor Hughes, Lisburn and Castlereagh City Council

| have only recently become aware of the Fire Risk Assessment (FRA) submission for the BESS at Lisnabreeny
Road East. | had already set Planning Application number LA05/2019/0675/F to be tracked, however, the related
application LA05/2021/1117/DC did not trigger a tracking alert. Can the Council please respond to me with an
explanation for this. As a result, the processing of LA05/2021/1117/DC has continued without me, or any other
member of the public, having the opportunity to participate in your decision making process, which we are entitled
to have under the Aarhus Convention.

You will already be aware of my concerns regarding this development in respect of danger to human health and
the environment. In carrying out your assessment of LA05/2021/1117/DC the applicant is required to submit a
Fire Risk Assessment in order to ‘Identify and minimise any potential fire hazards’ and the Council are required to
satisfy themselves that this Condition has been met before approving that batteries can be brought on to the site.

| note that NIFRS have been consulted with and have not provided you with such an approval.
| note that you have not consulted with HSENI.

If the Council do not have the expertise to assess this Fire Risk Assessment, the Council are required to obtain
that professional and independent advice externally before making a decision on LA05/2021/1117/DC.

The commentary below has identified some key findings:

e The capacity of the development is 80.5MWh. No clarification of the capacity of the development was
sought by the Council prior to issuing its Approval thus rendering the capacity limitless. This makes
Condition 9 FIRE even more critical as it would now appear that the only limiting factor to the capacity of
this Planning Approval is the Council’s assessment of its fire risk.

e The Fire Growth Parameter is the key calculation for fire risk within the Applicant’s submitted FRA and
their conclusion that their development is ‘considered reasonable from a fire strategy perspective’is a
result of achieving a Fire Growth Parameter of ‘medium’ rating. However, there is a major discrepancy in
their calculation of the Fire Growth Parameter which when corrected increases it from the Applicant’s
stated ‘medium’ to ‘ultra high’. The applicant’s statement of reasonable cannot stand if the risk is ‘ultra
high’. This major discrepancy requires resolution before proceeding.

These and the other identified issues are explained below and | ask that this letter be placed on the public portal
as an Objection to LA05/2021/1117/DC and that all relevant consultees, and external experts employed by the
Council, are asked to respond to this submission.

Capacity of the development: 80.5 MWh
The FRA submission states that:

e Each container has 12 racks of batteries with each rack having 416 cells.

e Each individual rack of 416 cells has a total voltage of 73371.2v and a rating of 280Ah.(See Sheet 3 Apdx
in FRA)

e  The capacity (MWh) of each container is therefore 12 x 1331.2 x 280 = 4,472,832Wh or 4.472MWh.

e The total capacity on site is therefore: 18 containers x 4.472MWh = 80.5MWh

80.5 MWh capacity is significant especially in a location with residents within 50m of the BESS. To put this into
context, Elon Musk situated his 100MWh BESS in the Australian desert, miles from houses for safety reasons.

No clarification of the capacity of this development was sought by the Council prior to issuing its Approval thus
effectively rendering the capacity limitless.

This makes Condition 9 FIRE even more critical as it would now appear that the only limiting factor to the
capacity of this Planning Approval is the Council's assessment of the development’s fire risk. The Council should



be completely clear about the enormity of their liability in respect of discharging this Condition and hence they
must seek appropriate expert, independent advice if they do not have it within the Council.
Risk Profile: Fire Growth Parameter

The FRA document (Fig 3 graph) shows that, in the event of a fire in a container rack, the maximum heat release
is 42.5kW after 748 seconds.

