April 25, 2024

Killingly Town Council

Mr. Jason Anderson, Chairman,

Thank you for the opportunity to submit the enclosed documentation.

The enclosed document begins with pages numbered A through L. | have highlighted some of the more
important statements therein. The page numbers refer to the first presentation by Wyndham energy
Center Shown on the Killingly website. They may come in useful as you deliberate a contract with them.

Pages 1 through 65 that follows the above are from an article on the Internet written by Sustainable
Energy Research . | have highlighted areas that | feel are most important to read and understand. Each
page has important information about battery storage projects some of which describe the good the bad
and the ugly . Those pages are two, three, four, five, six, eight, nine, 10, 11, 22, 23, 24, 26, 27, 28, 29, 30,
31, 32, 35, 43, 47, 52, 60 and 61. Take particular note on pages 23, 24, 26, 27, that describes how people
can get seriously injured and killed when things go wrong.

There are many more articles on the Internet that describe the battery installations around the world
most important information battery systems seem to be still in the developmental stage of their
evolution. It causes one to pause and | recommend that the town of Killingly proceed with due diligence
and caution before proceeding with such a project. Given the hazard involved in these installations the
proposed battery installation in a residential area would seem to be most inadvisable. It would seem that
a project of this nature should be isolated and away from where potential Harm could take place when
things go wrong. It is my personal opinion the location proposed in a residential neighborhood is plain
wrong for Killingly.

Attachment A of my presentation is information about a company called Key Capture that is building
battery units across the state of Connecticut including a location potentially in Willington wherein they
have a application into the siting Council | encourage the Town Council to reach out to them as part of

the due diligence process.

My additional concern is that on the siting Council website NTE is still listed as a developer for the same
site proposed by Wyndham energy Center. How could they be utilizing that site if they are in fact
separate from not part of what was formally called NTE. -

| encourage you and the Town Council to proceed slowly and do the due diligence necessary to protect
taxpayers of this community before moving on and making commitments with Wyndham energy Center.

Thank you for your consideration, y

sincerely% /

John R LaBelle, Archiféct Emeritus

860-460-4567
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Windham energy Center

March 26, 2024

{page references are to the Wyndham energy Center presentation dated March 2024 posted on the Killingly website)
Page 1

This project C_onsists of A320 MW project on 20 acres of the 62 parcels of land on Lake Road.. Project team has five
years. Experieqce Developing These Projects

Connecticut Gen. statutes requires the input from the local community,

20 acresto be developed out ofa 62 parcel ofland on Lake Road. The Kitlingly energy option selected requires removal
of a significant number of trees, This impacts storm water absorbency and runoff. Will there be anyone off from the

site?
Who has determined the need for this project and who pays for the electricity that goes into the loading of the
batteries. Documentation?

Alternate sites ~ who did the engineering studies?

PAGE1 1.0 nTRobUCTION
WINDHAN ENERGY CTR; OWNED BY Sy RENEWABLES; OWNED & CONTROLLED BY SUNFLOWERUS L. P.

SUNFLOWER US L. P. HAS ONLY 5 YRS PREVIOUS EXPERIENGE IN THE UNITED STATES!
VITIS PROVIDING DEVELOPMENT SERVICES 100MYRS EXPERIENCE COUNTING ALL PERSONNEL

Page 2- Who has determined the need for this project and who pays for the electricity that goes into the loading of the

batteries.

PAGE2 CHARGE OFF PEAK DISCHARGE PEAK
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Page 3 -whoare the stakeholders? Whathappens to the displaced housing? What is the power demand initially and ongoing?
How will that affect existing industrial plant and community power demands? Where does the offsetting power though during
peak demand

PAGE 3  1.3.2 (2 FULL PARAGRAPH )
1.3.2CONTINUED;  “RESEARCH IDENTIFIEDTOK POCD 2020-2030WHICH DETAILEDKILLINGLY'S INTERESTTO
CONTINUE TO SUPPORT GROWTH OF ITS DESIGNATED COMMERCIAL AND INDUSTRIAL AREAS” '
COMMENT: POCD DID SUPPORT GROWTH OF COMMCERCIL & INDUSTRIAL AREAS , BUT NOTIN THE AREA OF THIS

“ENABLING GROWTH WITHIN CURRENT INDUSTRIAL DEVELOPMENT SPACE”
COMMENT: THIS IS RURAL RESIDENTIAL {11111
WHEN THE TOWN PURSUED ADDITIONAL INDUSTRIAL SPACE, IT WAS IN OTHER AREAS OF TOWN

Page 4 - how was the Probability of success determined?What happens if it fails?

PAGE4 TABLE1 OPTION A: “WITHIN AN AREA DESIGNATED FOR INDUSTRIAL GROWTH”
COMMENT: THIS IS STILL DESIGNATED RURAL RESIDENTIAL??777?

Page 5 ~standalone system - explain how the battery management system functions. How does it know when to
draw power off the grid to charge batteries. Changing/discharge Who will coritrol site access?
PAGES 2.0

1STPARAGRAPH  “ASSUMPTIONS FOR THE EVERSOURCE SUB-STATION"
COMMENT; WHERE IS THE EVERSOURGCE SUB-STATION DESIGN. THIS IS ONE Project



2" PARAGRAPH “INTEGRATED COOLING SYSTEM”
COMMENT WHERE IS THE CONTAINMENT STRUCTURE FOR GLYCOL OVERFLOW SPILL??77?

LASTPARAGRAPH “ NO WASTE WATER DISCHARGE IS ANTICIPATED. NO OPERATIONS BUILDING
THAT WOULD REQUIRE DOMESTIC UTILITIES IS PLANNED”
COMMENT WHAT ABOUT REST ROOM FACILITIES??77?

2"°PARAGRAPH “INTEGRATED COOLING SYSTEM”
COMMENT WHERE IS THE CONTAINMENT STRUCTURE FOR GLYCOL OVERFLOW SPILL?77?

LAST PARAGRAPH “ NO WASTE WATER DISCHARGE IS ANTICIPATED. NO OPERATIONS BUILDING
THAT WOULD REQUIRE DOMESTIC UTILITIES IS PLANNED”
COMMENT WHAT ABOUT REST ROOM FACILITIES??27?2?

See Appendix A {P35)

liquid cooled batteries - where is the liquid to come from? Heat ¢

ejection? Fire and life safety first responder
requirements/training - who provides? Protocol in case of a fire?

Page 6 -3.1 Connecticut siting Council - references made to certain state st

atutes indicating the project is a ways
land-use wetlands and also stating the procedures are also outside the scope of town Jurisdiction, those statutes are
cited below:

(



=3.1 sec. 1 6-50g. Legislative finding and purpose. The legislature finds that power generating plants and transmission
lines for electricity and fuels, com munity antenna television towers and telecommunication towers have had a significant
impact on the environment and ecology of the state of Connecticut; and that continued operation and development of such
power plants, lines and towers, if not properly planned and controlled, could adversely affect the quality of the environment

and the ecological, scenic, historic and recreational values of the state. The purposes of this chapterare: To provide

forthe : he need foradequate and reliable public utility services at th

costto consumers with the need to protectthe environment and ecology of the state and to minimize

m t nic. historic, and recreational valu » to provide environmental lity standar n

Sec. 16-50i. Definitions. As used in this chapter:

" &



(2) “Facility” means: (1) An electric transmission line of a design capacity of sixty-nine kilovolts or more, including
associated equipment but not including a transmission line tap, as defined in subsection (e) of this section; (2) a fuel
transmission facility, except a gas transmission line having a design capability of less than two hundred pounds per square
inch gauge pressure or having a design capacity of less than twenty per cent of its specified minimum yield strength; 3)
any electric generating or storage facility usine an v fuel. including nuclear materials, including associated
equipment for furnishing electricity but not including an emergency generating device, as defined in subsection (f) of
this section or a facility (A) owned and operated by a private power producer, as defined in section 16-243b, (B) which
is a qualifying small power production facility or a qualifying cogeneration facility under the Public Utility Regulatory
Policies Act of 1978, as amended, ora facility determined by the council to be primarily for a producer's own use, and
(C) which has, in the case of a facility utilizing renewable energy sources, a generating capacity of one megawatt of
electricity or less and, in the case of 2 facility utilizing cogeneration technology, a generating capacity of twenty-five
megawatts of electricity or less; (4) any electric substation or switchyard designed to change or regulate the voltage of
electricity at sixty-nine kilovolts or more or to connect two or more electric circuits at such voltage, which substation or
switchyard may have a substantial adverse environmental effect, as determined by the council established under
section 16-50, and other facilities which may have a substantial adverse environmental effect as the council may, by
regulation, prescribe; (5) such community antenna television towers and head-end structures, including associated
equipment, which may have a substantial adverse environmental effect, as said council shall, by regulation, prescribe;
and (6) such telecommunication towers, including associated telecommunications equipment, owned or operated by the
state, a public service company or a certified telecommunications provider or used in a cellular system, as defined in the
Code of Federal Regulations Title 47, Part 22, as amended, which may have a substantial adverse environmental effect,
as said council shall, by regulation, prescribe;

Page 7 - verify in -land and a wetlandlocations

Sec. 16-50x. Exclusive jurisdiction of council;. Eminent domain after certification
exception. Municipal regulation of proposed location. (a) Notwithstanding any other provision

2



of the general statutes, except as provided in section 16-243, the council shall have
exclusive jurisdiction over the location and type of facilities and over the location and type of
modifications of facilities subject to the provisions of subsection (d) of this section. When
evaluating an application for a telecommunication tower within a particular municipality, the
council shall consider any location preferences or criteria (1) provided to the council pursuant
to section 16-50gg, or (2) that may exist in the zoning regulations of said municipality as of the
submission date of the application to the council. In ruting on applications for certificates or
petitions for a declaratory ruling for facilities and on requests for shared use of facilities, the
council shall give such consideration to other state laws and municipal regulations as it shall
deem appropriate. Whenever the council certifies a facility pursuant to this chapter, such
certification shall satisfy and be in lieu of all certifications, approvals and other requirements
of state and municipal agencies in regard to any questions of public need, convenience and
necessity for such facility.

council for the sitingof a facility described in subdivision {3) of subsection (a) of section 16-50i, or (2) not more than thirty days
after an application has been filed with the council for the siting of a facility described in subdivision (4) of subsection {a) of
section 16-50i. Each such order shall be subject to the right of appeal within thirty days after the giving of such notice by any
municipality required to be served with a coby"bfthe'appli cation under subdivision ( 1) of subsection (b) of section 16-50¢ orhy




any party aggrieved to the council, which shall have jurisdiction, in the course of any proceeding on an application fora
certificate or otherwise, to affirm, modify or revoke such order or make any order in substitution thereof by a vote of six
members of the council,

“ENABLING GROWTH WITHIN CURRENT INDUSTRIAL DEVELOPMENT SPACE”
COMMENT: THIS IS RURAL RESIDENTIAL 1111
WHEN THE TOWN PURSUED ADDITIONAL INDUSTRIAL SPACE, ITWAS IN OTHER

PAGE6 3.1cr SITING COUNCIL
1S PARAGRAPH “ CT GEN STAT 16-50(a)(3): 16-50x(a); and 16-50x(d) PROJECT IS EXEMPT FROM
TGO KLAND USE (ZONING & WETLANDS) REGULATIONS”
COMMENT 227772777
Page7 33 MUNICIPAL CONSULTATION PROCESS
TECH REPORT PROVIDED TO KILLINGLY, POMFRET & PUTNAM
COMMENT 2277227

PAGE8 4 WETLANDS & WATERCOURSES
COMMENT 2777297

4.3 WILDLIFE AND SPECIES EVALUATION
“NO WETLANDS IMPACT “
COMMENT RETENTION PONDS FOR IMPERVIOUS AREA CONTAQINMENT 22227

PAGE 9 4.3 CONTINUED

DEEP COMMENTS OF OCT. 2023
COMMENTS 2227297279999995



PAGE10 45 STORMWATER MANAGEMENT
COMMENTS: RETENTION BASINS

page 11 -who Manages and howwill sound levelsbe controlled 4 g NOISE INDUSTRIAL AREAS BOTTOMOFPAGE g9
REV 24-0325
COMMENT PROJRCT IS RESIDENTIAL PROPERTY & SURROUNDING PROPEERTY IS RESIDENTIAL 62 MAX
MUST REVIEW NOISE ORDINANCE 2722722722

PAGE 12

4.9 TRAFFIC NO PERMENENT STAFF ONCE OPERATIONAL

SAFETY OF 157 RESPONDERS
4.11 EMERGENCY RESPONSE “ Bess AREMOST EFFICIENTLY USED WHEN PLACED NEAR COMMUNITIES THEY
SERVE”

