Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

By: Doug Smith, MCP, CBO
Cell: 801.550.7630

Office: 801.547.8133
Email: dougs@wc-3.com

West Coast Code Consultants

Course Objective/lntent

O The objective of this presentation is to explain the core NEC/IRC
requirements that govern residential energy storage systems (ESS). This
presentation is based on the 2020/2023 NEC and 2021 IRC/IFC.

Q The intent of this information is to be used as a guide only. This
presentation is not intended to indicate any change in any code or local
requirements by inference or omission. All diagrams are for illustration

urposes only and actual wiring and installation may vary. This
presentation is not intended to indicate if one piece or particular brand of
equipment is better than another. Also, efficiency and ideal design
considerations are not addressed herein. All applicable codes, standards,
and manufacturer requirements must always be followed when designing,
installing, and inspecting any electrical system, including solar PV and/or
battery/energy storage systems.
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Doug Smith, MCP/CBO
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Inspector/Plan Reviewer for over 20 years
19 ICC certifications
Certified ICC Master Code Professional and CBO
Taught electrical, solar PV, and ESS classes for over 14 years
Performed well over ten-thousand electrical, solar PV, and ESS
plan reviews
Serve on NEC CMP 10 representing IAEI
Currently serve as a Technical Committee (TC) Member for the
following UL standards:
UL 61730 (previously 1703) — Flat-Plate PV Modules and Panels
UL 1741 - Inverters, Converters, Controllers, and Int. equip...
UL 2703 — PV Mounting Systems/Clamps/Gnd. Lugs
UL 6703 — Connectors for Use in PV Systems
UL 9540 - Energy Storage Systems and Equipment

1. Requirements for Residential ESS:

1. UL 9540 and UL 9540A - brief explanation

2. IRC/IFC Requirements for Energy Storage
Systems

3. NEC Requirements for ESS
4. Example ESS Plans and System Layouts

Copyright® WC3 2025
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Requirements for Energy
Storage Systems (ESS) Ky Praisions
of UL 9540:

Energy Storage
Systems and

Equipment
s ; opyrig
UL 9540 - Edition 3 UL 9540 Scope (continued)
UL 9540 — Edition 3: Section 1.2:

; Q The systems covered under the UL 9540 standard

Q Published June 28, 2023. include standalone systems, electric grid-tied systems,
Q Effective Date is September 2024. and systems used as ancillary equipment for other
power generation systems.

Stand-alone and/or grid-tied

Section 1.4:
O Both indoor and outdoor systems are included.

Copyright® WC3 2025 Copyright® WC3 2025
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UL 9540 Scope (continued)

Section 1.5:

O Outside the scope of the
UL 9540 standard are
systems utilizing lead
acid or Ni-cad batteries
and the system falls
within the scope of UL
1778 for uninterruptable
power systems (UPS).

Copyright© WC3 2025
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UL 9540, Compatibility

Section 15.2:

O Cannot assume that
equipment is compatible
with other equipment
even though the
equipment may be
individually listed (and
deemed safe
individually).

Example of older battery backup PV system
(does NOT have the UL 9540 listing)

Copyright® WC3 2025
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UL 9540 Scope (continued)

UL 9540 - Figure 6.1 (updated)

QO AC ESS - includes energy storage capability, protective
features, and power conversion.

UL 9540, listing of individual equipment

Section 24.1.1:

Q Inverters, chargers, and charge
control equipment must be
evaluated per UL 1741, UL
62109-1, UL 1012, or UL 1564
as applicable per its intended
application in the system.

O Electrochemical batteries must
be listed per UL 1973 (except
lead acid or Ni-cad batteries can
follow Appendix D in UL 9540).

Copyright® WC3 2025
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

UL 9540, ESS in Residential Living Space

Section 26.2.2: Residential ESS must at

Q ESS installed in the living or Ieast.me_et tthe’ I?SLE::; (IJ.:veI 3
habitable space of a residential criteria o Overview of UL
dwelling unit (where permitted) : =
must meet the cell-level m 9540A:

Test Method for
Evaluating Thermal
Runaway Fire
S Propagation in

g Battery Energy

performance requirements of UL
9540A, and such ESS must be
marked per section 45.3(e)(1).

= 45.3(e)(1) requires that such systems
meeting the above noted criteria must

be marked as “Suitable For Use in Storage Systems
Residential Habitable Spaces.” (note:
the 2021 IRC R328.1 exception Thus far, NO ESS is permitted to
instead says “For Use In Residential be located in the living or
Dwelling Units”) habitable space of a dwelling.
Copyright® WC3 2025
Copyright® WC3 2025
13 14

UL 9540 , Large-Scale Fire Testing

ESS MUST achieve (pass) cell-level test to

be allowed in the habitable space of a If thermal runaway cannot be No further
dwelling! ) i i .
Cell Level Testing ; induced in the cell and any + e
vented gas does not present a required
flammability hazard.
Highlighted
Any effects of thermal runaway e areaisa
Module Level > are contained by the module > N':e;:l:r “module”
Testing design, and any vented gasses e
are nonflammable.
. Multiple cells
Temp of modules is less than cell make up a
- surface temperature at gas venting, “module” (cells
Unit Level % and meets heat flux limits for means not visible in this
Testing of egress. No ful:ther image)
* Temp increase of target walls less than ; test!ng
175°F. required
Installation level testing (includes No explosion hazards.
fire protection equipment and does No flames extending beyond outer
NOT apply to residential BESS) dimensions of BESS unit. Copyright® WC3 2025
opyrigl
15 16
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IFC Requirements for ESS

' IFC R1207.11:
IFC IFC Q Energy storage systems (ESS) in

Requirements INTERNATIONAL Group R-3 and R-4 occupancies must
comply with the provisions of 1207.11.1
for Energy

through 1207.11.9.
Storage Systems Q Note, the only way an ESS can be installed in
(for Group R-3

.::‘
the living or habitable space of a dwelling unit 3
is if the system has achieved the cell-level test

d R 4 of UL 9540A AND the equipment has the
an b following marking “Suitable For Use in
o = Residential Habitable Spaces”. See UL 9540 ESS can't be located in the
Ccupantﬂes Section 45.3(e)(1). living space of the home,
but other spaces such as
garages, outdoors, storage
rooms, etc are often
permitted (if provisions of
Copyright® International Code Council IFC are met)
Copyright® WC3 2025 _________
17 18

IFC Requirements for ESS

IFC 1207.11.1 — Equipment Listings:

U ESS shall be listed and labeled in
accordance with UL 9540. ESS listed only
for commercial or utility use cannot be
installed at residential occupancy.

= Exceptions:

= Where approved, repurposed unlisted battery systems
from electric vehicles are allowed to be installed outdoors
or in detached sheds located not less than 5 feet (1524
mm) from exterior walls, property lines and public ways.

