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WHO WE ARE

We are an independent international
consulting engineers leading the way
In sustainable development and
innovation since 1881.
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BESS* is quite a "hot topic" in the energy transition

Outline of this presentation
Results from our study on ESS technologies
Structure of a BESS Station
EU Regulation Concerning BESS
Hazard Identification & Mitigation Analysis
Safety Barriers for BESS

Key Takeaways

Q&A
Source: Orchid Power Plant energy
storage battery short circuit fire | Joint AV
*BESS: Battery Energy Storage System (udn.com)
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https://video.udn.com/news/1280472
https://video.udn.com/news/1280472
https://video.udn.com/news/1280472

L AR
Results from our study on ESS technologies

Project by RHDHYV for NL ministry 1&W

Analysis I: Technique Feasibility of various (developing) BESS technologies for the Netherlands

Analysis IlI: Safety Applicable safety studies and identification of relevant hazards and safety barriers

Analysis lll: Relevant regulation Overview of the governing regulations for BESS in NL & EU

Longlist of ESS Technologies Currently in Development

* Li-ion LPF * Molten sodium * Hydrogen

e Li-ion NMC * Na-ion « Compressed Air (CAES)
* Solid state Li-ion « Al-ion « Liquid Air (LAES)

* Solid state Na-ion * lron oxide * Flywheel

* Vanadium redox flow * Ni-Cd + Saltwater

* Zn-Br redox flow * Ni-MH + etc.

Report is available at kamerbrief "Voortgang strategische aanpak batterijen 2023"
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https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2023Z20963&did=2023D51445

ESS Techniques having High Technical Feasibility

BESS technology BESS type * Feasibility based on technical analysis:
Solar & wind parks

1.
Li-ion Cell based 1,2,3,4,5 Commercially dominant 2. (Existing) Industrial terrain
Molten sodium Cell based 1,2,3,4 Commercial pilots available 3. Terminal Port
4. Residential
Na-ion Cell based 1,2,3 Commercial pilots available 5. Residential in-building
Hydrogen Electrolysis 1,2,3 Commercial pilots available
Vanadium Redox Redox flow 1,2,3 Commercial pilots available
Zi-Br Redox Redox flow 1,2,3 Commercial pilots available
Solid state Cell based 1,2,3,4,5 Research & laboratory scale
Iron oxide Redox flow 1 Research & laboratory scale

Report is available at kamerbrief "Voortgang strategische aanpak batterijen 2023"
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https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2023Z20963&did=2023D51445

The outlook for battery chemistries

m Lithium-iron phosphate (LFP) has become the technology of choice

m Significant growth is expected for LFP batteries due to advantages over other technologies:

= Higher thermal stability
Figure 2.17 = Battery storage capacity additions in GWh by cathode
m LOWGr costs chemistry, 2019-2023, and 2030 in the STEPS
) . < 400 - S —— .
= Higher cycle lives 5 S s
mLFP
300 =+ m Low-nickel
m High-nickel
m Sodium-ion is the second choice, and 200
shares many similarities with Li-ion
100
2019 2020 2021 2022 2023 2030
STEPS
IEA. CC BY 4.0.
LFP is set to continue to dominate the battery storage market,
with sodium-ion starting to make inroads towards 2030
Note: LFP = lithium-iron phosphate.

Source: IEA report “Batteries and Secure Energy Transitions” Other: redox flow, iron air, etc.
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BESS Stations — what they can look like in practice
m Capacities ranging from kwWh to MWh

!Y'H]WM-NNNHIIH--M'

= Mostly modular set-up 7 RN~

¥ *n \‘w"A

m For large capacities standard commercial
container footprints are mostly used

Battery Pack

Battery Module

Source(s): Google search results on Moss landing energy storage
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BESS Station — its functional structure and ownership

BESS
Station

Battery Producer
& BESS Supplier Pack 1 Pack 2 Pack xx

Inverters

Module 1 Module 2 Module xx

Battery Producer
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Examples of BESS incidents

TR

Source: “Tesla battery on fire at Bouldercombe energy storage site, Genex

confirms”