COMMENT: THIS SERVES THE GRID NOT KILLINGLY

4.11.1  EQUIPMENT CHARACTERISTICS

PAGE 13

4.11.1.2 LIQUID COOLING
ED COMMENTS:

4.11.1.3 FIRE SUPPRESSION SYSTEM
“EXTRATION FANS Py

MP COMBUSTIBLE GASES TO OUTSIDE”
COMMENT WHAT ABO

UT 15" RESPONDERS EXPOSURE TO GASSES

4.11.2 “LOCAL FIRE AUTHORITY APPROVE LARGER ENERGY CAPACITY AND SMAL LER SEPARATION DISTANCES”
THIS QUITEA STATEMENTH! WE HAVE VOLUNTEER FIRE DEPTS. THEY DO NOT HAVE THE TECHNICAL
BACKGROUND

LOCAL FIRE AUTHORITY SHOULD BE STATE OF CTFIRE MARSHALLES OFFICE



Page 6 - 3.1 Connecticut siting Council - references made to certain state statutes
indicating the projectis a ways land-use wetlands and also stating the procedures are
also outside the scope of town jurisdiction, those statutes are cited below:

~ 3.1 Sec. 16-50g. Legislative finding and purpose. The legislature finds that power
generating plants and transmission lines for electricity and fuels, community antenna
television towers and telecommunication towers have had a significant impact on the
environment and ecology of the state of Connecticut; and that continued operation and
development of such power plants, lines and towers, if not properly planned and
controlled, could adversely affect the quality of the environment and the ecological,

scenic, historic and recreational values of the state. The purposes of this chapter
are: To provide for the balancing of the need for a@qgég and reliable
public utility services at the lowest reasonable cost to consumers with
the need to protect the environment and ecology of the state and to
minimize damage to scenic, historic, and recreational values; to provide
environmental quality standards and criteria for the location, design,
construction and operation of facilities for the furnishing of public utility
services at least as stringent as the Edﬂal_eivirgnmual_c;@li_ty
standards and criteria, and I technically sufficient to assure the welfare
and protection of the people of the state; to encourage research to
develop new and improved methods of generating, storing and

above; to promote energy security; to promote the sharing of towers for

fair consideration where ver technically, legally, environmenta lly and

economically feasible to avoid the unne cessary proliferation of towers in
the state particularly where insta llation of such towers would adversely
mpact class | and Il watershed lands, and aquifers; to require annual

—



forecasts of the demand for electric power, together with identification
and advance planning of the facilities needed to supply that demand and
to facilitate local, regional, state-wide and interstate planning to
implement the foregoing purposes.

Sec. 16-50i. Definitions. As used in this chapter:

(a) “Facility” means: (1) An electric transmission line of a design capacity of sixty-
nine kilovolts or more, including associated equipment but not including a transmission
line tap, as defined in subsection (e) of this section; (2) a fuel transmission facility,
except a gas transmission line having a design capability of less than two hundred
pounds per square inch gauge pressure or having a design capacity of less than twenty
per cent of its specified minimum yield strength; (3) any electric generating or
storage facility using any fuel, including nuclear materials, including associated
equipment for furnishing electricity but not including an emergency generating device,
as defined in subsection (f) of this section or a facility (A) owned and operated by a
private power producer, as defined in section 16-243b, (B) which is a qualifying small
power production facility or a qualifying cogeneration facility under the Public Utility
Regulatory Policies Act of 1978, as amended, or a facility determined by the council to
be primarily for a producer's own use, and (C) which has, in the case of a facility
utilizing renewable energy sources, a generating capacity of one megawatt of electricity .
or less and, in the case of a facility utilizing cogeneration technology, a generating
capacity of twenty-five megawatts of electricity or less; (4) any electric substation or
switchyard designed to change or regulate the voltage of electricity at sixty-nine
kilovolts or more or to connect two or more electric circuits at such voltage, which
substation or switchyard may have a substantial adverse environmental effect, as
determined by the council established under section 16-50j, and other facilities which
may have a substantial adverse environmental effect as the council may, by regulation,
prescribe; (5) such community antenna television towers and head-end structures,
including associated equipment, which may have a substantial adverse environmental
effect, as said council shall, by regulation, prescribe; and (6) such telecommunication
towers, including associated telecommunications equipment, owned or operated by the
state, a public service company or a certified telecommunications provider or used in a
cellular system, as defined in the Code of Federal Regulations Title 47, Part 22, as
amended, which may have a substantial adverse environmental effect, as said council
shall, by regulation, prescribe;

Page 7 - verify in -land and a wetlandlocations J



Sec. 16-50x. Exclusive jurisdiction of council;. Eminent domain
after certification exception. Municipal regulation of proposed
location. (a) Notwithstanding any other provision of the general
statutes, except as provided in section 16-243, the council
shall have exclusive jurisdiction over the location and type of
facilities and over the location and type of modifications of facilities
subject to the provisions of subsection (d) of this section. When
evaluating an application for a telecommunication tower within a
particular municipality, the council shall consider any location
preferences or criteria (1) provided to the council pursuant to
section 16-50gg, or (2) that may exist in the zoning regulations of
said municipality as of the submission date of the application to the.
council. In ruling on applications for certificates or petitions for a
declaratory ruling for facilities and on requests for shared use of
facilities, the council shall give such consideration to other state
laws and municipal regulations as it shall deem appropriate.
Whenever the council certifies a facility pursuant to this chapter,
such certification shall satisfy and be in lieu of all certifications,
approvals and other requirements of state and municipal agencies
in regard to any questions of public need, convenience and
necessity for such facility.

(d) Any town, city or borough zoning commission and inland wetland agency may
regulate and restrict the proposed location of afacility, as defined in subdivisions (3)
and (4) of subsection (a) of section 16-50i. Such local bodies may make all orders
necessary to the exercise of such power to regulate and restrict, which orders shall be in
writing and recorded in the records of their respective communities, and written notice of
any order shall be given to each party affected thereby. Such a local body shall make any
such order (1) not more than sixty-five days after an application has been filed with the K

|



council for the siting of a facility described in subdivision (3) of subsection (a) of

section 16-50i, or (2) not more than thirty days after an application has been filed with the
council for the siting of a facility described in subdivision (4) of subsection (a) of

section 16-50i. Fach such order shall be subject to the right of appeal within thirty days
after the giving of such notice by any municipality required to be served with a copy of the
application under subdivision (1) of subsection (b) of section 16-50( or by any party
aggrieved to the council, which shall have jurisdiction, in the course of any proceeding on
an application for a certificate or otherwise, to affirm, modify or revoke such order or make
any order in substitution thereof by a vote of six members of the council.

Page 8
page 9
page 10 -
Page 11 -who and how will sound levels be controlled
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Abstract

The International Renewable Energy Agency predicts
that with current national policies, targets and energy
plans, global renewable energy shares are expected to
reach 36% and 3400 GWh of stationary energy
storage by 2050. However, IRENA Energy
Transformation Scenario forecasts that these target
should be at 61% and 9000 GWh to achieve net zero
‘carbon emissions by 2050 and limit the global
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there is a lack of established risk management
schemes and models as compared to the chemical,
aviation, nuclear and the petroleum industry.
Incidents of battery storage facility fires and
explosions are reported €very year since 2018,
resulting in human injuries, and millions of US
dollars in loss of asset and operation. Traditiona] risk
assessment practices such as ETA, FTA, FMEA,
HAZOP and STPA are becoming inadequate for
accident prevention and mitigation of complex
energy power systems. This work describes an
improved risk assessment approach for analyzing
safety designs in the battery energy storage system
Incorporated in large-scale solar to improve accident
prevention and mitigation, vig incorporating
probabilistic event tree and systems theoretic
analysis. The causal factors and mitigation measures
are presented. The risk assessment framework
presented is expected to benefit the Energy
Commission and Sustainable Energy Development
Authority, and Department of Standards in
determining safety engineering guidelines and
protocols for future large-scale renewable energy
projects. Stakeholders and Utility companies will
benefit from improved safety and reliability by
avoiding high-cost asset damages and downtimes dye
to accident events.

Introduction

The International Renewable Energy Agency
(IRENA) forecasts that with current policies and z
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achieve IRENA’s 2050 energy Transformation
Scenario targets of net zero carbon emissions by
2050 and keep global temperature rise within the
century to under 2 °C, these targets should be 61%
and 9000 GWh, respectively (International
Renewable Energy Agency, 2050). Malaysia
experienced a growth of solar PV capacity of 279 MW
in 2016 to 1787 MW in 2021, largely contributed by
the development of large-scale solar (LSS) scheme
bidding program by the Energy Commission and
domestic and commercial solar PV schemes by the
Sustainable Energy Development Authority (SEDA)
(IRENA, 2021). The most recent cycle of LSS bidding
is expected to contribute a growth of 823 MW in solar
PV capacity beginning operations between 2022 and
2023 (Commission, 2022). To date, no stationary
energy storage system has been implemented in
Malaysian LSS plants. At the same time, there is an
absence of guidelines and standards on the operation
and safety scheme of an €nergy storage system with
LSS. Despite widely researched hazards of grid-scale
battery energy storage systems (BESS), there is a lack
of established risk Mmanagement schemes and damage
models, compared to the chemical, aviation, nuclear
and petroleum industries, BESS fire and explosion
accidents are reported eVery year since 2017,
resulting in human injuries, deaths and asset losses
in millions of US Dollars. As power system
technologies advance to integrate variable renewable

energy, energy storage systems and smart grid

N
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such as Event Tree Analysis, Fault Tree Analysis,
Failure Modes and Effects Analysis, Hazards and
Operability, and Systems Theoretic Process Analysis
are becoming inadequate for designing accident
prevention and mitigation measures in complex
power systems.

This paper proposes an improved risk assessment
approach for analysing safety designs in the BESS
incorporated in large-scale solar plant as shown in
Fig. 1, to overcome the weaknesses of individual
traditional risk assessment methods. A literature
review is presented in "Literature Review" section on ]
Battery Energy Storage technologies, known BESS
hazards and safety designs based on current industry
standards, risk assessment methods and applications,
and proposed risk assessments for BESS and BESS
accident reports. A proposed risk assessment
methodology is explained in "Methodology" section
incorporating quantitative analysis elements with the
Event Tree Analysis method and Systems Theoretic
Process Analysis method for assessing required
mitigation strategies. The case study of the risk
assessment is applied with large-scale solar PV
projects in Malaysia with varying battery sizes. The
results and discussions of the risk assessment

findings are presented in "Results and Discussion

"section. With quantitative and qualitative analyses.

Fig. 1

e
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Schematic of large-scale solar plant with BESS

Problem statement

Intermittency of Variaple Renewable Energy (solar

and wind) causes power supply stability issues to the
grid. For example, voltage stability can be interfered

by the varying supply of the power from large-scale

solar PV and require reactive power compensation. A
mismatch between PV generated power supply

frequency and load frequency can cause frequency J
instability. These guidelines are governed by the
Malaysian Grid Code. Battery Energy Storage

Systems, along with more complex controller designs ]
are required to ensure reliabje operation of the power
system network, incurring additional expenditure to
operate a large-scale solar farm (Hajeforosh et al.,
2020). Smart grid infrastructure requires real time

two-way communication and interoperability
between components of the power system to optimize
grid efficiency by matching loads and distributed
generation sources, typically Solar PV with Energy
Storage Systems. Such requirements for data and
communications technology require increasingly
sophisticated equipment and softwares, introducing

oy
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installation and operation of Battery Energy Storage
Systems in Malaysia. The range of official guidelines
and standards for Solar PV installation covers
installation size limits, feed-in tariff rates, grid
connection guidelines, safety requirements and
incentives. For example, connection guidelines,

System components sizing, and basic safety
requirements are covered in Malaysian Standard
MS1837, while the tariffs, installation limits and total
quotas are set by the Sustainable Energy

Development Authority and Energy Commission.

This clear framework allowed Malaysia to increase its !
PV installed capacity by up to fivefold from 2015 to
2021, across all residential, commercial, industrial
and LSS plant types (Commission, 2022; SEDA FiT
Rates, 2021). The lack of such standards and
guidelines introduces uncertainty for stakeholders
and investors to conduct lifecycle cost analysis on
BESS adoption to decide whether they are
economically viable investments.