= ESS less than 1 kWh (3.6 megajoules)

Copyright® WC3 2025
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Many violations!
PSR et / Uy .

Copyright® WC3 202!
|

IFC Requirements for ESS

IFC 1207.11.2 — Installation:

U ESS shall be installed in accordance with the
manufacturer’s instructions and their listing.

23
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Example of older battery backup PV system

S s (does NOT have the UL 9540 listing)

Lots of Violations!!!

December/2021
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IFC Requirements for ESS

IFC 1207.11.2.1 — Spacing:

QO Individual units (see also 1207.11.4)
shall be separated from each other
by not less than three feet except
where smaller separation distances
are documented to be adequate
based on large scale fire testing
complying with Section 1207.1.5 of
the International Fire Code.

“Large-scale fire” testing is referring to
testing in accordance with UL 9540A

Copyright® WC3 2025
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Violations?

Copyright© West Coast Code Consultants (WC3)

The Enphase®
ESS has been
tested per UL
9540A and is

permitted to
have units
spaced less
than 36” (but
still must follow
installation
instructions).

Copyright® WC3 2025
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Violations?
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Example of a Good Install IFC Requirements for ESS

IFC 1207.11.3 — Location:
Q ESS shall be installed only in the following locations:

The |. Detached garages and detached accessory structures.
SolarEdge®
ESS has been

tested per UL

2. Attached garages separated from the dwelling unit living space in
accordance with Section 406.3.2 of the IBC.

9540A and is

perm_itted to 3. Outdoors or on the exterior side of exterior walls located not less
have units than 3 feet from doors and windows directly entering the dwelling
spaced less unit.

than 36” (but
still must follow

4. Utility closets and storage or utility spaces within dwelling units and
sleeping units.

installation
instructions). NOTE: R328.4 of the IRC also requires any utility rooms or storage spaces

to have finished or noncombustible walls and ceilings. But walls and ceilings
of unfinished wood-framed construction shall be provided with not less
than 5/8-inch Type X gypsum wallboard. Also, the IRC specifies that ESS
shall not be installed in sleeping rooms, or closets or spaces opening

Copyright® WC3 2025 directly into sleeping rooms.

29 30

Violations!!

Violations?

Copyright® WC3 2025
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IFC Requirements for ESS IFC Requirements for ESS

IFC 1207.11.4 — Energy Ratings: IFC 1207.11.5 — Electrical Installation:
Q Individual ESS units shall have a maximum rating of 20 kWh. @ ESS shall be installed in accordance with NFPA 70
The aggregate rating of the ESS shall not exceed: (National Electrical Code). Inverters shall be listed and
I. 40 kWh within utility closets, basements, and storage or labeled in accordance with UL 1741 or provided as
utility spaces. part of the UL 9540 listing. Systems connected to
2. 80 KWh in attached or detached garages and detached Fhe utiIiFy grid shall use inverters listed for utility
accessory structures. interaction.

3. 80 kWh on exterior walls.
4. 80 kWh outdoors on the ground.

Note, at R328.5 in the IRC it says that ESS installations exceeding
the permitted individual or aggregate ratings shall be installed in
accordance with Section 1207 the International Fire Code.

Copyright© WC3 2025

33 34

IFC Requirements for ESS

IFC 1207.11.6 — Fire Detection:

U Rooms and areas within dwelling units,
sleeping units, and attached garages in
which ESS are installed shall be
protected by smoke alarms in
accordance with Section 907.2.10. (in the
IRC the references section is R314)

O A heat detector (heat ALARM), listed
and interconnected to the smoke alarms,
shall be installed in locations within
dwelling units, sleeping units, and
attached garages where smoke alarms
cannot be installed based on their listing.

Heat alarm

Copyright® WC3 2025
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IRC Section R314 IRC Section R314 (continued)

R314.4 Interconnection. Where more than one smoke R314.6 Power Source. Smoke alarms shall receive their
alarm is required to be installed within an individual primary power from the building wiring where such wiring is
dwelling unit in accordance with Section R314.3, the alarm served from a commercial source and, where primary
devices shall be interconnected in such a manner that the power is interrupted, shall receive power from a battery.
actuation of one alarm will activate all of the alarms in the Wiring shall be permanent and without a disconnecting
individual dwelling unit. switch other than those required for overcurrent protection.
Physical interconnection of smoke alarms shall not be Exceptions:

required where listed wireless alarms are installed and all 1. Smoke alarms shall be permitted to be battery
alarms sound upon activation of one alarm. operated where installed in buildings without

commercial power.

2. Smoke alarms installed in accordance with
Section R314.2.2 shall be permitted to be
battery powered.

37 38

Violations!!!

IFC Requirements for ESS

IFC 1207.11.7 — Protection from Impact:

O ESS installedin a location subject to vehicle
damage shall be protected by approved
barriers.

Copyright® WC3 2025
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Protection from Vehicle Damage Protection from Vehicle Damage

Figure 1207.11.7.1 of the 2024 IFC (or R328.8.1 from the
2024 IRC) also helps provide guidance on how to protect

equipment from physical damage.
Figure 1207.11.7.1
of the 2024 IFC (or oxpmsome | e
R328.8.1 from the e Ao Collscermuierias L.
2024 IRC) helps e \} o S gy .0, LTE
provide guidance w.ﬁ_L_ . % . e
on what locations B - ape e o
in a garage could e — T s e S P L
be considered as Opton - e Bt Option?.- el B En A “!‘

subject to damage.

FIGURE R328.8.1
ESS VEHICLE IMPACT PROTECTION

41 42
IFC Requirements for ESS IFC Requirements for ESS

IFC 1207.11.8 — Equipment Listings: IFC 1207.11.19 — Electric Vehicle Use:

U Indoor installation of ESS that include batteries that U The temporary use of an owner or occupant’s
produce hydrogen or other flammable gases during electric powered vehicle to power a dwelling unit or
charging shall be provided with mechanical sleeping unit while parked in an attached or
ventilation in accordance with Section 1207.6.1. detached garage or outdoors shall comply with the

B e el e e T 2 vehicle manufacturers instructions and NFPA 70
ventilation per manufacturer’s requirements. (NEC)

IFC 1207.11.9 —Toxic & highly toxic gas:

O ESS that under normal charging and normal use that
can produce toxic gases cannot be installed in a
Group R-3 or R-4 occupancy.

Copyright® WC3 2025
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

Key Energy
Storage System
(ESS)
Requirements per
the 2023 NEC

NFPA 70 National Electrical Code©

Copyright© WC3 2025
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NEC 706.15 - Disconnecting Means
706.15(A):

Q There must be a
disconnect for all
ungrounded (hot)
conductors derived from
an ESS.

Q The disconnect is
permitted to be integral to
listed ESS equipment.

Copyright© WC3 2021
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NEC 706.5 - Listing

Energy storage systems (ESS) are
required to be listed.

