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PLANNING SECTION T RECEWVED

DEVELOPMENT APPLICATION
HINCHINBROOK SHIRE COUNCIL
LANNERCOST STREET

INGHAM QLD 4850.

Greetings
Mount Fox Energy Park-Application MCU 23/0005, RC23/0016, OPW23/007

Submission - Objection - Proposed Development Application Mt Fox Energy Park - Material Change
of Use - Battery Storage Facility

Further to the above | enclose herewith for consideration by Council a duly completed and signed
notice of objection to the proposed material change of use of land for the purpose of battery energy
storage facility at Mt. Fox.

Could | please request acknowledgement of the lodgement of my objection in due course.

13 February 2024

Cc The Hon. Nick DamettO , Member for Hinchinbrook , Ingham Qld 4850
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

Council@hinchinbrook.gld.gov.au

FOR ATTENTION: - ALL COUNCILLORS

Name: Trevor Robert KYLE
Address: 33 Leichhardt Street Allingham QId.4850
Email: trkyle53@icloud.com

Telephone: 0419 709831

SUBMISSION — OBJECTION — AGAINST PROPOSED APPLICATION MT.FOX
ENERGY PARK - MCU23/0005. -MATERIAL CHANGE OF USE - BATTERY
STORAGE FACILITY

The rationale for objection is set out below:

MCU23/0005 (MFEP) BESS - “power amalgamation and lithium battery storage
(hereinafter referred to as BESS)

1. INTRODUCTION
1.1PREVIOUS PLANNING APPLICATION

The Applicant had made a previous developmental application for installation
of 57 wind turbines as a form of renewable energy supply.

This Application was subsequently reduced to 47 wind turbines.
This Application has been granted.

The current Application formed part of the initial Development Application but
has since been separated from that Application which was previously granted
under Code Assessed application.

2. SCALE AND DOMINANCE OF PROPOSAL- IMPACT ON SURROUNDING
COUNTRY

This Proposal for a 6.069ha lithium battery energy storage - 300MW/600MWh
in or around Yeleroi Creek a short tributary in the head of the Michael Creek
watershed.

Two stages are planned for the BESS which if implemented will bring into
effect 164 containers containing lithium megapacks spread over 6 hectares of
land within close proximity of the Wet Tropics area abounded by World
Heritage listed areas.

The proposal is to install 164 x TESLA MEGAPACKS X 2.0 AND
ASSOCIATED MEDIUM VOLTAGE TRANSFORMERS AND RING MAIN
UNITS (RMU)
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

This proposal provides for the installation of a BESS which has potential to
cause significant environmental damage - if not sufficiently controlled and
stringent safety measures implemented. The dangers include contamination
of local water courses, health hazards to communities, persons, school, flora,
fauna and endangered local species of wildlife in event of bushfires,
accidental fire or natural disaster and Thermal Runaway.

3. DETERMINATION OF DEVELOPMENT APPLICATION

Two types of development Assessment- CODE ASSESSMENT - IMPACT
ASSESSMENT CODE ASSESSMENT - helps deliver expected development
without undue delay.

No public consultation is required for code assessment applications.

Strong code provisions are important under the Planning Act an assessment
manager can only assess a code assessable application against what is
clearly expressed on the code (ie the assessment benchmarks).

This referred to as “Bounded code assessment” because the assessment
manager is bound to consider only what is in the code. The intent of the
bounded code is to give community and developers certainty.

IMPACT ASSESSMENT -generally applies to development proposals that
may impact on the amenity of adjoining land uses. This type of assessment is
broader than code assessment and requires a development application to be
publicly notified.

In the current Application it noted that the BESS was originally submitted as a
CODED Assessment included within the Application for Wind turbines but was
subsequently removed from that Application to stand alone.

See 5.2 PROPOSAL FOR MT.FOX ENERGY PARK BATTERY ENERGY STORAGE
SYSTEM (BESS)

Significantly one or some of the reasons are:
(A) change of location originally approved.
(B) changed because of requirement to remove substation and BESS from
the subdivision from a sale of the portion of the land in which it was originally
intended to construct these components.

RESPONSE:

From¥ this it can be determined that there has already been a change of
jJwreferred locations because of subdivision and sale of land.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

See 5.2.3 OPERATIONAL WORKS -VEGETATION CLEARING

First paragraph second line - Inter alia - “Operational work for Reconfiguration
of a Lot and Material Change of use are code assessable in all
circumstances”.

RESPONSE:
That statement is misleading.

It is submitted that this fact supports the inference that that changing of
size and location of the proposed development may well be supported
by fact that the Applicant was under the impression that an application
for a material change of use was a CODE ASSESSABLE development
application as opposed to a IMPACT ASSESSABLE development
application requiring public consultation.

Council planning officers determined such to be that the change of
material use was an issue to be determined by Impact Assessment -
thus public consultation required.

The development application as it currently is submitted was
determined not able to be CODE assessed and was never approved in
that form as alluded to by the Applicant.

CONTENT
STATUTORY PLANNING CONSIDERATIONS
6.1.6.1 WATERWAY FOR WATERWAY BARRIER WORKS BARRIER

The development application only identifies that “the development will inevitably
require access across the established water courses. Only upgrades to established
crossing and new culverts will be required (therefore no assessable operational
works for works within a watercourse is sought)

RESPONSE:

Clearly the Applicant has not identified the local surrounds of the site of
the BESS which includes Yellori Creek and Michael’s Creek watershed
and the number of residences and bores situated along water courses in
close proximity to the proposed site.

The Applicant as a risk assessment has not identified the potential
impact of water courses being impacted and the potential contamination
of water courses in event of fire explosion or natural disaster or thermal
runaway causing damage to the battery installation.

See enclosed map depicting water courses and bore locations in the
surrounding area of the proposed site for BESS.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

The Mt Fox state school, rural fire brigade and local community
recreation centre plus residences and grazing land are within close
proximity to the proposed site.

Persons living, residing, or visiting or working within this close
proximity may well be affected from any leakage, leaching, explosions or
fire that may emanate from such site in the event of a fire, accident or
natural disaster.

EXHIBIT (1): SEE ATTACHED MAP SHOWING LOCATIONS YELLEROI
CREEK AND MICHAEL CREEK RELATIVE TO PROPOSED BESS

There is a significant risk of major accident, risk to the local population,
impact on water resources and risk of pollution should this occur.

6.1.8 STATE DEVELOPMENT ASSESSMENT PROVISIONS

States inter alia - “The proposed development has been assessed against
SDAP code 16. A copy of the Code Compliance is contained in Attachment 6
- Code Compliance Responses.”

RESPONSE:

The Applicant has gone to considerable lengths in the preparation of
submission of BUSHFIRE MANAGEMENT PLAN (hereinafter after
referred to as (BMP)

The document is extensive and goes into great detail relative to all
issues to be considered in so far as a coded assessment is required.

It appears that this document was created when the Applications were
joined and was prepared as a basis for CODE assessments and has
been attached to the now development application for Change of
Material Use.

This change of material use application is now IMPACT ASSESSED and
as such further fire hazard analysis is required to be assessed.

From my reading of the Application this has not been addressed.

A risk analysis as to the potential impact a BESS fire may have
generating from battery fire -thermal runaway has not been addressed
or considered as a safety issue that could have significant
environmental impact on the surrounding areas in the event of it
happening.

The Applicant is seeking to bring upon land something that does not

come natural upon the land being a BESS and with that requires further
identification of potential hazards such as fire, lightning strikes, floods,
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

high winds, extreme heat that have to be addressed to support the
Application.

Additional considerations apply to that of an application for wind turbine
proposal would require.

There is specific reference in this BMP to Wind Farms and bushfire
operations but no reference to Battery Energy Storage Systems with
particular application as to identifying fire hazards issues with and
concerning BESS.

It is considered that a fire hazard analysis report be is essential as to the
issue of fires within and pertaining to the BESS compound.

SEE 4.9 RURAL FIRE BRIGADE RESOURCES AND CAPABILITY

Further the Applicant identifies - inter alia -. The local Rural Fire Brigades
(RFBs) are voluntary primary producer brigades and have limited resources to
attend to a fire ignition within the project area.

They are unlikely to have any training or experience operating around
electrical infrastructure in the wind farm and BESS substations and have
limited capability to respond to structural fires.

Local RFB persons may not be familiar with the layout of the project and out
of area RFB will not be familiar with the project area ie access roads after
points terrain etc.

RESPONSE:

The Applicant has failed to acknowledge the necessity of having a
suitably manned and equipped firefighting capacity in respect of issues
dealing with the subject of this Application namely the BESS.

SEE 5.5 MECHANICAL OR ELECTRICAL FIRE
The Applicant states - inter alia “There is potential for a fire of electrical or

mechanical origin to develop in wind turbine generators transformer kiosks or
substations and result in a fire within the project area”.

RESPONSE:

Again, the Applicant has not identified the issue of potential BATTERY
FIRE or other fire that may be connected with Lithium-ion batteries. In
particular, as it relates to the BESS.

No reference has been found within this Applicants application but |

draw Council attention to a publication MEGAPACK 2 XL SAFETY
OVERVIEW .
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

EXHIBIT 2: MT.FOX ENERGY PARK FACT SHEET ANNEXED HERETO

This is not the Applicants supportive evidence this is a statement made
in a publication by Tesla making some slight reference to thermal
runaway (Page 2-third last paragraph)

A perusal of the Mt Fox Energy Fact Sheet at page 6 of 7 (highlighting
therein is mine).

Shows that the applicant is aware that in the unlikely event of fire
WATER is not used as a means to extinguish the fire further reducing
any run-off risk.

EXHIBIT 2 MT.FOX ENERGY PARK FACT SHEET Annexed hereto

This is in total contradiction to supportive evidence enclosed herewith
stating that the only way to control thermal runaway is by great volumes
of water.

Nothing is advanced by way of evidence from Tesla to support the
contention as outlined in the Mt Fox Energy Fact Sheet. (Exhibit 2)

Only that the protocol for fighting lithium fires is not to use water.

Therefore, to negate that theory where is there evidence within the
Application to support that contention.

SEE 7.2. DEVELOPMENT CODE ASSESSMENT - HINCHINBROOK SHIRE
PLANNING SCHEME 2017

1. 3.2. STRATEGIC INTENT - “where is evidence to support this assertion of
300 jobs being created and how was this figure arrived at? There is reference
to several local jobs being created.

RESPONSE:

There will be negligible local employment prospects ensuing from this
venture.

3.3.6 ELEMENT - RESOURCES AND MINING
The Applicant says the proposed BESS is (not likely ) to produce emissions

and has been sited within an area of the project site that is not considered to
be of high environmental significance.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

RESPONSE:

The Applicant has not identified the issue of “Battery fire -Thermal
Runaway” (hereinafter referred to as Thermal Runaway) as being a
significant safety and environmental risk element in this project.

Thermal runaway if occurred can cause serious impacts on environment
and community standard of living will be severely compromised.

It is a real issue and has already occurred at other BESS sites
Bouldercombe Queensland 26 September 2023

The fire at this site involved batteries of less magnitude and size of the
proposed BESS.

3.5.3 ELEMENT INFRASTRUCTURE

The Applicant identified the natural hazard of bushfires as one identifiable
natural hazard and that appropriate buffers will be applied to critical
infrastructure to ensure protection from bushfire events (where required).

RESPONSE:

Again, the Applicant has limited referral to or reference any other natural
hazard aside than bushfire and has included lightning strike.

The emphasis again being directed towards the issues of wind turbine
as opposed to directly impact on BESS installation.

It is submitted that the applicant has failed to identify the impact of wind
on battery fires in any degree. The location of the BESS at an altitude on
top of ranges would suggest that wind would play an important factor in
any part of fire causation or mitigation.