Battery Energy Storage System accidents often incur
severe losses in the form of human health and safety,
damage to the property and energy production losses.
Jimei Dahongmen Shopping Centre 25 MWh Lithium
Iron Phosphate battery explosion caused the loss of
lives of 2 firefighters (Accident analysis of Beijing
Jimei Dahongmen 25 MWh DC solarstorage-charging
integrated station project, 2021). ESS facility fire
Gimhae, SK Case of overcharging 1.0MW Li-ion

BESS, Power conversion system fault caused
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fires resulting in over $20million USD in equipment
damage losses (Colthorpe, 201q: Pierce, 2019). In
2019, four firefighters were severely injured in the
Arizona Public Service 2.16 MWh Li-ion Battery
explosion incident, where the fire captain was
propelled over a 20 m distance, through the
surrounding wire fence (McKinnon et al., 2020).
Figures 2 and 3 show the live fire and aftermath of
the Jimei Dahongmen and Arizona battery incidents,
respectively. Accident reports cited varieties of
possible safety system failures without being able to
pinpoint exact accident escalation paths, thus unable
to target mitigation measure improvement.
Evidently, there is need for improvement in the safety
and risk assessment and management of these grid-
scale renewable energy-integrated Battery Energy
Storage systems.
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Arizona public service li-ion battery explosion aftermath,
showing the explosion deflagration event (McKinnon et
al,, 2020)

In this work, the aim is to develop an innovative risk
assessment methodo]ogy, to incorporate the
strengths of a Chain of Events model, systemic view
assessment and probabilistic risk assessment to
evaluate large-scale solar PV safety with emphasis on
essential safety systems. The first of the objectives of
this work is to identify hazards of a BESS integrated

| =
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barriers are included. This is followed by
development of the event tree and consequences for a
hazardous event, by applying safety barrier success or
failures states as event tree branches. The next
objective is to evaluate outcome probabilities and
frequencies of severe damage from the event tree-
based analysis for the case study sites. Final objective
is the analysis of safety barrier failure modes, causes
and mitigation measures using the STPA-based
analysis method.

« Identify hazards and safety barriers of a I.SS +
BESS system.

¢ Develop Event tree by analysing safety barrier
performance in hazard event and its
consequences.,

* Evaluate probabilities and frequencies of severe
damage outcomes on case study sites.

* Analyse safety barrier failure modes, causes and
mitigation measures via STPA-based analysis.

Literature review

Battery energy storage technologies

Battery Energy Storage Systems are electrochemical
type storage systems defined by discharging stored
chemical energy in active materials through
oxidation-reduction to produce electrical energy.
Typically, battery storage technologies are
constructed via a cathode, anode, and electrolyte. The ' 0
oxidation and reduction reactions at the electrodes

generate an aggregate potential difference and
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Lithiu_m-based battery

Lithium-ion batteries are known for their low self-
discharge rate. The anode is made up of graphite in a
layering structure and the electrolytes are made up of
lithium salt. The cathode is made of a lithiated metal
oxide. There are several types of Li-ion batteries
based on the metalljc element in the cathode, such as
lithium nicke] mmanganese cobalt (NMC) oxide,
lithium cobalt oxide, lithium nickel cobalt aluminium
(NCA) oxide and lithium iron phosphate (LFP)
(Behabtu, 2020; Hossain et al., 2020; Kebede et al.,
2022). During the discharge phase, the Li atoms at
the anode ionize and are carried to the cathode in the
electrolyte due to difference in electrolytic
concentration on the anode and cathode side, shown
in Fig. 4. Lithium-ion batteries have high power
densities of 500~2000 W/, high energy densities of
200-500 Wh/I and high round trip efficiencies of
85-95%. However, they are high power and energy
COsts up to 4000 $/kW and 3000 $/kWh, which is
the highest among the other battery technologies
(Behabtu, 2020; Hossain et al., 2020).

Fig. 4

|
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Schematic construction of li-ion battery (Hossain et al.,

2020)



Large-scale energy storage system: safety and risk assessment | Sustainable Energy Research | Fu

Ty e MIVE

-

formation of dendrites at the anode, which can lead
to the damage of the separator leading to internal
short-circuit, the Li metal battery technology is not
mature enough for large-scale manufacture (Hossain

et al., 2020).

Lead-acid battery

Lead-acid batteries consist of a sponge lead cathode
and a lead dioxide anode submerged in sulphuric
acid, shown in Fig. 5. They are the most mature
battery technology, being fully commercialized, with
low power and energy costs, and high power and
energy densities at 10-400 W/1 and 50880 Wh/1.
they have moderate lifetime of 5—15 years and 70—
90% efficiency (Behabtu, 2020; Hossain et al., 2020).

Fig. 5
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Lead-acid battery working principle (Hossain et al., 2020)

Fig. 6
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- Schematic diagram of flow batteries (Antweiler, 2014)

Vented lead-acid batteries, also known as flooded
lead acid batteries, contain sulphuric acid electrolyte
that is free to move around the battery casement.
Internal gases such as hydrogen gas are released
directly to the environment during the charging
phase through vents. They are known for having low
energy cost but also have weak internal construction
and high internal resistance (Behabtu, 2020). Valve
regulated Lead acid batteries are also known as

sealed lead acid batteries. The electrolyte is a q

\
coagulated form sulphuric acid contained in a sealed (
compartment which does not leak, making it safer to /

use. The batteries also contain vents to release gases
(Behabtu, 2020).
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stored in two external reservoirs, and fed into the
reactor via pumps. The positive electrolyte is called
the anolyte and the negative electrolyte is called the
catholyte. A membrane in the reactor separates the
catholytic and anolytic side of the electrolyte and only
allows limited number of ions to migrate through.
The ions participate in reduction—oxidation reaction
in the reactor to produce electrical energy to the
external circuit (Hossain et al., 2020).

Vanadium Redox Flow Batteries (VRF B) stores ions
in an electrolytic solution of vanadium sulphate
dissolved in sulphuric acid. The membrane allows H*

ions to migrate across and impedes HSO4™ ion
migration (Hossain et al., 2020). Vanadium Redox

couples are used as electrodes, V2*/V3* at the anode

and V4*/V5* at the cathode. They are known to be the

most mature flow battery technology, with high life

cycles above 10,000, and operate at up to 90%

efficiency at light loads (Hossain et al., 2020). They

have moderate power and energy densities compared

to other technologies at 0.2—2 W/l and 20-70 Wh/],

as well as moderate power and energy costs (Behabtu,

2020; Kebede et al., 2022).

Zinc Bromine (ZnBr) Battery is a hybrid flow battery

containing a battery electrode and a fuel cell

electrode. Zinc is used as the solid negative electrode,

while bromine dissolved in an aqueous solution is ' b

used as the positive electrode, stored in an external

reservoir. It uses aqueous solution of zinc bromide
salt as the electrolyte. They have energy densities of
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prone to zinc electrode corrosion and bromine is

considered a toxic material (Behabtu, 2020).

High temperature battery

Sodium Sulphur (NaS) batteries are constructed
using molten sulfur as the anode, molten sodium as
the cathode and solid beta alumina ceramic as the
electrolyte. The setup only allows sodium ions from
the anode to travel to the cathode via the electrolyte
at the discharge phase, where it forms sodium
polysulfides with the sulphur cathode, shown in
Fig. 7. The ideal operating temperature of the battery
1s 300-360 °C, where both sodium and sulphur
electrodes are in molten state (Hossain et al., 2020;

- Kebede et al., 2022). NaS batteries have high power
and energy densities at 150—250 W/1 and 150—-
250 Wh/], respectively. They also have high power
cost at 300 $/kW, efficiency of 80—90% and good
service life of 10-15 years (Behabtu, 2020; Hossain et

al., 2020).

Fig. 7
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Schematic of sodium sulphur battery (Hossain et al,
2020)

Fig. 8
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Ni/NiCl,
porous
compound
4
NaAlCl,
lon conductive
salt
Beta alumina
Separator
Molten
sodium
Components and structure of NaNiCl, battery (Mexis &
Todeschini, 2020)
Sodium Nickel Chloride (NaNiCl2) as shown in Fig. ’ q
8 is a type of Sodium Metal Halide battery. Liquid |

sodium is used as the cathode and solid metal halide
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o
sodium chloroaluminate. The operating temperature
of this battery is 300 °C, where the electrolyte is
molten. Compared to Na$S batteries, NaNiCl2
batteries have lower energy densities up to 180 Wh/1,
similar service life, lower power cost 100-300 $/kW,
power density of 200—-300 W/I and energy cost of
100—300 $/kWh (Behabtu, 2020; Hossain et al.,
2020).

Recent BESS technologies

Esser et al. reviewed the potential of
commercialization of new generation batteries using
fully organic compound electrodes or metal—organic
hybrid electrodes, using Carbon, Hydrogen, Oxygen,
Nitrogen and Sulphur atoms to form the organic
polymers. Organic full cells describe batteries with
both electrodes using organic compounds and half-
cells comprise of the organic polymer cathode and
inorganic metal anode, typically Lithium, Sodium or
Potassium. New electrode polymer materials are
commonly tested in the half-cell configuration.
Prototypes of metal-ion organic electrodes such as
LiCgH,0¢4 and K2C606 produced specific energies of
up to 130 Wh/kg and 35 Wh/kg, respectively. A main
motivation for the use of organic material is

overcoming the demand for metallic resources

through destructive mining processes. Organic
polymers electrodes would also offer high structural 1 o
designability and less energy intensive recycling ~

process, compared to recycling of metallic
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achieve required battery capacity (Esser et al., 2020).
Elia et al. reviewed the potential for wide application
of Aluminium batteries. Aluminium-air battery uses
Aluminium metal anode, air cathode and aqueous
electrolyte, which can be either an alkaline or neutral

salt solution. Low redox potential of Al to Al3*
exchanging three electrons per reaction contributes
to high theoretical voltage and capacity. Alkaline
aluminium-air batteries have theoretical specific
energy of up to 400 Wh/kg. The abundance of
aluminium in the earth’s crust, makes it a suitable
choice for mass production and its low toxicity
contributes to relative ease of recycling or disposal.
The redox reaction of Al-air batteries can
theoretically reach 8600 Wh/kg at electrical
efficiency of 25-45%. The main drawback of this
technology is that it is non-rechargeable i.e., the
aluminium electrode is to be replaced upon complete
oxidation. A molten salt disposition process can be
used to regenerate the Aluminium electrode, but the
requires high energy consumption. Recent studies
suggested using oil to replace the aqueous electrolyte

to minimize corrosion (Elia, 2021).

Summary

The characteristics of the battery energy storage

technologies discussed in "Battery Energy Storage 2 \
Technologies" section are summarized in Table 1. A

comparison of power density and energy density as a
measure of required battery size to achieve a certain
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power and storage capacity, respectively, to assess the
economic viability of the battery technology for large-
scale projects. Round trip efficiencies of the discussed
battery technologies range from 65% to 95% with
lifetimes of 5 years to 20 years.

Table 1 Characteristics of BESS
Technologies (Hossain et al., 2020,
Behabtu, 2020, Kebede et al., 2022)

Safety hazards

The NFPA855 and IEC TS62933-5 are widely

recognized safety standards pertaining to known

hazards and safety design requirements of battery

energy storage systems. Inherent hazard types of

BESS are categorized by fire hazards, chemical

release, physical impacts, and electrical hazards.

Thermal runaway refers to a situation in which the

temperature of a material increases uncontrollably

and rapidly due to a self-reinforcing process. It

characteristically occurs when the heat generated by a

system surpasses its ability to remove or dissipate

heat, leading to a positive feedback loop that further

accelerates the temperature rise. The self-heating

comes from internal exothermic reactions of

decomposition of the anode, cathode or electrolyte 11"
material. This condition can be induced by external >
heating, overcharging, over-discharging or internal

short circuit due to mechanical impact (Agency,

2020). The continued heating and temperature
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material of the cell releases gas vapour into the BESS
containment structure, forming a combustible
mixture in the presence of oxygen over time, where a
delayed ignition can cause explosion. Once thermal
runaway in a cell has started, the heat release spreads
to adjacent cells and can induce thermal runaway
propagation event known as cascading thermal
runaway (Chen et al., 2022).

