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Updates to NEC Article 690 and IEEE Standards 1013 and 1562
for PV/Solar Installations A




Who Am |?

Immediate Past-Chair of IEEE PES-ESSB

— WG Chair for IEEE 1635 / ASHRAE 21 (Battery Gassing); IEEE 1657 (Battery
Tech Curriculum), 1526 (Stand-Alone PV Performance), 1561, (Optimizing
Lead-Acid Life in Hybrid PV), 1562 (Sizing Stand-Alone PV Arrays), and

P2962 (Li-ion Maintenance)
WG Vice-Chair for IEEE 1188 (VRLA Maintenance), and P2685 (Engine Starting
Energy Storage Devices)

Member of NFPA 855 (Energy Storage Systems)
Training Director for American Power Systems LLC (a DC Services
Subsidiary of Deka East Penn Battery Manufacturing)
Master Electrician in the State of Colorado

Private Solar Owner
— 2.3 kW Grid-Connected Panels on my Primary Home
— Off-Grid Hybrid 2 kW PV, 15 kW LPG Generator, 30 kWh Battery on Cabin




What Are We Going to Talk About?

Updates to IEEE 1013/1526 (Lead-Acid Battery and PV Array

Sizing for Stand-Alone Systems)
— Forthcoming Combo Calculator (Includes Other Battery Types) to be
Available on IEEE PES Resource Center

Latest (2020 Edition) in NEC Article 690 (Solar PV Systems)
Whatever Else You Want to Discuss Regarding Solar, Fuel
Cells, DG (Distributed Generation), and Energy Storage

Stand-Alone Solar Electric System

Sun’s Light
' OC Loads AC Loads
b b

Photoveltaic Array

|| DCCurrent Batteries || AC Current Banel

nec)
:




Changes to IEEE 1013 from 2007 to 2019

DC Bus AC Bus

Drawing to Explain System Added

References to 1361 (More Help on Hﬂ}:_lh
Selecting Lead-Acid) Added =11 =1l [ Anl
Recommend no EOL < 50% = v
Fixed the Slight Error in Example T VYN

B.3 on the Average Daily Ah Usage




1013 Worksheet 1

9.1 Worksheet 1—Battery sizing
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Project name and description:
Nominal system voltage: v
Days of autonomy: days
Load data (see Table 1)

Load data summary

Maximum momentary current Iy, from above table (or line 5a of Worksheet 3) (refer to load profile
diagram): A

Maximum runming current I, from above table (or line 5b of Worksheet 3) (refer to load profile
diagram): A

Total daily load from above table (or line 5c of Worksheet 3):
Mz daily load from Worksh. Ah/day
Greatest value of . momentary currents from above table (or line 5d of Worksheet 3):

Ab/day
2ifused:

Maximum momentary current draw from battery (greater of line 5a or line Se)- A
Greatest value of I for running currents from above table (or line Se of Worksheet 3)

Maximum running current draw from battery (greater of line 5b or line 5g): A
Maximum current draw from battery (greater of line 5f or line 5h): A

Lowest value of /,,, from above table (or line 5f of Worksheet 3): v

Greatest value of ¥, from above table (or line 5g of Worksheet 3): v

Battery capacity

Unadjusted battery capacity (line 3 x line Sc) Ah
Maximum allowable depth of discharge (MDOD) %
Capacity adjusted for MDOD (line 62+ line 6b): Ah
M daily depth of discharge (MDDOD): %

Capacity adjusted for MDDOD (line Sc * line 6d) (or line 5d + line 6d. if Worksheet 3 is used)
Ab

Percent of capacity at end of life (EOL): %

g
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Capacity adjusted for EOL (line 6a + line 6£): Ah
Capacity adpusted for depths of discharze and end of life (zreatest of line 6c, line Ge, or line 6z):
Ah

operating “C

A iated factor:

Capacity adjusted for temperature: Ah
Design margin factor (= 1):
Capacity adjusted for desizn margin (lina 6k * line 61): Ah

Functional-hour rate (line fm -+ line 5h): h
Voltaze-window adiustment
Controller! volta set point: v
Adjustad ¥, (zrester of line 5k or line 82)- v
Centroller full-charge voltage set point v

Adjusted 7, (lesser of line 5j or line S¢) (at the Iowut battery temperature when a temperature-
compensated charge controlles is used)

Number of series-comnected cells

Recommended full-charge voltage for selected cell: (limited by line 8d): v
Maximum number of cells in series, round down (line 8 + line 92):

Recommended end of discharze (EOD) voltage for selected cell: v
Calenlated EOD voltage for cell (line 8b < line 9b) v

NOTE—If line 94 > Line 9¢, proceed to line O otherwise, conrimue with line Oe.

Decrement mumber of series cells (line 9b — 1):

Caleulated cell charge voltage (line 8d = line 9e): v

NOTE—I line 9f is within charge voltags range specified by manufacturer, procsed to line 9d; otherwise, at

least one of the following has to be done: select different battery type, zo to line 6b; change consroller full-charge
wvoltage set point, go wo line 8c; select different conmroller, go to line Ba).

Entar tha sslactad mumber of series calls (line 9b or line 9e). 25 approprista:
Cell selection and final capacity determination

Smallest practical cell capacity availsble of selected type grester than or equal to line fm, or largest
practical cell capacity less than line §m. when discharzed to the caleulated EOD voltage (line 9d). at

the fimctionzl-hour rate (line 7): Ah

Number of parallal strings, round np (line fm = line 10z):

Final battery expacity (line 10z » line 10k): A
Checks/considerations

) Maximum charge rate
) Recommended maximum charge curent during recharse: A
) Maximum availsble charging current during recharge: A
NOTE—If line 1151 > line 111, the battary may be damaged.
b)  Excessive merclnaxgmg
I b afteraachin voltage at the battary's average
of C
i) Maximum availabla charging current aftar reachin, voltage: A
NOTE—If line 11bii = Line 11bd, the battery may be damaged.
¢ U ¢-to-load ratio for the design manth:
NOTE—Ifline 11c < 1.3, there may be insufficient aray enerzy to recharge the battery.

d)  High-rate discharze Maximum discharze cuent: A (This is the same vala 3z line 5i)
NOTE—If line 10c + line 11d = 20, the cell voltage may drop below the allowable EOD voltage when this
condition occurs nesT the and of discharge of the bamary.

¢) Freezinz ofclectrolyteFreezng felectrolyte at MDOD: °c
NOTE—If ling 6i < ling 11e, the bemery may fresze

) Batteryself discharze
1)  Batery'sselfdischarge:  Ahfday
i} Battery's capacity for each day of autonomy (line 10c = line 3) Ab/day

NOTE—If lina 11fi < line 11fi1 = 0.05 snd self-discharge was not included in the load considerations, the
‘battery may be undersized.

#)  Flectrolyte reserveBattery electolyte reserve capacity estimatad in days. day

NOTE—Ifline 11 g = anficipated maintenance interval, the bettery may be damaged.
Considerations resolved:

z)  Maximum charge rate [1

b) Exmcesiveovercharzing  []

) Undercharging  []

d)  Higherate discharze 8]

&) TFreezinzofslectrolyte  []

f)  Battery self discharze [1

g  Electiolyte eserve[ ]

h) Battery's size and weight []

1) Summary

Batter £ and model:

Final battery is cells in series by =rings m parallel.
Battery capacity 1s Ahrated at the h functional-hour rate.
Battery full-charge voltage is .