Again, the applicant has failed to identify a crucial safety. The potential
impact of cyclones, seasonal heavy rain, extreme heat, and humidity. All
these events can impact on the lithium batteries.

Thermal Runaway events are uncontrollable except by cooling all parts
of the structure affected - even the deepest internal parts - below 150 C -
This basically requires water in large volumes.

This is a commodity not readily available in or around the proposed site
for that control to be implemented.

This is in total contrast to a notification publicised by Tesla Batteries as

to fire control of Lithium-ion battery fires. Basically - to let the fires burn
themselves out.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

The Application refers to fire control being controlled with the
assistance of Mt Fox Rural Fire Brigade.

This Mt Fox Rural Fire Brigade will be the first responders to any such
type of incident, and they would have limited or no capacity to
adequately contain fires caused by chemical or thermal runaway.

The Applicant acknowledges this.

Inter alia - “Specialist training and provision of necessary protective
equipment and manpower for this to occur and such is beyond the
feasibility of a small volunteer fire brigade.”

Page 18 of The Publication referred to (Exhibit 3) annexed hereto
defines:

THERMAL RUNAWAY

As an electrochemical reaction well known in Li-ion BESS that is
largely uncontrollable once started. Since failure in a single cell
(among many thousands) can be sufficient to initiate thermal
runaway, the only known Prevention measures is that adopted by
the BEV industry, via thermal isolation of neighbouring cells, so
that if failure occurs in any one cell insulation or water cooling
prevents easy thermal spread to neighbouring cells. Various
design strategies have been adopted in BEV Li-ion batteries
involving some form of thermal barrier.

However, these are not used in widely in grid scale Li-ion BESS. Current
practice is the assembly of stacks of cells, typically “pouch” cells which
are externally flat polymer bags, that are stacked side by side in low
profile modules with no thermal isolation.

This is not the construction adopted in current generation BEV

batteries. BEV practice with thermal isolation extended to grid small
BESS would obviously increase costs and complexity considerably.

The basic issue is simple:

(A) Thermal runaway has very few means of mitigation once
started

(B) It is essential therefore to address prevention as a priority
(C) No current engineering or industry standards require the

prevention of thermal runaway events by thermal isolation
barriers
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

Nothing in existing standards prevents runaway incidents happening
again requiring for initiation only single cell failures from known
common defects in cell manufacture,

EXHIBIT 3: SEE ATTACHED ANNEXURE Reference -Publication -
THERMAL RUNAWAY

SAFETY OF GRID SCALE LITHIUM -ION BATTERY ENERGY STORAGE
SYSTEMS -2021

Euring Dr Edmund Fordham MA PhD CPhys CEng FinstP- Fellow The
Institute of Physics

Dr Wade Allison. MA DPhil - Professor Physics Fellow of Kibble College
OxFord University

Professor Sir David Melville CBE. - Professor of Physics former Vice
ZChancellor University of Kent .

3.6.5. RENEWABLE ENERGY

The Applicant asserts that detailed Environmental assessments were undertaken by
4 Elements Consulting Pty Ltd and informed the Relevant Purposes Application
/Determination.

RESPONSE:

The only reference in this clause refers to vegetation clearing issues
only no other environmental issues identified.

No other issues of environmental assessments specifically relating to
issues of BESS are identified.

They do not form any part of the material submitted with the Application.

IMPACT ON THE COMMUNITY

| believe there is a significant risk of major accident, risk to the local population,
battery fire, thermal runaway, impact on water resources and risk of pollution.

Some but not all the risks have been adequately addressed.
Battery storage facilities carry a major significant fire risk.

Given that the probability of a fire is low, the hazard can be rated as critical or
catastrophic leading to a medium to high-risk rating overall.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

Lithium batteries are prone to thermal runaway and there are now many documented
cases of battery storage units that have led to serious fires, and in some cases,
explosions and or injury to fire fighters.

Battery fires are difficult to extinguish and can re-ignite some considerable time later.

Very large volumes of water are needed for many hours to control the fires and they
need to be dealt with promptly as the fire will cascade from one battery to another.

The hazard increases with the number of batteries stored.

Fires can reach temperatures of 800 C.

Ask well as they direct hazard from fire, there are also the hazards from the release
of flammable and toxic gases, such as carbon monoxide, hydrogen chloride,
hydrogen fluoride, hydrogen cyanide, benzene and toluene. These gases are
generated within the cell enclosure before venting.

The proposal does not assess this risk of battery fire / thermal runaway.

The only engagement with fire services (local bush fire brigade) has led to the
statement by the applicant that this service would be incapable of handling a
chemical fire.

The Applicant has not expanded as to how it intends to handle battery fire or thermal
runaway situation should it arise.

Response time is critical in controlling of such fires.

9.0. SUMMARY AND CONCLUSION

The Applicant asserts - inter alia - “As demonstrated through the Assessment report,
the project has been designed and managed in a manner that protects the existing
environmental values of the site, ensures amenity of the rural area is maintained by
limiting any external impacts and ensures the long-term productive capacity of the
land is not fragmented or prejudiced by the development as required by the relevant
assessments benchmarks.”

RESPONSE:

The Applicant has failed to address issues in the application that would
enable this application to be approved by Council in its current form.

The Applicant purports to use material submitted to support CODED

assessment as the same as is appropriate to support IMPACT
assessment.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

It is my submission that the standard of assessment for IMPACT
assessment goes beyond that would be required for CODED
assessment.

The applicants seek to bring upon land something that does not
naturally come upon it.

Namely the BESS.

Given that then it is submitted that the Applicant must identify all
reasonable potential safety issues and or risks and or environmental
issues that may ensure in the event of accident fire or natural disaster
should it occur pertaining to the introduced risk of BESS which could
impact on the local environment and community.

What preventive measures have been considered in this regard to
Thermal Runaway.?

It is submitted the onus is upon the Applicant to satisfy Council that
they have addressed all issues that is required to ensure that this
development complies with the requirements of satisfying a material
change of use of the land to -Industrial use - from its current
classification.

The Applicant has failed to discharge the onus imposed on it.

1. The Applicant has identified as a risk analysis in the proposed
development that the BESS they are seeking to put in place is
situated within a sensitive rural development area contained
within close proximity of world heritage listed areas abounding
the Wet Tropic area of Mt .Fox of North Queensland.

2. They seek to construct a BESS which has potential to cause
catastrophic damage in the event of Battery fire/ Thermal
Runaway occurring.

The Applicant fails to identify the significance of the impact of fallout of
Lithium-ion batteries in the instance of THERMAL RUNAWAY (See
Annexure Exhibit 3)

The Applicant asserts that detailed environmental assessments have
been commissioned (See 3.6.5-Page 27/28) but are not attached to the
application but simply assert that ‘detailed environmental assessments’
were undertaken and informed the relevant Purposes Application
Determination.”

This may well be correct - considering these assessments were done on

the basis of the Application being determined on CODED assessment
guidelines.
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MT.FOX ENERGY PARK (MFEP)
APPLICATION MCU 23/0005, RC23/0016, OPW23/007 DEVELOPMENT

The proposed development is industrial in nature and would lead to an
unacceptable cumulative impact on the character of the landscape.

It would detract from both the amenity and environmental qualities of
this unique part of Mt Fox crater and surrounds and is likely to lead to a
permanent change of use of the land from farming/grazing to industrial.

The proposal does not meet the needs of the community and
representations from Michael Creek Valley Action Group at public
meetings has shown that this project BESS does not have community
support.

As this is coded as -Impact Assessment -Public consultation -those
assessments should have been included within the Application for
Material Change of Use.

Further environmental impact studies are required to address the issue of
thermal runaway and its prevention containment and subsequent control to
protect residents and water courses and grazing area and surrounds of the
proposed site.

1. It is submitted that Council should refuse the Application for
Change of Material Use for the reasons contained herein.

2. If Council is mindful to approve the Application
notwithstanding submissions advanced, then Council should
require the Applicant to re-locate the BESS to such other
location that would ensure has none or minimal impact on
local environment and community standards of living.

3. If Council is mindful to grant the Application in its current
form, then it should require the Applicant to provide further
information in respect of environmental impact reports and fire
hazards/thermal runaway as it relates to BESS installation as
currently proposed.

FINAL COMMENT

The fundamental failure mode of Lithium-ion batteries presenting a major hazard is -
battery fire ~thermal runaway. See annexure - Exhibit 3.

The BESS industry has still not agreed or implemented adequate engineering
standards to address basic prevention measures to pre-empt thermal runaway
accidents.

This cannot fall to the local community of Mt Fox to supplement this service for a
proposed development that brings more hazards than to provide beneficial
promotion of this rural community.
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MT.FOX ENERGY PARK (MFEP)
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This onus of responsibility cannot be placed onto a small voluntary bush fire bridge
unit such as Mt Fox Rural Fire Brigade.

It is submitted that it is incumbent upon the Applicant to satisfy Council that this issue
has been identified and has been addressed as a risk assessment and what
measures are/will be put in place to address issue of occurrence of Thermal
Runaway.

It is my submission that the proposed Material Change of Use should be refused.

Dated at this day of
2024
Signature:
Full Name: Trevor Robert KYLE
33 Leichhardt Street
ALLINGHAM QLD 4850
PHONE: 0419709831
EMAIL: trkyle53@icloud.com
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Mt Fox Bnergy Park Fact Sheet

Why do we want to build a wind farm?

Simply put, strategically and intelligently developed
renewable energy is the most cost effective and
practical method of replacing retiring coal-fired
power stations. Extending the life of old, inefficient
power stations is extremely expensive , and building
new ones is by far the most expensive way to replace
the lost power generation.. Conversely, the costs for
building renewable energy installations are falling.
Replacing coal-fired power stations with renewable
energy is not only the most environmentally
responsible option but also the most economical.

The Australian Energy Market Operator (AEMO) and a
recent CSIRO study have demonstrated the need for
wind energy in Queensland to secure the National

https://www.mtfoxenergypark.com.au/fags 5/2]2024, 4:30 pm
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Energy Market's three-year, 50% decarbonisation
objective, and net zero emissions by 2050.

Why did we choose the site at Mt Fox?2

The Resource: The extensive resource studies
undertaken over the past 4 years show wind at the
site is abundant and reliable, usually picking up in the
afternoon and evening. This means power can be
generated when there is low or no wind generation
elsewhere, and when other forms of renewable
energy, like solar, are coming off the grid.

The Grid: Due in part to the abundance of solar in
Queensland, the grid is quite vulnerable, with an
oversupply of daytime energy and undersupply at
night. Though the construction of the BESS (Battery
Energy Storage System) and use of nocturnal wind,
MFEP will shore up the North Queensland grid,
creating reliable and dispatchable energy when it is
needed most.

Also, two power transmission lines intersect right on
the property; This location eliminates the need to
install a large transmission line reducing the total

https://www.mtfoxenergypark.com.au/fags 5/2]2024, 4:30pm
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disturbance footprint for the project.

The Local Area: The site is very remote, located in an
area where relatively few residents will be impacted
by the wind farm. There are no residences within 1.5
km of a wind turbine, so loss of visual amenity and
noise impacts will be minimal. We acknowledge there
will impacts to some residents near to the energy
park and along the transport route. We are
committed to continuing dialogue with those
impacted to minimise any disruption or loss of
amenity.

What is the site like now?

Entirely outside of the sensitive Wet Tropics areq, the
cattle grazing property is largely comprised of
unimproved pasture and logging regrowth.

Due to the selective foraging nature of cattle, the
more unpalatable weeds, particularly Lantana have
come to dominate the understory at the expense of
native grasses and plants. A weed and pest
management plan will be implemented to not only
increase feed availability for cattle, but also to restore
the land's suitability to tenant native wildlife and
increase habitat for native species as a result of the
development.