Zou et al. concluded that the higher state of charge
(SOC) battery had greater heat release, had higher
flame temperature and shorter time to self-ignition
(Zou et al., 2022). Liu et al. concluded that higher
ambient temperature and higher state of charge
accelerated the self-ignition process (Liu et al.,
2020). Yang Jin et al. induced thermal runaway in a
lithium—iron—phosphate (LFP) battery by
overcharging it. Ethylene Carbonate and Ethyl
Methyl Carbonate were identified as the main
combustible gases in vented gas mixture (Jin et al.,
2021). Lithium-ion batteries vented gas mixtures
from thermal runaway at 100% SOC contained H,,
CO,, methane CH,, ethylene C,H, ethane C,Hg,
ethylene carbonate (CH,0),, CO and ethyl methyl
carbonate C4H803, commonly known combustible
hydrocarbons. Accumulated concentrations of such
gas vapor mixture can lead to catastrophic explosion
upon ignition (Wang et al., 2019). The NFPA 855

specifies that the concentration of flammable gas 1‘5
mixture in the BESS enclosure must be kept below ;
L ==
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corrosive electrolytes, toxic gas releases, reactive or
toxic metals and oxidizers. Battery electrolytes with
pH levels below 2 or over.

11.5 are considered corrosive. As such corrosive
electrolytes are usually sealed, workers are not
exposed to the corrosive electrolytes under normal
operating conditions. A possible electrolyte leak due
to battery shell damage or spillage situation could
directly expose workers and emergency responders to

‘|'.

.
the corrosive chemical and cause serious to :
permanent injury to the eyes or skin (International
Electrotechnical Commission, 2020).

Toxic materials are expressed by LC50, a parameter

of acute inhalation toxicity. Lethal Concentration

(LC) 50 is defined as the dosage of inhaled _
concentration that will lead to death in 50% of the {# :
dosed population, expressed in parts per million

(ppm) (Wood, 2014). The lower the LC50, the lesser

the material concentration required to cause the

same damage, thus more harmful the material.

Toxicity levels are divided into 5 levels according to
another NFPA guideline, NFPA 704, Standard

System for the Identification of the Hazards of

Materials for Emergency Response, summarized in
Tables 2 and 3.

Table 2 Toxicity level classification by
effects by LC50 (Agency, 2020)
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Reactive metals can cause violent chemical reactions
with moisture in the air. By design, reactive metals
are protected under normal operating conditions but
may become exposed during abnormal situations.
Exposure to oxidizer material can increase the
flammability potential of other materials present and
lead to increased intensity of fires (Agency, 2020).
Physical hazards for batteries include hot parts and
moving parts, often discussed in the context of direct

harm to human beings exposed to the hazard. Hot
surfaces on the battery components can cause burns N
if it comes into contact with human skin (Agency,

2020). If any mechanical impact affects the battery

cells and compromises their internal structural
integrity, internal short circuit may be induced,
leading to a thermal runaway.

Electrical hazards such as electrical shock and arc
flashes can cause serious harm to maintenance
workers. Energy storage systems with voltages above
50 V can cause serious harm to workers who may be
exposed to live parts. The presence of conductive
fluids such as water can worsen the extent of the -
damage. Electrical arc flashes can occur at high-
current contactors and generate high pressure and
thermal loads inside the electrical enclosure (Zalosh
et al., 2021). Arc flashes with incident energy above

5 J/cm? are capable of serious harm and the use of —
personal protective equipment and hazard labelling z 7
and markings are required by regulation -
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electrical shock and arc flash to the on-site
technicians or emergency responders. .
The inherent hazards of battery types are determined
by the chemical composition and stability of the
active materials, potentially causing release of
flammable or toxic gases. High operating
temperatures pose high risks for human injuries and
fires. Electrical hazards are present in each BESS type
due to the power control systems for grid integration.
Lithium-ion battery cells vent combustible gases
under abnormal conditions. Hydrogen fluoride, HF,
hydrogen cyanide (HCN) are toxic gases vented from
the battery found in BESS in thermal runaway events
(Gully, 2019). Lithium metal batteries contain
lithium metal electrodes which can undergo
aggressive chemical reaction when exposed to water
or air. Lead acid batteries and vanadium redox
batteries may vent hydrogen gases, from the
sulphuric acid electrolyte. The acid electrolyte is
extremely corrosive and can cause serious human
injuries. Sodium-based batteries operate at high-
temperature ranges (270-350 °C) and contain
reactive metal sodium in a molten state. Damages to
the air-tight seal may expose sodium to air and
moisture and initiate violent chemical reactions. The
zinc bromide flow battery contains zinc bromide
electrolyte, a corrosive acid with LC50 Level 3
inhalation toxicity. Flow batteries require manual
replenishing of electrolytes, where mishandling may 1(’
cause spill of toxic and corrosive material. Table 4 >
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Table 4 Summary of batteries and

- associated hazards (Agency, 2020)
(International Electrotechnical
Commission, 2020)

Natech events are cascading events involving the
release of hazards of a technological system, triggered

by the effect of natural events such as floods,

earthquakes, and hurricanes. Natech risks are often

considered in risk management plans in the chemical

section or and oil and gas facilities, where natural

disaster events can damage the containment vessels

of flammable or toxic substances leading to the

atmospheric release of these chemicals (Misuri et al.,

2021).

In context of the Malaysian LSSPV scheme, major

natural hazard events of concern are floods, flash

floods, and landslides. Flash floods are characterized

by excessive rainfall within hours causing heavy flow

in riverbeds and urban waterways, whereas floods are
characterized by overflow of waterways over time

spans of days to weeks. Over the past 20 years,

Peninsular Malaysia has experienced floods and

landslide events with varying severities, most notably

floods of 2014 and 2021 caused by heavy monsoon

season rainfall affecting simultaneously in multiple

states, causing extensive property damage, loss of

lives, mass evacuations and billions of Malaysian

Ringgit spent on rebuilding, victim support and -\
rescue efforts. Such Natech events would cause ’l
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into floodwater or unmitigated battery fires.

Safety and risk assessment

A variety of commonly practiced risk assessment
methods are discussed, with applications in
aeronautic, automotive, chemical, manufacturing,
nuclear and petroleum industries. A hazard is defined
as a dangerous substance or state that may lead to a
loss in the form or damage to equipment, loss of
output, injury, death, or environmental damage. A
risk is an expression of the likelihood of an event and

the severity of its consequences (Rovins, 2015).

Event tree analysis

The Event Tree Analysis (ETA) evaluates sequences e

of events leading to different outcomes from an

initiating event, usually the event of a release of

hazard. This method is a bottom-up approach. First,

the initiating event is identified, followed by

identification of event tree branches and the final

outcomes and consequences are evaluated based on

the escalation of each event tree path. If Event 2, E, is A

an event succeeding Event 1, E; on an event tree path,
the probability, P(E,) of Event 2 occurring can be
expressed in Eq. 1, where P(E, |E,) is the conditional

probability of E2 occuring given that E1 has already 7' s

occurred:
P(E;) = P(Ey)P(E,|E,).

(1)
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branch of its event tree path leading to the outcome:
P(Ezf) = P(Eﬂ )P(Ejz ’Eﬁ )P(EJ:; 'Ejz) ....... XP(EJn IEJ(n—l) )

()

Hermansyah’s demonstration of ETA of the
escalation of gas leakage in buildings identified the
gas leak as the initial event and four escalation events
as the branches, e.g. ignition, delayed, ignition, fire
escalation, and evacuation leading to nine posmble
outcomes, as shown in Fig. 9. Two possible paths
were evaluated for each of the four event tree
branches, e.g. whether ignition occurred or did not

occur,

Fig. 9
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Example of event tree analysis for gas leakage to fire
escalation (Hermansyah et al,, 2018)
The probabilities of each sequence in the Event Tree
cannot be calculated with absolute certainty, as each
failure event in each system is unique to its own
conditions, thus probabilities used are often based on
failure models with assumptions or statisties with -
limited sample sizes. The probabilities here serve to
guide the safety reviewer to pinpoint areas for
mitigation improvement rather than as an absolute
reference. Often, only binary states are considered at
mitigation stages e.g. detection success or failure,
thereby ignoring the case of late detection possibly
leading to a different sequence of events (Aitugan &
Li, 2020). ?0
-

Fault tree analysis
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risk assessment of complex systems in high-severity
risk fields such as the aerospace industry and nuclear
power plants. In this method, a single undesired
outcome (top event) is first identified, then traced
back to lower-level causal factors or failures that led
to this outcome via Boolean AND and OR logic
operators (Aitugan & Li, 2020). Basic events are often
human failures, hardware, or software subsystem
failures. Barrerre et al. modelled the failure of a fire
protection system using FTA to sensor failures,

Pl
f

communication failures, and external cyber-attacks,

as shown in Fig. 10 (Barrere & Hankin, 2020).

Fig. 10
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The FTA is systematic in the use of logic operators

and flexible in allowing the safety engineer to define

the number of levels and detail for each individual

branch as needed. An undesired outcome is identified

as the top event of the FTA is a failure of a complex

system. Thus, the analysis does not extend to the

resulting accident and the consequential damage

extent caused by this system failure. Like the ETA,

this method also allows for probabilistic estimation

for the failure event using probabilities of individual
component failure and assuming failure probabilities

of each subsystem are mutually exclusive. By

considering the equations for AND and OR gates, the
minimal cut set (MCS) of basic level events or failures

are identified, and their probabilities are calculated. |
The quality of analysis on the FTA method is highly g:
dependent on the knowledge of the analyst on
possible failure modes that may otherwise be

overlooked (Choo & Go, 2022).

Failure modes and effects analysis

The Failure Modes and Effects Analysis (FMEA)
method is an analysis tool that assesses failure of
components or processes in a system and identifies
failure causes and consequences. This analysis is

commonly practiced in the aeronautical, automotive,
and chemical and process industry. A semi- ?0

quantitative analysis is performed by assigning /
ratings to likelihood of failure occurrence (OCC),
detectability of failure mode (DET) and severity of
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example, for a production line in a manufacturing
plant an OCC score of 0 can be defined as one
stoppage occurrence of under 30 min in a month, and
a score of 10 can correspond to one stoppage
occurrence of over 2 h in 1 week, depending on the
reviewer’s knowledge of the processes or system
being assessed (Aitugan & Li, 2020).

A Risk Priority Number (RPN) is a calculated risk
score for each failure mode described by Eq. 3. The
RPN is calculated on the FMEA form and high RPN
scores exceeding an acceptable range are evaluated to
how the contributing OCC, DET or SEV score can be
reduced by modifications of detection and prevention
measures. Then, the new RPN score is calculated
(American Society for Quality & “American Society

for Quality”, 2022):
RPN = (0OCC0) (DET) (SEV).

(3)

The standard FMEA table form is easy for the safety
reviewer to use, and the quantitative aspect is easy to
understand (0-10 ratings are more intuitive than
probabilities or 1076 per year). However, this method

is not suitable to deeply investigate the causes of the
failures on a low level to develop prevention |
measures. FMEA is suitable to briefly examine ‘
possible failure points of a large system and 1dentify

areas for improvement. Further detailed failure

(2
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Hazards and operability

The Hazards and Operability (HAZOP) Analysis is an
efficient way to quickly identify possible hazards that
by analysing each piece of equipment across a facility,
originally developed for the chemical industry.
HAZOQP analysis is done via brainstorming by a team.
The process first draws out the overall design of the
system i.e. the machinery and their designated
function. Then, possible process deviations or
abnormal conditions for each machinery are
brainstormed and the resulting hazards are
identified. Suitable preventive and mitigation
measures are then considered (Aitugan & Li, 2020).
It is an effective risk assessment option to identify
unforeseen hazards that may arise due to abnormal
conditions in operation. At its basic form of
application, it is a purely qualitative method.
However, HAZOP analyses are often supplemented
with other quantitative methods, such as the Fault
Tree Analysis method or simple risk ratings. The
purpose of having a quantitative element is to help
the risk assessment team prioritize mitigation actions

(Fuentes-Bargues et al., 2017).

Systems theoretic process analysis

System-theoretic accident model and process
(STAMP) is a method that views complex socio-

technical systems as a multi-level structure of 3 z
physical components, engineering activities,

organizational hierarchies, and operational
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model. A typical control loop concept around a
controlled process follows a signal detected from a
sensor sent to a controller. The controller processes
the signal and sends a command to an actuator, to
perform a control action. The control action affects a
corrective change to the controlled process. F igure 11
shows a basic control loop. Within a STAMP system,
a large combination of control loops forms a safety
network, where the controlled processes are
maintained in a safe state via control actions
(Rosewater & Williams, 2015).

