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Roadmap to a Grid-Tied PV Array
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E:c\ Organization of Webinar

System Design
6 Determine customer needs.
6 Perform site survey.

6 Document size and condition of service panel, and location of utility
disconnect.

6 Develop detailed engineering plans: mechanical and electrical.
The Permit Package

6 Assemble documentation package and submit permit application to
Building and Safety/Fire Departments for review and approval.

6 Utility company performs “PV service spot” & issues their
Interconnection requirements.

System Installation
Post Installation
6 Approvals
o Building and Safety
o Utility company
Instruction Ideas
Next Steps...
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System Design

Design Sequence

Start with customer usage and tariffs (salesperson).
6 12 months of history to average out seasonal variations

6 Determine the applicable rate: flat rate, seasonal rates (summer/winter),
time-of-use rates, or tiers (the more you use, the more it costs!)

Customer strategy and budget (salesperson)
6 Eliminate bill

6 If time-of-use, shift loads to base period and add solar to eliminate peak
and shoulder usage.

6 If tiers, employ peak shaving.



Eﬂ System Design

Design Sequence (cont)

Back-of-envelope estimates (salesperson)
6 4.25 kWh/d/kWh
6 South-facing roof produces 10 W/sq. ft.
6 $6.00/W-dc
6 ~ 10 year payback, 6-8% Return on Investment (ROI)

Prediction of system performance (with software)

Google Earth & Bing/Zillow (salesperson)
6 ldentify premium roof space
6 Preliminary layout

Site survey (surveyor)
Detailed design (engineer)




E;—;\ System Design

Case Study

Customer wants to eliminate their electricity bill.
6 Energy usage: 6,600 kWh/yr (550 kWh/mo; 18.1 kWh/d)
6 Small home (2,000 sq. ft.)

Design constraints
6 BP Solar BP175B modules
6 Inverter SMA SB4000US

System simulation tools
6 PV WATTS2 or other software
6 Inverter string sizing: basically checking voltages

6 www.weather.com for record low & average high temperatures
(needed for string sizing)




Eﬂ System Design

Site Survey Results

Customer roof section

6 Roof pitch is 5:12

6 Azimuth 225 degrees (SW)

6 Some shading

6 Some minor roof damage (documented)
Candidate system 4.3 k\Wdc

6 24 ea BP-175B

6 1 ea SMA SB4000US




System Design
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Physical Layout—Preliminary

0 Google Earth

6 13 ft. ridge to eaves

6 22 ft. along ridge

6 36 ft. along eaves

6 Orientation 235° true
0 Bing/Zillow

6 Roof pitch 3:12 (14°)
O Preliminary layout

6 Look at obstructions.

6 Observe shading.

6 Calculate setbacks for fire
dept.




EEC System Design

Preliminary Layout
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System Design

PVWatts2 Simulator

Site Location:

el I 0175361 . .

- catmal ROOT SpPace limitations

Latitude™ 34075 | reduce system to 18

Longitude 117951 modules or 3.15 kWdc
PV Svstem Specifications:

DC Fating (kW 315

D to AC Derate Factor: IEI.BEIS

Lrray Type: I Fixed Tilt -]

Fized Tilt or 1- Az Tracking System:

Array Tit (degrees): |1 4 (Default = Latitude)
Array Armuth (degrees): |235 (Default = Trae South) wha's fis?
Energy Data:
Cost of Electnicity {cents/lWh: |1 3

http://mapserve3.nrel.gov/PVWatts_Viewer/index.html 9




System Design

PVWatts2 Simulator (cont)

Calculator for Overall DC to AC Derate Factor

Component Derate Factors Component Range of
Derate Values Acceptable Values

PV module nameplate DC rating ID.EIE 0.80-1.05
Irvverter and Transformer |0.96 0.88 - 0.98
Mistmatch |0.9g 0.97 - 0.995
Diodes and connections |EI.EI!35 0.99 - 0.957
DC wiring |0.98 0.97-099
AC winng 0.99 (.95 - 0,953
Soiling |0.97 0.30 - 0.995
mystem avatlabality |D.E|B 0.00 -0.995
Shading |0.a8 0.00 - 1.00
Sun-tracking |1 0.95-1.00
Age |1 0.70 - 1.00

| Owerall DC to AC derate factor | 0.803

http://mapserve3.nrel.gov/PVWatts Viewer/index.html 10
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System Design