Battery end-of-discharge voltage is v




1013 Table 1

Table 1—Load data
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1013 Optional Worksheets 2 and 3

9.2 Worksheet 2—Supplemental battery sizing for duty cycle periods > 24 h

Complete Worksheet 2 for each day (24 h period) for which a distinct daily loads exists. Summarize the data in
‘Worksheet 3 and transfer to Worksheet 1:

Load data (see Table 2)

Day:

Maximum momentary current I ;. (refer to load profile diagram): A
Maximum running current I, (refer to load profile diagram): A

Number of repetitions:

9.3 Worksheet 3—Load-Data Summary

5) Load-data summary

a)  Greatest value of the maximum 7, currents: A

b)  Greatest value of the maximum running 7,

coin

currents: A
¢)  Average daily load:

i)  Determine the series of repetitions that is going to result in the greatest load, over the autonomy
period.

ii) Total the load over the autonomy period and divide by the number of days of autonomy:
Ah/day

d) Greatest value of 7, for momentary currents for any of the above load devices: A
e) Greatest value of I, for running current for any of the above load devices: A
f)  Lowest value of ¥, for any of the above load devices: A%

g)  Greatest value of ¥, for any of the above load devices: v



1013 Optional Table 2

Table 2—Load data
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1013 Example B.1 (Remote Brazi

Vaccine Store

B.1 Refrigeratorffreezer for vaccine storage

Example B.1 describes the battery sizing for a vaccine storage refiigerator infended for remote use. The
refigesator is to be located near the equator in 2 tropical climate. Vaccines are delivered quarterly. At the
sama time daliveries are made, 2 technician is available for system maimtanance. There is a constraint om the
physical size of the battery that can be installed in the refiigerator’s battery bow. Fizure B.1 shows a typical
load di: for this icatis

o Starting Current

e Makig | Running Gurrent

LOAD, Amperes
@
1

TIME, Hours

Figure B.1—Simulated load-profile diagram for vaccine storage refrigeratorifreczer

B.1.1 Example B.1

‘Worksheet | —Battery sizing

i) Project name and descriptiorRemote refii
required, quarterly

/freezer, Brazilian village, tropical climate High
. four starts aach 24 h period (including one for ice pack fieezing)

2 Nominal system voltage: 12V
3 Days of autonomy: @ days

4 Load data (see Table 3)

6

8

Load data summary

Maximum momentary eurrent I from above table (or line 52 of Worksheet 3) (refer to Inad profile
diagram): 11 A

Mavimum running curent I, from sbove table (or line Sb of Worksheet 3) (refer to load profile
diagram): 1A

Total daily load from above table {or line 5¢c of Worksheet 3): 5.4 Ah/day

Maximum daily load from Worksheets 2 ifused: — A

Greatest value of I___ momentary cuments from sbove table (or line 5d of Worksheet 3): 0 A
Maxmum momentary current draw from battery (greater of line 53 or lme Se): 131 A

Greatestvalue of I,___, for rurming currents from sbove table (or Line Se of Worksheet 3): 0.A
Mardmum running current draw fiom battery (greater of line 5b or line 5g): 1A

Maxdmum current draw from battery (greater of line 5f or line 5h): 131 A

Lowestvalue of F,_ from above table (or line Sfof Worksheet 3): 1504

Greatestvalus of V., from above tabla (or line Sg of Worksheet 3): 1054

Battery capacity

Unadjusted battery capacity (line 3 = line 5¢): 308 A
I depth of discharge (MDOD): §0%
Capacity adjustad for MDOD (line 62 = line 6b): 357 Ah
Mazamum daily depth of diseharge (MDDOD): 20%
Capacity adjusted for MDDOD (line 5¢ = kne 6d) (or Line 5d + line 6d if Worksheet 3 is used): 257 Ah
Percent of capacify at end of life (EOL): 50%
Capacity adjusted for EOL (line 6a + line 6f): 385 Ah
Capacity adjusted for depths of discharge or end of Iife (zreatest of line 6¢c, line S, or line 6g): 385 Ah
Minimmm operating temparature: 23 °C
Associated temperature correction factor: J v
Capacity adjusted for temperature: 385 4h
Desizn margin factor (= 1): 11
Capacity adjusted for desizn margin (hine 6k = kne 61): 424 Ah

Functional-hour rate (line 6m + line 5k): 70h
Voltage-window admstment

Controller low-voltage discormect set point: 103V
Adjusted F_,, (zreater of line 5k or kine 82} 10 8V
Controller full-charge voltage set point: 14. 7V

4

9

&)

Adjusted ¥, (lessar of line 5j or line 8¢) (at the lowest battery temperature when 2 temperature-
compensated charge controller is wsed): 14.7V

Mumber of series-commected cells

Recommended full-charge voltage for selected cell: (limited by line 8d): 2,45V
Maimum mumber of cells in series, round down (line 84 + by line 9a): 0%
Recommended end of discharze (EOD) voltage for selected cell: 180V
Calculated EOD voltage for cell (line 8b + line 9b): 180V

NOTE—If line 9d > line 9¢, proceed to line Og; otharwise, confinne with line Oa.
Decrement umber of series cells (line 9b—1):—.

Calculated call charge volfage (line 84+ line 9e): —

NOTE—Ifline 9f is within charze voltage range specified by manufacturer, proceed to line 9z ofherwise, at least
one of the following has to'be done: decrement nmber of series cells (repeat line 9e and line Of); select different
battery type, 20 o line b; change controller full-charge voltage set poimt, 2o to line 8¢; select different controller,
gotoline Ba.

Enter the selected munber of serie cells (line 9b or e 9e, as approprizte): 4.
Cell selection and final capacity determination

Smallest practical cell capacity available of salected type greater than or aqual to line 6m_ or largest
practical cell capacity less than line 6m. when discharged to the calculated EOD voltage (line 9d). at
the functional-hour rate (line 7): 110 Ah

Number of parallel strings, round up (line 6m = line 10a). £v
Final battery capacity (line 10a x line 10b): 440 Ah

Checks/considerations

Maximum charze rate

i) Recommended maxinmm charge current during recharge: 80 4

i) Maximmum available charging current during recharge: 35 A
NOTE—LIfline 11aii > line 11si, the battery may be damaged.

Excessive overcharging

i) Recommended maximum charge cument affer reaching regulation voltaze at the battery’s
average temperature of 40.0°C: J*A

44 for the four parallel shings.
i) Maximum available charging current after reaching regulation voltage: 1* A
*Diisconnecting charge contraller is used

NOTE—Ifline 17bii > line 11bi, the battary maybe damaged.
ke Aray-to-load ratio for the desizn month: [ 5w
NOTE—Ifline 11c < 1 3, there may be insufficient array enerzy to recharze the battery.




More From 1013 Example B.1

d)  High-rate discharge—Maximum discharge cuwrent: 13,1 A (This is the same value as line 51)
NOTE—I line 10c + line 11d < 20, the cell voltage may drop below the allowable EOD voltage when this
condition occurs near the end of discharge of the bartery.