Fig. 11
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Basic STAMP control loop structure (Rosewater &
Williams, 2015)

Systems Theoretic Process Analysis views hazardous I

states as a result of unsafe control actions (UCAs). It &

is a top-down approach, beginning with the

identification of hazards or system losses. The

STAMP model of the system is generated, the safety

constraints are identified, then the causes and effects i

of UCAs within certain control loops are evaluated. |

Unsafe control actions are actions that put the safety y
of a process or system at risk. These actions violate ‘3 B
established standard operating procedures and safety

protocols which can eventually result in serious
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probabilistic assessment or risk rating aspect to
compare risk likelihoods or severities to help the
assessor prioritize points of improvement in the
system. This method allows failures in very complex
systems to be analyzed from a viewpoint of system
functions, before tracing it down to lower-leve]
components. The STAMP model also considers
human factors and hierarchica] organizational
structures of complex Systems, thereby identifying
related causal factors which may otherwise be
overlooked by other risk assessment methods
previously discussed (Leveson et al., 2018). To cover
as many risks as possible, the leve] of detail and
accuracy of the STAMP model is critical. Hence,
extensive expert knowledge is required to generate a
substantial STAMP model.

Layers of protection analysis

The Layers of Protection Analysis (LOPA) is a sem;i
quantitative technique often used in chemical process
industry which allows safety reviewers to assess
safeguards between hazardous events and
consequences. In LOPA, these safeguards are termed
independent protection layers (IPL), which are
expected to perform or fail independently of the
conditions of the initial event or other IPLs. The
LOPA method has been referenced in documents
from the Centre of Chemical Process Safety (CCPS),
International Electrotechnical Commission (IEC),
International Society of Automation (ISA) and

I
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The }gfgguards can be classified into different layers
such as inherent safe designs, critical a]arms_, system .
automatic response, physicél protection barriers and
émergency response. An initiating event is identified,
that leads to severe outcomes upon the failure of its
IPLs. The performance of the IPLs is defined by the
probability of failure on demand (PFD), that is the
probability that the safety system will fail to operate
when required. The frequency of a consequence, f; for

scenario i with initial event frequency.
fio [per year] and n number of IPLs are described in

Eq. 4 (Willey, 2014). Tolerable risk for Jf; ranges are

often set around 1074 to 10°° occurrences per yvear:
pery

fi e flO X PFDzl X PFDZQ X PFng ...... XPFDm

(4)

Landucci et al. quantified the risk reduction effect of
safety barriers in accident consequences on industrial

facilities on vessel leak events and fire escalation,

introducing another parameter to the performance of

IPLs, effectiveness. Effectiveness describes the

probability of success of an IPL in mitigating the

escalation scenario, given that it has been

successfully activated (Landucci et al., 2017). Misuri

et al. assessed the probability of accident outcomes of ?}
an industrial facility in Natech events using LOPA-

based event tree and fault tree analysis. Worst case

outcome frequencies, where all safety barriers failed
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risk of multiple fatalities, mapping out safety distance

ranges largely dependent on the layout of the facility

) e e A T B

(Misuri et al., 2021).

Research gaps and reviewed work

A range of literature topics were examined as
background for this work. In "Battery energy storage 3
technologies", "Safety Hazards" covering battery "
storage technologies, battery safefy hazardf’and
design requirements, failure behaviours were

reviewed, from academic journal articles, official
safety standards and industrial report. In "Safety and
Risk Assessment" section risk assessment ;hethods
and publications were reviewed from risk assessment
handbooks and academic journal articles. Web
sources from ASEAN disaster information network,
EU Emergency Response Coordination Center,
Malaysia National News Agency, and UN Office for
Coordination of Humanitarian Affairs were for major
floods and landslides history in "Safety Hazards"
section. The literature review topics are summarized

in Tables 5 and 6.

Table 5 History of floods and landslides in
Malaysia

Table 6 Summary of reviewed literature -50
topics and assessment parameters
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the system is under unforeseen conditions lead to
hazardous states. Due to complexity of the systems
such as an LSS Plant with BESS, it can be difficult to
predict all possible hazardous system states. Accident
reports often reveal system actions performed in the
wrong conditions leading to accidents with severe
consequences. For example, the Arizona Public

“Service BESS explosion of 2019 was caused by the
action of the HAZMAT team opening the BESS door,
introducing fresh air to the combustible air mixture
that was inside the BESS space. The action was
intended to vent the gas mixture that had built up in
the BESS room, but because the gas concentrations
had built up over three hours, the act of opening the
BESS door caused the escalation of hazardous event
(McKinnon et al., 2020). The discrepancy between
the safety risk assessment case studies and accident
reports highlight that the risk assessment methods
failed to facilitate identification of such system states
and potential risk of response actions that would
otherwise be safe.
There is a lack of quantitative risk analysis models for
the safety risk assessment of energy storage systems.
Example of Vulnerability and fragility models for the
petroleum facility describe escalation thresholds of
hazardous states or safety distances based on
thresholds in pressure, heat release rate, and '5“
radiation intensity (Alileche & Cozzani, 2015). —
Various studies on BESS fires, thermal runaway

performance and explosion pressures present quality
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that is scalable to most BESS of the same
technologies.

Failure modes and causes identified by FMEA, STPA
case studies often highlight failures of individual
components and ignore failures caused by
interactions of subsystems. The analysis of
component failures are tied to safety risk assessment
and solutions for improvement focus on system
components (Baschel & %w, 2018; Choo & Go, 2022;
Wang et al., 2019). While these improvements reduce
the likelihood of hazard release, reliability of essential
safety subsystems such as detection systems, fire
suppression and enféf@éilcy ventilation are often not
considered. They are often suggested as the
‘solutions’ and not further assessed in detail despite
being essential in mitigating severe consequences of
hazardous events.

Quantitative assessment methods (probabilistic ETA
and FTA, FMEA) and qualitative assessment methods
(systemic analysis, HAZOP) risk assessment
frameworks do not complement each other to identify
effective prevention and mitigation measures, ETA
and FTA methods can highlight weak pointsin a
system but do not provide a framework for evaluating
improvements. STPA and HAZOP methods can ‘Sg
produce long lists of failure causes and safeguards
but can be redundant and unfocused in its
exhaustivity. FMEA provides a good balance for
quantitative risk rating and failure mode, causes and
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This section ion explains the steps of the proposed
risk assessment methodology in its relations to the
Event Tree and STPA methods discussed in
“Literature Review" section. A casesstudy for
Malaysian LSS Plant site selection to incorporate
BESS 1s performed to validate the quantification of
severe damage frequency. For fl;ﬁher referencing in
this work, the proposed methodology is called event-
centric systemic analysis (EcS) method. The EcS risk
assessment method adopts assessment of safety
barrier failures in both accident analysis (ETA-based)
and systemic-based assessment (STPA-based) to

identify more causal scenarios and mitigatié)n
measures against severe damage accidents
overlooked by conventional ETA, STRA and STPA-H
method. Safety barrier failure-rates #hd consequences
in event tree-based analysis is used to compute
frequencies of severe damage scenarios of BESS in
LSS plant. Through inclusion of safety barriers as
part of the overall STPA control structure, the STPA-
based analysis can be applied to investigate the
failure of pre-existing mitigation measures by viewing

them as unsafe control actions.

Development of stages of EcS assessment model

Figure 12 shows the flow diagram of the proposed
risk assessment method. Steps are labelled 1—12 for

references made in the following section ions. Steps ' Eq
7—9 and 10—12 can be performed simultaneously.
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Methodology flow diagram of EcS Method

Steps 1—3 Hazards and safety barriers are identified.
These details are available from literature of battery
energy safety articles, or NFPA855 and IEC62933
safety standards for varieties of battery energy
storage technologies listed in "Literature Review"

section. The STPA control structure of the grid-
connected PV system with BESS is adapted from
Rosewater et al., IEC62933 and SANDIA National
Laboratories, and modified on project-to-project

basis.

Steps 4—9 The primary event of the Event Tree is
identified, usually the release of a certain hazard,

where unmitigated outcomes lead to severe

consequences. For example, start of external fire in
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the frequency (per year) of the ETA primary event,
explained and demonstrated in the following section.
The final outcomes of the event tree are calculated,
and the frequencies (per year) are evaluated.

Steps 10~12 The STPA control actions are identified
based on the control diagram produced earlier in
Step 2. This is followed by an assessment of unsafe
control actions and corresponding mitigation
measures. Mitigation measures can be in the form of
additional safety constraints or improved safety

design.

Probabilistic event tree analysis

In this approach, the initiating event is described as
an event of release of hazard i.e. release of toxic gas,
thermal runaway, or an external fire not initiated by a
battery unit. The frequency of occurrence of an
initiating event can be obtained via historical data
and failure rates of failure modes of the battery
systems leading to the initial event. The Institute of
Electrical and Electronics Engineers (IEEE) and
Centre for Chemical Process Safety (CCPS) have
specified estimated frequencies of component failures
covering frequencies of hazard release events from
electrical component failures, mechanical impacts,
internal short circuits, overcharging, etc. for electrical
power systems.

The release of hazard of the ETA initial event is
conceptualized as occurrence of the initial failure and 4 (

the subsequent failure of prevention barriers e.g.
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affects one battery rack, one BESS unit or all BESS
units. The frequency of flood occurrence as an
initiating failure mode is calculated using Monte
Carlo simulation of the reported history of natural
hazard events of the specified region. In the case
study of Malaysia, natural hazard events concerned

are flood and landslide events.

Table 7 System level of failure

The frequency of ETA initial event from one failure
mode can be described by the following equation

(Willey, 2014):

fm = (fom) X PFD,,; x PFDpax....xPFD,,

()

where f;, is the frequency of mth base failure mode

with k number of prevention barriers to the ETA
initiating event and (fo,m) is the frequency of the base

failure mode. The frequency of an ETA Initiating
event, fis then the minimal cut set of n initiating
failure modes and subsequent failures of prevention

measures leading to it, described by the following

equation:
fo= Z:;,:l [fm]- ‘Q

(6) 4'«[
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described by Eq. 7, where N, and Ja are number of
units of system level components and frequencies of

failures, as described in Table 7:
f(Eo) = No[(N1 X f1) + fo] + fs-

(7)

The safety barriers identified for the BESS safety
analysis are listed in Tables 8, g, and 10, using failure
rates by IEEE and CCPS, based on systems
components and softwares. These PFD values are
used to compute initiating event frequencies of the
event trees or as safety barriers of the event tree to
compute the outcomes of event trees. The safety
barriers are classified as detection fypes, passive
barriers, active barriers and emergency response
Barriers. Detection types cover BMS temperature,
voltage, current monitoring functions and smoke and
gas detectors in the BESS room, where conditions
outside acceptable operational limits produce alerts
to operators in the control room. Passive barrier
types are safety designs that do not require activation
or triggering from a detection system i.e. thermal
insulation design to prevent thermal spread among

battery modules. Active barriers such as the cooling ;
system, fire suppression and Ventilation are safety 4‘)
functions dependent on the alert of a detection

system. They can be activated manually by operators

in the control room or automatically triggered. In
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temperature or vented-gas concentration s detected
by the detection barriers.

Table 8 Probability of failure on demand of
safety systems (Gully, 2019)

Table 9 Conditional probability formula of
each safety barrier (Landucci etal., 2017)

Table 10 Hazards for STPA (Leveson et al.,
2018)

The probabilistic event tree is used to evaluate the
probability of consequences for thermal runaway
starting in one cell and its subsequent propagation to
adjacent cells, and modules called cascading thermal
runaway event, and escalation to fire or explosion
event. The branches of the event tree are constructed
based on Misuri and Landucci’s domino effect model
of safety barrier performance on escalation scenarios
(International Electrotechnical Commission, 2020;
NFPA, 2022). Safety barriers are viewed as layers of
pbrotection against hazard escalation, For example, *
early smoke detection and active fire suppression are

safety barriers against an internal battery fire

spreading to multiple racks.
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and effectiveness, n. The PFD of a safety barrler
describes the conditional probability of failure to
activate when it is required. The effectiveness
describes its effect on mitigation given the safety
barrier is successfully activated (Misuri et al., 2021;
Willey, 2014).
For safety barriers considering only probability of
failure on demand, two possible eve%g;s
considered are the succmqre to activate on
—— e,
demand. Once activated, the safety barrier is
assumed to be fully effective in mitigating the
escalation of the hazard scenario. For safety barriers
described by probability of failure on demand and
effectiveness parameter, three outcomes are
considered, where the safety barrier failed to activate

e = S = =
on demand, activated but not effective in mitigation

of escalation of hazard scenario and activated and
effective in mitigation.

The conditional probability of each final ETA
outcome P(Ei) given the initiating event, with n levels
of safety barriers considered, where P (E}') is the
probability of the outcome at each ith safety barrier is
described by the following equation (Misuri et al.,
2021):

P(Ei) =II? , P(E}).

®) 45'



5124, 3:42 AM Large-scale energy storage system: safety and risk assessment | Sustainable Energy Research | Full 1

PR T L T T o) k] PR A GARK ALEE RO G Sy W ¢ AL f P B

occurrence frequency f(E;) per year. f;; is computed

for all outcomes for each LSSPV site according to the
number of battery units present (Misuri et al., 2021):

fij = £(Ej) P(Ei).