PVWATTS2 Simulator

Station Identification Results
el I 0175361 Sl . Energy
Broips Californi Ionth Eadiation Energy Falue
ate: ornia R ol ®
il il Y 340 | 243 | 3348
Longitude: 1180°W |2 417 | 278 | 37.53
PV System Specifications e 517 | 385 5157
[ I I I

DC Rating: 430 58.05
T ——— 12.6 kWh/d / 3.15 kWdc =4.0 = —

0 erate facto g

i 0 il 0

20 Rag Shadlnlg 98%, SO|I|Ing 97|/o, SW | 26 | =
Array Type: Fised Tit 7 7.43 518 69.93
Array Tit 1400 2 § 97 487 6575
| Array Azimuth 12350 ° e 594 | 403 | 5441
Energy Specifications | 10 470 | 3%6 | 436
|Cost of Blectricity 135 gch 1 3.82 266 3531
12 313 226 30 51
Vs 5 46 4604 62154

httpl://mapserveB.nrel.qov/PVWatts Viewer/index.html

8.0
9.9
12.3
14.3
16.8
17.5
16.7
15.7
13.4
10.8
8.9
7.3
12.6
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~IF & REVISION OF THES SPOT B REGUETTED, A MIN 56300 FEE WILL AFFLY
~SFIT [ VAL FOR TWO YEARS FROM DATE OF SPOT

REQUTREMENTS:
1. SHENED FHOTOVOLTAIC INTERCONNECTION AGREEMENT O FILE WTTH
SERVICE ELECTRIC ENGINEERING SECTION BEFORE BLILDING
ANIVOR ELECTRIC FERMITS ARE SIGNED AND SERVICE SPOT IS RELEASED
T OONTRACTOR (R HOMED'WNER.

el

SERVICE COMNNECTION WILL MOT BE MADE UNTIL:

&) AFFLECATION FOR RUTLDING ANDAOR FLECTRICAL FERMIT{S) ARE
SIONED AT 141 MO GLENDALE AVESNUE, 4TH LEVEL, GLENDALE, CA
Dkt WATER & ELECTRICAL SERVICES COUNTER (815) SH8-3521,

b} OBTAMN ELECTRICAL PERMIT AT £33 E. BROADWAY, PERMIT SERVICES
CHNTHE, B{KIA 191, {KIK) 343530

€1 LABEL SERVICE METER, SERVICE METER HSCONNECT, FV METER, &
PV METER NSUUSRNECT FER BURLIHMG & BAFETY EECLIREMENTS.

d) REQUEST A FINAL RAUNLINNG & SAFRETY INSPRCTR BY CALLTNG (115)
AR

) REQUEST A FINAL GWP CONSTRUCTICN INSPFECTION IBY CALLING (315}
E-Ton

i AFTER GWF RECEIVES THE INSPECTION RELEASES FROM BUILDENG &
SAFETY INSFECTOR AND GWF CONSTRUCTION BEPECTOR, ALLOW 7
T 10 WORKMNG DA YE FOR GWE TO INSTALL THE PHOTOVOLTAIC
METER ANIFSEAL THE METER.

|, CONTALT GWP COMSTRLCTION INSPRCTOR (81E) 3453930, 48 HOURS N
" ADYANCE FOR A FRECONSTRUCTION MEETING REGARDING: _AC DISCONNBCT
AN WE P WETER
_FHE G | AT TG LASS 1 15 TET IR B ST I T

B

— Rl G DE WYIEDN THE HANTALE 15 [N THE HIGHES, R, __
THE PV SYSTEM SHOULD NOT B ENERGIZED / ACTIV.  THUNTH,
PROCESSES OUTLINED ABOVE IN STEFS | THROUGH 35 COMPLI
PY METER SOCKET TO BE RING TYPE.
MAXIMARM PV BREAKER SIZE

>

SPOTTERS NOTES £ Sot-Af- EAGEL

w0 el CITY OF GLENTIALE, WATER & POWER T |
— PHOTOVOLTAIC BERVICE BPOT w HE[EH
JEH ADDRESS o BT [ SERVICE SPOTDATE 2=~ 3~ |&»
PEOIECT NUMBER Vi 4 )