O Per informational note #3 of 706.1

Sonnen, Ir
and per Annex A in the NEC, the | &t O
following standards apply: Tt
= UL 1973 for non-lead acid ool

i

- Energy output: i 200
e
OC short eireuit 3 max
batteries e B S
i s

= UL 1741 for inverters, converters | Mt waun

and controllers = ‘
Intertek |

o Inverters that are also utility iy ok s
interactive must be listed as such
[see NEC 706.16(B) and (C)].

= UL 9540 for ESS

Copyright® WC3 2025
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NEC 706.15(A) - Continued

The required disconnect must be readily
accessible and must comply with one or more of
the following:

= Be within the ESS (part of the ESS).

= Within sight and within 10 feet of the ESS.

= When the disconnect is not within sight of the ESS,
the disconnect, or the enclosure of the disconnect,
must be capable of being locked per NEC 110.25.

12
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NEC 706.15(A) - Emergency Shutdown Example Shutoff Switch

Q For all one-family and two-
family dwellings, there must
be provided on the outside

Existing 200A

rated service
panelboard

ESS FOR —» d iyt
of the home and at readily = JELGESEE RS | e s
accessible location, an T \ A
emergency shutdown o

initiation device to activate Y

an emergency shutdown
function of the ESS and
cause the ESS to stop
exporting power to the
premises wiring system.

a
(11) 280W Lion Endrgy® [satter P
SolarWorld 1 Sy
Vodules T ncionr Sanctugry™ ysien
ESS sy$tem

(3) 72 AWG THWNCu,
L W B AWG CuEGC,
125" EMT

Existing 2/0 AWG alum

feeder wires to existing

sub-panel inside home.
308

Existing sub-panel
New 1004 sub-panel required to have a 125A
(Backed-up loads panel) main breaker added to it

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.

Copyright® WC3 2025 Copyright® WC3 2025
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NEC 706.15(C) - Disconnect Marking

NEC 706.15(C) - Disconnect Marking

706.15(C): 706.15(C) continued:

Q Each ESS disconnect must clearly indicate on (closed) O The disconnect(s) must be - YESI:ITEI:;;\B %E%?&GEEC -
2 gr oft: ((:pen) pos;l(tlc)ms. -+ SR = marked with the following: ot o s
uch disconnect(s) must be marked “Energy Storage s . MAHUM b5 0C VOCIAGE:

System Disconnect.” Nominal ESS AC voltage and D

maxi mum ESS DC Voltage DATE cALcuLaTioN PErFORMED: [

= Available fault current derived =
from the ESS e
ese items are

= Arc-flash label per acceptable not required for a
H industry practice (for example,  g== one- or two-family

' SYSTEM DISCONNECT see 130.5(H) of NFPA 70E) dwellingsyztam

: [see exception of
= Date the calculaation was 706.15(C)]

performed et

ENERGY STORAGE

Copyright© WC3 2025
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NEC 706.15(C) - Disconnect Marking Continued... NEC 706.16 - Continued

706.15(C) continued: 706.16(F):

Q Where the line and load
terminals of an ESS
disconnect can be energized
when in the off (open)
position, there must be a sign
on the disconnect(s) with the
following words: |

“Warning Electric Shock
Hazard Terminals on the
Line and Load Sides

O When an ESS is capable of operating in stand-
alone mode, the requirements of NEC 710.15
also apply.

= Note: 710.15(A) states that a stand-alone system is
permitted to have a capacity less than the calculated
load.

= The capacity of all combined sources of the stand-

alone supply must be equal to or greater than the load
of the largest single utilization equipment connected to

May be Energized in the the system.
Open Paosition.”
Copyright® WC3 2025
53 54
NEC 706.20 - General Installation Req. NEC 706.20 - Continued
706.20(B): 706.20(C):
Q The voltage for a one- and Q Working space is required in
. g . GENERAC front of equipment per NEC
two-family dwelling cannot ——— T
exceed 100V 110.26 and 110.34.
: / B Ay G O Spacing in between ESS
. _Exceptl_on says tha_t up to 600V REbus Input/Output Current (cont): I components is permitted to be
IS permltte(_j when _Ilve parFs are REbus Input/Output Voltage (ma2) in accordance with the
not accessible during routine g Range (bt manufacturer’s instructions and
ESS maintenance. listin
g.
= However, more restrictive spacing
requirements may be required per
Section 1207 of the IFC, or Section
R328 of the IRC.
Copyright®© WC3 2025 Copyright® WC3 2025
55 56
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Violations!

57
NEC 706.31 - OCPD Rating
706.31(B):

O Overcurrent protection devices (where
required) for circuits serving an ESS must
be rated not less 125% of the current ratings
per NEC 706.30(A).

= The exception to the rule is assemblies with
overcurrent devices which are rated for 100%
continuous operation, in which case the
overcurrent protection rating cannot be less than
the current rating per NEC 706.30(B).

59

Copyright© West Coast Code Consultants (WC3)
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NEC 706.21 - Identification
of Power Sources

706.21:

Q Marking or labels for ESS must

be per NEC 110.21(B).
Q “Plaques or directories” are

required per 705.10 and 710.10.

58

Example Plan and System
Layouts of Energy Storage
Systems (ESS)

Copyright® WC3 2025
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Example System (for an SolarEdge® Hub™

battery system

ESS Example Sys. #1

10 AWG Cu PV Wire, and s sald 6 copper

Hanwa® dules. New (6) #4/0 AWG
Modules e e e
its own EMT (or MCable), wiing in as shown)is  StorEdge® Existing Service
Optimizer™) MP. Interface
Panel™ 1
(15) 290w 200
™ Modules |
olarEdge orEdge attery ‘
Backup String Inverter with an LG |
cableto To additional |
N cable omroo e SolarEdgeHub* |
em attery System e, | e ‘
e N exising
4/0 alum.
LG Chem® Feeders
Battery (up to 2 175A main extending
perinverter) R SO -t breaker required tooxisting  Service
oA THut CuEGE, i+ EMT (if there's not sub-panel  conduciors
Quidooratedand or 200A breaker  200A existing sub- 1o utility
suth for actvaiing in the Interface panel (becomes.
Note: this wiring diagram is simply an example and does not take  rapashudown st Panel for direct  pacied.up loads |
into effect efficiency or ideal system design beousisencar connection of the panel) |
,

Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S gt ecaton) |
REQUIREMENTS and APPLICABLE CODES. |

_Copyighoweszo2s
Copyright® WC3 2025
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Site Plan (gabled roof)

ESS Example Sys. #1 ESS Example Sys. #1

= . : Location of the
o StoreEdge™ inverter, All roof penetrations must be

- » roperly flashed. IRC R903.2
There must be a Location of the LG and AC disconneet - B Py T T O

SI9nlonithe] Chem@ battery system switch (on inside of
service panel (inside of garage — East garage wall) Solar PV modules (panels) cannot
noting the be installed over or block any attic
location of the vents, plumbing vents*, fumace or
inverter and LG water heater vents etc.
Chem ® batteries

For this example, we are
assuming that the service panel
is rated for 200A since the main
service breaker is rated 200A.