Source: "Crews battle Tesla battery fire at Moorabool, near Geelong" Source: Carnegie road energy storage system failure response, recovery, and
rebuild lessons learned, EPRI White Paper
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https://www.abc.net.au/news/2021-07-30/tesla-battery-fire-moorabool-geelong/100337488?utm_campaign=abc_news_web&utm_content=link&utm_medium=content_shared&utm_source=abc_news_web
https://www.abc.net.au/news/2023-09-27/tesla-battery-fire-at-queensland-renewable-energy-project/102905302?utm_campaign=abc_news_web&utm_content=link&utm_medium=content_shared&utm_source=abc_news_web
https://www.abc.net.au/news/2023-09-27/tesla-battery-fire-at-queensland-renewable-energy-project/102905302?utm_campaign=abc_news_web&utm_content=link&utm_medium=content_shared&utm_source=abc_news_web
https://www.bing.com/ck/a?!&&p=872055d236894997JmltdHM9MTcxNTIxMjgwMCZpZ3VpZD0xZjViMGYyOC0wODUzLTZmNWEtMDFkZS0xY2U1MDlmOTZlNWUmaW5zaWQ9NTIyNQ&ptn=3&ver=2&hsh=3&fclid=1f5b0f28-0853-6f5a-01de-1ce509f96e5e&psq=BESS+fire+carnige+road&u=a1aHR0cHM6Ly9yZXN0c2VydmljZS5lcHJpLmNvbS9wdWJsaWNkb3dubG9hZC8wMDAwMDAwMDMwMDIwMjYzOTYvMC9Qcm9kdWN0&ntb=1
https://www.bing.com/ck/a?!&&p=872055d236894997JmltdHM9MTcxNTIxMjgwMCZpZ3VpZD0xZjViMGYyOC0wODUzLTZmNWEtMDFkZS0xY2U1MDlmOTZlNWUmaW5zaWQ9NTIyNQ&ptn=3&ver=2&hsh=3&fclid=1f5b0f28-0853-6f5a-01de-1ce509f96e5e&psq=BESS+fire+carnige+road&u=a1aHR0cHM6Ly9yZXN0c2VydmljZS5lcHJpLmNvbS9wdWJsaWNkb3dubG9hZC8wMDAwMDAwMDMwMDIwMjYzOTYvMC9Qcm9kdWN0&ntb=1

L AR
European Battery Regulation (EU) 2023/1542

“Stationary battery energy storage systems placed on the market or put into service
shall be safe during their normal operation and use.”

A technical documentation shall be developed for BESS: Examples of specified Safety Parameters:

I. DemonStl’atlon Of Compllance Vla SUCCGSSfUl teStlng = External/ internal short circuit protection

for specified safety parameters (incl. possible extra). - Over-(dis)charge protection

II.  Include evidence of successful mitigation and testing

= Thermal propagation protection
of such hazards.

. . . i . = Mechanical damage
IIl.  Include mitigation instructions in case of such hazards

. . = Thermal abuse
(e.g. fire or explosion).

= Fire test

= Emission of gases

Currently, not a single standard covers all the safety tests

Source: REGULATION (EU) 2023/1542 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 12 July 2023
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Safety Standards Currently Available for BESS

Examples of existing standards (applicable for Lithium-ion BESS):

= |EC 62619

= |EC 63056

u UL 954OA JRCTECI-NM

- UL 1973 Overview of battery safety tests
= UL 1642 in standards for stationary battery
[ GB 40165 energy storage systems

= GB 40165

= VDE-AR-E 2510-50

Standards exist for every test, required in the EU Battery
Regulation 2023/1542, but they have significant differences.

These differences can have an impact on the outcome
of the test when following different standards.

Source: Overview of battery safety tests in standards for stationary battery energy storage systems
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L ARSI
“The process safety problem”

There has been progress in achieving inherently safer processes, based on the experience
with existing materials, equipment, and processes over the past years.

But with new concepts, designs, and materials, building-up experience may have to start
all over.

Identifying potential hazards

Defining scenarios for potential hazards Determining

Determining the severity of possible damage consequences
Determiningdelikelinood eipoessible Scenarnos

Safety

Source: Pasman, H., Sripaul, E., Khan, F., & Fabiano, B. (2023). Energy transition technology comes with new process safety challenges and risks. Process Safety and
Environmental Protection, 177, 765-794.
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Which existing analysis methods can be suitable for BESS?