Freezing £l byte at MDOD: 6.7 °C

e}  Freezing of
NOTE—Ifline i = line 112, the battery may freeze.

f)  Battery self discharge
i)  Battery's self discharge: 0.5 Ab/dzy
1} Battery's capacity for each day of autononyy (line 10c = line 3): 73 Ah/day

NOTE—Ifline 11fi < line 116 = 0.05 and self-discharge was not included in the load considerations, the
attery may be uadersized.

m) Electrolyte reserve—Battery electrolyte reserve capacity estimated in days: 120 4%
#(alls with extra headspace selected.
NOTE—Ifline 11 £ = anticipated mai & interval, ¥ may be damaged.

Considerations resolved:

a)  Mazomum charge rate [
b)  Excessive overcharging  [X]
¢} Undercharging [X]

d)  High-rate discharze 4|
e}  Freezing of electrolyte (4]
f)  Battery self discharge By
g} Electiolyte eserve[X]

k) Battery's size and weight [X]

13 Summary
Battery manufacturer and model: XFZ Co v

Final battery is § cells in seres by 4 sinngs in parallel.

Battery capacity is 440 Ah rated at the T0h 1onal-hour rate.
Battery full-charge voltage 1s 14.7V.

Battery end-of-discharge voltage 1s 0.8V

MNOTE—Becmise af thi
vahe-regulared bartery

appiication’s enclosed contaimer and high ambient temperarure, caution should be exercised jfa
selected. The potennial for ther XI5t for thes

Table B.1—Load data
4n 4h 4 4 4e 41 4 4h 4i
I Dol Voltage windmy Momentary currents Runming cu rrents* Camstitoe nts Moum ber of Duration Run time Draily ko
levice af maixim um AECUr PENCes
VoV | BV | LonA | JoeA | Lo A | doam A | PO CUTRENL e iy Hours! Hoursiday | Ahdlay
oCcurrenoe
Fum 1 15.0 105 & X 1 3 1%
O PIess0r
or

Rum 2 15.0 10.5 15 & X 5 5 3
O presaor 15.0 104 0.0167 1
Start
Compressor
Parasitics Q.1 X 24 24

Totaldaily load 51.4 Ah

*Tncluding parasitic cuments

YForice pack freezing




Sample Solar Battery Data Sheets

CANADA
|
SPECIFICATIONS Valve.Regulated, Geled-Electrolyte Battery
G Weight 62.5ky 138 Ibs
Nominal Voltage (V) &Y Length 52.7cm 2075
) Width 22.2cm 8.75"
Capacity at C/100 198Ah ==
. ek Height Inc. Term. IL4em 12.38°
cﬂpﬂclw at Ci20 180Ah ')-rk" Product measurements & weights are calculated based an sample data. Individual specifications
Weight 69 Ibs. (31 k @ﬂﬂ are subject bo wary due to the marufsctuning process, bettery companents & electrobyte leves.
eig| - (31 kg) A Electrolyte Reserve 57 mm 225°
Plate Alloy Lead Calcium _ Series 4000  Warranty Container (Inner} Polypropylene
; Volts 12 Bel Cover (Inner] Pal lene - heat sealed to i ntai
Posts Forged Terminals & Bushings fl over (Inner ypropylene - heat sealed ta inner container
Cells 4 Plates/Cell 17 Container (Quter) High Density Polyethylene
Container/Cover Polypropylens Terminal Type Flag Cover (Outer) High Density Polyethylene snap fit to outer container
Included Hardware 5/5 Hex Cap Screw, Nut, Lock & Flat Washer
Operating Temperature Range Handles Melded

Size & Thread 5/16"-18

70% (avo)- w0k 600 DIMENSIONS

Inches (mm)

Charge Voltage Range 14.7-15 Vfeell @ 25°C (77°F)
For Charging Parameters please refer to Length 10.25 (260 mm) Self-Discharge Rate 5%-10% per month at 25°C (77°F)
www.mkbattery.com
Gl Tecnion b, hen an Procvataic Crargng wiath 7,08 150 )
Parameters in the P\/'Solar section h Cold Crank Amps [CCA) O°F [ -18°C =
Height 10.88 {276 mm) Marine Crank Amgs (MCA) 32°F | 0°C 972
’ Including terminal
Vent Self-sealing Reserve Capacity (RC @ 254) 504 Minutes
(el Cycle Lile v Depth of Discharge ot 25°C (TT°F)
Electrolyte Sulfuric acid thixotropic gel 20 Based en BEIZhous Capacky Reserve Copacity [RC @ 754] 108 Minies
Terminal U (SAE/STUD) \ —
® 100 Hour Rate 2794
- 100%  90% B0%  TO%  60%  S0%  40%  30% 2SN 20%
\ @ 72 Hour Rate 3.e3A DEPTH OF DISCHARGE
- \ @ 50 Hour Rate s5h
i .
) - @ 20 Hour Rate 10.5 A Rev.#3 | May 2018
@ 15 Hour Rate 1334
-
Rated non-spillable by ICAQ, |IATA and DOT - @ 10 Hour Rate: 1848 A
. - @ & Hour Rate 22.58 A
Made in the U.S.A. by East Penn Manufacturing Co, Inc. BETTE TR
o jour Rat 5
Distributed by 1m0 @ 1 Hour Rate 84 AH B4 A
o — p - . Ampere hour capacity ratings basad on specific gravity of 1.280 at 27°C (80°F).

Reduce capacities 5% for specific aravity of 1.265 and 10% for 1.250.




