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Background

KEY CONSIDERATIONS FOR ADOPTION
OF TECHNICAL CODES AND N R E L R e p o) rt
STANDARDS FOR BATTERY ENERGY
STORAGE SYSTEMS IN THAILAND

Carighma Gokhale-Welch and Sherry Stout
L3, Warsomal Reciwadie By Loboney,

d Key Considerations for
Adoption of Technical Cod@s
and Standards for Battery
Energy Storage Systems i

Thailandoctober 2020)

A Discuss growing need for BESS guidelines, codes and standards in Thail
A Global best practices on BESS safety and technical standards surveyed

A HNEI GridSTARTreport builds and expands on findings and conclusions
of NREL report



Guidelines for Developing BESS Technical Standards in Thai

I:  Introduction

lI: ESS Specifications and Testing Methods S LA STAVORTDS
Ill: Planning of Energy Storage Systems
IV: Performance Assessments
V. ESS Safety Considerations
VI. ESS Interconnection

VII: Conclusion

Report 1 s 1 ntende
stakeholders to aid in the
development of ESSenabling
standards and codes for Thailand.

U Provides a topical index to current gt
industry best practices and citations i &
to relevant provisions found in
select international ES8lated
codes and standards.
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|IEC Standard 62938 bject to copyriyht

Base International
International I EC Electrotechnical
Standard (Ml Commission

|[EC Standard 62933

on

Electrical Energy Storage Systefns
(2018)

A IEC Standard 62933 is key international standard on ESS covering a
broad scope of topics.

A HNEI GridSTARTreport (Section 118V) generally follows the
organization of IEC 62933, supplemented with information and
citations to other publications where applicable.



Supplemental Codes and Standag@gct to copyright

Supporting Publications

Reflected in Sections4NV

2/18/2021

NFPA Standard 855

on the Installation of Stationary
Energy Storage Syst&om0)

AS/NZS Standard 5139

New York Battery Energy

Storage Guidebook(2020)

on Electrical InstallatiahSafety of
Battery Systems for Use with Power
Conversion EquipmeotL9)

California Safety
Inspection Checklist




Section II:

ESS Specifications and Testing Methods

A Mostly from IEC 62933
A Classifications of ESS

(e.g., short duration, long duration, emergency power)

A ESS parameters
(e.g., nominal energy capacity, input and output power rating)

A Tests and testing methods
I Parameter tests
I Performance tests
I System implementation tests
I Safety testgaddressed in greater detail in Section V)

2/18/2021



Section llI:

Planning for ESS

A Mostly from IEC 62933
A System Environment
I Grid constraints
I Impacts from the environment

(e.g., earthquakes, flooding, wind)
I Impacts on the environment
(e.g., standards and regulations, EU 2020 Regulation*)

A Functional System Performance
A System Sizing and Selection

EU 2020 Regulation

* Proposed in Dec. 2020 for adoption

2/18/2021 7



Section 1V:
Performance Assessments for ESS

A Installation Phase

o I Requirements for electrical interconnections

I Reference codes, standards, and guidelines
(e.g., AS/NZS 3000, UL 1741, UL 9540, NFPA 70)

A Commissioning Phase
I Evaluation of the installed ESS
A Performance Monitoring Phase
I Periodical inspections and maintenance

2/18/2021



Section V:

ESS Safety Considerations

Related Hazards

A Electricake.g., arc flash, over current)

A Mechanical

A EXplOSior(e.g., ventilation, explosion control, gas detection)
A EMF

A Fire (e.g., prevention, resistance, detection and suppression)
A Temperature

A Chemicale.g., spill control, toxic fumes)

A Subsystem malfunctions

2/18/2021



Section V:

ESS Safety Considerations

Hazard Mitigation

A Risk Assessments

A Risk Mitigation Measures
I Locations
I Enclosures

I Safe operation
(e.g., disconnection and shutdown, training, signage, alarms

I Lifecycle Safety Management
(e.g., maintenance, alterations, decommissioning)

I Safety Testing

I Guidelines and Manuals
(e.g., user and emergency manuals, PPE)

2/18/2021 10



Report Use Example
Enclosure$s Suitable Working Environments (HNEST2YRITReport SectionV.D.2)

