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Single-Meter Solar + Storage Export Limit Scheme - Operational Narrative

Controls Layer

The first layer of protection under this scheme is an active curtailment function deployed by a plant-level
controller. The plant controller will continuously monitor both the PV system kW output and the ES system
kW out. If the cumulative kW output of both systems approaches the designated export limit (within a
specified bandwidth), the plant controller will curtail the energy storage system. This operation will be
performed autonomously and continuously throughout the discharge cycle of the ESS.

For example:

PV AC nameplate: 4950kW

ES AC nameplate: 3300kW

Export limit: 4950kW

If at t=1, the PV kW output is 4000kW, the ESS output will be limited to 950kW (minus a specified
buffer).

If at t=2, the PV kW output is 4500kW, the ESS output will be limited to 450kW (minus a specified
buffer).

If at t=3, the PV kW output is 1000kW, the ESS output will be limited to 3950kW (i.e. the ES will not be
limited).

CURTAILMENT
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Utility-Grade Relay and Revenue Grade Meter- Layer

In addition to the plant-level controls, the energy storage system will include a second layer of export
limitation, enforced by a trip function within a SEL-651R installed with the G&W Viper recloser. The
recloser will be tripped if the plant controller fails to effectively curtail the energy storage system, such
that the designated export limit is enforced. The SEL-735 (labelled ‘A’ in the drawings below) will take
current and voltage readings from current transformers and voltage transformers on the customer
primary metering pole. The measurement points for both the current and voltage readings are upstream
of the combined output of the ESS and PV system, therefore, the SEL-735 will register the combined kW
output of both systems. Refer to the meter/control section for the excellent accuracies of the device and
instrument transformers.

If the measured kW output exceeds the designated export limit, a digital signal will be sent to the SEL-651R
via optic cable. Given a pre-defined time delay— the recloser (common to both PV and Storage) will be
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tripped, disconnecting both the ES and PV systems. The digital signal will be transmitted within 4ms by

mirrored bits protocol.
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Metering/Control Accuracies:

Please see following pages for SEL-735 metering and control accuracies per datasheet 20180208.

Per the datasheet, accuracy for power elements, the voltage, current, and power accuracy is +/-0.06% at
unity power factor. If a system is curtailed for export at a limit of 4950kW, the accuracy in power export
curtailmentis

Please see the following pages for the accuracy of the meter CT and PT below.
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Per the CT datasheet (custom made for Borrego), the accuracy for current measurement is 0.15%.

Per the PT datasheet (shown below), the accuracy for voltage measurement is 0.3%.

In the below calculation, we showing the total possible inaccuracy (the worst case) of the SEL-735 in series
with the instrument transformers:

Given:

Max Export= 4,950,000 W
Expected Voltage (@ Max Export)= 13,800 v
Expected Current (@ Max Export)=358.7 A

PT Ratio=63.5:1
CT Ratio=400:5 =80:1

Primary Set Point (Watts)
PT Ratio*CT Ratio

= Secondary Set Point (Watts)

4,950,000 W

=974.41W
63.5%80

If we perform the calculation with ‘worst case’ CT and PT inaccuracies, read by SEL-735 (inaccuracy of
0.06%):

Expected Secondary Voltage

13800V _ »17.32v
63.5

Secondary Voltage with 0.3% error
217.32v * 1.003 = 217.97v

Worst Case Secondary Voltage (read by SEL-735)
217.97 v * 1.0006 = 218.1v

Expected Secondary Current
3878 _ 4484 A

Secondary Current with 0.15% error
4.484 *1.0015=4.49 A

Worst Case Secondary Current (read by SEL-735):
4.49 *1.0015=4.493 A
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Actual Power (in worst scenario):
4,493 A*218.1v=979.85w

Power Calculation by SEL-735 (in the worst case scenario):
974.41 W

As shown in the line above, the system could possibly be exporting 979.85W (secondary) while the meter
is still only reading 974.41W. This 979.85 W, on the primary side would be:

979.85 * 63.5 * 80 =4,977,671.3 W

(4,977,671.3 W - 4,950,000 W) *100= 0.56%
= V. (!

Inaccurac
4,950,000 W Y

To be safe the set point in our SEL-735 should reflect this possible error and will be set at:
4,922,483.32 W

Therefore, a worst case 0.56% inaccuracy would produce a 4,950,000 W export.
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Dimensions
Refer 1o Mimensions and Mounking on page 16 for meter dimensions.