*Covered plumbing vents in
AC d accordance with the 2018 IRC,
disconnect 4 Section P3103.1.3, are permitted
(required as long as approved by
by RMP) imum of 36” from solar jurisdiction.
modules to ridge (since solar

Location of modules appear to cover more All wiring must be properl |
SolarEdge® than 33% of roof) 5uppor|egd by praliiadd |
Interface

mechanical means designed and
listed for such use and wiring must
be permanently and completely |

Panelboard
j-box (located under Listed heat
‘the PV modules) alarm

Rapid held off of the roof surface. See
shl:‘tgo::m NEC 1102, 110.3(A), 110.3(8),
pushbutton = and 300.4.

Location of

switch

existing

sub-panel

(at bsm of
home)

Note: the fire clearances
are not required if waived
by the Fire
Department/Fire Marshall

Minimum of one 3’ wide
pathway from eave to ridge

Copyright® WC3 2025 WC32025
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ESS Example Sys. #1

ESS Example Sys. #1 / SolarEdge Home Backup Interface

For North America
BI-EUSGN-02 / BI-NUSGN-02

SolarEdge Home Backup %
NPUT FROM GRID
Interface 2 ;
For North America m
SEUSGN-C2 /81 USGN-2 o
>
@ Dll= .
é OUIFUT O WA DiSTRRUTION P
bl
(specs from -
— solaredge.com)| ===

INPUT FRGM INVERTER

GENERATOR?!

ADDITIGNAL FEATURES

Py solar AT b
EPE—

Copyright® WC3 2025
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/ Backup Interface for North America

BI-EUSGN-01 / BI-NUSGN-01

EREabES e : ESSIExampleloys il / Backup Interface for North America
TR R T = BI-EUSGN-01 / BI-NUSGN-01
Backup Interface o =
for North America C — :
T o n i STANDARD COMPLIANCE

BI-EUSGN-01 / BI-NUSGN-01

. StorEdge™
Specs

we== (solaredge.com)

Backup Interface for Flexible Backup

” nmin

TU1741, €57 222 N0, 07

Sty

TRIBUTION PANEL

[

aoa,
c

67 68
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ESS Example Sys. #1

for North America

SE3000H-US / SE3800H-US / SE6000H-US / SE7600H-US

Optimized battery storage with HD-Wave technology

Single Phase Energy Hub
Inverter with Prism Technology

/ Single Phase Energy Hub Inverter
with Prism Technology

for North America

SE3000H-US / SE3800H-US / SEG000H-US / SE7T600H-US™

»3903401S

e

StorEdge ™
- Specs
" (solaredge.com)

1
200% DC oversing
7 St Ightweight and esey o nstal

1 Modulse

'

1 ntegrated acfaut protection and apid shutdown
NEC 2014 and 2017, por arice 69011 and 63012

spgrade o

1
Czz0cms0s

December/2021

StorEdge™ Specs (solaredge.com)

ESS Example Sys- #1 Single Phase Energy Hub Inverter

with Prism Technology
for North America
SE3000H-US / SE3800H-US / SEG000H-US / SE7600H-US™

SMART ENERGY CAPATILITIES

ADDITIONAL FEATURES

STANDARD COMPLIANCE

T [T

1 DC.coupled stoage o full orpartal home backup.

LEledgel

69

SolarEdge® Power Optimizer™ Specs

(solaredge.com)

/ Power Optimizer
For North America

ESS Example Sys. #1

Power Optimizer
For North America
P320 / P340 / P370 / PA00 / PA0S / PSOS

Od

P320/ P340/ P370/ PADD / PA0S / PSS

-.e

Y3ZINILdO ¥43IM

I —

[ — —

PV power optimization at the module-level

71

Copyright© West Coast Code Consultants (WC3)

Connecting CTs to the Revenue Grade and Consumption Meter

70

Signage

ESS Example Sys. #1

All signage must be permanently attached and be able to withstand the environment |
they are installed. Signage also cannot be hand-written. NEC 110.21(B). |

Parallel Generation

Note: Inverter and battery

On Site. Second system is located inside of

Source is Solar PV

the garage (East wall).

Asignis required at the service panel stating that . 2 3
ign is required at the home’s service meter panelboard
ihe home s a saar PY system as an adii0nal g e ocaion o the sring invertr and bateres since
P et o0 v( ) they're not located next to the utilty service panel. NEC
9 B 690.4(D) and NEC 690.56(B). Wording could vary.

PV System:
AC Current
AC Volts = 240V

This sign is required to be located at the
backfed panelboard. NEC 690.54

Battery chemistry is lithium

Battery chemistry sign required per Utah

Warning, Power Source
Output Connection, Do
Not Relocate This
Overcurrent Device
This sign is required to be located next to the AC PV

backfed breaker(s) ONLY if the 120% allowance of NEC
705.12(B)(3)(2)1s being utiized.

RAPID SHUTDOWN
SWITCH FOR SOLAR PV PHOTOVO
SYSTEM

This sign must be reflective and is required to be
located next to the disconnect switch which
activates rapid shutdown. NEC 690.56(C)(2)
(for this example system, it could be the

pushbutton switch) Copyright® WC3 2025

72

ENERGY STORAGE SYSTEM
DISCONNECT

Maximum DC Voltage =
Nominal AC Voltage =
“This sign is required to be mounted on the ESS disconnect
(for this system the pushbutton switch. NEC 706.15(C)

Maximum DC Volta

This sign is required to be mounted on the string
inverter. NEC 690.53

SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

e | 2N

s, | LN

This sign to be ‘on the outside of, and within 3 of
the service equipment. NEC 690.56(C)(1).

C POWER SOURCE

This sign is to be located on the outside of any conduits, enclosures, or MC cable that contain
DC circuits. The markings shall be reflective and be provided at every enclosure, every 10"
along conduit or MC cable, and at each side of where the conduit or cable passes through a
wall, floor, or any other partition. The markings shall be permanently affixed and visible after

installation. NEC 690.31(D)(2)

18



Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

Example System (for an Enphase® Encharge 10™ and

IQ7+™ micro inverter system)

ESS Example Sys. #2

#12 AWG Enphaseds cablewhich does NOT

include an EGC. therefore  separate soia
#6 cu EGCmusi bo provided rom therool
(1920w boxto he racking,
Two separate 12 AWG cu 2. AC disconnect(as