* suitable working environments, including sufficient size, adequate and safelv located
task lighting, prevention of hazardous emissions and leaks. and local safety controls
that cannot be overridden by remote/automatic controls, as well as access to and
working space clearances for operation, inspection, troubleshooting, maintenance,
removal and replacement (see IEC 62933 Part 5-1 § 7.3.3.6; NFPA 835 § 43.2;
NYBESSGat 10, 13, 26, 45; AS/NZS 5139654221, 6252:6261,626.2,

6.2.6.3; CA SED Checklist);

2/18/2021
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Suitable Working Environments
IEC 62933 Part-5 A 7.3.3.6.3SUBJECT TO COPYRIGHT)

7.3.3.6.3 Egress and protection from physical hazards

EES systems that are located indoors or are located outdoors in an enclosure should be
provided with at least one entrahce of sufficient size to give access to and egress from the
working space in the system in accordance with local codes and regulations.

Doors provided for entrance into EES systems should open in the direction of egress and be
equipped with panic bars, pressure plates, or other devices that are normally latched but open
under simple pressure from the inside. Doors shall be equipped with locks to prevent access
to unqualified persons. Sufficient precautions should be taken to ensure there is no one inside
the door before locking it from the outside.

Entrances to EES systems should be marked with warning signs forbidding unqualified
persons to enter.

Areas of access within the EES system should be designed to prevent tripping, slipping or
falling when persons enter or exit, or while within the system. Surfaces and parts within a
walk-in EES system should be designed to prevent inadvertent hazards to personnel within
the enclosure (i.e. sharp edges, moving parts, hot surfaces, etc.) through appropriate
guarding, electrical and thermal insulation methods and cautionary signage and warning
labels.

12



Suitable Working Environments
NFPA 85%\4.3.2(SUBJECT TO COPYRIGHT)

4.3.2* Working Space. At a minimum, ESS equipment shall
be provided with working space in accordance with NFPA 70 or

IEEE C2, as approprate, for operation, inspection, trouble-
shooting, maintenance, or replacement.

222222222



Suitable Working Environments
AS/NZS 513%6.2.6.2, Figure 6(8UBJECT TO COPYRIGHT)

Battery System(s) Battery System(s) Battery System(s)
+ + + + + + + + + + + + + + +
Open door
Minimum
1 900 mm 900 mm aisle
- - clearance
600 mm  EXtremity of hinged
| doorin open position
Jr—
PCE with
removable
doors
PCE with
hinged
door
(a) (b) (c)
Figure 6.3 — Minimum aisle width requirements for systems greater than DVC-A

2/18/2021



Section VI.A:

ESS Interconnectiod Transmission Level

Interconnection Codes

Transmission Level
Supporting Publications

Reflected in Section VI

Reliability Guideline
STrovwTan to ImeecoeTAction Raqueemets
Convected

Reliability Guideline p—
Eesol Resowce

E95-Canneced Inveres
e narce

Segterder L8

NERC
2018 and 2019
Guidelines

IEEE P2800 (forthcoming)

2/18/2021

EGAT code (2019)
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NERC Guidelines

Reliability Guideline

EPS-Connecned Invenie Sused Resowrce
Petornarce

Segterber JOLE

A NERC 2018

I Highlights key findings from analysis of two significant
transmission level system disturbances in North
America and how invertebased generation
responded to those events.

I Provides ERecommended Performance Specification
based on disturbance analysis of the two events.

A NERC 2019

I Provides additional recommendations for inverter
based resource interconnection requirements,
iIncluding resource modeling requirements.

I These recommendations are intended to provide
Important guidance in advance of IEEE P2800 standard
being approved.

16



IEEE P2800

IEEE P2800 Technical Minimum Requirements

Modeling &
Active Reactive Ride-Through Validation,
. Tests and
General Power — Power Power Capability and  Measurement Sosidn
: s verification
Requirements Frequency — Voltage Quality Performance, Data, and G
. Control Control Protection Performance q

Not required Monitoring

Req uired Current injection at
STATCOM mode zero voltage
wjout active power
resource
Fast Frequency Harmonic voltage
Response limitations

Measurement
accuracies

Unbalanced current
injection

R ai Si n g th e Prioritization of Reactive power
m l n , mum controls response
bar

Primary Frequency Harmonic current
Response limitations
Reactive power
capability

Control responses.