More Sample Solar Battery Data Sheets

y ESN N i

A full range of solutions
for a world of photovoltaic needs

e

a7

a2

w7

781

arging
Bulk Charge Max Current (ampa) | 15% of 20 Hr Rate - it i
Dak Charg S Cymes oy (i o0 Py Cell Performance - Photovoltaic Batteries
Floal Charge Canstant Voltage 2.25- 230 wpe:
[Equalize Charge -
P T T S Amp Hours at 77°F (25°C) to 1.75 v.p.c.
Cuteoft parametars per charge & squalize intervals are spplcation specilic Call Type 10 20 24 100 Cell
‘and will vary dependeri Lpon site specilic characterislics such as fempers- Weights'
ture. days of aulonomy. amay 1o load ratio, etc. 5 S5 04| 07 | 127
7 141 155 | 159 | 189 smsas a5 B 1= 7Em = 348 113 448 137 538 152 638 212 B35 237 533 261102 32
et Life ve Dot of Discharge at £25°C (17 = e et amiso o s 4mmemm e 121 478 187 618 152 756 228 BSE M ME WA 4M 48
4 P il E 83 | 3 T ) amois e T 4 mEm 7E 157 818 203 807 202 A2 00 1181 398 e 221748 ez
R 1 1 — | e s e =
124 466 77 568 & BUNS1BS 1S5 171 408 WSS 185 7ER 155 760 223 988 312 1226 372 ES B2
72 518 31 632 E]
T 533 | 694 5 BmGE O 213 408 mEEm 7ER 153 25 e 513 A0 1201377 1484 =5
- gﬁg 2;; gg ;g 1?? BmeErs o o 408 wos 1w 7E 18 721 268 108 a8 A 437 1721 118
X 660 775 5] B8 3 EUNSSED 30 AT 408 WO 1S 76 220 g8 =8 132 181
i- T T B mmetn w0 i ammmrmm msmanm
BUNT 315 410 3834 400 553 195 68 146 5.3 2781080 183
- Amp Hours at 77°F (25°C) to 1.75 v.p.c.
il BUNG4BD  sS0 A7 408 WSS3 193 768 198 635 304 ME 188
Call Type 0 20 24 100 Lol
- Weights BUNBOOS  fOm 453 400 WS 1S 768 171 672 28RS =4
755 188 | 173 | 177 | 2n
! rE— ™ . ra—" 75-7 236 259 265 318 BUNBSSS  IED 12 400 19E3 183 7B 183 721 35 @80 1)
75 314 345 353 421 . B 2
Dot ot Discharge (%) e e BNpsss  Ben o7 408 mEl 1E 7Em 2 Em =z
75-13 472 518 531 632 8! BUNBTIB  T3n  EE2 400 1SE3 183 7B 234 8E EE
The solar battery excels in cycling applications. ; - g ggg g; ?&g ;3? 1?5 BUNIE30 B3 7B 400 1953 183 7B 2R 058 3an
‘Dependent upon proper charging and ambien ecatures. - f=== 4
spendent upon props sing 't temperah 75 707 776 785 | 846 130 SUNPESD  HED  ES3 400 WSS 18D 78 34197 s
75 785 | 863 | 884 052 142
7 864 | 949 972 1B7] 150 | BUNE 1110 1110 1084 400 1553 183 TES FNF @88 460
7 942 | 1035 | 1060 | 1262 162
Capacity vs. Operating Temperature 7 021 121 148 367 174 Bunica.plus compliss with IEC 82258 standard.
- 7 100 | 1208 | 1237 | 1473 182
7 178 | 1294 | 1326 | 1578 193
7 257 380 414 1683 206 - -
. — Derating factor according to temperature and end voltags
z Amp Hours at 77°F (25°C) to 1.75 v.p.c.
5 caitype [ 10 [ 20 | 20 | 100 |, 8 Far tysicel soler spplicetion with
H FET BT T T 5 3 deys ar mare backup time
- 330 | 362 371 441 10
] - 440 | 483 | as5 | Eeg = [~
: |- 550 | 604 | 619 | 737 1
g 117 E e ——t
138 ] End valta
g 128 : % -1_‘_\\% d voltags
H 1;2 i 08 End vohtage 1.
. 210 2 i |t voage 1,16 v
© W = n o = 3 ™ ] [ 229 | 0.7 — —
Ambient Temperature (°F) 247 End voltage 1,
weight daes not include steel tray |
) . 06
[ Operating Temperatures: Above are fhe changes i o o P r—. 3
o ambirt parae TG, i 6 WIS Capac. 2 & percamage of 30 - -0 0 4D 420 430 0T
the raled capacity, at different amiient femparatures. The curves show the behavior =22 -4 +14 +32 +50 +88 +86 +104F
ol the baliery after & number of cycies.

Temperature
om



Sample Li-ion Solar Battery Data Sheet

The LiFePOs Battle Born Battery

The pinnacle of quality and safety at an unbeatable price point.

Model BB10012

100 Amp Hours
Deep Cycle Efficiency and Performance

This 12 volt 100 amp hour deep cycle LiFePO4 battery
offers 2 to 3 times the power in the same physical
space as a lead acid. The stable chemical composition
and built-in battery management system in our
batteries provides you with safe and reliable power.

These low-maintenance batteries are a fifth of the
weight of a comparable lead acid. Our batteries are
capable of being discharged to 100% of their rated
capacity every time. They can be charged 5 times
faster than lead acid, so you can get out there and stay
out there longer!

Our batteries are built to last 10 to 15 years and are
backed by an industry leading 10-year warranty,
making battery anxiety a thing of the past.

Specifications Charging Parameters
= 100 Amp Hour, 12 Volt Battery + Absorption Voltage:

= LiFeP04 Chemisiry 14.2Vio 14.8V

= 3000-5000 Cytles Float Voltage:

* Dimensions (L x W x H): 134V 1o 138V
1276 X666 X 895 Equalization Voltage:

plaile o 14.4V (f Appiicable)
T anks Absorption Time:
= Operating Temp Range: 30 minules -
-4°F (-20°C) to 135°F (57.2°C) per 100AN battery bank
. YVater Resistant and Ssaled
[Batteries should not + No c
+ Designed and Assembled
in the USA * Charge Rate: .5¢
= Builtin BMS

(Battery Management Systerm)
+ Made with Cylindrical Calls

h WY 4

%J#
N

Get out there, stay out there.™

@. E Shsa -

Built-in Battery

Management System

Our BMS keeps you and your battery safe and
ensures your battery will last for many years.

+ 100 Amps Continuous

+ 200 Amps Surge for 30 Seconds

« 12 Second Surge for Loads Over 200 Amps
High/Low Voltage Protection

Short Circuit Protection

+ High/Low Temperature Protection

Cold Charging Protection

Automatic Cell Balancing at Top of Charge

“Please Note: This builtin pratection wi resst after §
seconds in most fauit conditions. Disconnecting the
battery from loads wil slso reset the BMS.

(O
*QR Code

Questions? Call 855-292-2831 or email us at info @battlebornbatteries.com



Changes to IEEE 1562 from 2007 to 2021

Slightly Changed Language in the Document So Non-Lead-Acid
Battery Types could Theoretically Use the Principles in it

Added Sizing Using the now common MPPT Charge Controllers

— This Also Caused Increased Need to Account for the Effects of Minimum
and Maximum Panel Operating Temperatures
* Especially When Using 60 Cell Panels in Higher Summer Temperatures

Footnote Warning Added for Those Who Like to Think They Can
Get Away with Fewer than 5 Days Backup in Standalone Sites
Provided Guidance Towards the NREL RedBook to Get Solar

Irradiance (Sun-hr) Data Pre-Adjusted for Tilt Angles and Such
— Gave Footnote Approximations for Insolation Derating if no NREL Data



I\/Iore Changes to IEEE 1562 from 2007 to 2021

Covered More Areas of Potential Electrical Loss and Increased
the Typical Percentage of These Losses
e Reworked the Calculation Worksheet to Consider More Loss

Factors, Temperature Factors, Charge Controller Types, etc.

— Color-Coded the Worksheet to help the user know what Data needs to be
Gathered, what needs to be Decided by them, and what needs to be Calculated

— Modified the Examples in the Annexes Using Revised Worksheets and Charge
Controller Types

e Removed the Old Annex A on PV Technologies, since those
Change Faster than the periodic Reissuance of this Document

e Added a Cautionary Note about Using Tracking Arrays in Windy
Areas



1562 Worksheet 1

Worksheet 1—System sizing
1) Project name and description’:

2) Nominal system die voltage.

3) Days of autenomy desired: |

4) Total daly load (may be cobtamed from line 3¢ of Worksheet 1—Battery Sizng from
IEEE Std 1013-2019): [ Ahélay.