Routine Dielectric Test

Current Inputs: 275 kVac for | s
Voltage Inputs; 2.2 kVac for 18
Inpuis and Chutpuis: 22 kVac for | 5
Power Supply: 300 kVde for 1 s
EIA-485 Pon: 1.5 kVide for 1 5

1EC 6255-5: 2000 2200 Vde for | s on ELA-485 communications
Dicleciric iests performed on port
all wmits with the CE mark: 2000 Vac for | s on coniact inpuis, contact
outputs, and analog inputs

Terminal Connections
Rear Screw-Terminal Tightening Torgue

Current Inpuat Terminal Block (ring terminals are recommended |

Minimam: 0.9 N i 8 an-1b)

Maximaim: 1.4 N (12 in-1b)
Cannectorized™

Minimum: 0.5 N 44 m-lb)

Maximism: 1.0 M (8.5 in-Ihy

Compression Plug Mounling Ear
Minimam: .18 Nm (1.6 in-Th)
0.25 Nim (2.2 in-Th)

Connectorized terminals accept wire size 12-24 AWG.

Mlaximiam:

U'ser terminals or stranded copper wire should be at a minimum tempersture
ratimg of 10E°C {221°F).

Synchrophasor Measurements
Compliance P Class Synchrophasor data compliant with
IEEE C37.118.1-201 | as amended by IEEE
CIT.118.1a-2014,
[ata Transfer: TEEE C3T.118.2-201 | {Backwand compatible
with IEEE C37.118-2005)
Message Raves: 60 He: 1,2.4.5,10,12,15,.20,30,60 messages per

segond
50 He: 1.2,5.10.25.50 messages per secomd

Nominal Visliage:
130 when VBASE < 180
240V when 180 < VBASE < 150
250% when VBASE = 250
Woltage Range:
B0 204 of Nominal Voltage
Nominal Current:
SA with CL21 OV current card
10A with CL IV20 curreni cand
Currem Range:
10% i HNFE of Nominal cumrent with CL210/20 current cand
25% o MNF% of Nominal current with CL 1V20 current cord

| 8w
-_

BORREGO SOLAR

12
Processing Specifications
AC Voltage and Current Inputs
512 samples per power sysiem cycle.
Control Processing
1f2-cyele processing interval
SELogic Pickup and Accuracies
SELmGIC Timers: +1/2 cyele
Analog Values: =%
Metering/Monitoring
Yoltage, Current, and Power Accuracy
Unaty Power Factor: #006%
0.5 Power Factor: . 6%
Energy Accuracy (Form 5 and Form 9 only)
Unity Power Factor: #0/06% guaranteed
H02% typacal
0.5 Power Factor: H, 16% guarnnieed
+0,D6% rypical

ANSI CI2.20-2015 Accuracy Class 0.1
IEC 62053-22:2003 Accuracy Class 0.2, three times as accurale

TEC 62053232003 Accuracy Class I, ming limes as accurale

Frequency Accuracy
FREQ_PQ: #0001 Hz
FRE(} 0,05 Hz
The SEL-T35 meets IEC 6 1000-4-30 frequency accuracy requinements from
425 Hz-68 He
Power Quality
TEC 61000-4-4):-2015 Class A
Flicker
PST: +5% aver the range 0.5-25 Pgr
() (emmikn imnerval)
PLT: +5% aver the range 0.5-25 Py ¢
1 2-hour interval)
Type Tests
Electromagnetic Compatibility Immunity
Surge Withstand Capability: IEC 60255-22-1: 3007,
Severity Level: 2.5 kV common mode,
1.0 kY differential mode
10 kV peak common mode on
communicalions pors
TEEE C37.90. 1-2002
Severity Level: 2.5 kV ascillatory, 4 kY fast
transicnt
Electnmstatic TEC 60258-22.2: 208
[hacharge Tmnunaty: Severity Level 4 thoth polarities a1 Levels 1,
2, 3, and 4)
1EC 61000-4-2- 208

Sevenily Level: 4

IEC 60255-22-3: 107
TEC 1 00-4-3: 2010,
Seventy Level: 10 Vim

AMSTCI2.20-1998,
Severity Level: 15 Vim

Radiated Eleciromagnetic
Field Immumnity:

SEL-735 Data Sheet: This is the overall accuracy of the meter’s voltage, current, and power measurements
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Voltage Transformer Type: VEF 15-09
IEEE
Primary Winding Ratio Catalog Number Accuracy Thermal
Voltage (V) Class, 60HZ Rating (VA)
2400/4160 GY* 20:1 121531009 395000 | 0.3WXY 1000
4200/7280 GY* 35:1 121531009 395001 | 0.3WXY 1000
4800/8320 GY* 40:1 121531009 395002 | 0.3WXY 1000
7200/12470 GY 60:1 121531009 395003 | 0.3WXY 1000
7620/13200 GY 63.5:1 121531009 395004 |[0.3WXY 1000
7970/13800 GY 66.42:1 121531009 395005 | 0.3WXY 1000
8400/14400 GY 70:1 121531009 395006 | 0.3WXY 1000

PT datasheet: This (0.3%) is the overall accuracy of the voltage measurements
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Limdsey SWI LEA®
[ 1T