New (6) #4/0 AWG.
WN-2AL, with #6

ViraNM cableranthrougn . Shown)is notrequired AWG Cu EGC, 24"
heEC (i

ESS Example System #2 = L ol
Enphase® Encharge 10™ Energy
Storage System with Enphase® Micro e
l nve rte rs e :mwm:.gc oo P e
Note: this wiring diagram is forsinievs

simply an example and N existing

does not take into effect 40 ajum.
efficiency or ideal system extending
design considerations 30kWh energy toexisting _ Service
Diagrams may vary. storage system o oxanding.
ALWAYS FOLLOW 2007 existing sub- " oty
MANUFACTURER'S

panel (becomes
604 rated AC combiner panelooard  Dacked-up loads
APPLICABLE CODES. (decicated for the battery AC panel)
breakers). Note: The batteries must
be nex to their AC breakers.
otherwise separate AC disconnects

Copyright® WC3 2025  Copyright® WC3 2025 orcircui) are required for each battery

REQUIREMENTS and

73 74

Floorplan Layout

ESS Example Sys. #2

Smoke or heat alarm must be L
in vicinity of the battery system Hallway (or living room)
and be interconnected with
home's smoke alarm system.
Such detector must be rated

for the temperature of the | .
environment it's installed. Must | Listed smoke I
also follow installation | alarm \
instructions for the alarm. Utah (] ESS CANNOT BE LOCATED IN
D IRC R328.7. i Enphase® Ener Basement | mueuvinespace or e
EnpowerMSmart essiebial | P 9y 3’ clear HOME AND CANNOT BE |
Switch sl‘.’,rage s Heat or smoke alarms must be | Storage System space in sto l'ag e LOCATED IN A ROOM THAT |
wired to receive power from | OPENS UP INTO A BEDROOM!
: Listed smoke the home (hard wired) with | front of room This is per UL 9540 requirements |
Micro inverter battery backup. Heat or smoke | . T——-— : equipment and R328.4 of the 2021 IRC.

panel and PV \ - alarms are not allowed to be
AC disconnect battery only (unless allowed by
Sl (UEED) the AHJ). IRC R314 |

- ~ N unfinished walls and ceilings
New Enphase® Encharge 10™ battery X - &« combiner panel

must have 5/8” Type X sheetrock
backup system and battery AC iyl o |
combiner panel located in basement installed on them. See i
Copyright® WC3 2025 R328.4. |

:
3 When an ESS is inside the home, |
| the room must be finished on
New AC the walls and ceiling, or any

storage room inside of the home.

75 76

Copyright© West Coast Code Consultants (WC3) 19



Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

[Enphase Encharge 10

Photo of Service Panel

ESS Example Sys. #2 ESS Example Sys. #2

Typically, photos of the service

panel label are needed in order
to show the rating of the service
(and rating of breaker slots).

Also, a clear photo showing the
rating of the main service
breaker(s) is usually required (in
order to determine load-side
connection rules).

For this example, we are -
assuming that the service panel {
is rated for 200A since the main

service breaker is rated 200A.

yright© WC3 2025 © ENPHASE £ ENPHASE

77 78

Enphase Enpower

ESS Example Sys. #2 CERTIFICATE OF COMPLIANCE ESS Example Sys. #2

Corticute Number  E4B8100
ReportReferunce  E483100-20200514
Iosue Date  2020-MAY-18

Isusdto:  ENPHASE ENERGY INC
1420 N McOowed B
Petafma CA 849546515

Thi corticats confims that  ENERGY STORAGE SYSTEMS AND EQUIPMENT
representatvs samples of Uity Intaractive Eneegy Storage System.
Model: ENCHARGE-3-1P-NA and ENCHARGE-10-1P-NA

Standurals) for Satety.

Dirctory at
ior com for acditonal mfcrmaticn

= ®

- > ENPHASE S ENPHASE

79 80
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

Copyright® WC3 2025

81

ESS Example System #3

Tesla® AC Powerwall 3™

Copyright® WC3 2025

83

Copyright© West Coast Code Consultants (WC3)

December/2021

Signage

ESS Example Sys. #2

All signage must be permanently attached and be able to withstand the environment
they are installed. Signage also cannot be hand-written. NEC 110.21(B).

Warning, ¥
Output Connection,
Do Not Relocate This
Overcurrent Device

Parallel Generation

. Note: Battery System is
On Site. Second ey :

Source is Solar PV

mounted at West wall,
inside of garage.

Asignis required at the senvice panel stating that A ign is required at the home's service meter
the home has a solar PV system as an additional  panelboard noting the location of the string inverter

This sign is required to be located next to the PV
backfed breaker(s) ONLY if the 120% allowance of
NEC 705.12(B)(3)(2) s being utiized.

power source. NEC 690.56(B) and 705.10. and battery system. NEC 690.4(D), 706.21, and
\Wording could vary. 705.10. Wording could vary.

P Sy [SOLAR PV SYSTEW EQUIPPED |
AC Current = WITH RAPID SHUTDOWN
AC Volts = 240V s

ST 10.THE
This sign is required to be located at the ~OFF* FOSTION TO S
e | 7 X

ENERGY STORAGE SYSTEM
DISCONNECT
Maximum DC Voltage
Nominal AC Voltage =
“This sign is required to be mounted on the ESS disconnect
(for this system could be the Enphase Smart Switch shutoff)

backfed panelboard and AC disconnect oy
oex
switch. NEC 690.54. b .‘::::W ] NEC 706.15(C)

Battery chemistry sign required per Utah This SR o s RAPID SHUTDOWN
Amendments) the service equipment. NEC 690.56(C)(1). SWITCH FOR SOLAR
WARNING ELECTRIC SHOCK HAZARD [ESTRISRUSIIGSRSTRN PV SYSTEM

TERMINALS ON THE LINE AND LOAD disconnects where This sign must be reflective and is required to be
SIDES MAY BE ENERGIZED IN THE terminals can be located next to the disconnect switch which

activates rapid shutdown. NEC 690.56(C)(2)

OPEN POSITION. energized even when the (for this system, it could be at any AC breaker
disconnect is shut off. or AC disconnect that isolates the micro
NEC 690.13(B). inverters from the Enphase Smart Switch)

Copyright® WC3 2025

82

Tesla® Powerwall 3™ Battery System

ESS Example Sys. #3

Tesla® Backup

NEMA 3 rated J-box Remote

#10 AWG Cu PV Wire, and a solid #6 mounted under solar shutdown Switch™ meter
copper EGC extending from J-box to modules at ground- switch adapter
r00f racking/modules - wiring in free-  mount array required
air under modules @) 410 AWG THWN 2 Existing 2004
Cu, with #10 AWG Cu Service
(12) 280W EGC, %" EMT Madmum panelboar
Mitsubishio) v
outpu rating
M\
2604
interrupters
()
(1) 280w
Nitsubishi®
Modules
Exsting
module with 40 alu
Mig-circuit @ smaws SER fooder
interrupters THWN-2Cu, 110 wires
AWG CuEGC, %"
e
Must replace the existing service
breaker with anew 1754 breaker 0 servce
Existing 200A sub- accommodate the 120% rule of NEC  conducors |
panelboard (vecomes the 705.12(8)2)(3)b) for the 200 sub-  eXendnato
backed-up loads panel) panel. As an alternate, a 1754 main

breaker can be added to the Tesla®

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Copyright® WC3 2025 REQUIREMENTS and APPLICABLE CODES.
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