SERVICE SFOTDY ___ A ILBE BT
ODFFICE I OWET " FAY TR M-TH

—r‘_'ﬁ....J‘_.f_'-n

FaX®

OTHER # {}tﬂ!-sb_&m;‘,?_

*AC DISCONNECT TO
BE PAD-LOCHKABLE

EAISTING METER
FhrEL

P METER 4

Pers €28a49-4

=,

ABILS - 57,5 kA

SFACE 1N FRONT OF
EQUIFMENT

gada-Al, .55 150 wio ., Ady

O CUSTOMER [} METER SHOP [ BUILINSGO ANDRAFETY [ CONST. INSFRCTOR £ LOG N 0 AFFD M E-3-18 SHEET __ OF

12



EEfc’\ System Design

/4

Detailed Financials—Flat Rate

Price: $6/Wdc * 3,150 Wdc = $18,900
Rebate (state or local): $4,725
Contract for $14,175

Federal tax credit: $4,253

15t year energy bill savings: $622
Out-of-pocket at Year 1 = $9,300
Break even at 11 years

IRR = 6%

13



E;—;\ System Design

Physical Layout

Starting from preliminary layout

6 Precise layout specifying exact location of anchors, rails and
modules

6 Anchors must be located on rafters (16 spacing in most cases)

6 End module cannot cantilever more than 50% beyond last
anchor

6 Minimize shading and avoid obstructions
Bill of materials (racking hardware)

6 Anchors

6 Flashing

6 Rall (piece lengths) and possibly splices

6 Module brackets (center and end)
14



E;\ System Design

o PV System Components
Modules
D Produc-
Comb. | Inverter— AC i
i Disco
Disco Meter
Service )
Panel: Uti _|ty
house loads Grid

15



The Permit Pac

Single Line Diagram

EE
{3} TEEN #10 Frad
{11, 12, HETTEAL)
34UFMI oz LM
{2} THEW #10
b )
— p— (P, PUL o
T EVLY MeknGEIA D WIRE SIFING per NEC 690
o E
— — L) Open cireuit voltage conected for
- ] worst case termperature
m e .. I grared h?ﬁm
. I st HVLIFL IR, Mooz x Vorx 1.13 = Voc*
L L] L Tmxtbabox: fos 2z 427V x 1.10= 428 56V
. Vac* = 42856V
Erodustion SALHIVL T Emuduz:
TEAL iy FEEAI I Hotr W Diswnsat [ | 2Pk, 240V 208
S R ] 1::\.]':;: B} Wlaxirwmn D0 cwrre nt corrected for
i A continuons duty and clond effect
m M .. M “with Paluris \
= R Lo % Memoem % 1.25 % 125 = Blor
L 1L | L | (RO SO0 xdxn 125w 125=18434
\; [T £ HME  ORDITTE A8 #ECVE) BA.c=18.434
WEEE B 434 WEEE Lug
e E’;:::,S;ﬁ;:ﬁ;‘ﬂm‘l“ ) Amparityof DC wize corrected for
teraperatore and condwt fill
Biewe ¥ Craer X Caw = Aoorcorrm
MODULES INVERTER. AC WIRE SIZING per NEC 690: 404 %076 x B0=2434
Acavucrar = 24.34
Ilarufac tarer: SunPower Manufacturer: SunPower &) Waximura &C cwrrent corrected for
Iiodel:  SPR-230 Wodel:  SPR-4000 I contirmons duty WIEE THHH #10
PTC Fating: 2005 W Efficiency.  95.5% LOW TEME: 21 2°F
b 11,25 = Blinc HIGH TEMP: 135 - 131°F
16,64 ¥ 1.25=20754 FILL: & CURRENT CAREYIMG FCHDUCT ORS
Ba.-=20.754
D2 SYSTEM SPECS LCSVETEMSPECS
B} Avme X Crowe ¥ Cone = Bomicocmn
Operating Current: 11228 Ilax Current: 166 & Al 0761 =3048 POLARITY OF DC GROUNDED
Operating Voltage: 3220V Wominal Voltage: 240 Wae Acawescrar = 3044 CONDUCTOR: POSITIVE (+
Dlax Systern Voltage: 43635V
Short Cirenit Carrent: 1198 4 WIRE: THHH #10
TEME: 123 - 131F,
HOTE: Comectedfarmort cuse FILL: 2 CUREENT C SRR YING COMDUCT ORS
fem peratire coruditioe
[FusTomER: Flyer Presl Califormia Solar Engineering, Inc.
1123 Man 5t APN: 5478-024-008 w0 oA A PHOTOVOLTAIC SYSTEM ELECTRICAL SINGLE LINE
Memphis, MS THIS DRA TN K THE PROPERTY OF CALTPORIN Phom: (3231 258-8883 ~ Fuw (323)258-5385 ™™ Peter Parrish - —
COFEDORDECLOE ED WITHOU T FERMIZI 10N wum—% PV_E’I
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B ) The Permit Package