The process safety toolbox contains numerous techniques.
Common examples:

Qualitative Semi-Qualitative | Quantitative

HAZID LOPA QRA
SWIFT SIL Event tree
HAZOP Fault tree
FMEA

Bowtie

FEHA

Event tree Fault tree

Factors that influence the choice of suitable methods:

» Type & contents of the system

» Complexity of the system & processes

» Existing regulatory frameworks & prescriptive requirements

Source: Mulder, Nico, et al., eds. Hanboek Procesveiligheid. Kerkebosch, 2022.
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Hazard Mitigation Analysis Methods

m  As process safety professionals, we should not only look at the batteries, but at the

whole installation. The suitable analysis techniques are:

Applicability as described in guidance books

Useful to determine “the location, size, and duration of potential
FEHA fires [and explosions], and is based upon the fire protection
philosophy/strategy, preliminary plot plan”, etc.

"useful in identifying root causes of a major hazard that has
Faulttree  already been identified and which would occur under quite
complex conditions"

"is well suited to the analysis of complex processes having several
Eventtree layers of safety systems in places to respond to a specific
initiating event”

"are a visual representation for a hazardous event of the sequence

BowTie AR N
form initiating causes to a range of consequences
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BowTie Diagram - Generic Set-up

m
Threat 1 i

Prevention barrier

i Consequence 1

Mitigation barrier

l
Threat 2 H

Prevention barrier Mitigation barrier

S N

l

H Consequence 2

Degradation Factor

Degradation Factor

Degradation control Degradation control

-1
[0

Fault tree Event tree
- o < -
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Thermal Runaway vs. Fire

battery module

[ Thermal Runaway off-gas from a ] { Fire in a battery module J

Source(s): Videos from battery fire test at RISE research institute
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Primary LOC, threats and consequences for Li-ion BESS

Failure of battery cells due to defects \

 Failure of other elements (not batteries) |
\ due to defects I ——

Thermal Runaway
Thermal, mechanical, electrical abuse — |

NV

T

e \/
Environmental & external hazards

Prevention
Barriers
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/[ Emission of flammable gas from batteries

/v[ Fire in batteries (module / pack / system)
_—1

~\

J

Vapor cloud explosion

\[ Emission of hazardous gases

Mitigation
Barriers
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Fire Safety Objectives Flowchart

Fire safety
objective(s)

Prevention barriers

Mitigation barriers

oo L : |
| Prevent fire | Manage fire

I ignition i impact

| 5 |

| T | @

— I T :
| Control Control

|| heat-energy || source-fuel C?Jg:ol Manage fire gf(agzgﬁ

i source(s) interactions P

Source: NFPA 550 Guide to the Fire Safety Concepts Tree

Control
combustion
process

Suppress
fire

Control fire by
construction

Limit amount
exposed

Safeguard
exposed
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BESS Fire Management Flowchart SIS O]

Emergency Response Organisation

Manage fire
Y
A 4 \ 4
Control the ovement
environment ire
: v System-level
acings| | Gontrol physical 4 v y
ng properties of the - — mostly out of
A, environment Firefighting i
55, (NFPA 855) ventilation 4df the scope of
) (HMA) 855) Tests
‘x\ /
ss fire
Y
Manually
suppress fire
h 4 Y ¥ ¥
unicate Decide action Respond to site Apply suﬂicietnt
nal (HMA) (HMA) 5”?&’&3\5)3"

Source: NFPA 855 Standard for the Installation of Stationary Energy Storage Systems
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Key Takeaways

21

BESS are here to stay, but pose inherent risks of fire incidents
Need for adopting a system approach for assessment of BESS settings Joved

Current test standards mostly do not address the whole BESS, but rather stop /
at battery module or battery pack level

Current test standards mostly do not include system level barriers
such as a fire suppression or ventilation system

Hazard ldentification and Mitigation Analysis BESS
should not only be based on BESS parameters, Parameters
but should consider the whole installation

Need for uniformity in methods for analysis and assessment

FEHA, Bowtie, Fault-tree & Event-tree as suitable methods e e T
Managing a potential BESS fire is not entirely up to the

BESS designer/ supplier or BESS owner
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Q&A

Thank you for your attention!

For more information please contact:

Mohammad Seyfi, MSc., CFPS
Industrial Fire Safety Consultant

T. 0031657037090
E: mohammad.seyfi@rhdhv.com
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