Underveltage (27) and Dvervoltage (59)
Packup Ranges |V Secandary)
300 W Mlairmesm Inpuls
Phaase 100200 K W, L0 W st
Pt sz == P 176520000 W, (LDZ W slaps
Sequine ZAM0-3000H) W, (D2 V sheps
BV LEA Mavimue Inpas
Plsage: LETEE N iR
Phasz -t Phse. (-] LET V™
Sequanie (10 {0 Y
Eaion NOWVA LEA Inpuis {17 Vac Maximum)
Phase: 0123708 v*
Phha s - Phasee - 02064 24 W
Sequence 0253700 v
Limsdsey SWATLIEA Dnpts | 200 Vi M)
[ S TTY | =200 ) W
Pl st [ 1764800 W
Sequence 2002000 ¥
Siemens LEA Inpoes (B.49 Yoo Mowimom )
Phase: HEILEL I R
Pase-po- Phase 0051472V
Sequamce (106 - A0 Y
Sigady-Stabe Pickup Acouracy
AN W Mellarwimasm
Fluise: HF W plus £1'% of scitmng
Pl g - b P 1 W phes 22% of seiling
Sequeme +0.% Ve plus £Y% ol sening &
125300 Y
B W LEA Maummim®
Phase: 10 mV plus 1% of seming
[ FTIEEE L T 30 mY plis £ 2% of setsing
Seqiieme w0 i plus 2 3% of sctting &
DR Ve
Eaten NOWVA LEA®
Pl +40 mV plus £ 1'% of seming
Pl i i P 130 mY phas £ 2% ol seoling
Sequene o 80 m Vac plas & 5% of winng @

1. S5-3T.00 Vac

08V plug 1% of sl

Pt [t #1 ¥ phs 22% of sening
Seguemnoe 15 Ve plas £3% af saning &
125200 Vs
Siemens LEA®
Phase w0 mV plus =0 % ol seming
Pl Phussa: 20wV plus £2% of seming
Saquemne +30m Ve phis 23% of s=ing &
LELE B
Transsent Oerreach 3%
Pac kugeTaropann Thime: <l 24 eycles

3
\
~
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Smchronism-Check Elements (25}

Slip Frequency Pickup
Range:

Slip Frequency Pickup

005 -0 5K He, (0 Hie sieps

Accmray Sy He
Fhise Angle Ramge ORI, D0 " sops
Plise Anghe Asxunsy R
Under- and Overfrequency Elements (81)
Fregmensy Bange: 40065 () Bz, 0.0 Hr steps
Fregueney Acosracy: S0U00 Fe
Time Delay Hange: 3 0= | 0K Db cyeles, 0.2 5-cvele siepa
Time Delay Avowrcy 2028 cyele plas 20.1%

Unilerwoltage Froguomey Flomemt Rlock Ranpe

00V Ingests 12.50- 3000000 ¥*
Rate-of-Change-of-Frequency Element
Pickup Ramee: 0. 18- 15,00 s, 000 Hels steps
Thrupuons: 955 af pickup
Pickup Acewracy: #1100 mHes and 23135 of peckoup
Pickugs gt Tiime See Egussrion 4,5 the SELASTR-D
Prstractaon Mol
Pickip Time Delay 0. 106000 secomds, V] -sagcmnd sbeps
D ponst. Themiat Dheliy: 10BN Spcomndi, [0 -seceiinl sbeps
Times Avowaiy o i w0 1% o s mng
Power Elements®

Minimaum Curress:
Mhnmmum Voliage:

Sicady-Staie Pickup
Accmiay

0o A
40V

058 W plus =55 of sethmg ai uety powor
Las i

PickugTamopou Timne <3 75 cwcles
Time Delay Acowracy: 20 35 cycle plus £0.1 % of seming
Load Encroachment®

Minismum Currest: 01 A
Slinimmum Yoliage: 123 Yue
Farward Load Impedance: 0.3 640.0 ohms secondary
Parward Pasitive Losd
Angle: —HF po 50"
Farward Megative Losd
Angle: =" po +9"
Mepative Load Impodance- 0. 50-feb ohms secondary
Mepatave Posiine Lol
: A iy = 2T0F
Mepative Megutme Load
Angle: A o+ 270
Packup Acomracy
Impedanae. +
Angle: X’
SELooic Cantrol Equation Variable Timers
Packup Rangpes
(D0 SRES 995 (K] cycles:  (.25-cycle steps |progromemshle imers

Prckupdlropout Acomracy: £ cycle plas #001'% of seming

SEL-651R datasheet: This is the overall accuracy on the power export limit (32) function in the SEL-651R-2
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Relay Failsafe Protection requirements

Currently National Grid requires DC power supply and relay failure protection in the 651 relays, which has
been programmed logically in the relay. Borrego’s single line shows the Equivalent 74 elementschematic
which has been accepted by NGRID in the past. Please see the schematic below.
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