The FRA states that the maximum heat rate release after 748 seconds is (416 cells x 42.5kW) = 17,680kW

The FRA states that to calculate the Fire Growth Parameter within the containers, the following calculation is
followed:

Fire Growth Parameter = 717,680 divided by (748 seconds minus the Time to Ignition) squared.
The key here is that the ‘Time to Ignition’ is identified as being zero because the_Ignition point is

assumed by the applicant as being the start of the experiment - not the time when the batteries actually
begin to ignite. The result of this assumption is to give a low Fire Growth Parameter

Fire Growth Parameter =~ =17,680 divided by (748-0) squared
=0.03

The Fire Growth Parameter is a key measure of fire load. So this figure is a critical measure of fire risk.
There are four classifications as indicated below:

Ciassification a
» Slow 00029
Medium 0.012
Fasl 0047
Ultra-fast 0.188

Table 1. Fire growth parameters proposed by BS 7874-1.

The FRA goes on to state that their Fire Growth Parameter of 0.03 is identified in BS7974-1 FGP as being within
the Medium bracket of Fire Growth Parameter’s. The conclusion to Council and the NIFRS is that a container of
batteries has a Medium fire growth parameter and therefore medium risk. This is the key plank, referred to
throughout the FRA, and upon which the Applicant relies in concluding the development to be ‘considered
reasonable from a fire strategy perspective’.

What needs to be established is: In this particular experiment, what is the Ignition Point on the graph?
Is it the point at which this experiment begins? Or is it when the batteries ignite/begin to produce their own heat?

e Ifitis when this particular experiment begins then the Time to Ignition would always be zero.
e Ifitis when the batteries ignite/start to produce their own heat then it would be a figure related to the
graph in this experiment.

The original source material for that particular graph has been identified. It is Figure 7 Heat release rate of the
lithium ion battery from the scientific paper ‘Study on the fire risk associated with a failure of large-scale
commercial LiFePO4/graphite and LiNixCoyMn1-x-yO2/graphite batteries’ by Zhi Wang,Kang Zhu,Jianyao
Hu,Jian Wang. First published: 31 January 2019. You can access the paper here:

https://onlinelibrary. Wiley.com/doi/full/10.1002/ese3.283

This scientific paper refers to two significant points on the graph:
e Time to Ignition
e Time to peak Highest Heat Rate

This scientific paper then identifies the figures related to each of these two points on the graph as being:
e Time to Ignition: 525 seconds
¢ Time to peak Highest Heat Rate: 748 seconds



Therefore, the original scientific paper, from which the graph is taken, identifies that the Ignition point is not taken
to be the start of this experiment (where the Time to Ignition would be zero as claimed by the Applicant) but
measured from the start of the experiment to when Ignition occurred (identified on the graph to be 525

seconds).
Time/s
200 300 400 500
50 —_— —
4
‘ (429,422),, . (748,425)
40 - 21" 40
| ! )é”nmg
30 .t l’ K

FAFNFVAYY

200 400

600
Time/s

800

Above: From the scientific paper and cited in the FRA. Heat release rate of the lithium ion battery (mark ups

added)

Below from Scientific Paper: Table 2. Comparison of main parameters related to the fire hazards of the lithium

ion batteries (LIBs)

LIB

Maximum AST, °C

Maximum AST increasing rate, °C/s

Time to ignition, s

Time to peak HRR, s

Peak HRR, kW

135

535.3

18.04

525

748

425

148

658.7

64.84

368

429

422




Returning to the applicant’'s FRA, the Fire Growth Parameter can now be calculated using the ignition time
identified in the scientific paper which was 525 seconds.

Actual Fire Growth Parameter = 17,680 divided by (748 — Time to Ignition) squared.
=17680 / (748 - 525) squared
=0.355

Therefore in summary, the applicant’'s FRA uses a graph from a scientific paper but claims the ignition point to be
the start of the experiment, rather than when ignition actually occurs which was at 525 seconds from the start of
the experiment and which was the figure identified in the scientific paper identifies as being the Time to Ignition.

The Council therefore must ask the applicant to give a full explanation as to why they have used a graph from a
scientific paper, did not include the reference to it, and then used an ignition point that was contrary to that
identified in the scientific paper. The Council must then ask the applicant to amend his FRA using the Time to
Ignition of 525 seconds as measured from the start of the experiment to the point of ignition.