5) Max battery voltage v be obtamed from line 8d of Worksheet 1—Battery Sizing, from
IEEE Std 1013-2019): [l volts direct current (Vdc).

6) Battery capacity (may be obtamed from line 12 of Worksheet 1—Battery Simng, from
IEEE Std 1013-2019): [ Ahrated at the ___ howrrate.

Ty System losses:
T b Typical Tc System 7d
Description of system loss (percent of system load) % window loss multiplier'*
max % | min 0% L] decimal
[Parasitic * load (tosses) of the charge comtroller 3 T
[Coulombic losses of battery (refer to IEEE Sud 1361-2014 20 1
|Annex 4 9)"7
[Wira losses 5 1)
[odule mismarch losses 5 []
Module aging 20 ]
[Dust 20 o
|Other
|Dther
|Other
|Te) Total system losses [multiply all of column 7d, subtract this from 1, then multiply by 100]: %

%) Determine the number of peak aum hours: IO
9) DecideonanATL:
10) Choose a PV module (mamafacturer and model)
a) Maximum power current (L,): [ A.
b} Short circuit current (L): [N A
¢) Nominal voltage: JI Vde.

"Pmldsm\‘hlsanﬂsheet ighlizhted in vellow ided by the i in gresn come from
documents or man !rdlushms'mmm]; m*mmmmd mllghtb]m mQLcn]mnms

" Calcumeeachmne in column 7d by dividing each value m column 7 cb\ 100, then subtracting that from 1.0.

* This is only the losses dus to the nesd tokesp the electronics and b e charze congollerin an operaing stve and ngt e e-

dE conversion losses of an MPPT charge controller (see 18a for those sz;- Typical parasitic coniraller Josses are no more tan 1%

A.rl.d.lnnm] information on coulombic conversion losses in batteries can be found in Table B.2 of [EEE Std 1635/ASHRAE 11 [B2].

'* Moduyles have an average life of 13 years and lose capacity at a rate of about 1%-1., 15“.‘5rfmm! first 2-3 years: affer which they
aze with a capacify l0ss of about 0 3550 84 %a/yT. depending on the mamifactarer

 MPPT converter efficiency on the data shest is typically the peakioptimal value Derating this by 1%-2% usually vields a more
accurate frue efficiency

Temperature coefficient of P [line 10£= 10i=100]: _ WrPCor WK
Percentage temperature coefficient of L.: [JIINIYC or %K.
Temperature coefficient of L. [line 100 > 10k ~ 100]: T W*C or WE.
) Maximmum operating ambient temperature: [N °C

1) Nominal operating cell temperature (NOCT): [N °C.

d) Open cirewt voltage (V.): [N Vdc.

€) Maxinum power point voltage (V,,,): [ Vde.

f)  Maxinum power (Po..): [N W

g) Percentage temperature coefficient of V. [N C or %K.

1) Temperature coefficient of Ve [line 10d = 10g = 100: T V°C ar VK.
1) Percentage temperature coefficient of Py, [JIIF&°C or %K.

D

9]

]

o) Masimum operating temperature delta of PV module [line 10m+10n—25°C] °C
) Vi at max module operating temperature [line 108 + (10k * (100— 25 °C))]: Vie.
) Pase at s, mochile operating temperatre [line 10£-+ (10j * (100—25 *C))]: W
D Lpat ‘module operating Tline 10a+ (10€ x (100—25 *C))]: [ A
11) Multiply line 4 times line 9: [000 Ahday.

12) Divide line 7e by 100 {this converts the percentage to a decimal) and subfract from 1: |

Shumt, series, and WM controller calculations:

13) Multiply line 12 times line 8 times Ine 10r: || Ah/day.

14) Divide line 11 by line 13: |

15) Round line 14 up to the nearest whole mumber: . This is the mumber of parallel PV module strings
Tequired.

16) Divide line ¥ by line 10p and round up to the nearest whale mmnber- This is the mumber of
‘modules to be wired in series in each string.

17) Miultiply line 15 by line 16: [0 This is the total mmsber of PV modules required for the system.
MPPT controller caleulations:
18) Choose a charge controller (manufacturer and model):
a) MPPT charge controller (if that s the type used) efficiency > [
19) Multiply line 11 times line 2: _ Wh'day. This is the daily load in Wh.
20) Multiply line 12 times line 8 times line 10q times line 18a divided by 100:
production_

Jhiday. This is the
individual module daity

21) Divide Iine 19 by line 20:

22) Round line 21 up to the nearest whole mmmber: ‘This is the minimum munber of PV modules
required for the system.

23) Divide line 2 by line 10c: . This is the mumber of PV modules per PV “string.”

24) Divide line 22 by line 23 and round up to the nearest whale mmber: ‘This is the mmuber of
PV “strngs.”

25) Multiply line 23 by line 24: . This is the actual fotal mumber of PV modules needed.




1562 Example D.2 (Remote Brazil Vaccine Store

D.2 Refrigerator/freezer for vaccine storage = g R e R ) Masinmm operating femperature delta of PV module (lme 10m + 10n - 25 °CJS0°C.
This example describes the system sizing for a remote vaccine storage refrigerator (site is expected to be Description of system loss Swndow | loss | maldplier D) Vi at max. module operating temperature [lme 10¢ + (10h % (100~ 25 °C))]: &S Vde.
, ) : maz %] min % | % decimal b < =
operational for 15 years) using vented lead-acid (VLA) batteries. The refrigerater is to be located near the
equator in a tropical climate. Vaccines are delivered quarterly. and at that time a technician is available for [Parasitic load (Josses) of the charge contoller 5 1 0.99 ) Puu at max module operating temperature [line 10+ (10j * (100 - 23 °C)]: SEW.
system maintenance. Calculations are run with both a PWM controller and an MPPT controller to show the oulombic effect of bartery (vefer to [EEE 51d 136172014, Aunex A 9) 20 1 0.82 i -
difference (MPPT controllers sometimes require fewer panels). |Wire losses 5 0 867 0 ["9 at masammm module operating temperature [line 102 + (101 = (100 - 25 °C))] 302 4
X B [Module mismatch losses 5 0 1.0
Worksheet 1—System sizing Riods szie 0 o T 11) Multiply line 4 times line 9617 Alv/day.
[Drust 2
(Refer to Annex B.1 of IEEE Std 1013™.2015) = S o= 12) Divide kine 7e by 100 (this converts the percentage o a decimal) and subtract from 1 3070
1)  Project name and Remote freezer, Brazilian village, tropical climate. High [Other Shmt, series, and PWM controller calculations:
availability required. quarterly maintenance, four starts per day (including one for ice pack freezing) other
[7e) Total system losses [multiply all of column 7d, subtract this from 1, then multiply by 100]: 38% 13} Multiply line 12 times line 8 tumes Line 10r 934
2)  Nominal system voltage: 12 Vdc )

14) Divide Line 11 by line 1376.60
3)  Days of autonomy desired: 6 days. . ’ i
%) DecideonanA:L: 12

) 15} Round line 14 up to the nearest whole number ¥ This is the number of parallel PV module strings
4)  Total daily load (may be obtained from line Sc of Worksheet 1—Battery Sizing from IEEE Std 1013- required. =

2019): day. 10) Choose a PV module: Brand X3Z 50 W
. " 16} Divide Line 5 by Ine 10p and round up to the nearest whole number ]| This is the number of modules

S)  Max batiery voltage (may be obfained from line 8 of Worksheet 1—Battery Sizing, from a) Masimum power current (L,.) I0IA o o be wired i serien mO};,ch e ¥

IEEE Std 1013-2019): Jdc. -

) ) b) Short crewt current (L) HllA. 17} Multiply line 15 by line 1612 This is the total mumber of PV modules required for the system.