A portion of the site has been found to be suitable for
habitation of several endemic species, and that land
(~800 Ha) has been protected and will be
rehabilitated with the goal to encourage more native
species to the area. This process will result improved
habitat quality and connectivity both onsite, and with
contiguous habitats (both current and potential) in
neighbouring areas.

Will the project endanger koalas?

No, extensive searches including the use of camera
traps and trained sniffer dogs over four years have

https://www.mtfoxenergypark.com.au/faqs 5/2/2024, 4:
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found no koalas residing or feeding on the site of the
project. We are taking steps to protect land which
may be suitable for koalas, and implement
management plans that will help protect any that
mMay migrate into the area.

How will the project effect the Economy?

MFEP has undertaken an economic assessment as
part of the planning process. Immediate
opportunities exist within the local, regional and state
communities surrounding the site including:

+ an estimated 25% growth in GRP during the
construction phase of the project,

+ an estimated $30.5M contribution to the local,
regional, and state GRP/GSP over the project
lifespan,

+ an estimated 200 jobs during construction,

+ an estimated 10-15 permanent jobs during
operations,

+ an estimated 40-100 FTE jobs created in the
State.

How many turbines will there be on site, and what is the
disturbance area?

We have yet to finalise the project layout, but
preliminary models estimate ~47 turbines on a
temporary disturbance footprint of up to 242
Hectares, including access roads and BESS
installation. Much of this clearing will be rehabilitated
post construction.

What size is the battery, and what is the disturbance area?

The BESS is 300MW/ 600MW/h. Total footprint and
clearing area required for the battery is 6.92 ha.

https://www.mtfoxenergypark.com.au/fags 5/21207%
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How does the battery compare in size to others in Australia?

At 300MW, the Mt Fox battery is a mid-sized energy
storage facility. Following is a sample of just some of
the current batteries and battery projects larger than
MFEP. For a complete list, follow the link. Big Battery
Storage Map of Australia

+ Sun Cable- 22 000 MW

+ Goyder South - 900 MW

« Waratah Super Battery 850 MW
* Eraring -700MW

+ Melbourne Renewable Energy Hub- 600 MW
+ Golden Plains — 600 MW

+ Mount Piper -500 MW

+ Wallerwang -500 MW

+ Tomago -500MW

+ Great Western- 500MW

« Wurdong - 400 MW

Does the battery pose a fire hazard?

While battery fires can happen, new technologies
and effective management plans make them
exceedingly rare. Tesla has over 10 GW (10 000 MW ) of
storage and a strong safety record. Further, the
company is continually improving the safety features
and capabilities of its battery installations based on
data from operational experience. For more
information on the technology behind the batteries,
download the Megapack Safety overview here.

Across Tesla's entire Megapack fleet the failure rate is
at 0.001%. This has been published in Tesla's latest
Impact Report.

Effective pre-incident planning is also undertaken

https:/fwww.mtfoxenergypark.com.au/faqs 5/2/2024, 4:30 pm
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prior to construction and operations, MFEP shall
consult with the local fire department to develop
suitable Emergency Response Plans. These plans will
provide information on the technical characteristics
of the project and recommended firefighting
strategies for each stage of the project, such that in
the unlikely event of a fire the department shall be
fully briefed on recommended strategies to manage
associated risks.

Since the Victorian Big Battery (VBB) and Bouldercombe fires,
what steps have Tesla taken to reduce fire risk?

Tesla have implemented procedural, firmware and
hardware changes as a result of both incidents. Most
notably though, the battery cell chemistry changed
after VBB and the updated configuration
demonstrates significantly different properties and
propensity to fire when compared to other
chemistries.

Tesla Megapacks now utilise Lithium Iron Phosphate
(LFP) as the cathode material. LFP offers enhanced
safety compared to other lithium-ion technologies.
One key safety feature is its stable thermal and
chemical properties. LFP batteries exhibit high
resilience during oxygen loss, a situation that can
lead to exothermic reactions in other lithium cells.
This resilience makes the cells less prone to ignition in
case of mishandling, especially during the charging
process. Additionally, LFP batteries do not decompose
at high temperatures, further contributing to their
safety.

More of the changes made after VBB may be read in
the report

Are toxic gases released into the air if there is a fire?

With the new battery technology, fires are an

extremely unlikely occurrence, and if they occur, are

unlikely to spread. However testing shows that gasses
https:/fwww.mtfoxenergypark.com.au/fags
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from a Megapack fire are similar to those of a typical
structure fire: hydrogen, carbon dioxide, carbon
monoxide and methane.

Only trace amounts of acid gasses are released
during a fire. These gasses, such as hydrogen
fluoride, come from burning plastics, not battery cells.
The concentrations are small enough that they are
quickly diluted upon contact with the air, meaning
there is no negative impact to air quality in the
surrounding area. Refer also to the VBB report above
for EPA conclusions.

Will contaminants from the batteries leak into ground water, run
off to local waterways or impact the Great Barrier reef?

Any fluid leaks are retained internally within the
Megapack units. In the unlikely event of a fire, water is
not used as means to extinguish the fire, further

reducing any run-off risk.

Will MFEP affect local property values?

Potential impacts upon the property sector are
expected to be significantly positive in the Local Area.
This is due to the combination of:

(a) Constructing and operating an on-site workers’
camp during the construction period to
accommodate those staff wishing to work on a DIDO
basis, although local skilled workers would be
encouraged to be engaged;

(b) The relatively low numbers of operational staff;

(c) The high number of vacant dwellings in the Local
Area being more than sufficient to accommodate all
operational staff (although some may not choose
this option); and

(d) The very low average and median prices for
dwellings in the Local Areq, indicating that any

https://www.mtfoxenergypark.com.au/faqgs
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interest by operational staff in living in the Local Areq,
would improve the market (and prices) without over-
heating the Local Area’s market (avoiding negative
economic impacts).

Who owns Mt Fox Energy Park?

MFEP is a joint venture between Tasmanian company
Zephyr Energy Developments, and local landowners
Brett and Eric Lollo. Together, the partners form Mt
Fox Energy Park Pty, Ltd.

In 2022 an Option to Purchase agreement was
reached with TAG Energy. Ownership of MFEP will pass
to them formally prior to the onset of construction
works, but TAG is already influential in the design and
timing of the project, securing ARENA support and
working with MFEP to obtain independent DA for the
BESS.

The company has contracted the services of
PROJECT.e-, a project developer specialising in
renewdable energy and carbon projects to manage
the development of the wind farm.

More Questions?

If you have more questions about MFEP, please
contact us using the form provided on the Contact
Us page or email us directly at
info@mtfoxenergypark.com.au.

If you're curious about renewable energy in Australig,
check out the following links.

https://reneweconomy.com.au/big-battery-storage-
map-of-australia/

Australia’s big batteries: What do they do and how do
they make money? | RenewEconomy

https:/fwww.mtfox
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https://arena.gov.au/renewable-energy/wind/

https://www.cleanenergycouncil.org.au/resources/te
chnologies/wind

Decommissioning

b reasons why wind power is one of the healthiest
forms of energy

Mt Fox Energy Park

ABN

Email: info@mtfoxenergypark.com.au

https://www.mtfoxenergypark.com.auffags 5/2/2024, 4:30 pm
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Safety of Grid Scale Lithium-ion Battery Energy Storage Systems

Euring Dr Edmund Fordham MA PhD CPhys CEng FinstP
Fellow of the Institute of Physics

Dr Wade Allison MA DPhil
Professor of Physics, Fellow of Keble College, Oxford University

Professor Sir David Melville CBE FInstP
Professor of Physics, former Vice-Chancellor, University of Kent

Sources of wind and solar electrical power need large energy storage, most often provided by
Lithium-lon batteries of unprecedented capacity.

Incidents of serious fire and explosion suggest that the danger of these to the public, and
emergency services, should be properly examined.

5 June 2021
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Executive Summary

1. Li-ion batteries are dominant in large, grid-scale, Battery Energy Storage Systems (BESS) of
several MWh and upwards in capacity. Several proposals for large-scale solar photovoltaic (PV)
“energy farms” are current, incorporating very large capacity BESS. These “mega-scale” BESS
have capacities many times the Hornsdale Power Reserve in S. Australia (193 MWh), which was
the largest BESS in the world at its installation in 2017.

2. Despite storing electrochemical energy of many hundreds of tons of TNT equivalent, and several
times the energy released in the August 2020 Beirut explosion, these BESS are regarded as
“articles” by the Health and Safety Executive (HSE), in defiance of the Control of Major Accident
Hazards Regulations (COMAH) 2015, intended to safeguard public health, property and the
environment. The HSE currently makes no representations on BESS to Planning Examinations.

3. Li-ion batteries can fail by “thermal runaway” where overheating in a single faulty cell can
propagate to neighbours with energy releases popularly known as “battery fires”. These are not
strictly “fires” at all, requiring no oxygen to propagate. They are uncontrollable except by
extravagant water cooling. They evolve toxic gases such as Hydrogen Fluoride (HF) and highly
inflammable gases including Hydrogen (H:), Methane (CHa), Ethylene (C2Ha) and Carbon
Monoxide (CO). These in turn may cause further explosions or fires upon ignition. The chemical
energy then released can be up to 20 times the stored electrochemical energy. Acute Toxic
gases and Inflammable Gases are “dangerous substances” controlled by COMAH 2015.
Quantities present “if control of the process is lost” determine the applicability of COMAH.

4. We believe that the approach of the HSE is scientifically mistaken and legally incorrect.

“Battery fires” in grid scale BESS have occurred in South Korea, Belgium (2017), Arizona (2019)
and in urban Liverpool (Sept 2020). The reports into the Arizona explosion [8, 9] are revelatory,
and essential reading for accident planning. A report into the Liverpool “fire” though promised
for New Year 2021, has not yet been released by Merseyside Fire and Rescue Service or the
operator @rsted; it is vital for public safety that it be published very soon.

6. No existing engineering standards address thermal runaway adequately, or require measures
(such as those already used in EV batteries) to pre-empt propagation of runaway events.

7. Lacking oversight by the HSE, the entire responsibility for major accident planning currently lies
with local Fire and Rescue Services. Current plans may be inadequate in respect of water
supplies, or for protection of the local public against toxic plumes.

8. The scale of Li-ion BESS energy storage envisioned at “mega scale” energy farms is
unprecedented and requires urgent review. The explosion potential and the lack of engineering
standards to prevent thermal runaway may put control of “battery fires” beyond the
knowledge, experience and capabilities of local Fire and Rescue Services. BESS present special
hazards to fire-fighters; four sustained life-limiting injuries in the Arizona incident.

9. We identify the well-established hazards of large-scale Li-ion BESS and review authoritative
accounts and analyses of BESS incidents. An internet video [10] is essential initial instruction.

10. We review engineering standards relating to Li-ion BESS and concur with other authorities that
these are inadequate to prevent the known hazard of “thermal runaway”. We conclude that
large-scale BESS should be COMAH establishments and regulated appropriately. We respectfully
request evidence from the HSE that “mega-scale” BESS are not within the scope of COMAH.

11. We seek the considered response of relevant Government Departments as well as senior fire
safety professionals to these concerns.
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1. Introduction

June 5, 2021

Lithium-ion (Li-ion) batteries are currently the battery of choice in the ‘electrification’ of our
transport, energy storage, mobile telephones, mobility scooters etc. Working as designed, their
operation is uneventful, but there are growing concerns about the use of Lithium-ion batteries in
large scale applications, especially as Battery Energy Storage Systems (BESS) linked to renewable
energy projects and grid energy storage. These concerns arise from the simple consideration that
large quantities of energy are being stored, which if released uncontrollably in fault situations could

cause major damage to health, life, property and the environment.

Table 1. Comparison of some recent “battery fires” since 2014.
Note: this is not a comprehensive list of all Li-ion BESS battery “fires.”