ESS Example Sys. #3

somraray o (I

shown on this
example site plan)

Uocationlorservice . smoke or heat alarm must be in |
panelboard Tesla® vicinity of the battery system and |
(outside) Powerwall 3™ be interconnected with home's \
Mliocation smoke alarm system. Such |
With Tesla® Backup inside/garage) detector must be rated for the |
Sw'g‘"tme‘e’ temperature of the environment |
R it's installed. Must also follow |
installation instructions for the |
alarm. Utah IRCR328.7. Aheat |
alarm should be installed for ESS in
an attached garage. }
|

Location of

remote Listed heat Heat or smoke alarms must be
shutdown switch

alarm N N
(outside) wired to recelye powgr from the
e Existing 200A home (hard wired) with battery

(LS S G backup. Heat or smoke alarms are
(located at bsm I 4 to be b \
of home) not allowed to be battery only

(unless allowed by the AHJ). IRC
R314 |

Copyright® WC3 2025

85

ESS Example Sys. #3

For Tesla®

Powerwall™ and

Gateway™ Spec
Sheets, see

Tesla® AC tesla.com.
Powerwall ™

Copyright® WC3 2025
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Photo of Service

ESS Example Sys. #3

Copyright® WC3 2025

86

Signage

ESS Example Sys. #3

All signage must be permanently attached and be able to withstand the environment
they are installed. Signage also cannot be hand-written. NEC 110.21(B).

q Battery chemistry is lith ENERGY STORAGE SYSTEM
Parallel Generation

Battery chemistry sign required per Utah DISCONNECT
On Site. Second Amendments) Maximum DC Voltage =

‘ " Nominal AC Voltage =
Source is Solar PV Note: Battery System is This sign is required to be mounted on the ESS disconnect (for

this system the remote shutoff switch. NEC 706.15(C)

mounted at West wall,

insid o grage.

Asign is required at the service panel stating that
the home has a solar PV system as an additional
power source. NEC 690.56(B) and 705.10.
Wording could vary.

Asign is required at the home’s service meter
panelboard noting the location of the batery system.
NEC 690.4(D), 706.21, and 705.10. i

This sign is required to be mounted on the string
inverter (powerwall). NEC 690.53

Warning, Power Source Y SOLAR PV SYSTEM EQUIPPED
; WITH RAPID SHUTDOWN
Output Connection, Do :
: PV System: " AN
Not Relocate This TR o )
Overcurrent Device AC Current = S
AC Volts = 240V .ﬁ‘é}::;..:;‘n
This sign is required to be located next to the PV
backfed breaker(s) ONLY if the 120% allowance of This sign is required to be located at the.

NEC 705.12(8)(3)(2) s being utiized

backfed panelboard. NEC 690.54.

This signtoBe ‘on the outside of, and within 3' of
the service equipment. NEC 690.56(C)(1).
RAPID SHUTDOWN s =

SWITCH FOR SOLAR PV PH VOLTAIC POWER SOURCE

SYSTEM This sign is to be located on the outside of any conduits, enclosures, or MC cable that contain
This sign must be reflective and is required (o be located nextto the  DC Circits. The markings shal be reflective and be provided at every enclosure, every 10
disconnect Svitch which activates rapi shutdown. NEG 690 56(C)(2) &long condiutor MC cable, and at each side of where the condut o cabl passes thiougha
(i for his System wilbe e rémote swieh outside pest 5. el foo, or any other parton. The markings shallbe permanenty affxed an visile after

it élsarvice paniel) Copyright® WC32025 installation. NEC 690.31(D)(2)

88
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

SolarEdge® String inverter with a Tesla®

AC Powerwall™ Battery System

ESS Example Sys. #4

(@ #10AWG Remote shutdown switch |

NEMA 3 rated J-box.

SolarEdge Power Optimizer cable/#10
AWG Cu PV Wire, and a solid #6
copper EGC extending from J-box to
roof rackingimodules/optimizers,

mounted under solar
modules at ground-
‘mount array.

required UNLESS.
Gateway™ is oulside.

Existing 200A

Es s E) Kam ple SVStel n # 4 wiring in free-air under modules @oAnC TN fobel Sing 20 ;
-5000H- Tesla® (3) #1110 A}WG THWN; 200A }
Tesla® AC Powerwall™ with a e ceE0e o f
|
SolarEdge® String Inverter System \
(11) 280W ‘
ALTERNATE LAYOUT 258 |
|
@ #10 AW THWN-Z G, WHh e |

Note: For the existing service meter panelboard, the sum of all breakers e EGC, 1% Service

therein (not counting the 200A main service breaker) cannot exceed 100% of 5;'12:;:2;5

the rating of the service panel. This is permitted per NEC 705.12(B)(3)(3) There MUST be P ‘

instead of using the 120% allowance of NEC 705.12(B)(3)(2). breaker for this

Existing 125A sub-panel "R o0

Backed-up loads panet
OR as an altenate the PCS setting can be set to a maximur of 32A (Backed-up loads panel)

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Copyright® WC3 2025 Copyright® WC3 2025 REQUIREMENTS and APPLICABLE CODES.
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Pictures of Service Panel SolarEdge® String inverter with a Tesla®

AC Powerwall™ Battery System

ESS Example Sys. #4

ESS Example Sys. #4

)
. NEMA 3 rated J-box @ #10AWG
° SolarEdge Power Optimizer Gable10 oot aaser oo
. AWG Cu PV Wire, and a solid #6 modules at ground- |
200A main 4 copper EGC extending ffom -box o mountaray
? ool racking modulesfoptimizers, ) on
; ol wiring in ree-air under modules @m0AwG TN lobePVC TS Existing 2004
- g Cu,with #10 AWG Cu  deep) Service
service S 11 280w EGCwEMT panelboard
{ Witsubishi®
breaker £ restan @moavcTion|  200A
EAC wih 56 A

Gateway™
(automatic
relay switch]

CuEGC, 1" EMT

A

3

ower
Optimizer™)

(1) 2800

NG

> aYe

@ #1i0

e
S Tawnz
AL %

AWG Cu
12t EGC, 1%" Service
\ ewr conductors
extending

There MUST be. o utity

Power
Optimizer™) (2) #10 AWG THWN-2Cu, with
#10 AWG Cu EGC, %" EMT

W%

Note: For the existing service meter panelboard, the sum of all breakers
therein (not counting the 200A main service breaker) cannot exceed 100% of
the rating of the service panel. This is permitted per NEC 705.12(B)(3)(3)
instead of using the 120% allowance of NEC 705.12(B)(3)(2).