6) Battery capacity (may be obtained from line 12 of Worksheet 1—Battery Sizing, from ’ ’

TEEE Std 1013-2019) . tated at the J20-hour rate <) Nominal voltage JHHIVdc MPPT controller calculations:
7) System losses @ Open circuit voltage (V) EHBIVde. 18) Choose a charge controller (mamifacturer and model): Brand LMN, 60 A,

&) Maximum power point voltage (V) I8EIVdc.
) Maximum power (Pu): BIW
&) Percentage temperature coefficient of V. JEEEY"C.

19) MPPT charge controller (f that is the type used) efficiency [0§%.
20) Multiply line 11 times line 2740/ Wh/day. This is the daily load m Wh.

21) Multiply line 12 times line § times line 10g times line 18a divided by 100,139 Wh/day. This is the
individual module daily producton.

22} Divide line 19 by line 20533

h) Temperature coefficient of V. [line 10d = 10g + 100] 007XV~ C.

i) Percentage tenperature coefficient of P, HIBE%°C.

23} Round line 21 up to the nearest whole mumber§. This is the mininmm number of PV modules

1) Temperafure coefficient of Pou, [Ime 10£ % 101 + 100] 03 W/°C. for the system.

¥ Percentage temperanure coeffcient of L. JOI074~C. 24) Divide line 2 by line 101, This is the number of PV modules per PV string

D Temperature coefficient of L, [lme 10b x 10k = 100]: BIOGISIA°C 25) Divide line 22 by line 23 and round up to the nearest whole munber: § This is the mumber of PV
sirings.

m) Maxinum operating ambient tenperature [S0% °C.

B N operating cell ure (NOCT)JH °C. 26) Multiply line 23 by line 246 This is the actual total mmber of PV modules needed.

it ol o e VTt o7 Vacia] Rasoumees Caiaity Tociin: HAsalis Broed Tos nik ik E Towes rodaio
was Jamuary with a dlt of 15° (equals lavinade).
== Masinmim expectsd ambint openting temperanire obtained Som weather service data for the arsa.




Sample Solar Panel Data

Address: 2775 E. Philadelphia St.,

=. . RE NOGY Ontario, CA, 91761
Tel: 800-330-8678
‘.. THE FUTURE OF CLEAN ENERGY Fax: B88-543-1164
Web: www.renogy.com

Module Type: RNG-50D

Max Power at STC (P__) 50 W
Open-Circuit Voltage (V) 22.7V
Short-Circuit Current () 2.84 A
Optimum Operating Voltage (V,_ ) 185V
Optimum Operating Current (I_ ; 2.70 A

Temp Coefficient of P__ -0.23%/°C
Temp Coefficient of V -0.33%/°C
Temp Coefficient of Isc 0.05%/°C
Max System Voltage 600VDC (UL)
Max Series Fuse Rating 15A
Fire Rating Class C
Weight 4 5kgs / 9.9lbs
Dimensions 630x541x30mm / 24.8x21.3x1.2in
STC Irradiance 1000 W/m?2, T = 25°C, AM=1.5
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alB oD E 3 1 H ' a K " il o P ® A s T u [ W fl [ 2 o a8 | Ac | A0 | A aF a5 | AH | A A | BE | AL | AM | &N | A0 | AP | A® | AR | AS | AT
Main Battery Sizing Worksheet (1) for Standalone OFf-Grid PV Systems

1
: | sep Filln the blus-highlightad colle
= 1) Propect MameiDacaription: Fxampte
4| 2) Nominal System ¥oltage: VDG [choasetrom the drap down lict of enter your o valuc)
5| 5) Dups of subonomy desired: B oy
E] + b < 3 [ ar 13 [ W
T DCload | Waltags window [momentary currantq running currantc® | canctitucats of [ocowenced  duration rntine | iy load
T davice V., [ ma running currend_per day |hrotoccurrence’|  hrsiday Ahlday 1
) T feomprizss] 50 E3 3 300 X
m or
" T ] 5] X T 500 500 504
" Starteomprered 150|105 0 ] 0.0z aor 10
v T
U g [Pt [X] 01 x 2400 z4]
| g
€ 5
i
" Torsl dly lowd n 2 EX)
W |y WersrTebed
z * includes parasitc currents
z ¥ repeat constant koads in both the mementary and running <urrent columnz
= B a2 tcenr sk the 2ame e 5 sther lowds, and ore thus add
z i) Io3d navar accur 3t the zame tims 32 ather loadz
2 * For squipment thit haz both mamentiry s conztunt loods, sndlor coincidental ind non-coincidental sads put thoat loads on separats raws — il — —liinoe
= ¥ 1 minats = 0.016T h, and 1 zcond = 0.000275 b
2| 5) Load data cummary:
21| a) maxmomentary current |, from de sbove: 1A
2| b) maxruning current L, fromdd calumn sbave: 61 A
25| ) Torl Daily Lood from zum of i sbovs: EL4 Abdday
50| ) bighuct valus of lyuyis mamsstary currant from 4¢ bove oo 4
El 1 max momentary currant dra fram tha battary (graatar of live 53 ot 54]: 14
3| ) bightot value OF e runnig current From 4d sbove 60 A vt oD
3| ) max Runing Currant drae from the battary (graatar of lins 5b or 5q): 61 A veles vs .
34| i) maximum corrcnt drau fram the battery [qrcater o line 5t or Sh): 1A ! . — tical 12V eycing AGM VRLA
Y i) bt walus of Vo, from db column abeve 150 W i high-cycle 6/12V AGM VRLA
3| K] bighuct valus of V., from 4b column above 05 v o typical 12 carbon- added cycling AGM
31| 6) Battary Capaciry a1 2y car
5| a) wnadjusted battery capacity {line 3 x fine 5c) 308 Ah moag trpical 2V carbon-added cyuling ASM
35| b) Blaimum Allewable depth of discharge (D0D}: B0%  [ypically chooss somewhers betwesn S0-80%) typical hybrid AGM-supercapacitor
4| <) battary capacity adjucted For max allowabla DD [lins 63 « Gb: 565 Ah ! - . typical 2¥ cycling AGM VLA
4| d) typical mazimum daily OO0 BOE [typically choose somewhere betwecn 10-40%) -
@ | &) bttery cnpncllyadputtd o macimam daily DOD (line S + 6d): 257 Ah L ho OiNgel[0F)
a F] Percent of C: ot end-oi-life [EOL): BOE (0% rypical for lend-acid; T0-50% for Ni-Cd & Li-ion) T . DIN VLA (OPZ5)
4| g) baery cnpnclyadpuztd For EOL (line 65 + B4]: e g T M solar
45| ) battery copacity aduzted for DOD and EQL (largezt of lnes c, 62, or Bgk: 358 Ah = " 1
a i) minimam battery opersting tempersture [caloulste " from °F 3¢ right i needed): o c — - e -l
ar auarage battory oprating tampraturs [<alcubits C from ' ot right i neadad]: BE c tien MCA
# Battory Typo: VELA [mock gol of AGH .
- Do jour vontad battariss (¥LA, NiCd, or NiF 5] ura catalyct racombiner vante?: IR [choocs Nt For Liion, ¥RLA, & vanted with colf-wataring
S| i) associated temperature carrection Factor (baged on curves in EEE 1635 T3 (thiic calculated based on battery type chosen) o
B K] batery copaity adjusted for temperature (i Bh ¢ Bl 435 A
52| B Design Margin factor & 1 A0 (rypically choose somewhers betwern 11 nd 125
5| m) adjust the Bateery Capacity far the dezign marin (ine 6k x 62): ]
54| ) functionab-Hour Fiata (ine b + SkJ: 5 b . 5 | .
55 8] Waltage Window hdjurment; - : . ) : : . ! -
5| 3] Chargs contrallar low-raltage battary dicconnect (LYED) cat point: 103 v [rslated to max DOD in 66 & battary typo] it olhal S
51| b adjusted Vi (higher of line 5k or 83 03 v
S| ) Charge contraller "Finizh "t 'sbzorption” Fll tharge volkage set point: N
S5 | d) adjucted V... (lowar of i 5 or 8] - at lowazt batt temp for temp <omp charg ui v [adjuct charge contraller to thic if neoded] highast recommandsd max chargs ¥ par coll par battery type
50| 8) Number of Sericz-cannected Gl Vih VAL Hcd athar Lion
#1 | 3) Recommendad Muz (full] chargs ¥oltage por Callfor calacted battary (imited [For 124 WRLA, blocz, divide ma bloc ¥ by &) 250 235 165 385 285 A2
2| b) maxinum # of colc in sories string (round down ine 5d « 3a): & auract aug mrps you chould svar chooce par battary typs far 3 ctandalon salar cit
@ rocommended lowsst (maxJand of discharg [EQD) voltage per call[sypc/mip 8O Wicll  [thi valus typically ices for more run daps] lead-adid MeCd LR ather Livon
4| d) <alculated EOD valtags por coll [svpermupc) [fne 8 « 3ol ol [Fline 3 32 ohip o 39, otharwics go to 9] 115 1 250 280
45| e] decrement number of series coll (ine 3b - 1]
46 F) new caleulated cal sharge valtage [l 84 + 3t
67| q) zelected number of Seriea Gell (e 3 or 3t), 52 dpprapriste:
Motes Battery Sizing Worksheet 1 PY Array Sizing Worksheet 1 Reference Data ()] [«