Location Size “Battery fire” cause Time to Water Comments
bring under needed
control for cooling
Houston, 0.1 Driverless vehicle crash 4 hours 30,000 (US) | Tesla Model S
Texas, April MWh gallons
2021
South Korea Various; | Not known to Korean various Not known | 522 out of 1490
21 fires | Ministry of Trade Industry ESS facilities in
during and Energy Korea suspended
2018-19 (Korea Times 2
May 2019)
Drogenbos, 1 MWh | Not known. “rapidly Not known | Occurred during
Belgium. 2017 extinguished” commissioning of
system by ENGIE
McMicken 2 MWh | Thermal runawayin a 2 hours from Explosion as H»
Facility single rack out of 27 that | first report to and CO mixed
Arizona, USA. were in the cabin — hence | “deflagration” with air and
2019 74 kWh electrochemical ignited. Critically
energy released — less injured 4 fire-
than the Tesla Model S fighters. Extensive
crash. forensic report.
Carnegie Rd, 20 Not known 11 hours Full report [1]
Liverpool, UK, | MWh delayed 4 months;
2020 still unpublished.

Even battery electric vehicle (BEV) batteries store energy sufficient for “fires” that have taken
hours to control. A Tesla Model S crashed In Texas on the weekend of 17-18 April 2021 igniting a
BEV battery fire that took 4 hours to control with water quantities variously reported [2] as 23,000
(US) gallons or 30,000 gallons (87 -115 m3). Yet the energy storage capacity in even the latest Tesla
Model S vehicles is only 100 kWh. This is 1/20 the size of the BESS in Arizona [3] which failed in
2019, and 1/200 the size of the BESS in Liverpool [4] which caught fire [5] in September 2020, and
1/7000 the capacity of the Cleve Hill Solar Farm and Battery Store [6] approved in May 2020.

The past decade has seen a number of serious incidents in grid-scale BESS, which are
summarised in Table 1. Despite these incidents, and our growing understanding of these, these
large scale Li-ion BESS are not currently regarded by HSE as regulated under the COMAH
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Regulations 2015. The legal basis for this attitude is unclear — simple calculations summarised in this
paper argue that they should be —and the issue may yet be challenged in judicial review.

The reason the COMAH regulations should apply is the scale of evolution of toxic or
inflammable gases that will arise in BESS “fires”. In the Drogenbos incident (2017, Table 1), the
inhabitants of Drogenbos and surrounding towns were asked to keep all windows and doors shut;
50 emergency calls were made from people with irritation of the throat and airways®. A chemical
cloud which “initially had been enormous”, was charted by helicopter. The Belgian Fire Services
could not control what was described as “the chemical reaction” and filled the cabin with water.
Fears of an explosion with 20 metre flames kept people confined for an hour. Although the initial
visible flames were controlled quickly, cooling continued over the next 36 hours.

Figure 1: Remains of
the Tesla Model S
crash and fire, 17 Apr
2021, after 4 hours
and 30,000 gallons.
Battery capacity 100
kWh.

Driveriess Tesla crash kills two in Texas

228/ 120

Figure 2: Remains of a
Korean BESS destroyed
by a “battery fire”. An
energy storage system
was destroyed at the
Asia Cement plant in
Jecheon, North
Chungcheong Province,
on Dec. 17. Courtesy of
North Chungcheong
Province Fire Service
Headquarters (Korea
Times 2 May 2019)

1 Tom Vierendeels (2017) “Explosiegevaar by brand in Drogenbos geweken : 50-tal oproepen van mensen die zich
onwel voelen door rook.” Het Laatste Nieuws, 11 November 2017
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Figure 3: “Battery Fire” at Drogenbos, Belgium 11 Nov 2017. Taken at the start of the incident and
15 minutes later (eye-witness footage). 1 MWh facility; fire occurred during commissioning.
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Figure 5: The 20
MWh BESS at
Carnegie Rd,
Liverpool.
Courtesy @rsted.

Figure 6: The fire at Carnegie Road, 15 Sep
2020. Liverpool Echo report, which took 11
hours to control.
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The incidents recorded in Table 1 are all in relatively small BESS or a single BEV. Yet “mega-
scale” BESS are now planned on a very large scale in many current proposals in the UK, listed in
Table 2 and illustrated in the subsequent Figures.

And no engineering standards are currently applied to pre-empt future accidents in grid-scale
BESS, the most critical of which would be design features aimed at preventing the phenomenon of
“thermal runaway”, the process whereby failure in single cell causes over-heating and then
propagates to neighbouring cells so long as a temperature (which can be as low as 150 °C) is
maintained.

BEV batteries do now include thermal barriers or liquid cooling channels between all cells to
safeguard against this phenomenon, but no such engineering standards exist for grid-scale BESS. A
large BESS can pass all existing engineering design and fire safety test codes and still fail in thermal
runaway — by now a well-known failure mode. This must be urgently addressed.

The consequences of major BESS accidents could be significant and emergency services need
adequate plans in place to handle any such incident.

Table 2. “Mega” scale solar plant and/or Li-ion BESS in Australia and the UK*

Project Location Status Solar PV Battery Battery Battery
Scheme Size Stores type capacity
Hornsdale | S. Australia Operational Not directly | Single site Li-ion 193 MWh
Power associated
Reserve
Cleve Hill Kent Permission 350 MW; land | Single site Li-ion 700 MWh
Solar + granted coverage 890
Battery (2020) acres
Store
Sunnica Cambridgeshire/ | Pending 500 MW; land | 31.5 ha of land | Li-ion Undeclared.
Solar + Suffolk submission coverage over 3 Estimate
Battery approx. 2792 | compounds [7] 1500 -
Store(2) acres of 5.2, 10.7 and 3000 MWh
15.6 ha

Longfield Essex Pending 500 MW; land | Stated as 3.7 Li-ion Undeclared.
Solar + statutory coverage acres: number Estimate:
Battery consultation | approx. 1400 | of sites TBD 150 MWh
Store acres

* Li-ion technology has been assumed in all these proposals as Li-ion battery electrochemistry is

dominant in grid-scale BESS applications (deployment at this scale is unlikely to involve

technologies with lesser experience). Estimated values for Battery Capacity for the Sunnica are
calculated based on the McMicken facility in Arizona (Appendix 1) and the Cleve Hill DCO. For the
Longfield site it is estimated from Energy Institute guidance on energy density [25] at about 100
MWh hal. The exact specification for the battery units has not been disclosed by the developers at
this present time.
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Plate 3-10. Typical battery storage compound configuration {image reproduced
courtesy of Fluence Energy).
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Figure 7: The Hornsdale Power
Reserve (South Australia) in the
process of expansion from 100
MW/129 MWh to 150 MW/193.5
MWh, as of November 2017.

Figure 8: a “typical” BESS
compound (abstracted from
Sunnica PEIR, Ch 3)

Figure 9: Artists impression
of Tesla 250 MWh
“Megapack”.

Sunnica may have 3 xthis
capacity in just one of its
three BESS compounds.
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2. Leading Concerns
The main concerns regarding large scale Li-ion BESS are:

1) The potential for failure in a single cell {(out of many thousands) to propagate to neighbouring
cells by the process known as “thermal runaway”. Believed to be initiated by lithium metal
dendrites growing internally to the cell, a cell may simply discharge internally releasing its
stored energy as heat. Even sound Li-ion cells will spontaneously discharge internally if heated
to temperatures which can be as low as 150 °C, releasing their stored electrical energy, thus
overheating neighbouring cells and so on. Temperatures sufficient to melt aluminium (660 °C) at
least have been inferred from analyses of such thermal runaway accidents. Eye-witness reports
consistently speak of repeated “re-ignition” which is inevitable, even in the complete absence of
oxygen, so long as the temperature anywhere exceeds the thermal runaway initiation threshold.

2) The emission of highly toxic gases — principally Hydrogen Fluoride — for prolonged periods, in
the event of thermal runaway or other battery fires. At a minimum, respirators and complete
skin protection would be required by any fire-fighters. Measures to protect the public from toxic
plumes would also be necessary.

3) The emission of large quantities of highly inflammable gases such as Hydrogen, Methane,
Ethylene and Carbon Monoxide even if a fire suppression system is deployed. These gases will
be evolved from a thermal runaway accident regardless of such measures, with explosion
potential as soon as they are mixed with air and in contact with hot surfaces. Such an explosion
was the cause of the “deflagration event” at McMicken, Arizona in 2019 in a 2 MWh BESS,
which critically injured four fire-fighters and was triggered simply by opening the cabin door.

4) The absence of any adequate engineering and regulatory standards to prevent or mitigate the
consequences of “thermal runaway” accidents in Li-ion BESS.

5) The potential for thermal runaway in one cabin propagating to a neighbouring cabin. In Arizona
[3] there were reports of “fires with 10-15 feet flame lengths that grew into 50 - 75 feet flame
lengths appearing to be fed by flammable liquids coming from the cabinets”.

6) The significant volumes of water required to thoroughly cool the system in the event of a “fire”,
and how this water will be contained and disposed of (since this will be contaminated with
highly corrosive hydrofluoric acid and, therefore, must not be allowed to drain into the
surrounding environment).

Such incidents are routinely and repeatedly described in the Press as “battery fires” though they
are not “fires” at all in the usual sense of the word; oxygen is completely uninvolved. They
represent an electrochemical discharge between chemical components that are self-reactive. They
do not require air or oxygen at all to proceed.

Hence the traditional “fire triangle” of “Heat, Oxygen, Fuel” simply does not apply, and
conventional fire-fighting strategies are likely to fail (Figure 10, over).

Thermal runaway events are uncontrollable except by cooling all parts of the structure affected
—even the deepest internal parts — below 150 °C. This basically requires water, in large volumes.
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Figure 11 The fire triangle and its relationship to thermal runaway

Figure 10: The traditional “fire triangle” does not apply to “thermal runaway”.

3. Thermal Runaway (Battery “fires”)

Li-ion batteries are sensitive to mechanical damage and electrical surges, both in over-charging
and discharging. Most of this can however be safeguarded by an appropriate Battery Management
System (BMS) and mechanical damage (unless deliberate and malicious) should not be a hazard.
Internal cell failures can arise from manufacturing defects or natural changes in electrodes over
time; these must be regarded as unavoidable in principle. Subsequent escalation into major
incidents can propagate from such apparently trivial initiation.

In July 2020 a thorough failure analysis by Dr Davion Hill of DNV GL [8] was prepared for the
Arizona Public Service (APS), following the April 2019 thermal runaway and explosion incident in
the 2 MWh Li-ion BESS facility at McMicken, Arizona. This report is revelatory and more detailed
than any other failure analysis known to us. It is essential reading for any professional involved in
fire safety planning for major BESS. (Figures 11 to 13).

Figure 11: Cells
stack into
Modules;
Modules into
Racks; Racks into
Strings; Strings
ks 4 Sereign 4 Syt into Systems.

B

Figurel2:
Propagation of
single Cell
failure through
Soiiles  Gnalyieeh  fysheh, Sy Module;

Figure 25 A single cell failure propagated through Module 2, then consumed the whole rack, cascade to
releasing a large plume of explosive gases. This process could have occurred without visible  antire Rack.
flame, which would explain why the gases were not burned as they were emitted,
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A report by Underwriters Laboratories (UL) on the same incident [9] is less technical on the
physics and engineering of the underlying causes and failure modes, but more comprehensive in
terms of practical situations and consequences found, and suffered, by the “first-responders”. Two
fire-fighters suffered life-limiting brain injuries, one suffered spinal damage and fourth facial
lacerations. This report is similarly essential reading for any fire and emergency response planning.

Figure 13: Destruction of Rack at McMicken.