/4

Electrical Calculations

DC string sizing
6 Vmax = N * Voc (Trec-low) < 600 V-dc
6 Imax = Isc * 1.25 * 1.25

6 Select wire gauge and temperature rating.
o Ampacity of wire corrected for temperature and conduit fill

o Temperature of conduit exposed to sunlight on rooftops can be 14°C to 33
°C above ambient.

AC wiring
6 Imax = Pmax/240 V
6 loutput = Imax * 1.25

6 Select wire gauge and temperature rating.
o Ampacity of wire corrected for temperature and conduit fill

6 OCP device < loutput (Always round up.)

17



The Permit Package

el Mumber BE 2000

E Deemend 0 YES37E ke
= P Chasck bt

E . - OR

™

o Prisied Oz 17=MAT=10 Eagiration Dt 09=80Y =10

R -
H!lilﬂb 030 . Brsesay, B i1 Pormit Btk TFIN
| SFTmALTERAT 108/ REFRTR Glmaiala, CA NLTSH = (KIRFIA-1 (KL SA-4R30 {IRET) st Ditee 1 1=MAT=1510
| cosbinatisn Blag. Trade Pacmit o
o — ——— = = =
Scoge of Yook
v ETETEN INSTALLATION W/ELECTRIC
= - — = ]
{AFF) Calllofsis 3045 Enginssring BIS EVETHIA AVE
feu hragwler w0063
(om i = NS a:.i
Glendals, Ca 31308 |
1eET] |
* |
3oL} califernis Soar Esgiseering In §i0 Cynthis kv L] |
Lis Anpales, Ca- #0068 LA Bl G S A2)=T4R-ARIY
Trect Mame. [ Humbee ' T ook et i
o ]
| Eatmned Vibes: ) Calcuired Yalow:  $13000
| - - - S— _

L fm =0 |
CMBINATION BOILDINGSALL E2E5. 10 GRIZN BUILOING |
SFEES DUOILOING ADMENISTEL §9.10 WICROFILE |
FLANNING SURCHABGE $17,77  TECHESLSSY SURCHARGE |

| Fotal Pusa: ) PRI

| Total Fess Dus: 5000 Toral Fess Fuid: LELEREL
olivily Code — Statme By Dats
NOILETNG LEE TOMATEE 13-maT-i0 LT T S —— b ———
ettt L] - - b —

| rEmx DONE THCLERY 13-mav-10 [T S ——  Dwtm:

Condition Cole Spames By =
] CARTERCN 13=MAT=I01F —
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Eﬂ System Installation

Anchor and rall installation

Module mounting

Junction box installation

Inverter installation

Final completion of the array circuit

19



System Installation

Know how to use and put on your safety gear.




System Installation

Correctly install safety anchor points.

R

-
g

21
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Lay out chalk lines and measure for mounting bracket holes.




System Installation

Position modules in landscape mode with vertical rails.




System Installation

Install rails to anchors.

http://www.youtube.com/v/ir9c0zCbEFO0

24



EI;\ System Installation

/4

Check for squareness by equating the diagonals.




System Installation

Position module junction box to facilitate wiring, attach ground
wire, position module, and install end clamps.

-

“'n.

http://www.youtube.com/v/0-FxFitLE1E

26



[ N

http://www.youtube.com/v/1poG-A-zOSI
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System Installation

Install ground wire and second module.
e T T

http://www.youtube.com/v/rl-8 MF31A8

28



System Installation

Connect wires In the string.
.I‘ i1 ’ 'ﬂ:-'% -

-

http://www.youtube.com/v/[E C -SBP4QU

29



System Installation

Install remaining modules.




System Installation

Connect PV wires to the Soladeck combiner/junction box that
feeds through roof to attic space.