A B C D E F G H J K
62 | 10) Cell Selection and final Capacity determination:
a) smallest practical Cell Capacity available of selected type greater than or equal ta line
&m; or largest practical cell capacity |ess than line 6m, when discharged to the

Forthcoming 1013/1562 PES Resource Center

Calculator Battery Sizing Page 2

(Mote that this capacity can also be met with

69 calculated EOD voltage (line 9d), at the functional-hour rate (line 7): 172 Ah parallel strings of lower &h cells - see line 10k)
70 b) number of Parallel Strings (round up line &m +10a): 2

71 c) final Battery Capacity (line 10a % 10h): 515 Ah (not the stamped rating, but @ hrrate of 7)

72 | 11) Checks/Considerations:

73 a) Maximum Charge Rate: (this subsection typically N/afor lead-acid and Ni-Cd)
T4 i1 recommended maximum charge current during recharge: 80 A (this data comes from the battery mfr)

75 il maximurm available charge current during recharge: 35 A (this depends on contraller & # of strings)

76 MOTE —if line 11aii > 11ai, the battery could be damaged —is there an issue?: MO

77 b) Excessive Overcharging: (this subsection typically /s for C charging)

78 i1 recommended max charge current @ regulation v @ awg battery temp of 19.6 °C: 1 &fstring (this data comes from battery mfr)

79 i) maximum available charging current after reaching regulationo voltage: 02

80 MOTE —if lime 11hii > 11hi, the hattery could be damaged - is there an issue?: MO

a1 c) Undercharging — Array-to-load (&:L) ratio for the minimum design month: 1.3 (this will be copied as the &:L onthe Array Sizing Waorksheet)
sz| MOTE —if line 11c < 1.3, there may be insufficient energy to recharge the battery —issue?: MO 1

a3 d) High-rate Discharge — maximum discharge current: 151 4 (thisis the same value as line 5i)

84 MOTE —if line 10c+11d < 20, cell voltage may drop below myvpc at EOD —is there anissue?: MO

85 &) Freezing of Electrolyte — freeezing temperature of electolyte at maximum DOD: -12.2 °C (this data comes from the battery mfr)

86 MNOTE - if line gi < 11e, the battery may freeze —is there anissue?: MO

a7 ) battery Self-Discharge:

88 i1 Battery's self-discharge (for all the strings in parallel [total/whole battery]): 0.9 &h/day (calculated based on battery tvpe chosen)

g9 i) hattery's capacity for each day of autonomy (line 10c+line 3): 85.8 ah/day

a0 =if line 11fi + 11fii = 0.05, & self-discharge wasn't in load calcs, battery may be undersized?: (ile)

a1 o) Electrolyte Reserve — estimated battery electrolyte reserve capacity (re-watering inter: M/A days (calculated based on batterychosen)

a2 expected battery maintenance interval: 365 days

23 MOTE —if line 11g < anticipated maintenance interval, battery may be damaged —issue?: 7Y

24 h) Does the hattery fit in the alloted space and not overload the floor weight rating?: Yes

95 | 12) Summary:

96 Battery Manufacturer and Model: Example Co, model POZ

a7 Final Batttery has cells in series in each of 3 strings.

o] total Battery Capacity is 514.5 &h, rated at the 78 h functional-hour rate
a9 Battery full-charge (finish/absorption) voltage is 14.7WDC.