Detail: molten aluminium pools (exceeded 660 °C)

Fipare A1 Phosopiaph tabies dariag deoowrnssoning of the ESS shows 5 pool of scliditied
ahwessiary on thy Socw 35 foont of Rack 15§01

Forensic analysis [8] of the 2019 Arizona “fire”
identified a failure mode different from mechanical
abuse or electrical mis-management. The initiating
failure was localised to a single cell at a known
position in the rack. Although the cell itself was of
course destroyed during the incident, the failure
mode is believed to have been lithium metal deposition and abnormal growth of lithium metal
dendrites. These phenomena were also found in randomly selected undamaged cells from the
same BESS and also from a different BESS of the same manufacture elsewhere. These phenomena
must be regarded as common, and inherent to the cells themselves.

The lithium metal deposits will react with air moisture, causing overheating and smoke. Battery
swelling, electrolyte degradation, and internal short circuits are all possible modes of failure with
internal discharge and generation of locally intense heat.

Because of the known thermal breakdown of even non-faulty cells, above a threshold
temperature (which can be as low as 150 °C), the loss of even a single individual cell can rapidly
cascade to surrounding cells, resulting in a larger scale “fire.” This is “thermal runaway” in which
failures propagate from cell to cell within “modules” and from module to module within a “rack”.

This is what happened at McMicken [8], with temperatures sufficient to melt Aluminium (660
°C) being reached. Such “fires” can be extremely dangerous to fire fighters and other first
responders because, in addition to the immediate fire and explosion risks, they would have to deal
with toxic gases (principally hydrogen fluoride HF, also hydrogen cyanide HCN and other fluorine
compounds such as phosphoryl fluoride POF3) and exposure to other hazardous materials.

Rack to rack propagation fortunately did not happen at McMicken, though an explosion did [8].
A local conventional fire involving the plastics materials or gases evolved from them could have
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initiated rack-to-rack propagation; the only essential factor would have been sufficient heat to
trigger thermal breakdown in just one cell in a neighbouring rack. Li-ion cells have been observed to
eject molten metal during thermal runaway, another possible mode of propagation over distance.
Propagation through a subsequent rack would then occur by exactly the same thermal runaway
mechanisms, and potentially beyond between neighbouring cabins in large-scale BESS.

Thermal runaway is illustrated in dramatic fashion with tiny commercial Li-ion cells in a useful
internet video [10] (Figure 14). The commercial cells involved in this demonstration have tiny
capacities: a mere 2.6 Ah or about 10 Wh for typical terminal voltages.

A Tesla Model S would have the capacity of about 10,000 such cells.
A 20 MWh BESS has the capacity of about 2 million such cells.

In the video, the cell is deliberately over-heated on a small electric stove. The fully charged cell
goes into thermal breakdown, eventually rupturing the can. The cell flies off as a rocket and
seconds later is discharged but red hot and will burn anything combustible. Although not
illustrated, it is evidently hot enough to produce the same thermal breakdown in an adjacent cell
within a battery.

This illustrates the damage done to a non-faulty cell, simply by overheating externally.

¥ Figure 14: (a) A

charged 2.6 Ah cell
being deliberately
overheated. (b) at
the point of rupture
(c) the cell takes off
as a rocket (d)
seconds later the
discharge is
complete, and the
cell is red hot.
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4. Toxic and flammable gas emissions

During a Li-ion “battery fire,” multiple toxic gases including Hydrogen Fluoride (HF) [11],
Hydrogen Cyanide (HCN)[13] and Phosphoryl Fluoride (POF3) [11] may be evolved. The most
important is Hydrogen Fluoride (HF), which may be evolved in quantities [11] up to 200 mg per Wh
of energy storage capacity.

HF is toxic in ppm quantities and forms a notoriously corrosive acid (Hydrofluoric Acid) in
contact with water. It is toxic or lethal by inhalation, ingestion and by skin contact. The ERPG-2
concentration (1 hour exposure causing irreversible health effects) given by Public Health England is
just 20 ppm; the workplace STEL (15 minute Short-Term Exposure Limit) is just 3 ppm [12]. Major
emissions of HF would form highly toxic plumes that could easily threaten nearby population
centres, workplaces and schools.

Appendix 3 contains calculations of projected toxic gas quantities for 3 grid-scale battery stores
that have been approved or are pending review by the Planning Inspectorate (Table 2).

The calculated capacities at the “mega-scale” sites listed in Table 2 are tens, or even hundreds,
of times larger than the facilities in Table 1, which experienced significant fires or explosions.

In addition to evolution of toxic gases, even in an inert atmosphere (without Oxygen), multiple
flammable gases (such as Hydrogen H,, Carbon Monoxide CO, Methane CHa, and Ethylene C;Ha)
would be evolved during thermal runaway. These are “typical of plastics fires” [8] and have been
measured in sealed vessel tests [13]. As noted by Hill/DNV [8] and others [13], the proportions of
Hz, CO, CH4 and CoHado not in fact vary greatly between different cell technologies, simply because
the chemical nature of the envelope polymers, separators, electrolyte solvents and electrolytes
themselves do not differ greatly. The variations between Li-ion technologies are in the electrode
systems, which are typically not polymeric.

Such inflammables can clearly create (ordinary, air-fuel) fires or explosions once mixed with
air/oxygen. It is important to note that the Heats of Combustion of the inflammables may be up to
15 - 20 x the rated electrical energy storage capacity of the BESS. This has been demonstrated by
the same tests which determined the quantities of HF evolved [11]. These were fire tests, not
sealed vessel tests [13]. The stored electrical energy is therefore by no means a conservative
estimate of the total energy release which could be released in a major (air-fuel) fire in a BESS,
irrespective of whether the initiating cause was a conventional fire or Li-ion cell thermal runaway.

Appendix 2 estimates the inflammables potentially evolved from the BESS given in Table 2.
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5. Total Energy Release Potential

Any large energy storage system has the risk that energy released in malfunction will be
uncontrollable in ways that will do major damage. BESS can release electrochemical energy in the
form of thermal runaway or “battery fires”. In addition they can release chemical energy in the
form of explosions or conventional fires of inflammable gases, or of polymer components. Many
thermal runaway “fires” have now happened, as has explosion of evolved inflammable gases.

An important indicator of the foreseeable scale of a “worst credible hazard” is provided by the
total stored energy in the system. For BESS, this comprises two components:

(i) The stored electrical energy which might be released in the event of thermal runaway incidents,
a self-reactive electrochemical energy release not requiring oxygen at all, and

(i) Stored chemical (fuel) energy which might be released in complete combustion of the
inflammable gases which might be released by (i).

Electrochemical energy release is uncontrollable once started, by any measure except cooling —
of all cells and cell parts — below about 150°C. Water is the only fire-fighting substance with the
necessary heat capacity. Concurrent conventional fire would first heat cells above the thermal
runaway temperature, causing more thermal runaway. Chemical energy release from inflammable
gases is also uncontrollable once those gases are mixed with air and ignited: explosions result.

What might be the scale of such energy releases? The Sunnica proposal is estimated to have a
stored energy between 1.5 — 3.0 GWh in total, spread across 3 separate sites called Sunnica East A,
Sunnica East B and Sunnica West A (see calculations in Appendix 1). It is between 2 — 4 times the
capacity projected for Cleve Hill (700 MWh). It is 8 — 15 times the capacity (193 MWh) of the
“Hornsdale Power Reserve” in Australia, at installation (2017) the world’s largest.

Compared to other energy storage technologies, the Dinorwig Pumped Storage Scheme in
Snowdonia stores about 9 GWh [14]; the Sunnica BESS corresponds to 17 — 33 % of Dinorwig.

Compared to major explosions, the energy released in the Beirut warehouse explosion of
August 2020 has been estimated [15] by Sheffield University at about 0.5 kilotons of TNT (best
estimate) with a credible upper limit of 1.12 kilotons. A totally independent estimate [16] (based on
seismic propagation instead of eye-witness footage) gives the same range, without specifying a
“best” estimate. The popular measure of major explosions in “kilotons of TNT” has an agreed
definition? of 1.162 GWh of released energy; in this paper we shall take “one Beirut” to be an
explosive energy of 0.5 kilotons of TNT or about 580 MWh of released energy.

The projected BESS storage at Sunnica corresponds to 1.4 — 2.7 kilotons of TNT in total, across
all three sites. In the “low” case, this would be “0.92 Beiruts” at the Sunnica West A site alone, or
“2.7 Beiruts” over the whole scheme. In the “high” case “2.7 Beiruts” could be stored in the Sunnica
East B site alone. Note that these are stored electrochemical energy only; the potential for
conventional fire or explosion of evolved inflammables could be up to 20 x larger [11]. See Table 3,
Appendix 1.

This is plainly a quantity of stored energy which, if released uncontrollably, could do major
damage. Explosions and fires at individual BESS are matters of record. They can propagate from
failure in a single cell out of many thousands. Cell-to-cell and module-to-module propagation
occurred at McMicken. Rack-to-rack propagation was avoided, but could readily occur if continuous

2 See e.g. Wikipedia.
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fires start. Cabin-to-cabin propagation of a major BESS “battery fire” would be the critical link that
would escalate major but manageable fires into catastrophes.

Yet this propagation route remains unanalysed. Significantly, Commissioner Sandra D Kennedy of
the Arizona State Commission [3] reviewed reports on the 2019 McMicken battery fire and also a
2012 battery fire at the APS Eldon substation facility in Flagstaff, AZ. She quotes the Flagstaff fire
department report on the latter incident as referencing :

“Fires with 10-15 feet flame lengths that grew into 50 - 75 feet flame lengths appearing to be
fed by flammable liquids coming from the cabinets”.

Finally, in the context of BESS, “Stranded Energy” will remain a hazard at any affected BESS
cabins even assuming an initial incident is controlled. The accident investigation at McMicken
required nearly 3 months, simply to discharge “stranded energy” safely [8].

’Mega-scale” Li-ion BESS should, in all prudence, require the highest level of regulation. The
COMAH regulations are designed for this, including establishments where dangerous substances
may be generated “if control of the process is lost” [17] in a thermal runaway accident.
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6. Applicability of the COMAH (Control of Major Accident Hazard) Regulations 2015

The governing criteria for application of the COMAH Regulations [17] are:

1. The presence of hazardous materials, or their generation, “if control of the process is lost.”
2. The quantity of such hazardous materials present or that could be potentially generated.

There is no doubt that hazardous substances such Hydrogen Fluoride (an Acute Toxic controlled
by COMAH) would be generated in a BESS accident (i.e., in “battery fires”). Similarly highly
Inflammable Gases (also controlled by COMAH) would be evolved even if the atmosphere remained
oxygen-free. Depending on the size of the “establishment” these could be produced in sufficient
quantities to be in the scope of COMAH. In Appendix 2 we estimate quantities guided by the
literature, where fire tests have directly measured evolution of the hazardous gases.

For small capacity BESS installations, under 25 MWh capacity, the quantities (“inventory”) of the
evolved hazardous substances might be outside COMAH. This paper however addresses the recent
trend towards “mega-scale” Li-ion BESS (Table 2) with very large quantities of stored energy, where
the inventory should be large enough to bring the installation within scope.

Broadly speaking, the threshold for applicability of COMAH will be dependent on the precise
BESS technology chosen, but likely to be for BESS in the region of 20 —~ 50 MWh. See Appendix 2.

A letter to the HSE regarding applicability of COMAH to large-scale BESS (dated 25 Nov 2020
[18]) received no reply until follow-up letters were sent addressed personally to the Chief Executive
on 7 February 2021, with the intervention of Mrs Lucy Frazer MP. The reply from the Chief
Executive [19] dated 22 February 2021 stated that “Li-ion batteries are considered articles and are
not in scope of COMAH".