©

A demonstration of the event tree is considered for
the initiating event of a thermal runaway induced fire
in one battery rack, based on Cozzani’s model Event
Tree sequences of industrial accident events and
Misuri’s demonstration of safety barrier performance
assessment using event tree (Cozzani et al., 2010;
Misuri et (w, 2021). The event tree can be used to
analyse e\%nts such as external battery fire (fire in
BESS space not directly caused by battery cells), toxic
chemical release, exposure of reactive chemical to air
and their consequences. Fof example, an initiating
event of toxic chemical release can lead to
consequences of water contamination, soil
contamination and toxic gas dispersion, analysable
with the event tree. The initiating event of thermal
runaway-induced fire is chosen as it is most
commonly cited as the scenario leading to prolonged

battery fires and explosion events in high-profile,
BESS accidents with severe outcomes. 4(,
The safety barriers between the event of fire and

T

catastrophic event identified are the detection system
(FD), the automated fire suppression (F1) and
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fire hazard level. Here, fire hazard level represents
the risk to the firefighters on site. The effectiveness, n
of the Active Fire Shppression considered is 0.953
(Landucci et al., 2017). Therefore, three outcomes are
considered for active fire suppression gate. The
outcomes considered are labelled 1.1 to 1.7 and their
probabilities and frequencies are evaluated in the

Results section.

Fig. 13

Battery rack fire event tree

STPA-based analysis
The benefit of STPA to apply in this methodology is to
identify causal factors of UCAs by considering the

LSSPV system, from its main components (PV 7
modules, inverters, Battery units) up to
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discussed that to keep hazards analysis on a system
level, identification of any specific system
components should be avoided, and hazard count
usually kept under 10 (Leveson et al., 2018).

STPA control structure (step 3)

The control structure is constructed considering
based on the Malaysian organizational structure of
LSSPV and BESS management, where the Energy
Commission governs the scheme for LSSPV and
BESS grid-operation, whereas the Department of
Standards are responsible for safety standards to
protect the equipment and workers in the vicinity of
the equipment. Arrows between system elements
represent communication of information or
commands (control actions) between component
elements. The control diagram used for this STPA
analysis is shown in Fig. 14, adapted from Choo and
Rosewater’s STPA analyses of Grid connected Li-ion

Batteries (Choo & Go, 2022; Rosewater et al., 2020).

Fig. 14
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' STPA control diagram of grid connected LSSPV with BESS
(Choo & Go, 2022) (Rosewater et al., 2020)

Control actions between component elements are

identified. Typically control actions are characterized

(2

as commands from a controller type element of
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and commands (e.g. alarm activation, increased
cooling rate or physical actions) are considered as
control actions. As Leveson explains, that
mischaracterizing feedback and control actions will
result in the same causal factors identified in latter
steps of STPA. Based on each control action, unsafe
control actions (UCAs) are then identified by
considering how a purposeful control action not
provided, provided, provided too late or too early, or
stopped too early or too late may lead to a system
hazard state.

Results and discussion

A case study on two LSS sites in Malaysia was used to

validate the EcS quantification of frequencies of

severe damage per year via Event tree-based analysis.

The Energy Commission of Malaysia promotes

development of large-scale solar PV plants through

its competitive bidding programme. Projects on the

current bidding cycle, Cycle 4 are expected to be

commissioned between 2022 and 2023. The EC

offers two packages based on LSS PV capacity range

with their own Power Purchase Agreement Pricing

(Commission, 2022).

For the case study of this work, one site from LSSPV

P1 Package and one site from LSSPV P2 Package has

been chosen for quantitative risk assessment.

Referring to Table 11, Site 5 of 13.0 MW capacity in KU
the state of Selangor and Site 9 of 50.0 MW capacity g
in the state of Perak are considered, labelled site A

and site B in Table 12. Based on research carried out
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storage energy output to the energy output from the
solar farm. PV sizing is done via550 W
monocrystalline PV modules. For the 13.0 MW
capacity site A, 2.0 MVA central inverters units and
2.510 MWh Li-ion NMC BESS units are deployed and
for site B, 4.2 MVA central inverters and 4.18 MWh
Li-ion NMC BESS units are deployed (Electric, 2018;
Siemens & Flyer, 2020; Solar & “Hi-MOs5”, 1011,
2021). The configurations are verified in PVSyst to
ensure no oversizing or undersizing of PV array and

inverters.

Table 11 List of approved bidders for LSS
cycle 4 (Commission and “LSSPV Bidding
Cycle 4 (LSS@MENTARI)”, 2022)

Table 12 Component sizing and quantities
, for LSSPV sites

Event tree analysis and probabilistic assessment

BESS sizing, units and racks quantity

Two configurations for site A, A1—-A2 and five

configurations for site B, B1—B5 are assessed for the
probabilistic event tree analysis, as shown in Table 5\
12. Varying A value from 20% to 60%, the Kuala

Selangor site installed BESS capacity required

corresponds to 5—10 MWh. For 20—60% A value in
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racks per BESS unit. Site B will have 4—11 units of the
4184 kWh BESS, with 20 racks pé; ﬁlwait (Electric,
2018). In total, site A houses 24—48 total battery
racks, and site B houses 80—220 racks. The number
of battery storagé' units and total ba&éw racks are

used in the evaluation of event tree outcomes.

Event tree outcome evaluation

The probability of outcomes the Battery Rack Fire
Event Tree in Fig. 13 is presented in Table 13.

Outcomes of safety barriers FD, F1 and F2 are

labelled based on Table g outcome values o, 1, 2 or

“X” denoting success or failures in mitigation.

Outcome Probabilities, P(E) are conditional

probabilities of each event tree outcome or path in

the event of the initiating event i.e. battery rack fire.

Using this analysis, the probability of successful early

fire suppression expressed by Outcome 1.1 is 0.8491.

This is the ideal situation, where fire detection and

active fire suppression system are successful, and no
emmergency response is required. The worst-case

scenario in consideration is Outcome 1.7, where fire

detection system fails to produce an alert, the fire

suppression system is not activated, and the

emergency responders (Fire Team) fail to contain the

fire. This worst-case écenario is expected to occur at
probability of 0.001 in the event of a battery rack fire.

Another severe outcome scenario 18 Outcome 1.5, g l
where fire detection and alert is successti_L but fire '
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Table 13 Table of event tree outcome
probabilities

Given the frequency of initiating event of site
configurations A1-Bs, calculated based on Eq. 7, the
frequencies of each outcome of the event tree are
tabulated in Table 14. For the worst outcome which is
outcome 1.7 in Table 13, site A1 with the least number
of batterf units and racks resulted in a frequency of

occurrence of 2.173 x 1077 per year. For site B1, which

has the most number of battery units and racks, it

had a frequency of occurrence of 2.5753 x 10~ per
year. The frequencies of damage levels and BESS
damage levels are consolidated in Table 15.
Frequency of multiple battery rack damage for sites
A1 to A2 ranges from 2.222 x 1075 t0 4.028 x 1075
whereas for site B1 to Bs ranges from 9.802 x 1075 to
2.398 x 1074, due to higher number of total battery
racks and BESS units. For the same A values, site A
has lower risk of severe damage to BESS from
thermal runaway-induced fire by 3.3 to 4.5 times
compared to site B. Evaluating from the event tree
paths, failures of either the fire detection system or
the active fire suppression ;}fstém leadsto
unmitigated fire spféad inside the BESS room._
Targeted mitigatidn measures should be assessed to
reduce the failure rates of these two systems to
reduce the risk of severe damage in the event of G ﬁ)
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Table 14 Table of outcome frequencies (per
year) by site

Table 15 Frequencies of damage

STPA results

A list of unsafe control actions is described in Table
16, presenting UCAs focused on the failure modes of
the active safety systems i.e. active cooling, active fire
suppression and active ventilation and emergency
responder actions. UCA types are categorized as “not
provided”, “provided”, “provided too early or late”
and “stopped too early or late”, all UCA types lead to
hazardous states or escalation. The full list is

available in supplementary material.

Table 16 Summarized unsafe control
actions list

UCAs 1dentified cover failures of the hazard detection
systems i.e. BMS temperature, voltage, current
monitoring systems and the smoke and gas detection
syStéms of the BES_S‘ Aétive safety systems are hazard
prevention or mitigation systems that require a

detection trigger, e.g. for the ventilation system, the &
ventilation rate is increased once the BESS gas q

detection sensors detect a quick increase of
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provided late or stopped early lead to similar
outcomes i.e. unmitigated fire spread. The effects and
causes of these UCAs are generally foreseeable with
basic knowledge of safety. However, UCAs where
control actions are provided as designed, and lead to
hazard escalation provide assessments of abnormal
conditions of the system which require different
action plans. For example, in the event of
combustible gas mix build up in the BESS enclosure,
opening the door of the BESS room in attempt to vent
the gas would introduce fresh air, increasing the
flammability of the gas mixture thereby increasing
the risk of instantaneous explosion (McKinnon et al.,
2020). UCAs of regulation actions pertaining to
safety training and BESS site acceptance test
requirements are also considered. Following this
step, causal factors and corresponding mitigation

measures are suggested.

Causes and mitigation measures

Based on the full list of unsafe control actions, the

causal scenarios are assessed and mitigation

measures are identified 4ccordingly. Multiple causal

scenarios are found to be redundant for different

categories of control actions e.g. gas detection system

and smoke detection system UCAs are found to have

overlapping causal factors, thus grouped together in 6
Table 17. Gas detection and smoke detection systems 5

are grouped together. BMS monitoring sensor /
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H

" mitigation measures

For safety sensors and alerts, mitigation measures
include strategic placement of gas concentration
sensors at different height levels in the BESS room, to
ensure detectability of gases lighter than air, heavier
than air or stratified by coolant compound. Faults in
the sensor circuits should also produce alerts to
operators in the control room. Failure causes of the
active safety systems can be mechanical failure of
fans or pumps. Among mitigation measures
identified is for the HVAC coolant material to be
detectable by gas sensors in case of leakage. For the
emergency ventilation system, positive pressure
system is suggested, to pump chemically inert gas
into the BESS space to displace a toxic or combustible
gas mixture safely. Tables 17 and 18 cover causal
scenarios and mitigation measures suggested for the
safety sensors, BMS monitoring systems, active safety
systems, designs to assist the fire and rescue team,
and institutional-level measures such as having clear
numerical design requirements for the active safety
systems for BESS set by the local authority.

Table 18 Comparison of proposed EcS
assessment parameters against reviewed
risk assessment methods and recently ~

e

\
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Risk assessment evaluation

The risk assessment methods reviewed in "Safety and
Risk Assessment" section adopt different assessment
pé‘mﬁle’ters to fit different purposes of assessment

e.g. to analyse minimal cut sets of conditions for

failure, to evaluate hazard escalation sequences and
consequences of failures or to improve detectability
and preventability of failures. The combinations of
parameters facilitate the intended focus and purpose
of the assessment and its results. The parameters of
the proposed EcS method are compared against the
methods reviewed in "Safety and Risk Assessment"
section and Choc;:é Holistic-STPA method (Choo &
Go, 2022). The parameter types are categorized by
system definition parameters such as system
constraints and control actions. Accident analysis
parameters cover contributing causes and
consequences of undesired system failure events.
Corrective action parameters describe preventive
measures, mitigation measures incorporated into
system design and actions taken at an organizational
level or emergency response level. Parameters for
quantitative risk analysis include risk ranking,
component or safety barrier failure probabilities, and
damage severity.

Traditional applications of chain of events model,

namely ETA, adopt a direct, linear and exclusive view

on the causality and progression of events. This
approach may overlook failures caused by the
interactions between system components under
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BESS systems and components leading to hazardous
states. The qualitative findings of the EcS method
includes causal scenarios and mitigation measures
derived from possible failures contributed by these
indirect interactions. For example, the fire
suppression system failure and effectiveness, and
failure consequence analysis is evaluated in "STPA-

based Analysis" section and its indirect failure causes

and mitigations are assessed in "STPA Results"
section. The initiating event analysis also
incorporates various contributory failure
mechanisms, scalable to the component sizing of the
LSS + BESS system.