Evisting 1758 subpanel ek for s

Backed-up l0ads panet
OR as an altemnate the PCS setting can be set to a maximurm of 32A (Backed-up loads panel)

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
REQUIREMENTS and APPLICABLE CODES.

Copyright® WC32025
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

of a Tesla® System Layout

ESS Example Sys. #4

NEMA 3 rated J-box @ #10AWG
SolarEdge Power Optimizer cable#10  maunted under solar THWN-2Cu, #10
AWG Cu PV Wire, and a solid #5 modules ai ground- AWG CuEGE, %"
copper EGC extending from J-box to  mount array. B @ aws THINZCy
roof racking/modules/optimizers, uEGC,
iy > @ #10 AWG THWN-2 (15 wires cannot exceed Existing 200A
wiring in free-air under modules ) e 'stg 20
(11) 280W ) 10 A THWN panelboard
Mitsubishi® CuEGC, 175" EMT

1| 5000H-L: 2

wer
Optimizer™)

(1) 2800

ooetes man reaker
ach
frodue vih 7 A
its own P30} panelboard dedicated
Power for the PV and battery
Optimizer™) system (0 other
(2 #10 AWG THWN-2u witn 10305 connected) THN2
#0 AWG Cu EGC, % EWT AL 16
WG cu
Ecc, 14" Service
EmMT conductors
Note: For the existing service meter panelboard, the sum of all breakers oSt be extending
therein (not counting the 200A main service breaker) cannot exceed 100% of anon or 1108 ‘o utilty
the rating of the service panel. This is permitted per NEC 705.12(B)(3)(3) Existing 125A sub-panel  ™ain brecker
instead of using the 120% allowance of NEC 705.12(B)(3)(2). (Backed-up loads panel) ;’;;:m

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations.
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S
Copyright© WC3 2025 REQUIREMENTS and APPLICABLE CODES.
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Tesla® Backup
Gateway™
(newer model)”™

i

|
[ E

gt AR

=y

—— —
&>

ESS Example System #5

Sonnen® Energy Storage System
with a SolarEdge® String
Inverter System

Copyright® WC3 2025
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

Sonnen® Core+™ Energy Storage System with a

Alternate layout

olarEdge® String Inverter System

ESS Example Sys. #5 ESS Example Sys. #5

Up to 3 Sonnen® units e i |
can be connected 1o the (3) #10 AWG THWN-2 AL with # AWG Cu __200A rated service panel
o, with #10 AWG Cu [ I |
Sonnen® Hub. EGC, % EMT 2008 SolarEdge Power Optimizer cable#10  mounted under soar
D adl AWG Cu PV Wire. and & saig 16 ey
Sonnent Copper EGC cning tom dbus ot [Rp—
” Toalrackingimodulesiapimizers [hnyibig=y .
P — o isting 2008
SolarEdge Power Optimizer cable/#10 Ess wiring in free-air under modules Cu, with #10 AWG Cu 4 EMT rated service
'AWG Cu PV Wire, and a solid #¢ 11) 280W EGC, %" EMT panelboard
copper EGC extending from J-box to Batteries an (o Existing loads
roof rackingimodulesioptimizers, included within Backup Miteubishie 1\ 9
wiring in free-air under modules the Sonnen®. Modules i 200A
E ] — (each Sraes L
(11) 2800 solar PV module with o
@ roawo Thwhz S0PV fadule wih| Sonnens Cores
e o ™ - ‘
imizer™ .
(@) #10aWG 40A
@ronwe i - poiaene -
Opimizer™) o Miteubishio B e
ma Modules | porion of conduit Batteries N~ Service
() 280w d s, AW (G T o
et Bisting module wih U 100 rated sub- s s b ronty o uty.
40 alum. s oun ey e sotide ome)
extending Optimizer™)
@ o oxsting AT —
#10 ! Xisting 200A  sub-panel with #10 AWG Cu EGC,
30A fused sub-panel in home.
modules (because of the 60A loads panel) for this
breaker in the HUB panelboard
foa
Existing 2008 sub-panel
" ackos o I0ads paneh
right® WC3 202! P, b = T (Backed-up loads p
Copyrig| €32025 Note: this wiring diagram is simply an example and does not take into effect

|
efficiency or ideal system design considerations. Diagrams may vary. |

Copyright©® WC3 2025 Note: this wiring diagram is simply an example and does not take into effect

efficiency or ideal system design considerations. Diagrams may vary.
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ESS Example Sys. #5

ESS Example Sys. #5

New Sonnen@ battery
backup system and existing
sub-panel located in garage.

Sonnen® Battery
Backup System

Seealso the floorplan
layout of the garage

s Smoke or heat alarm must be in |
service - vicinity of the battery system and |
panelboard - be interconnected with home's |
smoke alarm system. Such |
detector must be rated for the |
temperature of the environment ‘
\

|

\

|

)
it's installed. Must also follow 3’ clear
) installation instructions for the space in
Remote switch for '-'5;9“ heat alarm. Utah IRC R328.7. A heat f P t of g ar ag €
5"““(’0‘1‘:’; d"ef)ESS am alarm should be installed for ESS in ront o
Per 706.15(A) of the an attached garage. equipment

2020 NEC (switch is not |I
wired to receive power from the

needed if Hub is Heat o smoke alarms must be
outside near service) \ .

home (hard wired) with battery \ -

backup. Heat or smoke alarms are ‘ Existing 200A

not allowed to be battery only ~ Listed heat
(unless allowed by the AHJ). IRC Suh panel alarm
R314

(]
Location of
SolarEdge®

string inverter

and AC
disconnect ]

(outside next to

service)

Copyright® WC3 2025

Copyright© WC3 2025
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Sonnen® Core+™ Specs (sonnen-

batterie.com)

ESS Example Sys. #5

ESS Example Sys. #5

Off-grid specifications Measurements
Nominal OF-Ged currnt Contiwou)
Mox AC ON-Grd curret (s 30min)

Max AC O-Grid current (Max 1)

Compliance information Q
Sonnen® Core+™ e o
Specs (sonnen- -
batterie.com)

Battery specification

MNominal OC voltage

OCbatteryinput voltage 56

Max charge current

Cell dincharge’ 5!

et chemistry e

Overcurrent Protection  Fu:

101 102

ESS Example Sys. #5

Single Line Diagram for System Design

Below is an overview of the design layout for a single sonnenCore+ system with a protected loads panel for backup power.
Spec

project design consultation for custom installations is available through sonnen Applications Engineering at

Sonnen® Core+™ =~ |
Specs (sonnen-
batterie.com) -

SONNEN ESS

Copyright® WC3 2025
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ESS Example System #6

Pytes® Energy Storage System
with a Sol-Ark® 15K Inverter

Copyright® WC3 2025

105

Specs from Pytesusa.com

ESS Example Sys. #6

440mm* 620mm * 117mm (2.6U)
| 17.32in * 24.41in * 4.61in

1--- Power Interface

e i...... Cascade Terminals
Communication Port i----- External CAN / RS-485 Communication Port