We believe the current attitude of the HSE — that even large-scale Li-ion BESS are “articles” best
regulated by operators — is not consistent with the law.

Unless tested in the Courts however, this throws the entire responsibility for ensuring the safety
of major BESS “battery fires” onto the Fire and Rescue Services. Currently the HSE makes no
representation to the Planning Inspectorate in respect of BESS hazards.
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7. Engineering standards for BESS

As with any hazard, the basic principles of Prevention and Mitigation must be applied to minimise
the risk to life, property and the environment. A major contribution of the Hill/DNV report [8] is a
review of current engineering and fire protection standards. This did not concern planning, siting
and electrical standards, but simply addresses the question: which standards, if any, offer
Prevention or Mitigation of the phenomenon of thermal runaway? The answer appears to be none.

“Thermal runaway” is an electrochemical reaction, well-known in Li-ion BESS, that is largely
uncontrollable once started. Since failures in single cells (among many thousands) can be sufficient
to initiate thermal runaway, the only known Prevention measure is that adopted by the BEV
industry, viz. thermal isolation of neighbouring cells, so that if failure occurs in any one cell,
insulation or water cooling prevents easy thermal spread to neighbouring cells. Various design
strategies have been adopted in BEV Li-ion batteries, usually involving some form of thermal
barrier.

However these are not widely used in grid-scale Li-ion BESS. Current practice is the assembly of
stacks of cells, typically “pouch” cells which are externally flat polymer bags, that are stacked side
by side in low profile modules with no thermal isolation. This is not the construction adopted in
current generation BEV batteries; BEV practice (with thermal isolation) extended to grid-scale BESS
would obviously increase costs and complexity considerably.

The engineering standards reviewed by Hill/DNV [8] included NFPA 855, UL 1973 and UL
9540/9540A. UL 9540A is a US standard that is widely used in grid-scale BESS engineering, is
routinely recommended by insurance and risk consultants [20] and was appealed to by the
developer of the Cleve Hill solar farm (Table 2). The problem is that UL9540A is fundamentally a
test procedure. It mandates no design features. It requires absolutely nothing that would prevent
thermal runaway in any BESS design. This means that an operator can say truthfully that a given
BESS is “fully compliant” with UL9540A, yet this would provide no assurances at all regarding
thermal runaway prevention. It is therefore wholly insufficient as a safeguard to either the
operator, the public, or to emergency services.

NFPA 855 [21], uniquely, requires evaluation of thermal runaway in a single module, array or
unit and recognises the need for thermal runaway protection. However, it assigns that role, with
complete futility, to the Battery Management System (BMS). Thermal runaway is an
electrochemical reaction which once started cannot be stopped electrically. It is uncontrollable by
electronics or switchgear. A BMS can locate faults, report and trigger alarms, but it cannot stop
thermal runaway.

The Hill/DNV report [8] highlights the many shortcomings of existing standards, see Appendix 4.
The basic issue is simple:
(1) Thermal Runaway has very few means of Mitigation once started.
(2) It is therefore essential to address Prevention as a priority.
(3) No current engineering or industry standards require the Prevention of thermal runaway
events by thermal isolation barriers.

Nothing in existing standards prevents runaway incidents happening again, requiring for initiation
only single-cell failures from known common defects in cell manufacture.
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8. Fire Safety Planning for BESS “fires”

Taking the recent Sunnica BESS proposal as an example, a joint statutory consultation response
has been submitted by the four Local Authorities concerned. The Local Authorities in this case are
Cambridgeshire and Suffolk County Councils, and West Suffolk and East Cambridgeshire District
Councils. This joint consultation response [22] included a section on Battery Safety (pp 74-75) and
states as follows:

Suffolk Fire and Rescue Service (SFRS) will work and engage with the developer as this project develops to
ensure it complies with the statutory responsibilities that we enforce.

Sunnica should produce a risk reduction strategy as the responsible person for the scheme as stated in
the Regulatory Reform (Fire Safety) Order 2005. It is expected that safety measures and risk mitigation is
developed in collaboration with services across both counties.

The response also later states: As with all new and emerging practices within UK industry, the SFRS
would like to work with the developers to better understand any risks that may be posed and
develop strategies and procedures to mitigate these risks.

It is clear that local Fire and Rescue Services have been given the lead responsibility for
independent emergency planning, in concert with the developers. Because of the attitude of the
HSE refusing to exercise regulatory control over BESS safety, local Fire and Rescue Services become
the sole independent public body able to influence BESS safety issues at the planning stage.

Many detailed recommendations have been made by the Local Authorities in the case of
Sunnica. It is unclear how much opportunity or input Suffolk FRS has had in these. However the
recommendations offered betray some serious misunderstandings and a complete lack of
awareness of the lessons and recommendations made in publicly available documents such as the
Hill/DNV report [8] into the McMicken explosion.

These are taken point by point in Appendix 4 but some general points are made here.

1. Thermal runaway cannot be controlled like a regular (air-fuel) fire. The only way to mitigate “re-
ignition” (a regular report of eye-witnesses) is by thorough cooling. Water is the only fire-fighting
material with the necessary thermal capacity. Sprinkler systems, though with good records in
conventional building fires, are likely to be completely inadequate. The purpose of the water is
absorbing a colossal release of energy. The Hill/DNV report [8] called for so-called “dry pipe”
systems allowing first responders to connect very large water sources to the interior without having
to access the interior.

It is critical to appreciate that all parts of the battery system must be cooled down. Playing
water on a battery “fire” may cool the surface, but so long as Li-ion cells deep inside the battery
remain above about 150°C, "re-ignition” events will continue. It is not sufficient to estimate water
requirements on the basis of calculations assuming water reaches everywhere, uniformly.

For example, in the recent Tesla car fire [2] the BEV battery kept re-igniting, took 4 hours to
bring under control and used 30,000 (US) gallons of water (115 m?). This was for a 100 kWh BEV
battery, designed with inter-cell thermal isolation barriers.

In the case of Sunnica, the Local Authorities have suggested that water supplies of 1900 litres
per minute for 2 hours (228 m3) will be needed [22]. But this is grossly inadequate. Using the above
Tesla BEV fire experience, this amount of water would suffice for just two Tesla Model S car fires.
Scaling this up to even the smallest 2 MWh BESS (such as that in McMicken [8]), which contains
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stored energy equivalent to twenty Tesla Model S cars, it is clear to see that a much greater
amount of water would be needed.

The actual amount of water required will depend on the energy storage capacity per cabin
which, in the case of Sunnica, is still unstated. Some simple estimates are, however, made below.
The requirements suggested to date by the Local Authorities for the Sunnica installation are
completely inadequate and, if not addressed, would leave Suffolk FRS without the means to
control a major BESS “fire”.

Taking a storage capacity of 10 MWHh in just one of the Sunnica cabins (see Appendix 1), a
complete thermal runaway accident in such a BESS would release that stored electrochemical
energy, plus an indeterminate quantity of heat from combustion of hydrocarbon polymer materials
or inflammable gases evolved from them. Such Total Heat Release may be up to twenty times the
amount of the stored electrochemical energy in the BESS [11].

The thermal capacity of water is 4.2 kl kg K or in kWh terms, about 1.17 kWh m= K1, If
heated from 25 °C to boiling point about 87.8 kWh m™ of thermal energy is required.

Hence the water volume required to absorb 10 MWh of released energy without boiling is about
114 m? or 30,000 US gallons, the same amount as required in practice to control a fire in a single
Tesla Model S car with a mere 100 kWh battery, 100 times smaller than a 10 MWh BESS.

The quantity suggested by the Local Authorities’ joint response is 228 m3 (1900 L min™ for 2
hours), twice the above estimate, which would naively be sufficient for a 20 MWh BESS fire.
However, from the experience of recent BEV fires, it could be insufficient by a factor of 100.

No such calculations were presented in the Examination of the 700MWh Cleve Hill BESS [6].

2. “Clean agent” fire suppression systems are a common fire suppression system in BESS, but are
totally ineffective to stop “thermal runaway” accidents. The McMicken explosion was an object
lesson in this: the installed “clean agent” system operated correctly, as designed, on detection of a
hot fault in the cabin [8]. There was no malfunction in the fire suppression system. But it was
completely useless because the problem was not a conventional fuel-air fire, it was a thermal
runaway event. Only water will serve in thermal runaway.

Indeed in the McMicken explosion the “Novec 1230” clean agent arguably contributed to the
explosion by creating a stratified atmosphere with an air/Novec 1230 mixture at the bottom and
inflammable gases accumulating at the cabin top.

The most probable cause of the explosion was mixing caused by the opening of the door by first
responders. The explosive mixture contacted hot surfaces and ignited [8].

3. Afurther recommendation of the Hill/DNV report [8] into the McMicken explosion is for a
means of controlled venting of inflammable gases before first responders attempt access. In the
Local Authority response to the Sunnica consultation, ventilation is listed as a BESS requirement
[22] but the reason given, bizarrely, is “to control the temperature” — at which ventilation or air-
conditioning (also listed) would be totally ineffective, lacking any significant thermal capacity.

The critical reason for controlled ventilation is the removal of inflammable gases before an
explosive mixture forms. Deflagration panels (to decrease the pressure of explosions that do occur)
are also recommended.
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It should be noted that although controlled venting provisions would mitigate the consequence
of inflammable gas evolution, they would also require simultaneous venting of Hydrogen Fluroide
that would be evolved concomitantly.

Toxic gas hazard would continue to present a risk to the community and the environment for
the duration of the incident. Fire-water will be contaminated with, inter alia, highly corrosive
Hydrofluoric Acid. Contamination of water supplies and waterways must be prevented.

It is strongly recommended that Fire Services study the Hill/DNV report [8], and the related
Underwriters Labs report [9], act upon their recommendations, and make realistic, physics-based,
calculations of the water quantities required to be available at every single BESS cabin. There
could be as many as 150 BESS cabins at the Sunnica East B site alone — see Appendix 1; each of
these would need a sufficient water supply.
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Appendix 1: Battery Capacity Calculations for the Grid-scale BESS proposed at the “Sunnica” site.

The Sunnica scheme will be taken as an example of a “mega-scale” solar plant with BESS. If
approved, it would cover approximately 2800 acres and will include BESS on 3 separate sites.

The proposed BESS capacity in the Sunnica scheme has not been specified. Estimates of storage
capacity can be made on the basis of the land areas allocated to the BESS compounds, assuming full
use (per meeting with Parish Councillors, 30 October 2020 [23]). Li-ion battery technology has also
been assumed because it is the most widely used in the industry today. Li-ion batteries have a high
energy density, and the costs of these have fallen significantly over the past few years [24] .

Land areas and cabin size are quoted in the Sunnica Scheme Description as:
Sunnica East A: 5.23 ha
Sunnica EastB: 15.6 ha
Sunnica West A: 10.65 ha
Total: 31.48 hectares.

One storage cabin size is 15 m length x 5 m width x 6 m height. This height is double that of a
so-called “hi-cube” shipping container and has a larger footprint (75 m2 vs 30 m? for a standard 40-
foot shipping container).

Storage capacity can be estimated based on other BESS and storage cabin volumes:
Single cabin energy storage capacity:

The McMicken, Arizona, Li-ion BESS was a single cabin, footprint of 60 m? and ‘shipping container’
height. The Sunnica BESS cabins are 75 m?, with ‘double shipping container’ height (6 m).
Energy storage at McMicken was 2 MWh.

Scaling by footprint and height yields a single cabin energy storage capacity estimate of 5 MWh
for each of the “Sunnica” BESS cabins.

The Arizona cabin had empty space for expansion racks, so a larger single cabin energy storage
capacity, up to say 10 MWh, is entirely conceivable.