Quantitative assessments for severe BESS damage
due to thermal runaway induced fire found that
likelihood of total BESS unit damage for 5-46 MWh
Li-NMC storage systems ranged from 2.489 x 1079 to
2.807 x 1072 occurrence per year. This translates to f
risk of one worst case outcome per 35,000 fr!_._f
400000 years. Worst case scenario unmitigated fire

risk to human ranges from 2.489 x 1075 to 2.807 x
10~4 per year. Higher capacity LSS systems
incorporating more BESS units and battery racks
require increased monitoring and safety barrier
safeguards to lower the risk of hazardous events
causing damage to the equipment. The incorporation

of LOPA and Event Tree analysis provides a g‘
quantitative framework to compare risks of severe

outcomes from an undesired initiating event.

Mitigation measures can then be considered. For
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same severe consequences as Outcome 1.7, but
Outcome 1.5 has higher probability. Mitigation
measures can be targeted to reduce the likelihood of
Outcome 1.5.

Conclusions

Various research of large-scale solar (Isaac & Ii,
2023; Mohanan, 2020; Rehan Khan & Yun Ii Go,
2019) had been carried out including grid integration,
power management and system sizing etc. A
literature review covering various energy storage
(Citalingam, 2022; Faruhaan & Ii, 2021; Mahmoud,
2019; Mohammed & Go, 2021; Teo & Go, 2021)

technologies and hazards had been presented in
"Literature Review"section followed by a review of

risk assessment methods and case studies, outlining
the advantages and limitations of each method.
Industrial safety standards NFPA855 and IEC62933,
BESS safety review articles, and BESS accident
reports provided crucial infomriation on identifying
safety failures that were previoliusly overlooked. The
proposed risk assessment metlipdology was
presented and demonstrated in "Methodology"
section. The formulation of the event tree and
quantitative method to evaluate frequencies of
outcomes for each site based on probabilities of
failures of the LSS + BESS subsystems were 6«
presented. The STAMP control structure used in the

STPA v_vas iritroduced, with modifications from

references placing more importance on safety
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13.0 MW and 50.0 MW, and A value of 20—-60%, it is
recommended to adopt BESS capacities that ranging
from 5.0 to 10.0 MWh and 16.0—48.0 MWh,
respectively. Analysis of the worst-case outcomes for
fire hazard to human injuries ranged from 2.368 x
1075 to0 2.807 x 10~4 per year, and for BESS damage
ranged from 2.368 x 107 to 2.807 x 1075 per year.
Further improvement measures were assessed
qualitatively in the STPA analysis with emphasis on
failures of safety barriers by indirect causes or
abnormal system states. Causal factors identified
covered component failures, loss of data to guide
emergency response actions and inadequate
information or organizational framework pertaining
to BESS safety. The mitigation measures identified
covered improvements to sensor coverage,
emergency responder contingencies for data on BESS
state and redundancy measures for safety systems

components (pumps and fans).

» 13.0 MW LSS site with 5—10 MWh Li-NMC
BESS, the frequency of worst-case total BESS
unit damage due to thermal runaway fire is
observed to be 2.368 x 1070 t0 4.363 x 1070 per
year.

¢ 50.0 MW LSS site with 16—46 MWh Li-NMC
BESS, the frequency of worst-case total BESS
unit damage due to thermal runaway fire is
observed to be 1.037 x 1072 to 2.800 x 107 per

year.

Large-scale energy storage system: safety and risk assessment | Sustainable Energy Research | Full Te
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in organizational protocols

» Mitigation measures analysis identified required
improvements to safety design, contingencies b
for emergency responders and redundancy I
measures for safety system components '

Principles of incorporating both component and
systemic view, assessment of safety barrier failures
and assessment of indirect causal factors in abnormal
system states are necessary to develop an adequate
safety framework for complex energy systems such as
an LSS with BESS. Stakeholders and LSS owners are
expected to benefit from reduced risk of severe
equipment damage and asset loss from accident
events. Emergency responders benefit from improved
safety protocols and safety requirements leading to
reduced risk of severe injuries or fatalities in accident
events. The EcS risk assessment framework
presented would benefit the Malaysian Energy
Commission and Sustainable Energy Development
Authority in increased adoption of battery storage
systems with large-scale solar plants, contributing to
IRENA 2050 energy transformation scenario targets
for global temperature control and net zero carbon

emissions.

Data Availability

The datasets generated during and/or analysed \
during the current study are available from the l‘

corresponding author on reasonable request. 7
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Abbreviations

LSS:
Large-scale solar

BMS:
Battery management system

MCS:
Minimal cut set

CCPS:
Centre of chemical process safety

NMC:
Nickel manganese cobalt

DET:
Detectability

NaNiCl, :

Sodium nickel chloride

EC:
Energy commission

Nas:

Sodium sulphur u ‘,
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NFPA:
National fire protection agency

ETA:
Event tree analysis

OCC:
Occurrence

FTA:
Fault tree analysis

SEDA:
Sustainable energy development authority

HAZMAT:

Hazardous materials

STAMP:
Systems-theoretic accident model and process

HAZOP:
Hazards and operability

SEV:
Severity

HVAC:
Heating, ventilation and air conditioning

SOC:

State of charge 0"
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STAMP:
Systems-theoretic accident model and process

IREN:

International renewable energy agency

STPA:
System-theoretic process analysis

1PL:
Independent protection layers

UCA:
Unsafe control actions

LC:
Lethal concentration

VRLA:
Valve regulated lead acid

LFL:
Lower flammability limit

VRFB:
Vanadium redox flow battery

LIP:
Lithium iron phosphate

ZnB:
Zinc bromine K
&
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CHAPTER 90%
TOWN AND OTHER COMMUNITY MEETINGS

*Cited. 43 CA 297.
Table of Contents

Sec. 7-1. Annual and special town meetings. Holding of meetings outside town.

Sec. 7-2. Ordinance concerning convening of special town meetings.

Sec. 7-3. Warning of town and other meetings.

Sec. 7-4. Record of warning,

Sec. 7-5. Place.

Sec. 7-6. Eligibility to vote.

Sec. 7-7. Conduct of meeting of towns, societies and other municipal corporations. Vote by ballot or voting
machine; when.

Sec. 7-8. Power of moderator,

Sec. 7-9. Petitions for vote. Form. Statement by circulator.

Sec. 7-9a. Circulation of petition for vote at town meeting,

Sec. 7-9b. Hours of voting at referenda.

Sec. 7-9¢. Dates and hours of referenda.

Sec. 7-9d. Validation of prior referenda. Hours.

Sec. 7-1. Annual and special town meetings. Holding of meetings outside town. (a) Except as otherwise
provided by law, there shall be held in each town, annually, a town meeting for the transaction of business proper
to come before such meeting, which meeting shall be designated as the annual town meeting. Special town
meetings may be convened when the selectmen deem it necessary, and they shall warn a special town meeting
on application of twenty inhabitants qualified to vote in town meetings, such meeting to be held within twenty-
one days after receiving such application. Any town meeting may be adjourned from time to time as the interest
of the town requires.

(b) Where any town's public buildings do not contain adequate space for holding annual or special town
meetings, any such town may hold any such meeting outside the boundaries of the town, provided such meetings
are held at the nearest practical locations to the town.

"‘vl(1949 Rev., 8. 491, 492; 1953, S. 205d; 1957, P.A. 226, S. 1; P.A. 73-412; P.A. 77-56.)

History: P.A. 73-412 deleted requirement that annual meeting be held on first Monday in October barring other
provisions in law; P.A. 77-56 added Subsec. (b) re meetings held outside of town.
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Vote may be rescinded at subsequent meeting. 34 C. 108. Calling of special meeting for legal purpose is
obligatory; immaterial that application names a day. 41 C. 245. Mandamus to compel calling of special meeting;
reasonable certainty enough in application. 89 C. 561. Cited. 139 C. 209. Mandamus lies for directing selectmen

. to call town meeting for acceptance of street as public highway. 151 C. 372. Cited. 204 C. 551. Provisions of
section do not preempt provisions of town charters delineating the circumstances requiring town meeting
involvement. 234 C. 513.

Cited. 21 CA 351. Plaintiff's application to warn town meeting concerning dismissal of town planner was not
proper under section. 85 CA 555.

No duty on the selectman to call a meeting pursuant to a petition where object is unlawful, frivolous or improper.
16 CS 486; 19 CS 216. While the board of selectmen is required to warn a town meeting on petition of twenty
inhabitants qualified to vote, there is no duty to warn a meeting pursuant to such petition unless the board is
reasonably certain that the object of the petition is lawful, proper, and not frivolous. 32 CS 237.

(Return to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)

Sec. 7-2. Ordinance concerning convening of special town meetings. Notwithstanding the provisions of section
7-1, any town may adopt an ordinance, in the manner provided by section 7-157, requiring that a special town
meeting be warned by the selectmen on application of at least fifty inhabitants qualified to vote at town
meetings, such meeting to be held within twenty-one days after such application is received by the selectmen;
provided nothing in this section shall be construed to affect any ordinance legally adopted prior to October 1,

1957.
(1953, S. 206d; 1957, P.A. 226, S. 2.)

Cited. 234 C. 513,

Table of Contents) List of Chapters) List of Titles)
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Sec. 7-3. Warning of town and other meetings. The warning of each town meeting, and of each meeting of a city,
borough, school district or other public community or of an ecclesiastical society, shall specify the objects for
which such meeting is to be held. Notice of a town meeting shall be given by posting, upon a signpost or other
exterior place near the office of the town clerk of such town and at such other place or places as may be
designated as hereinafter provided, a printed or written warning signed by the selectmen, or a majority of them,
and by publishing a like warning in a newspaper published in such town or having a circulation therein, such
posting and such publication to be at least five days previous to holding the meeting, including the day that
notice is given and any Sunday and any legal holiday which may intervene between such posting and such
publication and the day of holding such meeting, but not including the day of holding such meeting; but any
town may, at an annual meeting, designate any other place or places, in addition to the signpost or other exterior
place, at which such warnings shall be set up. The selectmen shall, on or before the day of such meeting, cause a
copy of each such warning to be left with the town clerk, who shall record the same. Notice of a meeting of a
city or borough shall be given by posting, upon a signpost or other exterior place nearest to the office of the clerk
of such city or borough or at such place or places as may be designated by special charter provision, a written or
printed warning signed by the mayor or clerk in the case of a city or by the warden or clerk in the case of a
borough, and by publishing a like warning in a newspaper published within the limits of such city or borough, or
having a circulation therein, at least five days previous to holding the meeting, including the day that notice is

( ‘ziven and any Sunday and any legal holiday which may intervene between such posting and such publication
and the day of holding such meeting, but not including the day of holding such meeting.

(1949 Rev., S. 493; 1953, S. 211d; 1963, P.A. 212; P.A. 84-146,S. 1.)
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History: 1963 act deleted provisions for posting warnings on signposts in the municipality and substituted
posting on signpost or other exterior place nearest clerk's office; P.A. 84-146 made technical grammatical

change.

Both warning and notice are requisite for legal meeting. 4 D. 62; 5 C. 391; 37 C. 392; 44 C. 157; 52 C. 483; 58
C. 488, 60 C. 165; 121 U.S. 121. Warning is to be affirmatively proved. 8 C. 247. Town clerk's record that
meeting was legally warned is prima facie evidence thereof. 25 C. 555; see 121 U.S. 121. The hour of meeting
presumed to be a proper hour. 13 C. 227. The notice should fairly state the purpose of meeting. Id.; 15 C. 327; 36
C. 83,53 C. 577; 58 C. 488. Town may act within the limits of the warning. 55 C. 245. The statute prescribed
method of notice, while by its vote the society prescribed more general notice; held that the society vote was
merely directory. 15 C. 327. A validating act of the General Assembly cures all defects incident to the act
validated. 52 C. 45. “Soldier's bounty” validating acts, so held. 32 C. 47; 37 C. 225. Town has no inherent legal
powers; warning needs no address, but addressed “to the inhabitants” is valid. 32 C. 47. Clerk's certificate
imports verity only as to matters of lawful consideration. 44 C. 158; 51 C. 22. 5 days before the meeting means 5
days before the day of meeting. Id. A meeting illegally warned voted a guarantee; a subsequent legal meeting
voted “to let conditions of former vote remain as they now stand”; held not to be a ratification. Id.; see 121 U.S.
121. Town is not estopped by erroneous record of town clerk, as against one acting under it. Id. Meeting voted to
adjourn “to Wednesday evening”; held to mean the next Wednesday. 52 C. 45. Unless restrictive in terms, a
subsequent board of selectmen may carry out the purpose of a vote. Id., 498. As to what constitutes an
appropriation. 58 C. 486. Town may by acquiescence ratify unauthorized act of selectmen. 59 C. 447, General
notice sufficient as to action required by law. 77 C. 197. Notice published in newspaper 4 days before meeting
insufficient. 83 C. 331. Warning to consider water company's proposition in regard to laying water main held to
cover vote to contract with company for laying the water main. 97 C. 636. Unnecessary for warning to state
number of grand jurors to be elected. 111 C. 341. Cited. 152 C. 237; 185 C. 556; 234 C. 513.