Battery normal end-of-discharge valtage is 10,8 VDC,

Motes Reference Data

PV Array Sizing Worksheet 1
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Solar/PV Array Sizing Worksheet (1) for Standalone Off-Grid PV Systems
Step fill in the blue-highlighted cells
1) Project Mame/Description (from line 1 of Battery Worksheet): Example
2] Mominal System Waoltage (from line 2 of Battery Worksheet): 12 wDC
3) Days of autonomy desired (from line 3 of Battery Worksheet): & days
4) Total Daily Load (from line 5c of Battery Workshest): 51.4 Ah/day
3] Max Battery Woltage (from line 8d of Battery Worksheet): 14.7 wDC
€) Battery Capacity (from line 12 [10c] of Battery Worksheet): 515 ah
7) System Losses:
Ta Th 7c 7l
Description of typical % window system multiplier
System Loss max % min% loss decimal™

Parasitic |oad (Insses)*® of the charge controller 5 1 1% 0.99

Coulombiclosses of battery charging'? 20 1 9% 0.91

wire losses' 5 0 % 0.97

module mismatch |osses' 5 0 0% 1.00

Module aging*® 20 0 11% 0,89

Dust’ 20 0 1% 0.99

7e) Total Systermn Losses [multiply all column 7d factors together, subtract from 1, then multiply by 100} | 23%

Motes to System Losses Table:
* yalue in calumn 7d is computed by dividing each value in column 7eby 100, then subtracting that from 1.0
2 This is only the |osses due to the need to keep the electronics and lights of the charge controller inan operating state, It does not include the DC-DC conversion losses of an
IPPT charge controller (that is taken care of in Step 18a). Typical parasitic contraller losses are no mare than 1-2%.
13 Additional info on coulombic efficiency of battery recharge can be found in Annex 4.9 of [EEE 1361 and Table B2 of IEEE 1635 / ASHRAE 21. The value of the coulombicloss
forthis factor is calculated from those sources based on the battery type selected inthe Battery Sizing Worksheet
14
modules have an avg life of 25 yrs, and lose capacity at a rate of about 1-1% %/yr for the first few years, and than at a rate of about %-% %/yr, depending on mfr and model
¥ The NECE suggests that voltage drop in any one leg of a system not exceed 3%, and no mare than 5% for the whole system. 3-5% losses are typical here,
* Module mismatches are no longer the problem they used to be. Unless you are dealing with older modules from differing mfrs / different models, this value is typically set
to0.
* Dustcanbea problem in desert and/or windy climates. Forthose types of climates a loss factor of 10% is typical ?

Al Netarmina # of neak cun houre (Ghi for locatinn 8 array tuna: Ad hredfdaw  fthisistynically lonked uninsouress liks RBFL BedRnok)
Motes Battery Sizing Waorksheet 1 PV Array Sizing Worksheet 1 Reference Data
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A|B | C o] E F <] H | 1 K L il N o] P Q R s T u i3 W X
31 | 8] Determine # of peak sun hours ($h for location & array type: 4.4 hrsfday ithisis typically looked up in sources like NREL RedBook)
32 | 9] Decide on an AL (array-to-load ratic) 13 (this was already chosen inline 11c of the Battery Sizing Worksheet) #cells  nom. W #halfcells nom. v
33 |10] choose a PY Module manufacturer and model XVE Co, model ABC 32-36 12
34 al Maximum Fower current [l ma) 2.7 & ithis value is found on the panel manufacturer's spec sheet) 60-72 24 120-144 24
35 b} shart-circuit current (I,) 2.84 A (this value is found on the panel manufacturer's spec sheat) 78-84 a0
36 c) Marinal Woltage of the Panel 12 vDC (if not stated on the panel manufacturer's spec sheet, use the data to the right] £l 36
37 dj Open Circuit Voltage (V,.): 22.7 VDG [this value is found an the panel manufacturer's spec sheet)
EL e] Maximum Power Paint Yoltage (Yl 18.5 vDC ithis value is found on the panel manufacturer's spec sheet)
39 ] Maxirurm Power [P g,) of the panel 50 v [this value is found on themanufacturer's spec sheet, & may be called peak power]
40 gl Percentage Temperature Coefficient of v, -0.33 %/°C {although this coefficient is for ¥, it can be applied to all voltages on the spec)
4 h) Temperature Coefficient of v  (line 10d < 10g + 100): -0.075 ¥°C
4 i} Percentage Temperature Coefficient of Prg: -0.23 %/°C (although the coefficientis for P, it's applicable to all watt ratings on the spec)
43 i) Temperature Coefficient of P, (line 10fx 10i + 100) -0.115 W/C
44 k) Percentage Temperature Coefficient of |, 0.05 %°C ialthough the coefficientis for I, it's applicable to all currents on the spec)
45 il Ternperature Coefficient of I, (line 10b = 10k + 100} 0.0014 &°C
46 m) max Operating Ambient (convert from °F at right if needed); 28 °C -°F: “C
47 n) Mominal Qperating Cell Temperature (NOCT): 45 “C ithis value is found on the panel manufacturer's spec sheet)
48 o) maximum operating Temperature Delta of PY module: 48 °C iline 10m + 10n - 25°C)
49 P Ve at mazximum module operating temperature 16.8 VDC {line 10e + [10h x {100 - 25°C}])
50 Q) Py at maximum module operating temperature 47 W iline 10f + [10j % {100 - 25°C})
51 r) | mg 3t raximum modul e operating temperature: 2.73 4 {line 10a + [10F x {100 - 25%C})
52 |11) multiply line 4 times line 9 67 ahfday
53 112) divide line 7e by 100 iconverts % to decimal) and subtract from 1 0.77
54 Choose the type of charge ontroller being used: _ MPPT (if MPPT chosen, skip down to step 18]
55
36
37
o8
59
60
&1 | MPPT Controller Calculations I
62 |18) Listthe charge controller manufacturer and model DEF Co, rrodel HU 40 4 charge coktroller
63 a) MPPT charge controller efficiency: (this value is found inthe MPPT charge contraller literature and must be filled in)
64 [19) multiply line 11 by line 2: 502 Whiday
65 | 20) multiply line 12 by line 8 by 109 by 18a, and divide by 100 154 Wh/day (this is the individual module daily production]
66 |21) divide line 19 by line 20 521
67 |22] round line 21 up to the nearestwhole number: 3 (this is the minimum number of PY modules required for the system)

68 |23) divide line 2 by line 10c:
69 |24 divide line 22 by line 23 and round up to the nearest whole &
70 |25) multiply line 25 by line 24:

[this is the number of modules to be wired in series in each string)
(this is the number of parallel P¥ panel 'strings')

LR

(this is the actual total number of P modul es required for the systemn)

Motes Battery Sizing Worksheet 1 PV Array Sizing Worksheet 1 Reference Data




Some NEC 2020 Article 690 Revisions

Industrial Roof Max Voltage Increased to 1000 VDC
— Up from 600 for Residential
e 1500 Allowed if Off of Roof

Info Note on ASHRAE Handbook to Get Lowest ° De5|gn Data :
Blocking Diodes Allowed to Also Serve as OCPDs ASHRAE |

— Moved from Informational Note to Body Text -
Conductors Not Color-Coded Must be Marked + and — i

Wiring Below 30 V Can Be Run w/o Conduit Indoors U
Circuits < 30 V Aren’t Required to Have Ground Fault Protection
Any DC-DC Converter > 30 V w/o Ground Fault Protection Must
Have External Ground Fault Protection Installed
Ungrounded DC Systems with High Resistance Ground Fault ;
Detection are Permitted I




NEC 2020 Article 690 Revisions on Disconnects

 Disconnects > 30 V Must Be Protected From Easy Access by, =

L DO NOT DISCONNECT
Unqualified Personne i

 Disconnects Not Rated for KAIC Have to Be So Marked
 Disconnects More than 10’ or Out of Sight Must be Locked
 Microlnverter Mating Connectors Can be Listed to Be Used as
Disconnects




Contact Information
e (Curtis Ashton

— curtisashton@ampowersys.com
— (720) 845-0846

 Special Thanks for His Expertise to Rob Rallo
— robrallo@solarsystemservices.net
— (443) 333-8104
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