Density of BESS cabins on allocated land:

This is unstated by Sunnica. We assume that 7.5% of the allocated land area will be occupied by the
BESS cabins themselves (this allows for safety separations, fire access routes, Battery Management
Systems (BMS) and other electrical plant, bunding for firewater in the event of incidents). This
implies a total of 315 BESS cabins allocated over the three sites.

Total scheme storage capacity:

5 MWh (single cabin capacity) x 315 cabins yields a total energy storage capacity of 1575 MWh (or
1.574 GWh), distributed over 3 separate battery compounds of unequal size (31.48 ha total). If the
single cabin capacity were 10 MWh, the total doubles to 3150 MWh.

A storage capacity between 1500 — 3000 MWh is therefore credible for the Sunnica proposal,
depending on single cabin storage and the density of cabins on the land.

The area density of storage at this cabin density would be 50 MWh ha™! for a single-cabin
storage of 5 MWh. This figure of 50 MWh ha is independent of the total area allocated; it depends
only on the assumed fraction (7.5%) occupied.

For comparison, the corresponding density at Cleve Hill [3] is a very similar 69.2 MWh ha™.
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The Energy Institute [25] gives 100 MWh ha! as ‘typical’ for Li-ion BESS planning. This density
would be reached in our assumptions if the single cabin capacity were 10 MWh. The latter figure is
entirely conceivable because the “base estimate” derives from an incompletely populated cabin. It

is also readily achievable if the spacing of cabins is closer than implied by the assumption of 7.5%
land occupancy.

The “base case” estimate of 315 cabins and 1574 MWh s an overestimate only if the project
does not fully occupy the allocated land (i.e. BESS cabin density is less than the 7.5% assumed), but
this would be contrary to advice from the developer in meetings with local Councillors.

It is also an overestimate if the single cabin storage capacity is less than 5 MWh. This is unlikely

because it is estimated from a BESS cabin still incompletely populated.

These estimates are summarised in the following Table.

Table 3. Estimates of electrical stored energy under various assumptions at Sunnica.
Note: “1 kiloton TNT” is equivalent to 1.163 GWh. “One Beirut” is equivalent to 580 MWh.

No. of

Compound Area cabins Energy storage capacity Comments
atarea
density
of 7.5%
i : 2
( S'”g'eb?atl"”()j 170503“ 2 1 5 MWh 10 MWh Per cabin
(per cabin land) m assumptions
Sunnica East A 5.23 ha 52 260 MWh 520 MWh
) h h Per compound
Sunnica East B 15.6 ha 156 780 MWh 1560 MW estimates of stored
Sunnica West A 10.7 ha 107 535 MWh 1070 MWh energy
Whole Scheme  31.5 ha 315 1575 MWh 3150 MWh sformd
electrochemical
1.575 GWh 3.150 MWh energy only.
1.36 kilotons  2.71 kilotons
Does not include
2.72 544 chemical energy
“Beiruts” “Beiruts”
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Appendix 2: Applicability of the COMAH Regulations to large-scale BESS

The COMAH regulations (2015): COMAH regulates establishments with quantities of dangerous
substances (categorised as toxic, flammable or environmentally damaging) that are present above
defined thresholds. The substances do not need to be present in normal operation. If dangerous
substances could be generated “if control of the process is lost”, the likely quantity generated
thereby must be considered. If the mass of dangerous substances that could be generated in loss
of control exceeds the COMAH thresholds, the Regulations apply.

There are two “tiers” to COMAH, the “upper tier” imposing more stringent controls. Thresholds
of hazardous substances are listed with thresholds for both tiers.

The regulations specify aggregation rules when more than one substance in a hazard category
(e.g. flammables) may be present; even if all such substance are below the COMAH thresholds,
others in the same hazard category must be quantified and the proportions of the threshold
aggregated. If the total exceeds one, the establishment is subject to COMAH. It is also clear that the
inventories of all “installations” — including pipework — must be considered as a whole.

Extracts from COMAH Regulations [26] 2(1) (definitions):

“establishment” means the whole location under the control of an operator where a dangerous substance
Is present in one or more installations, including common or related infrastructures or activities, in a quantity
equal to or in excess of the quantity listed in the entry for that substance in column 2 of Part 1 or in column 2
of Part 2 of Schedule 1, where applicable using the rule laid down in note 4 in Part 3 of that Schedule;

“presence of a dangerous substance” means the actual or an ticipated presence of a dangerous substance
in an establishment, or of a dangerous substance which it is reasonable to foresee may be generated during
loss of control of the processes, including storage activities, in any installation within the establishment, in a
quantity equal to or in excess of the qualifying quantity listed in the entry for that substance in column 2 of
Part 1 or in column 2 of Part 2 of Schedule 1, and “where g dangerous substance is present” is to be
construed accordingly;

Application to grid-scale BESS: The Regulations refer to “a dangerous substance which it is
reasonable to foresee may be generated during loss of control of the processes”. Both Flammable
Gases (P2) and Acute Toxics (H1 and H2) are certainly “reasonable to foresee” in thermal runaway
incidents which are now well-documented. The evolution of regulated, named and categorised
hazardous substances from Li-ion battery cells in thermal runaway is also well-documented. A
“worst credible accident” would have to consider that the entire inventory of Li-ion cells would be
destroyed in a single BESS cabin at least. Cabin-to-cabin propagation should also be considered.

The Regulations apply to the entire “establishment”, controlled by a single operator. Whilst the
individual BESS compounds at Sunnica might be regarded as separate establishments, it is less
reasonable that individual BESS cabins should be regarded as separate “establishments”. They are
separate “installations” but “establishment” means the entire area under control of an “operator”.

Only if the most stringent safeguards were in place to ensure that the disastrous consequences
of cabin-to-cabin propagation of “battery fires” could not conceivably occur, could it be argued that
dangerous substances, exceeding the COMAH thresholds in quantity, were not “reasonable to
foresee [being] generated during loss of control of the process”.

We believe the COMAH regulations apply to BESS and that the approach of HSE is wrong in law.

Dangerous substances “reasonable to foresee ... generated during loss of control of the
processes”: The literature and known experience of BESS accidents is clear that dangerous
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substances in the hazard categories H1 and H2 (Acute Toxic) and P2 (Flammable Gases) are
foreseeable in the event of thermal runaway accidents. One of the Flammable Gases is Hydrogen,
which is a “Named Dangerous Substance” in Part 2 of Schedule 1 of the COMAH Regulations 2015.
Lower thresholds are specified for Hydrogen than for other P2 Inflammable Gases.

It remains therefore to consider the quantities of dangerous substances which could be
generated if “control of the process is lost” in a thermal runaway incident. Published literature
sources quantify evolution of flammable gases from tests of various Li-ion cells in sealed vessels.
Open “fire tests” quantify the evolution of toxic gases particularly Hydrogen Fluoride. Many other
test results exist in the records of specialist test laboratories, but here we rely upon two primary
published sources.

Golubkov et al. (2014) [13] report quantities of evolved inflammables from Li-ion cells of three
different electrode chemistries in thermal runaway situations. The proportion of Hydrogen (H,),
Methane (CHa), Ethylene (C2H4) and Carbon Monoxide (CO) does not in fact vary greatly between
different types of Li-ion cell, reflecting an underlying inventory of hydro-carbon material (plastics,
electrolyte solvents etc) that remain similar in all Li-ion technologies. This is consistent with DNV/GL
test data cited in the Hill/DNV report [8]. The quantitative estimates here are taken from results
derived from cells with Nickel-Manganese-Cobalt (NMC) electrodes, as used in the McMicken BESS.
It was not possible in the apparatus of Golubkov et al. to determine the concentrations of HF
evolved.

Larsson et al. [11] report evolved quantities of Hydrogen Fluoride (HF) from Li-ion cells in open
“fire tests”, and also the Total Heat Released (THR) from combustion of the inflammables. Again
these vary between cell technologies and “form factors”, especially whether the cells have an outer
metal cannister or are in the “pouch” format. Quantities between 20 — 200 mg / Wh are reported.
The worst case figure is used in the following estimates; the lowest evolution reported for “pouch”
cells was 43 mg/Wh.

Both sources report evolved gas quantities on a per Wh basis. We scale these to a Li-ion BESS
cell size on the basis of stored energy since this will be roughly proportional to the electrolyte
solvents and other polymer materials in the cell. Scaling on a per mass basis would be preferable,
but this would require further information on the exact composition of the cells in the literature
tests, and indeed those for the BESS in question. During the McMicken investigation, the cell
manufacturers refused to release such data.

H1 and H2 Acute Toxics. The applicability of COMAH is easiest to determine in respect of Hydrogen
Fluoride (HF). This has a dual hazard classification [12] as H1 Acute Toxic (skin exposure) and H2
Acute Toxic (inhalation) and both exposure routes would apply to the general public nearby. The
lower tier COMAH threshold for H1 Acute Toxics is 5 tonnes [27]; using the upper estimate of 200
mg/Wh from Larsson, the BESS capacity at which a BESS enters the scope of COMAH (lower tier) is
25 MWh,

This is far below the projected storage capacities given in Table 3 (Appendix 1). With high
storage capacity cabins (of e.g. 12.5 MWh), it would require propagation of a fire from just one
cabin to a second, to generate HF above the COMAH threshold. It is not necessary to foresee a
major conflagration involving multiple cabin-to-cabin propagation to bring the establishment within
scope of COMAH,; just two cabins would suffice. If 25 MWh were stored in a single large cabin, the
question of cabin-to-cabin propagation is irrelevant.
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The upper tier for “H1 Acute Toxics” is entered at four times higher capacity (100 MWh), which
is well below the estimated capacity of Cleve Hill, and is also below each of the three Sunnica BESS
compounds individually.

Even on the lowest evolution figure of 43 mg/Wh reported by Larsson et al. for “pouch” cells,
the lower tier of COMAH is entered at a storage capacity of 120 MWh, again well within the “low
case” capacity of each of the Sunnica BESS compounds, and Cleve Hill.

There is little doubt that either the lower or upper tier of COMAH is applicable to Cleve Hill and
all three of the Sunnica BESS compounds, on the basis of “H1 Acute Toxics” (HF, skin route) alone.

Carbon Monoxide (CO) is categorised as an H2 Acute Toxic as well as a P2 Inflammable Gas, and
will also be evolved, but in application of the aggregation rule its presence does not materially alter
these conclusions. It is sufficient to consider HF alone.

P2 inflammable Gases. Assessing applicability of COMAH on the basis of inflammable gases is more
complicated because of the evolution of Hydrogen (Hz), Methane (CHa), Ethylene (CyH4) and Carbon
Monoxide (CO) in significant quantities, and because Hydrogen is a “named dangerous substance”
for which different COMAH thresholds apply. These must be taken into account when applying the
Aggregation Rule. Although proportions are generally similar, quantities do depend on the different
electrode chemistries in the different Li-ion cell types.

Taking the largest evolutions reported by Golubkov et al. [13] for the LCO/NMC electrode type
tested by them these are equivalent to 335 mg/Wh of P2 inflammables. For the NMC cells tested
(the McMicken cells were NMC) the evolution was 214 mg/Wh. Taking the higher figure and
applying the aggregation rule, grid-scale BESS enter the lower tier of COMAH at about 30 MWh
capacity. Taking the lower figure, they enter the lower tier at 45 MWh capacity.

Hence there is little doubt that grid-scale BESS are lower tier COMAH establishments on the
basis of “P2 Inflammable Gases” at storage capacities between 30 — 45 MWh.

Because of the variability between cell types, and the difficulty of scaling laboratory tests to
actual BESS cells without detailed composition data, there is room for adjustment. However the
calculated estimates of the thresholds for applicability of COMAH are so far below the projected
capacities that it is inconceivable that the Cleve Hill and Sunnica BESS compounds would not be
COMAH establishments, in lower tier at the very least, and probably the upper tier also.