107

Copyright© West Coast Code Consultants (WC3)

December/2021

Pytes® Energy Storage System with a

s SOI-Ark® 15K Inverter

Outdoorratedand

INEMA 3 rated J-box listed pushbution
#10 AWG Cu PV Wire, and a solid #6  mounted under solar ‘switch (for activating
copper EGC extending from J-box to  "0des alground rapidshutdour) st
ool ackingmodules, wiing in free: "M Ve e
air under modules e T2 noung s ocaion) Existing 2008
EGC. 7 ENT rated service
panelboard
Lowsotage @) #10 AWG THWN
wiinginconaul TgoRSSTanmiter G, with #6 AWG Cu
() 280w ’ (or g shuzown A
Jinko® Gorrapi ) EGC15EMT 1
ko / PyoCascoment
I Inverter/ its g
ontrol Boar
(11) 280W e Service
Jinko® conductors
Modules Sol-Ark® fI5K extending
PVIESS i o utlty
@420 AWG THWN
Thee separate & cu, with 6 WG Cu
enclosures. 1508
Each solar sechwiha
module connects makmam o @30 copper fine-
0.2 Tigo® TS4-F s
rapid shutdown
device
Each batery uso Existing 200A sub-
odule i o finostranded wining
e 9)  panel (Backed-up

loads)

Note: this wiring diagram is simply an example and does not take
into effect efficiency or ideal system design considerations
Diagrams may vary. ALWAYS FOLLOW MANUFACTURER'S

Copyright© WC3 2025 REQUIREMENTS and APPLICABLE CODES.
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from Pytesusa.com

ESS Example Sys. #6

Chemistry LFP LFP LFP
Nominal Voltage 51.2v a8V 512v
Voltage Ranga 47.5V-58Y 45V-54V 47.5V-58V
Nominal Capacity 100Ah 50Ah 100Ah
Nominal Energy 5.12kWh 2.4kWh 5.12kWh
Unit Dimension 440mm" 620mm *117mm [440mm* 420mm * 83mm 440mm" 480mm * 200mm
17.32in * 24.41in * 4.61in |17.32in * 16.54in * 3.50in 17.32in * 18.90in * 7.87in
Unit Weight 51kgl 112.441bs 265kg/ 55.121bs 50 6kgl 111.55lbs.
Standard Charge Current| 50 50A 508
Maximum Charge Currenf 50 50A 508
Standard Discharge S0A 50A 50A
Maximum Discharge Ratl  50A 504 508
Round-Trip Efficency 295% 285% 285%
Communication Protocol | - RS232, RS485, CAN RS232, RS485,CAN  RS232, RS485, CAN
Cycle Life 26000cycles 26000cycles 28000cycles
Calendar Life 210years 210years 10years
Operating Temperature | -10°C~50"C/ 14'F~122'F [0°C~50°C/ 14°F~122F  -10°C~50"C/ 14'F ~122F
Connect style Parallel Parallel Paraliel
Storage
< month: -20~55°C/ 4"F~131°F
1-3months: 0~35°C/ 32 F~85°F
3-12months: 20~25°C/ 68°F~77°F

108
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Specs from Sol-Ark.com

ESS Example Sys. #6

North America:
=

| 1=K

Max. Allowad PV Powar (STC)

19,500W

Voltage Range 175 4257

125V
P 98 500V 807 x 494 x 306 mm / 31 Bx 194% 12in

Max. Input Current per MPFT 26A (self limiting) £12Kg/1351b,
No. of MPP Trackers k] 1P65 / NEMA 3R
Mo, of PV Strings par MPPT 2 -25-55°C, > 45°C Derating
Max. AC Coupled Input 19,2000

Datasheet

Sol-Ark

UL: Limitless 15K-LV

December/2021

om Sol-Ark.com

ge
Operating Vohage Range

Discharge Current

tfor Aceurate % SOC

4383V
50 - 99004k
2754

3Stage with Equalization

<3048
sow
Nominal AC Voltage 1201240V, 120/208V, 2207 nchuded
Grid Froquency 507604z 10 Years
Real Power, max continuous 15.000W
Max. Output Current 625 Elecironics Certified Safety by G5 Labs io NEC & UL Specs - NEC 690.48 & NEC 705.4/6 Yes
no PY) 12,000W {50A @ 240V) i SelBack — ULITA1-2010/2016, 1EEE1547 200302014, FEC 15 Clas B UL1T4158, CA Rude —
24,000VA @ 240V
30,000VA @ 24 PV DC Disconnect Switch - NEC 240.15 negrated
944 with PV, 75A (batteries only, no PV) Ground Fault Detection - NEC 690.5 ntegrated
1204 PV Rapid Shutdown Control - NEC 69012 ated
200A PV Arc Fault Detection - NEC 690.11 ated
+/-0.9 adjustable PV input Lightning Protection ated
Sms PV String Input Reverse Palarity Protection ntegrated
96.5% AC Output Broskar - 2004 miegrated
915%

2004 x 2 Battery Brea!

Transtormertess DC urge Protes

Stackable
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Up 1012 in parallel

Jinko® PV Module Specs (example) -

Cold Temp dc voltages Cold Temperature DC Voltage

Example

Jinkd Maximum dc voltage of a solar PV system on residential
. R T premises cannot exceed 600V (NEC 690.7)

Maximum system DC voltage calculation:

Eagle 60  SPECIFICATIONS
290-310 Wc
WOND PR MODUE

Open Circuit Voltage (Voc) of modules= 39.5V DC (at 25°C or 77°F)
39.5V x 11 modules on a dc string = 434.5V (at 77°F)

If we use -28°C for our coldest temperature (which is noted in the
ASHRAE Fundamentals Handbook for Bozeman, MT):

The difference in temperature drop from 25°C to -28°C is 53°C.

Per the module's specs, the voltage of the modules increases by
.29% for every 1°C drop in temperature.

Take 53°C x .29 = a voltage increase of 15.37% at -28°C.

O M 4 (e g =

. e — 434.5V x 1.1537= a cold temperature voltage of 501V.

Copyright®© WC3 2025
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Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith

Tigo® Rapid Shutdown Devi

ESS Example Sys. #6

Tigo -

ces

RSS TRANSMITTER

113

Violations?

Copyright© WC3 2025
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Tigo® Rapid Shutdown Devices

ESS Example Sys. #6

Meet rapid shutdown specifications with TS4-F

o over

December/2021

For sales Info: For technical Info:
“lerE100enegy.com or 14084020002 vist "

For product info:
Vit v

Torrus® ESS

29



Residential ESS (per 2020 NEC and 2021 /FC), By Doug Smith December/2021

Questions?

End of Presentation!

Doug Smith, dougs@wc-3.com
Cell: 801.550.7630, Office: 801.547.8133
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