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DNV GL Energy Storage Expertise
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Electrical Energy Storage Technologies

Type

Subgroup
and
examples

Electrical

Capacitor

s«Capacitor
sSupercapacitor
- Li-ion capacitor

Superconductor

sSuperconducting
magnetic energy
storage (SMES)

MNote: a supercapacitor may have charge stored
electrostatically and/or electrochemically.

Electrochemical

Room-temperature battery
sl ead-acdd
- «Copper-Zinc (CuZn)
sNickel-cadmium
sNickel-metal hydride
sLithium-ion (Li-ion)

High-temperature battery

~— Sodium-sulphur (NaS)
sSodium-nickel chloride

Redox flow battery

«Zinc-bromine
sAll-vanadium
sPolysulphide-bromine

Mechanical

Potential energy in
storage medium
sFPumped hydro

sCompressed air
(CAES)

Kinetic energy in
— storage medium

sFlywheel

Image: DNV GL - GRIDSTOR
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Energy Storage 101: Lithium Ion Cell
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Energy Storage 101: General Battery Architecture

Q
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No electronics, may
include voltage or
temperature sensors,
may include current
interrupt device (CID)
or fuse.

Cell

Little electronics, may
include voltage or
temperature or current

monitoring, CID or fuse.

May contain passive cell
containment.

Sub-battery managementsystem (BMS) or
independent BMS. Likely to include voltage,

temperature, and current monitoring,
breakers and fuses, and alarm conditions.
Likely to include cell or multi-cell
containment. May include active cooling.

Will include system level BMS, voltage,
current, and temperature monitoring
at string and system level, mechanical
and passive disconnects at string and
system level, alarm conditions and
intelligent control.

Sub-Module

Module

System
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Energy Storage Technology

Image Credit: Nissan Image Credit: Tesla
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Key Storage Design Principles

= Develop for functionality and safety

— Chemical properties

— Electrical considerations

— Mechanical and physical considerations
= Lifecycle phases

— Design and process planning

— Manufacturing

— Transport and warehousing

— Installation and commissioning

— Monitoring, operations and maintenance
— End of life and decommissioning
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Understanding risk — and AHJ concerns

= Hazards’ impact includes both Severity
Risk Level z
— Consequence = _ 0 =
Low Medium . High 8 ] T @ E‘
— Frequency E| E| < 2| g
o , {7 = S » g
= Risk is assessed based on all potential = S

hazards
. ] o ] Nominal
= Once risk is understood, mitigation

measures can be put in place to Rare

reduce risk =
E Unlikely
E
= Probable

Almost Certain

Frequent
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Failure and risk analysis
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Current and Developing Standards

= There is no single definitive set of standards currently in force for all energy storage systems
= Current and developing standards:

— NYC Requirements — Standards are being co-opted from other
_ NEC 2017 electrical, chemical, and safety standards or

~ are being developed as specific to storage
~IFC - 2018 and 2021 (draft) concerns by but not limited to the following

—IBC - 2018 groups:

— NFPA 855 (draft) — ACI, ANSI, ASCE, ASHRAE, ASME, ASTM,

— UL body of certification requirements / DOT, ICC, IEC, IEEE, ISO, NEC, NESC,
standards as applicable NEMA, NETA, NISTIR, NRTL, OSHA, and UN.

— DNV GL GRIDSTOR Recommended Practices;
PQP and destructive testing
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UL Standards / Testing Requirements

PV Modules
AC Modules - UL 1703 & UL 1741 [QHYZ)
BIPV— UL 1703, UL 790, & UL 997 [Q#ZX)
Flat plate— UL 1703 [QHZU, QIGU, QIGZ, QJIA)
Concentrator — UL 8703 {QiCP)

Rack Mounting Systems
UL 2703 (QIMmS),

BIPV Mounting Systems
UL 1703 (QHZQ)

Energy Storage System )
Self-Contained/Pre-Engineered UL 8540 (FTBW)
or
Storage Batteries UL 1973 (B8FX]
Inverters UL 1741 (QJKH)
Charge Controller UL 1741 (QI8P) Y,

ENERGY STORAGE SYSTEM

AC Disconnect
UL 58 [WIAX, WHXS)

JEFF FECTEAU
JOHN TAECKER
JEFF SIMPSON

Utility Meter Sockets
UL 414 (PJYZ, PKAX)
Meters
UL 2735 (POCZ)

PV Generation Meter
UL 916 or UL §1010-1 (FTRZ)
or
UL 2735 [POCZ)

=N
Solar Tracker DC Disconnect
UL 3703 {QIKA) UL 98B {WHXX, WIBC, WHVA)
Combiner Box UL 4898 [WJBE)
uL1741 (Qo) ULSO0SI (NMSJ)
PV Wire uL 4703 (2xLA) or DC AFCI —
USE-2 Cable uL 854 (TvL2) or UL 16998 (Q)DC) - »
DG Cable uL 3003 [Q#zRr) or
\DG Wiring Systems uL 9703 [QHZS)
——KE—
Listed self-contained or pre-engineered
Connectors £SS includes charge controller, inverter
UL 6703 {QIFA, QUQ) and batteries -! @
Standby loads Dtsmbumn Panel
uL&7 'os..n
Distribution Panel
. . . UL 67 {QEUY)
Image Credit: Underwriters Laboratories (UL), LLC
From SPI, “Energy Storage System Installation Codes” presented by J. Fecteau, J.Taecker, J.Simpson
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UL Standards / Testing Requirements

= UL 1741, 2nd edition - Standards for Inverters, Converters, Controllers and Interconnection
System Equipment for Use with DER

— Construction verification

— Protections against injuries to persons

— Performance, rating, and markings

— Rapid shutdown equipment and systems

— Grid support utility interactive inverters and converters

— Supplement A, Rule 21: Testing for ability to manage a volatile grid, originating from California
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UL Standards / Testing Requirements

= UL 1642, 5th edition - Standard for Lithium Batteries
— General performance testing and preparation
— Electrical tests (short circuit, abnormal charge, forced discharge)
— Mechanical tests (crush, impact, shock, vibration)
— Environmental tests (heat, temperature, low pressure)
— Fire exposure test (projectile)

= UL 1973, 24 edition — Standard for Batteries for Use in Stationary, Vehicle Aux Power, and LER
Applications

— Construction

— Performance (Deeper dive electrical, mechanical, environmental tests; tolerance to internal cell
failure or ‘cascading protections’)

— Manufacturing
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UL Standards / Testing Requirements

= UL 9540, 1st edition — Standard for Energy Storage Systems and Equipment
— Construction (types, safety analysis, connections, grid interaction, code compliance)
— Performance
— Electrical (Normal operations, voltage, grounding, etc)
— Mechanical (Safety of moving parts, chemical leakage)
— Environmental (Full container appropriateness for specific locations)
— Manufacturing and installation specific criteria

= UL 95404, 3" edition — Standard for Safety Test Method for Evaluating Thermal Runaway Fire
Propagation In Battery Energy Storage Systems (“Large scale testing”)

— Cell, module, and system forced thermal runaway — measure temperature at which venting
occurs, composition of gases released, heat flux, and impact on nearby systems

— Installation level - effectiveness of sprinklers and fire protection
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Implications for New York

= The adoption of national or international standards will support streamlining of processes and
requirements

— Move from systems being assessed on a one-off basis by AHJs to a more standardized process

= Current standards provide a baseline - field history and body of test data will expand as more
systems are installed

— The proof will provide more confidence in current standards, or more development and
specificity for future standards
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Victoria Carey
victoria.carey@dnvgl.com
+1 267.517.2126
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