Conclusion: Grid-scale Li-ion BESS should be considered COMAH establishments in the lower tier on
the basis of “H1 Acute Toxics” (HF) alone, at energy storage capacities in the region of 25 MWh.
Upper tier would apply at about 100 MWh. They should be lower-tier COMAH establishments on
the basis of “P2 inflammable gases” alone, at storage capacities between 30 - 45 MWh. Again
larger establishments could become upper tier COMAH. Laboratory closed vessel and fire tests on
actual Li-ion BESS cells proposed to be deployed would be required to refine these estimates
definitively.

It is difficult to see how these conclusions could be avoided if tested in litigation.
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Appendix 3: Shortcomings of Existing Engineering Standards for Li-ion BESS

The July 2020 report for the Arizona Public Service by Dr D Hill [8] provides a comprehensive
discussion of existing engineering standards relating to BESS, and how they are inadequate to
address the known hazards of “thermal runaway” incidents in Li-ion BESS. This was the failure
mode leading to the explosion at McMicken, Arizona.

Unfortunately, when the UK’s first “mega-scale” solar plant and battery storage site was granted
approval in May 2020, this paper had not been published. The Cleve Hill solar developers cited one
standard, UL 9540A [3]. This is also cited by some insurance and risk consultants [20].

It is important to be clear that nothing in UL 9540A addresses thermal runaway, and as a test
method standard, it can provide no “safety certification” for Li-ion BESS.

Specific criticisms made in the Hill/DNV report include the following:

1. UL 1973 allows for the complete destruction of a BESS and the creation of an explosive
atmosphere so long as no explosion or external flame is observed. An installation can do all
these things but still “pass” UL 1973. At McMicken one rack was completely destroyed and an
explosive atmosphere created but no flame or explosion occurred until first-responders opened
the cabin door.

2. UL9540A is merely a test method for generating data. It does not define any “pass/fail” criteria
for interpreting results. Specifically, it does not address cell-to-cell cascading in thermal
runaway, nor the evolution of a potentially explosive atmosphere. It does not even prescribe
that the cell-to-cell cascading rate be measured.

It allows that thermal runaway may proceed to an entire rack (as at McMicken) and offers
testing of fire suppression systems (which operated correctly at McMicken but cannot prevent
thermal runaway, and did not prevent an explosion).

Presentation of data generated under UL 9540A to an “AHJ” (Authority Having Jurisdiction) does
not translate to a succinct understanding of potential risks.

3. NFPA 855 [21] does require evaluation of thermal runaway in a single module, array or unit and
does acknowledge the need for thermal runaway protection. However, it assigns that role to
the Battery Management System (BMS). Yet thermal runaway is an electrochemical reaction
that once started cannot be stopped electrically. It is uncontrollable by electronics or
switchgear, only by water cooling.

The evolution of engineering and safety standards has not yet incorporated the lessons of
experience arising from the McMicken explosion [8] or explosion incidents in the UK like the
Liverpool explosion and fire of 15 September 2020 [1]. Compliance with existing standards does
not prevent such incidents happening again.

Articles in the industry press® do now recognise and discuss the problem of thermal runaway
but make proposals such as: “If off-gases can be detected and batteries shut down before thermal

runaway can begin, it is possible that fire danger can be averted' .

Such statements betray a dangerous misunderstanding. Batteries cannot be “shut down”,
except by complete discharge, which cannot be done quickly. Taking cells “out of circuit” is useless;
thermal breakdown and runaway will still occur.

s https://www.energy—storage.news/blogs/preventing-thermal-runaway—in-lithium-ion-energy-storage—systems
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Appendix 4 — Fire Safety Planning requirements in the Local Authorities’ Joint Response to the
Sunnica statutory consultation

This Appendix deals point by point with the BESS requirements in the Local Authority response (text
in blue) pp 74 — 75.

Sunnica should produce a risk reduction strategy as the responsible person for the scheme as stated in the
Regulatory Reform (Fire Safety) Order 2005. It is expected that safety measures and risk mitigation is
developed in collaboration with services across both counties.

The Local Authorities require that the Fire Services work with Sunnica to prepare fire safety and risk
mitigation measures. The Cambridgeshire and Suffolk Fire Services are therefore the only public
bodies with independent oversight of BESS safety.

The use of batteries (including lithium-ion) as Energy Storage Systems (ESS) is a relatively new practice in the
global renewable energy sector. As with all new and emerging practices within UK industry, the SFRS would
like to work with the developers to better understand any risks that may be posed and develop strategies
and procedures to mitigate these risks.

This paper is provided as input to this process, which appears to be insufficiently understood.

The promoter must ensure the risk of fire is minimised by:
e Procuring components and using construction techniques which comply with all relevant legislation.

This overlooks the points made in this paper that (i) existing legislation is being ignored by the
statutory regulatory body, the HSE (i) no adequate engineering standards exist to exercise
Prevention measures over what is by now a very well-known hazard, viz. thermal runaway. Public
Health and Safety cannot be assured whilst either of these situations continues.

e Developing an emergency response plan with both counties fire services to minimise the impact of
an incident during construction, operation and decommissioning of the facility.

e Ensuring the BESS is located away from residential areas. Prevailing wind directions should be
factored into the location of the BESS to minimise the impact of a fire involving lithium-ion batteries
due to the toxic fumes produced.

This is impossible to satisfy. All the BESS compounds in the Sunnica proposal are sufficiently close to
residential areas to present a major danger of toxic fumes in the event of an accident. Plume
dispersal modelling should be performed to ensure that concentrations of HF cannot exceed
dangerous thresholds in the event of the worst credible accident in a BESS compound.

e The emergency response plan should include details of the hazards associated with lithium-ion
batteries, isolation of electrical sources to enable firefighting activities, measures to extinguish or
cool batteries involved in fire, management of toxic or flammable gases, minimise the environmental
impact of an incident, containment of fire water run-off, handling and responsibility for disposal of
damaged batteries, establishment of regular onsite training exercises.

This requirement is very broad but insufficiently detailed. Means of cooling would require water
volumes many times in excess of those requested. Management of inflammable gases is best
addressed by venting, but that exacerbates the hazard of toxic gas plumes. Large water volumes
may lead to unrealistic or impossible requirements for the containment, and subsequent disposal,
of the contaminated water resulting from the fire-fighting activity. Other sections of this paper
address these points.

e The emergency response plan should be maintained and regularly reviewed by Sunnica and any
material changes notified to SFRS and CFRS.
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* Environmental impact should include the prevention of ground contamination, water course
pollution, and the release of toxic gases.

Preventing the release of toxic gases is all but impossible. A thermal runaway event WILL release
toxic gases. If inflammables are vented to avoid /mitigate explosion risk, toxic gases WILL be
vented. Ground contamination and water course pollution is almost certain to occur if sufficient
water to control a major thermal runaway event is deployed. It will pose a significant challenge to
contain, and safely dispose of, such large volumes of contaminated fire water.

The BESS facilities should be designed to provide:

» Automatic fire detection and suppression systems. Various types of suppression systems are
available, but the Service’s preferred system would be a water drenching system as fires involving
Lithium-ion batteries have the potential for thermal runaway.

This is a correct precaution, but no specification is made of likely water volume requirements, nor
for a “dry pipe” system allowing water to be deployed without cabin entry. We provide some water
estimates elsewhere in this paper.

Other systems, such as inert gas, would be less effective in preventing reignition.

This is also a correct insight. The so-called “clean-agent” fire suppression system at McMicken was
triggered correctly, but was useless to control thermal runaway. Moreover the stratified
atmosphere created allowed the build-up of inflammables to a dangerous level, before the
explosion occurred.

¢ Redundancy in the design to provide multiple layers of protection.
¢ Design measures to contain and restrict the spread of fire through the use of fire-resistant materials,
and adequate separation between elements of the BESS.

This comment only vaguely considers the true essentials. The “elements of the BESS” could be:
cells, modules, racks, strings, and the entire system. As discussed in the Hill/DNV report what is
required is for the industry as a whole to accept that thermal runaway in an unacceptable hazard,
and demand engineering standards that Prevent thermal runaway by design, or if it occurs, Prevent
its cascade or escalation to larger system elements. This requires

a. Thermal barriers (i.e. Low thermal conductivity barriers, not merely refractory barriers,
ideally with water cooling, between all cells, so that propagation from cell to cell cannot
oceur. This is precisely the requirement the industry has so far NOT made in the
development of its engineering standards.
Separation of modules by similar barriers to Prevent module-to-module cascade.
Separation of Racks to prevent rack-to-rack cascade, even with ejection of molten metals.
d. Spacing of BESS cabins such that even with “75 foot flame lengths” cabin to cabin escalation
is impossible. This is probably the most critical of all, since cabin-to-cabin escalation could
turn a major fire incident into an unprecedented catastrophe, on the scale of the Beirut
explosion or a small nuclear weapon.

o

e Provide adequate thermal barriers between switch gear and batteries,

¢ Install adequate ventilation or an air conditioning system to control the temperature. Ventilation is
important since batteries will continue to generate flammable gas as long as they are hot. Also,
carbon monoxide will be generated until the batteries are completely cooled through to their core.

This comment is very strange. There is no possibility whatsoever that air conditioning could be
adequate “to control the temperature”. The importance of ventilation is however recognised, as is
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the generation of carbon monoxide (toxic as well as inflammable). However the generation of
Hydrogen Fluoride will also continue until the batteries are “completely cooled” and HF (H1 Acute
Toxic by skin exposure) is much more toxic than CO (H2 Acute Toxic).

» Install a very early warning fire detection system, such as aspirating smoke detection.
The “very early warning” fire detection system required should be thermocouples to report
continuously on the local temperature at every cell in the entire system. A single cell overheating
can escalate via thermal runaway. By the time smoke is generated, this will be a “very late”, rather
than “very early” detection system. Just as thermal runaway events do not necessarily generate
flame, neither do they necessarily generate smoke, until nearby combustibles are ignited.

e Install carbon monoxide (CO) detection within the BESS containers.

This is a good straightforward measure, but detectors for other gases expected (HF, H,, CH4) could
equally well serve and multiple gas detection would provides additional security.

» Install sprinkler protection within BESS containers. The sprinkler system should be designed to
adequately contain and extinguish a fire.

The excellent record of sprinkler systems in ordinary building fires shows they would help contain
fire in regular combustible parts of the structure. However as discussed earlier in this paper, a
mere sprinkler system would be useless to contain thermal runaway. Much larger water quantities
would be needed.

e Ensure that sufficient water is available for manual firefighting. An external fire hydrant should be
located in close proximity of the BESS containers. The water supply should be able to provide a
minimum of 1,900 |/min for at least 2 hours. Further hydrants should be strategically located across
the development. These should be tested and regularly serviced by the operator.

As discussed elsewhere, we believe these water requirements to be under-specified by a factor of
100, based on real experience with BEV fires. “Strategic location” is inadequate. Every single BESS
cabin (potentially up to 150 of these at Sunnica East B alone) should have such a hydrant.

We remark elsewhere on the recommendation made by Hill/DNV for a “dry pipe” system to deploy
water drenching inside via external connections, without cabin entry being needed.

» A safe access route for fire appliances to manoeuvre within the site (including turning circles). An
alternative access point and approach route should be provided and maintained to enable
appliances to approach from an up wind direction. Please note that SFRS requires a minimum
carrying capacity for hardstanding for pumping/high reach appliances of 15/26 tennes, not 12.5
tonnes as detailed in the Building Regulations 2000 Approved Document B, 2006 Edition, due to the
specification of our appliances.

The requirement for safe access routes and space for appliances to manoeuvre could usefully be
expanded into requirements for safe spacing of BESS cabins and thermal or flame barriers between

cabins, to Prevent the “disaster scenario” of cabin-to-cabin propagation.

Final Comment: (over)
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