Furthermore, when the Applicant uses zero as his Time to Ignition, the difference between that and the Time to
Peak Highest Heat Rate is maximised which results in minimising the Fire Growth Rate and a figure of just 0.03
is achieved.

However, when the Time to Ignition as measured as identified in the original source paper, and the actual Fire
Growth Parameter is calculated as 0.355. This is a significantly different figure.

The Applicant’s FRA identifies a table from BS 7974-1 grading fire growth parameters of four classifications
ranging from ‘slow’ at 0.0029 to’ Ultra-fast’ at 0.188.

The Applicant’s Fire Growth Parameter at 0.03 falls into the Medium classification. However, the Fire Growth
Parameter calculated using the Time to Ignition as identified in the original scientific paper gives a figure of 0.355
which is far in excess of the 0.188 threshold for the Ultra-fast category, and two classifications higher
than that calculated in the Applicant’s FRA.

As the Fire Growth Parameter is a key to measuring the fire risk, the Council must now to ask the Applicant to
amend their FRA identifying the revised Fire Growth Parameter category for their development.

Please note that this is important knowledge for the NIFRS to have and we ask that the Council re-
consults with NIFRS and draw this letter to their attention. It is important that the NIFRS are fully aware
that the fire load of a single 4.472MWh BESS container is extremely high.

Fire Spread Risk within a container of batteries

This section of the Applicant’'s FRA also relies on a graph from the same scientific paper ‘Study on the fire risk
associated with a failure of large-scale commercial LiFePO4/graphite and LiNixCoyMn1-x-yO2/graphite batteries’
by Zhi Wang,Kang Zhu,Jianyao Hu,Jian Wang. First published: 31 January 2019. You can access the paper
here: https.//onlinelibrary. Wiley.com/doi/full/10.1002/ese3.283

The Applicant’s FRA claims that an initial fire will not spread between the rack aisles in the container.

However, the graph they refer to, which is taken from the scientific paper, shows the radiant surface of one row of
battery racks on fire will exceed the FRA calculated maximum compartment temperature of 432 degrees C (See
appendix B) for over three minutes which together with the associated explosions will endanger the other
batteries on the other side of the aisle which is only 0.59m wide. The assessment is not clear on the implications
of temperatures exceeding 432 degrees C for that length of time.
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The applicant’'s FRA states that ‘each module will be enclosed in a non-combustible steel case’. However, ‘non-
combustible’ is not the same as ‘fire rating’ which is a measure of fire protection/containment. The Council must
ask the applicant to identify the fire rating of the casings, if they indeed have a fire rating, and they provide the
manufacturer’s data sheets and certification for that fire rating.

The applicant’'s FRA states that ‘each rack will be partly enclosed in a non-combustible metal case, significantly
reducing the ignition of adjacent racks’. However, no certification, data or calculations have been provided to
back up this statement. It is hard to imagine a ‘partly enclosed’ ‘non-combustible’ casing that would be able to
obtain such certification. The Council must ask the Applicant to provide proof of their claim by way of certification
and/or calculations.

In determining the discharge of Condition 9 the Council needs to be very clear on what they are
approving. If a fire starts within a container, the temperature will potentially exceed the maximum
compartment temperature, regarded as the threshold above which a fire will spread, for a period of four
minutes - making the risk of fire spread to adjacent racks more likely.

The FRA notes the provision of a fire suppression system, however, we draw your attention to actual experience
reported by HSE at the Liverpool BESS Fire, Carnegie Road, Liverpool, September, 2020, in their Investigation
Note — Initial Enquiries which stated:

At the time of my visit it appeared that most or all of the battery cells within the container were destroyed
by the fire...

Although there was a fire suppression system in the container, the speed of propagation indicated that
this hadn't activated. It was thought that activation would have had little or no effect on the resultant fire /
explosion.