2 www.epri.com © 2020 Electric Power Research Institute, Inc. All rights reserved EPPIEI | s e

2/18/2021
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IEEE P2800

Timeline & Milestones

Timeline

iy

S U

May 2019-
Jan 2019 Dec 2020 Q1/2021 | Q2/2021 Q3/2021 Q4/2021 2022

WG Drafting Initial | Submit t
Kick-Off in Parallel Sponsor Recirculation e Publication
P2800 o parallel Sponsor | RevCom**

WG Drafting Initial
Kick-Off in Parallel Sponsor Redirculation B Publication
SubGroups Ballot**

Related o _
activities P1547.1 NERC IRPTF JLossible

*  Please contact the SubGroup leads and sign up for their Mailing Lists to engage.
The P2800 PAR states June 2021 for Initial Sponsor Ballot and October 2022 for submission to RevCom.

>

*** The P2800.1 PAR states Dec 2021 for Initial Sponsor Ballot and October 2022 for submission to RevCom.
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Report Use Example
Reactive Povbltage Control & Phase Jump Immunity (HNEIARIReport Section VI.A)

Table 1. Coverage BIERC 2018 and 2019 Guideliogics in theEGAT @de
NERC Guidelines

Topic EGAT Code

Partially overed in sectionCC5.5.8 Section 4 of theRecommended
Performance Specification ithe 2018 NERC Guideline proviimore detailed
requirements for fault ridethrough and protection.

Reactive PoweYoltage
Control

Not Covered.Transmission ownersi{Og) should establish a dialogue with
interconnectinggenerationowners GOSg) to understand the means in which
the inverters may trip on instantaneous changes in phase (either due to faul
events or line switching events).Os may perform system studies to identify
possible worstcase phase jumps at the point of interconnectioRQ§) of the
interconnecting resourcesTOs may consider identifying worst case balanced
phase jump limits or state that invertdrased resources should not trip for
studied credible contingency events (similar to fault ride throutfR()).

Phase Jump Immunity

19



Reactive PowedVoltage Control
EGAT cod&CC5.5.8 and 2018 NERC Guideline Appensids#=CT TO COPYRIGHT)

EGAT code

ACC5.5.3S

CC5535
Voltage Control

(a) Connecting Requester/Connector is required to maintain Voltage within
the Voltage dead band as follows:

22/33 kV Voltage dead band =+ 0.3 kV
69 kV or above Voltage dead band =+ 0.5 kV

Connecting Requester/.Connector shall withstand voltage fluctuation
within the Connected Area in compliance with Active and Reactive Power
criteria as follows: (Picture S-4):

[ Voltage between 15%-110% of Base Voltage shall receive Reactive

Power from the System or produce Reactive Power into the System
where the Active Power can be reduced proportionally with voltage

(b

Connecting Requester/Connector shall absorb/produce Reactive Power at
Power Factor between 0.9 lagging and 0.9 leading to maintain suitable

Voltage at Metering Point for the Reactive Power demand for each time
period in the System according to EGAT's requirements.

2018 NERC Guideline

Appendix A: Recommended Performance Specification
Section 4

Provides more details for required voltage control

response including response times for Dynamic Reactive

PowerdVoltage Performance and Dynamic Reactive
Current 8Voltage Performance for small and large
disturbances respectively.

Table A.3: Dynamic Reactive Power-Voltage Performance

Parameter Description Performance Target
For a step change in voltage at the POM of the inverter-based resource...
Reaction Time Time between the step change in voltage and when the resource <500 ms*

reactive power output begins responding to the change®”

Time between a step change in control signal input (reference voltage

Rise Time or POM voltage) and when the reactive power output changes by < 2-30 sec**
90% of its final value
Overshoot Percentage of rated reactive power output that the resource can < g

exceed while reaching the settling band

2/18/2021
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Section VI.B:

ESS Interconnectiod Distribution Level

Interconnection Codes

Distribution Level

Reflected in Section VI

Supporting Publications

IEEE 1547-2018

2/18/2021

Proposed EDL

code (2020)
Provided as Appendix 1

MEA code (2015)

PEA code (2016)
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