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Introduction

Safety is critical to the widescale deployment of energy storage technologies.

Bloomberg
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Hyperdrive

Explosions Threatening Lithium-lon's

Edge in a Battery Race

By Brian Eckhouse and Mark Chediak
April 23, 2019, 4:58 PM MDT Updated on April 24, 2019, 8:24 AM MDT

» Battery exploded at plant in Arizona; two others were shut

»  Arizona utility regulator calls for ‘thorough investigation'

i o NGO Another lithium-ion battery has exploded, this time at an

complex in the U.S.

At least 21 fires had already occurred G at battery projects in South Korea,

SHARE THIS ASTICLE

Bl share according to BloombergNEF. But this latest one, erupting on Friday at a

W Twest facility owned by a Pinnacle West Capital Corp. utility in Surprise, Arizona,

n ent marked the first time it has happened in America since batteries took off
globally.
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https://www.bloomberg.com/news/articles/20

19-04-23/explosions-are-threatening -lithium -

ion-s-edge-in-a-battery -race

There is a tendency to use the

availability heuristic when
considering risk.

To avoid this, consider how many
batteries continue to operate
without problems every day.

Greentech Media

APS and Fluence Investigating Explosion at Arizona
Energy Storage Facility

The stakes are high for the energy storage sector after an explosion with an unknown cause left several
firefighters injured
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Solar-Plus-
Storage Is Just
the Beginning

https://lwww.greentechmedia.com/articles/
read/aps -and-fluence -investigating -
explosion-at-arizona-enerqgy-storage-
facility#gs.gpky5k
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Frequent fire raising concerns over safety of solar energy
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rth Chungcheong Province, Monday. / Courtesy of
North Chungcheong Province Fire Service Headquarters

By Nam Hyun-woo

A series of fires in energy storage systems (ESSs) has been raising safety concerns, according to
industry analysts, Tuesday.

‘With ESSs essential for optimizing energy efficiency, further accidents may compromise the
feasibility of renewable power and hamper the government's bid to expand the use of cleaner

energies.

According to the Ministry of Trade, Industry and Energy, it

and other organizations to stop using 584 uninspected ESSs across the country.

https://www.koreatimes.co.kr/www/tech/201

8/12/133 260560.htm|
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Hazard Analysis in Complex
Control Systems



Hazard Analysis

A Safety: Freedom from accidents
A Hazard: System state that could lead to an accident

A Hazard Analysis: Process of identifying hazards along with their
causes and conditions

Determine how

: Make it more
a design can be L

unsafe |

Analysis

Document



Systems Thinking

!
Many components, interacting in simple ways, can |
develop complex emergent patterns of behavior . ‘

Carbon Analogy: Structure Traffic Analogy: Emergence Sand Analogy: Hierarchy
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Systems Thinking (Safety)
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If safety Is an emergent property, why/how do accidents happen?
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Systems Theoretic Process Analysis (STPA)

Hazard Analysis Based on Systdrheoretic Accident Model and Processes (STAMRon2012] |

A Accidents occur when interactions violatefety constraints
A The system enforces these constraints usiogtrol.

Example:

(a) External (b) Internal

TranspowelGridSaveBattery Energy 8
Storage System



STPA Setup

Defining System Losses and Hazardous States

Example Accidents
(Losses)

1. Loss of life/injury

2. Loss of investment
(damage to equipment)

Example Hazards (System States)
1. Human exposed to high voltage

2. Human exposed to a#ftash/blast
potential

3. Fire (thermal runaway)

3. Loss of reputation (COSt 4. Combustible vent gas bUI'dUp
overrun, frequent service 5. Human exposed to toxic vent gases

Interruptions)

6. Low reliability components or
Integration
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STPA Setup
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Example Accident: Loss of investment (damage to equipment)
Example Hazard: Battery cell in thermal runaway

Battery racks in a container

Relevant Direct Control Actions
A Physical Separation Between Cells
A Physical Separation Between Racks

Thermal transmittance A Fire Suppression
A Emergency Response

Physical Separation Physical Separation Fire Suppression Emergency Response
Between Cells Between Racks

Enforced by l Enforced byl Enforced by 1 Enforced by 1
Cell and module Unit level Type testing and Training programs and
testing mockup test [3] simulation analysis hazard communication

between owner and fire
service 11
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Thermal Runaway as a Controllable Process
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Instability of Thermal Runaway

AAccelerating Rate Calorimetry (ARC)
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Heating Rate Analysis

ABelow the critical
temperature the
reaction IS nOR
spontaneous

AAbove the critical
temperature the
reaction Is
spontaneous

AdDAO6O6& CNB
diagrams provide a
useful visualization
of thermal runaway
phenomena
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Feedback Control to Prevent Propagation

G (s) |

G, (s) = Hs(s) f
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Heating Rate Analysis (w/ Fire Suppression) |

ADirect cooling raises
the thermal
runaway critical |
temperature

AEarly action could
(potentially)
dissipate potential
thermal energy ‘
before a fire

ARunaway reactions :
can temporarily |

eXCGEd the ablllty Of Effects of Fire Suppression on Thermal Stability
water to cool them