In determining the discharge of condition 9 you need to be very clear what you are approving. A full
assessment is required of the implications of the extremely dense packing of batteries in one container
with no fire rating for the cabinets to the total of 4.472MWh where on the ground experience has shown
that fire suppression system cannot be assumed to work.



Risks to relevant persons

Condition 9 requires the Planning office to have assured themselves that the FRA has identified ‘the people at
risk including those who may be especially at risk’.

HSENI commissioned a report by Atkins, published in summer 2021, into the risks associated with a
fire/explosion in only one single BESS container which HSENI has shared with you and which is relevant to
review in relation to the FRA.

‘The pressure wave from a blast can generate an over pressure of 70mbar, 45m from the
container. For reference a 70mbar overpressure can partially demolish a house.’

‘Hydrogen fluoride produced from a fire cause severe and fatal effects up to 45m and immediate
dangers to health 240m away from a container fire.’

The Council must ask the applicant to identify ‘the people at risk including those who may be especially at

risk’, and include them in any assessment for Fire Risk and the potential implications. This will include people
who live or work near the development. The current FRA fails to identify the people at risk in this community and
as a result no provision is made for our safety.

Relevant Fire Codes
The applicant cites the relevant fire code to be the International Fire Code US 2015 when in fact the NFPA

855 Standard for the Installation of Stationary Energy Storage Systems 855 ® NFPA 2020 is the new standard
for all battery storage installations in the US.

While NFPA 855 is naturally a very detailed standard, its most important section is Section 4.6 “Size and
Separation” for which it is explained:

This section includes requirements designed to keep fires originating in a single energy storage unit
from easily spreading to adjacent energy storage units or out of the fire area in which the ESS is
installed. This is done by limiting potential fire size within an individual energy storage unit by limiting the
total energy capacity of individual units. It also reduces the potential of fire originating in one unit from
igniting an adjacent unit, or breaching a fire resistance rated wall through radiant heat transfer by
requiring spacing between individual energy storage units, and between units and walls.

For example, as the NFPA website goes on to explain in relation to ‘size and separation ESS installations’:

Another key requirement in NFPA 855 applies to the size and separation of ESS installations. Three feet
of clear space is required between every 50 KWh grouping of ESS, as well as between the 50 KWh
groupings and the walls of the room.

The intent of this requirement is to prevent horizontal propagation of fire through an ESS installation.
Horizontal propagation of a fire can overwhelm a fire suppression system and render it ineffective.

The Council must therefore consider how, in the Applicant’s FRA, the layout of a single BESS container meets
this code in any way when the aisle width alone is only 0.59m.

The Code goes on to identify the need to reduce the risk of fire spread between containers through fire rating of
the containers themselves (please note that the FRA says nothing about this), significant separation between the
containers (please note that the FRA says nothing about this). The Council must now ask the applicant to explain
how they are reducing the risk of fire spread between containers on the site which has 18 containers located
closely together.



Hazardous Substances Consent
The Chief Planner’s Update No 7 (CPU 7) in which he advises that when a battery application is made that:
In order to consider and assess relevant material considerations and associated risks appropriately, LPA’s
should seek the details of the batteries including numbers, the substances contained, and the capacity of
the system from potential developers.
The FRA does not address the substances contained in the batteries. From the HSENI/Atkins Report the Council
is fully aware of the toxic gas releases and their potential fatal effects to people within 45m of the development
and harm to health of people 240m from the development. The Council must seek this data from the applicant
and make an assessment of the risks. Only after that data is obtained can an assessment for the need for HSC
application be carried out.
The public have a right to participate in the decision making process of Hazardous Substances Consent.
Summary
This letter has raised a number of matters that require expert scrutiny by the Council and in particular a major
discrepancy in the calculation of Fire Risk Parameter that raises the risk from ‘medium’ to ‘ultra fast’
classification. All these matters are required to be resolved before proceeding.

| await your response.

Yours sincerely

Castlereagh.
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