Warning advising voters “to determine what is to be done about the addition of a room to the ... school” did not
warn of the action taken rescinding votes passed at a prior meeting authorizing the building of an addition to the
school. 13 CS 116.

Table of Contents) List of Chapters) List of Titles)
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Sec. 7-4. Record of warning. The person who posts, causes to be published or in any other manner gives notice
of the warning for any meeting of a town, city, borough, school district or other public community or of an
ecclesiastical society shall make return, in writing, to the person whose duty it is to keep a record of such
meeting, showing the notice given of such warning, and such return shall be kept on file and recorded at length
with the warning or doings of such meeting.

(1949 Rev,, S. 494; 1953, S. 212d.)
As to necessity of recording warning, see 121 U.S. 121.
Recorded return of notice of warning best evidence of contents of warning. 97 C. 633.

Town not charged with the neglect of its officers to file sufficient notice of town meeting. 29 CS 59.

(Return to Chapter (Return to (Return to

Table of Contents) List of Chapters) List of Titles)

Sec. 7-5. Place. In any town, the place of holding town meetings may be determined by a majority of the voters
present and voting at any town meeting specially warned and held for that purpose.

(1949 Rev,, S. 529; 1953, S. 207d.)

See Sec. 9-1 for applicable definitions.
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(Return to Chapter (Return to (Return to
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Sec. 7-6. Eligibility to vote. At any town meeting other than a regular or special town election or at any meeting
of any fire, sewer or school district or any other municipal subdivision of any town incorporated by any special
act, any person who is an elector of such town may vote and any citizen of the United States of the age of
eighteen years or more who, jointly or severally, is liable to the town, district or subdivision for taxes assessed
against him on an assessment of not less than one thousand dollars on the last-completed grand list of such town,
district or subdivision, or who would be so liable if not entitled to an exemption under subdivision (17), (19),
(22), (23), (25) or (26) of section 12-81, may vote, unless restricted by the provisions of any special act relating
to such town, district or subdivision.

(1949 Rev., S. 496; 1953, 1955, S. 209d; 1963, P.A. 642, S. 5; 1972, P.A. 127, 8. 3; P.A. 02-130, S. 15.)

History: 1963 act corrected erroneous references to subsections of Sec. 12-81; 1972 act changed voting age from
21 to 18; P.A. 02-130 replaced “citizen” with “citizen of the United States”, effective May 10, 2002.

See Sec. 9-1 for applicable definitions.

See Sec. 9-360 re penalty for fraudulent voting,

See Sec. 9-365 re employers' threat or punitive action relative to employees' vote,

Freehold estate ratable, but not rated, does not qualify. 2 D. 504. Cited. 184 C. 200; 212 C. 338; 234 C. 513.

Cited. 36 CA 584.

‘Requisite value necessary to vote determined without reference to existence of mortgage on the property; where
husband and wife are joint owners, cach is entitled to vote if assessed value is not less than $2,000; history of
statute reviewed. 19 CS 234. Cited. 43 CS 297.

(Return to Chapter (Return to (Return to

Table of Contents) List of Chapters) List of Titles)

Sec. 7-7. Conduct of meeting of towns, societies and other municipal corporations. Vote by ballot or voting
machine; when. All towns, when lawfully assembled for any purpose other than the election of town officers,
and all societies and other municipal corporations when lawfully assembled, shall choose a moderator to preside
at such meetings, unless otherwise provided by law; and, except as otherwise provided by law, all questions
arising in such meetings shall be decided in accordance with standard parliamentary practice, and towns,
societies and municipal corporations may, by ordinance, adopt rules of order for the conduct of their meetings.
At any such town meeting the moderator shall be chosen from the last-completed registry list of such town. Two
hundred or more persons or ten per cent of the total number qualified to vote in the meeting of a town or other
municipal corporation, whichever is less, may petition the clerk or secretary of such town or municipal
corporation, in writing, at least twenty-four hours prior to any such meeting, requesting that any item or items on
the call of such meeting be submitted to the persons qualified to vote in such meeting not less than seven nor
more than fourteen days thereafter, on a day to be set by the town meeting or, if the town meeting does not set a
date, by the town selectmen, for a vote by paper ballots or by a “Yes” or “No” vote on the voting machines,
during the hours between twelve o'clock noon and eight o'clock p.m.; but any municipality may, any provision of
any special act to the contrary notwithstanding, by vote of its legislative body provide for an earlier hour for
ppening the polls but not eatlier than six o'clock a.m. The selectmen of the town may, not less than five days
prior to the day of any such meeting, on their own initiative, remove any item on the call of such meeting for
submission to the voters in the manner provided by this section or may submit any item which, in the absence of
such a vote, could properly come before such a meeting to the voters at a date set for such vote or along with any
other vote the date of which has been previously set. The paper ballots or voting machine ballot labels, as the
case may be, shall be provided by such clerk or secretary. When such a petition has been filed with such clerk or

https://www.cga.ct.gov/current/pub/chap_OQO.htm#sec_7-7 417
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secretary, the moderator of such meeting, after completion of other business and after reasonable discussion,
shall adjourn such meeting and order such vote on such item or items in accordance with the petition; and any
item so voted may be rescinded in the same manner. If such moderator resigns or is for any other cause unable to
serve as moderator at such adjourned meeting, such clerk or secretary shall serve, or may appoint an elector of
such municipality to serve, as moderator of such adjourned meeting. Such clerk or secretary, as the case may be,
shall phrase such item or items in a form suitable for printing on such paper ballots or ballot labels, provided that
the designation of any such item shall be in the form of a question, as prescribed under section 9-369. The vote
on any item on the call of a town or other municipal corporation shall be taken by paper ballot if so voted at the
meeting, if no petition has been filed under this section with reference to such item.

(1949 Rev., S. 495; 1953, S. 210d; 1957, P.A. 545; 1961, P.A. 593; 1967, P.A. 805, S. 2; 1969, P.A. 3, S. 1; 694,
S.18; P.A. 73-467; P.A. 79-631, S. 28, 111; P.A. 81-228; P.A. 86-170, S. 3, 13.)

History: 1961 act substituted deciding of questions in accordance with standard parliamentary practices for
deciding by majority vote and authorized adoption of rules of order by ordinance; 1967 act changed poll opening
from 8 to 6 a.m. and amended town's options re hours to remove option of shorter voting period than specified;
1969 acts changed poll hours from between “6 a.m. and 6 p.m.” to between “twelve noon and eight p.m.” and
replaced former option of keeping polls open until eight p.m. with option for earlier opening than specified; P.A.
73-467 changed requirements for petition to 10% of population or the previous 200 persons, whichever is less;
P.A. 79-631 made technical changes; P.A. 81-228 allowed selectmen to call for referendum on their own
initiative; P.A. 86-170 required that designation on ballot label be in form of question.

See Sec. 9-1 for applicable definitions.
Cited. 184 C. 200; 204 C. 551; 234 C. 513.

Cited. 13 CA 325.

(Return to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)

Sec. 7-8. Power of moderator. The moderator of any town meeting, and of any meeting of any society or other
community lawfully assembled, may, when any disorder arises in the meeting and the offender refuses to submit
to the moderator's lawful authority, order any proper officer to take the offender into custody and, if necessary, to
remove the offender from such meeting until the offender conforms to order or, if need be, until such meeting is
closed, and thereupon such officer shall have power to command all necessary assistance. Any person refusing to
assist when commanded shall be liable to the same penalties as for refusing to assist constables in the execution
of their duties; but no person commanded to assist shall be deprived of such person's right to act in the meeting,
nor shall the offender be so deprived any longer than the offender refuses to conform to order. If such offender is
attending such meeting by means of electronic, equipment, as defined in section 1-200, the moderator may
terminate such offender's attendance by electronic equipment until such time as the offender conforms to order
or, if need be, until such meeting is closed.

(1949 Rev,, S. 521; 1953, S. 213d; P.A. 00-99, S. 134, 154; June Sp. Sess. P.A. 21-2, S. 152.)

History: P.A. 00-99 deleted reference to sheriffs and made technical changes, effective December 1, 2000; June
Sp. Sess. P.A. 21-2 added provision authorizing termination of attendance of offender attending meeting by
means of electronic equipment, effective June 23, 2021.

{’See Sec. 53a-182 re disorderly conduct.

The enforcement of this provision requires no issue of process. 65 C. 30. Cited. 135 C. 150.

(Return to Chapter (Return to (Return to
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Sec. 7-9. Petitions for vote. Form. Statement by circulator. Whenever under the provisions of the general statutes
or any special act, any action for a vote by the electors or voters of a municipality is to be initiated by the
petition of such electors or voters, in addition to such other requirements as such statute or special act may
impose, such petition shall be on a form prescribed or approved by the clerk of such municipality, and each page
of such petition shall contain a statement, signed under penalties of false statement, by the person who circulated
the same, setting forth such circulator's name and address, and stating that each person whose name appears on
said page signed the same in person in the presence of such circulator, that the circulator either knows each such
signer or that the signer satisfactorily identified himself to the circulator and that all the signatures on said page
were obtained not earlier than six months prior to the filing of said petition. Any page of a petition which does
not contain such a statement by the circulator shall be invalid. Any circulator who makes a false statement in the
statement hereinbefore provided shall be subject to the penalty provided for false statement.

(1957,P.A. 347;1971,P.A. 871, S. 58.)
History: 1971 act substituted “false statement” for “perjury”.
Cited. 184 C. 410; 193 C. 1; 197 C. 82; 205 C. 290; 234 C. 513.

Petition asking for referendum on authorization of bond issue to finance new school complex invalid because of
failure to comply with section. 28 CS 295. Requirement that each page of petition contain 6 months' clause,
applicable to referenda under Sec. 12-574a. 30 CS 365.

(Return to Chapter (Return to (Return to

Sec. 7-9a. Circulation of petition for vote at town meeting. No petition shall be valid for any action for a vote by
the electors or voters at any regular or special town meeting unless such petition shall be circulated by a person
resident or eligible to vote in such town.

(February, 1965, P.A. 360.)

(Retum to Chapter (Return to (Return to
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Sec. 7-9b. Hours of voting at referenda. Whenever any municipality conducts a referendum on a day other than a
state or local election, the polls shall be open between twelve noon and eight p.m., but any municipality may,
any provision of any special act to the contrary notwithstanding, by vote of its legislative body provide that the
polls at any such referendum shall open at an earlier hour but not earlier than six a.m.

(1967, P.A. 805, S. 1; 1969, P.A. 3, S. 2; 694, S. 19.)

History: 1969 acts changed poll hours from between “six a.m. and six p.m.” to between “twelve noon and eight
p-m.”, removed distinctions between towns and cities and boroughs in voting on poll hours and replaced former

option for eight p.m. closing with option for earlier opening.

(Return to Chapter (Return to (Return to

Sec. 7-9¢c. Dates and hours of referenda. Unless otherwise provided by law, a referendum on any question may
be held at such hours as is provided in section 7-9b and on such date as the legislative body of the political
subdivision holding such referendum shall determine pursuant to the provisions of the local charter, special act
or home rule ordinance or not earlier than the thirtieth day following the day upon which the municipal clerk,
upon instruction from the legislative body, issues a warning therefor by publishing a notice thereof in a
newspaper having a general circulation in the municipality. In the case of any question to be submitted at an
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election as that term is defined in section 9-1, the provisions of sections 9-369, 9-369a and 9-370 shall apply.
The provisions of this section shall not apply to votes scheduled under section 7-7.

(1969, PA. 426, S. 1; 1971, P.A. 507, S. 3; P.A. 89-297,S. 7, P.A. 97-276.)

History: 1971 act added specific provisions for questions submitted at elections and deleted reference to
questions “not involving a constitutional amendment or the election of municipal officers”; P.A. 89-297 deleted
“pursuant to petitions filed” after “scheduled” in last sentence, providing that section does not apply to any votes
scheduled under Sec. 7-7; P.A. 97-276 added provision requiring referendums to be consistent with the local
charter, special act or home rule ordinance,

Cited. 204 C. 551.

(Return to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)

Sec. 7-9d. Validation of prior referenda. Hours. Section 7-9d is repealed.

(1969, PA. 624,8.1,2; PA. 82-327, S. 12.)

(Return to Chapter (Return to (Return to
Table of Contents) List of Chapters) List of Titles)
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