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Intro to Safety irthe Electric GridD=.

Codes, Standards, and

Regulations (CSRs)

A National Electrical Code (NEC)
was fist published in the 1897

Source: www.nfpa.org/
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A Equivalence
A No more hazardousor less safe

A Independent Arbitration

A Offload liability onto a third party who will verify that systems are compliant with all
applicable standards.

A Insurance

A Actuarial tables track failures amtrrelate themto payouts
A Technicatlecisionsare approvedy lawyers an&conomists
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Grid Energy Storage ) .

A Storage can provide significant value to the grid
A Example technologies:

Batteries Flywheels,

Picture Source : Energy Storage 101 Short Course Slides
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Safety in Grid Energy Storage @

A. FastPace of Technologic&hange

In many cases the technology Is improving too quickly to properly adjust for the
Impact that changes have on safety. In the past decade the number of energy st
technologies has greatly expanded. These dynamics make safety difficult for
standards bodies to properly control, as they are continuously acting on lagging
Information.

B. IncreasingComplexity andCoupling

Even while the quantity of grid connected energy storage has been steadily
Increasing, its complexity has increased exponentially. This has made existing s
analyses tools much more difficult to apply and costs to companies to validate s
to increase.

C. Decreasingolerance forSingle Accidents

Injuries generate lawsuits, fires raise insurance premiums, and reputation dama
can result in significant lost business. The effects do not then stop with the com|
responsible. By association, the whole energy storage indoatrpe affected.

A

Source: Engineering a Safer World: Chapter 1: Why we need something different?



Example of CAST ) .

Generic Flow Battery Accident: Loss of effective
electrolyte containment
D S - Several month delay for

commissioning

- Leaksensors were removed
to fill tank

- The vent had been blocked by
nesting Insects

- Electrolyte heated during use
causing tank pressure to rise

- Tank was damaged by
pressure rise and leaked
Membrane

By Nick B, benboy00 [CC-BY-5A-3.0 - Secondary containment filled

(http://creativecommons.org/licenses/by-sa/3.0)], via

Tank 1 Tank 2

Pump 1 Pump 2

Wikimedia Commons and started to overflow



file://localhost/upload.wikimedia.org/wikipedia/commons/2/26/Redox_Flow_Battery_English.png
file://localhost/upload.wikimedia.org/wikipedia/commons/2/26/Redox_Flow_Battery_English.png
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CAST of a Flow Battery Electrolyte Spilld).

Off Site Control
cl1l.12 | |

Computer
(HMI)
Q314 On-Site Control Computer
(HM1)

| Fln'u'u' Battery Svstem
ClB

Flow battery functional control diagram

Secondary Containment
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CAST of a Flow Battery Electrolyte Spill®):.

A 3 Proposed corrective actions from initial incident report
A 9 Additional recommendations from applying CAST

Outcome of Root Cause Analysis SiteOwner
Proposed Actions 4. Develop clear site use requirements

Develop Emergency Call List

Protection circuit verification to be
performed before operation

Actionsfor Off-Site Operators

5. Ensurecommunication with orsite personnel is
consistent throughoutommissioning

InstallVent TubeScreen

EnergyStorageVender

Actions for Sandia/DOE 6. Update commissioninglanto includeinspection
1. Developconsistent and complete and testing ofll critical elements before

Codes Standards and Regulations operation

(CSR) fOESS 7. Desigmfeedback mechanism to detect tank
2. Develop general commissioning overpressure

Requirements for ESS 8. Conduct practiceommissioning sessiofgr
3. Develop energy storage System technicians

Safety Protocols for flow batteries 9. Design more effective secondary containment

.
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Application of STPA ) .
- TranspowelGridSaver

Quick Stats.

A Prototype 1 MW
Lithium-lon Battery

shipping container S

A Four900 volt strings &

Da,

A Over 1000 individual _
battery cells, (a) External (b) Internal

A Liguidcooling loop TranspowelGridSaveBattery Energy
for its power Storage System
Inverters

38
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The complexity of battery system§g-.

A Control loops

A Battery Parameters s .
C Inverter ScADA
¢ Air Conditioning E—"
A Inverter Parameters Co .I - o
¢ Coolant Ko
A Grid Interaction Cl;ciu P SR ST SpTTSSRY SypvTTTT
A Maintenance
A Incident Response '

C20

AvMnnQa 27T At
control actions

AMnnnQa 27
factors

Cc23

AC

Sa%;JICoq%i Slt'rucf*ture for the Transpower GridSaver
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Selected Results to Date ()

A Unexpected causal factors
A Not venting air form the enclosure
A Profileused from a difference batterstring

A Causal factorkelpdevelop tests for leading indicators

Leading Indicator

Test for Measurement Accuracy Measurement accuracy or delay is
out of compliance

Operator Qualification Testing: Operator does not meet the
predefined minimum standard for

gualification
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Broader Impacts of STAMP E .
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How safe are lithium-ion batteries?
Smart phones and other devices can overheat under certain

circumstances
Published: July 31, 2014 02:15 PM

m

You may have read a recent

Find Ratings news story about a teenage girl
020e® whose Samsung Galaxy S 4

i smart phone slipped under her
Batteries () pillow and began to smolder as

she slept. She woke fo find, as

her father told TV station KDFW

in Dallas, "The whole phone
melted. The plastic, the glass. You can't even really tell that it
was a phone.”

The Galaxy S 4 uses a lithium-ion battery, as do other smart

phones and mobile devices as well as many other consumer

products. Samsung pointed to a warning in its product guide, which states that covering one of its devices with

bedding or other material could restrict airflow and cause a fire. The company also pointed out that this phone’s
battery was a replacement, not the original Samsung battery. (The company told KDFW it is investigating what
actually caused this particular fire.)

So, are lithium-ion batteries inherently dangerous? And should you avoid using aftermarket batteries when your
original manufacturer batteries wear out? We reached out to an expert to get some answers.

Jeffrey P. Chamberlain, Ph.D_, the deputy director of development and demonstration for the Joint Center for
Energy Storage Research at Argonne National Laboratory, explains why this incident likely happened: “If heat is
not properly removed from either electronics or battery packs, the device can overheat, and cause a cascading
reaction that causes plastic to melt and, in some cases, catch on fire.”
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Sources:

http://www.consumerreports.org/cro/news/2014/07/howsafe-are-lithium-ion-
batteries/index.htm

http://newscenter.lbl.gov/2015/02/09/newbattery-startup-promisessafelithium-
batteries/

http://www.nrel.gov/education/pdfs/lithium-ion_battery safety hazards.pdf
http://cen.acs.org/articles/91/i6/Assessin§afetyLithiumlon-Batteries.html 11