31



System Installation

The Soladeck enclosure

32
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System Installation

Service panel

DC disco

Inverter

AC disco

. 1| [ r—

I|

34



System Installation

Net meter

35



System Installation

DC disconnect with lockout/tagout

—
——

——
———
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System Installation

Checking for array voltages and polarities




System Installation

Inverter is powered up and begins a 5-minute “countdown”
before producing AC power.

P N Frrrrr
*?E?ffrrrrfffrr'r"f
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El;;\» Post Installation

Commissioning & certification

Inspections

6 Building and safety
6 Utility

Owner’s manual

39



System Certification

Document system: .
6 Date, time, ambient temp, irradiance - Fl"‘f.fﬁ.’"“ﬁ
6 Lead installer o B R o i
6 Person doing certification

Specify manufacturer and model no.:
6 PV Module
6 Inverter
6 DC & AC disconnects

Document:
6 DC measurements
6 Number of modules/string and number of strings
6 Open circuit string voltages (V+ to V-, V+ to gnd, V- to gnd)
)
)

5 String voltages under load

5> AC measurements
6 L1-L2, L1 - neutral, L2 — neutral voltages
o AC power and cumulative energy produced

40




Example of Certification Sheet

CALWFORAMNIA. California Solar Engineering, Inc. PV System Certification Sheet

System Information

Customer MName: Date Certified:

Address: Certified By: Lead Installer:

City/State/Zip: DC Disconnect(s) AC Disconnect

System Size in kKW: Size Size

Modules | Total #: | Make/Model: Make Make

Main Panel PV Breaker size: Model#t Medel#t

Time: | wWeather: Temperature (estimate) °F:

Inverter # 1 2 3 4 5

Inv. Make

Inv. Model

Inv. Ser #

A/C Watts (Now) | _ = ]

Inverter # 1 2 3 4 5

| VAC @ Inv (measured L1-L2)

| L1 V - Ground (measured)

L2 V - Ground (measured) = e

D/C Test Data (Voltmeter

String Number 1 2 3 4 5 (-] 7 a8 9

10

Source Ct ID (if used)

Inverter #

Total# Modules

Open Ct V (+/-)

Volts (+) to Ground (actual reading)
| Volts (-) to Ground (actual reading)

41



Inspection Card

BUILDING PERMIT NO. L Z=O1) OLYY

T

! PARTIAL INSPECTION

Fire Socke INSPECTIONS eervoey] oate | | Inspections

Apprvd By| Date

| DO NOT COVER UNTIL ABOVE IS APPROVED
ITRENGH AND FORMS - y
IREINFORCIG STEEL Laming ___ Interior [] |
Exarice [
ISETRACK &
[ELEVATICN SURVEY Dry wall
Brown Coat
O innerior O Extesior
0K TO POUR FOOTINGS
Sewer Septic Tank-Cesspool
DO NOT POUR FOOTINGS UNTIL P Gas
ABOVE IS APPROVED Frel Phanbing -
R SPRNALER Final Eeciric U |57l
IND HYDRO | ROUGH Finsi Heating of it Y
FIFE SPRINKLER Trea/Parks Final
- DR Final
ATION i "
HEAT OR mmm Firal
Final
[Final Firs Sprinkler
[Final Fire Alarm
[0 Haz-Maskling. Waste Final
[ Fre Landscape!
i
{TLOORNALNG __ Fire Prevention Bureeu Final
DO NOT POUR GONCGRETE FLOOR SLAB
OR COVER FIRST FLOOR JOISTS D PAYMENT DUE PRIOR
UNTIL ABOVE IS APFROVED T0 FINAL
OCCUPANCY OF THIS BUILDING BEFORE ALL DEVELOPMENT FEE PAID
FINAL INSPECTIONS ARE MADE IS A VIOLATION
OF THE CITY OF GLENDALE MUNICIPAL CODE FINAL BUILDING INSPECTION| (2 20, _{"A:_ﬁ{, |
PWB-68 (02110)

42



E:E\\ Applicable Codes

Y

NEC 2011
NFPA 70
IRC or IBC

California State Fire Marshal: Solar Photovoltaic Installation
Guideline; “Final Draft”; April 22, 2008

Contact your state, and county/city authorities for additional
rules and procedures.

43
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Instruction ldeas

SEET 2012 Workshop
Basic Solar Photovoltaic System Design

EXERCISE A:
Using the resources provided below, show appropriate connections to
design a 12V system with battery back up. Provide totals as

specified.
PV Array
x * @ ®
f 1 T 1 r Total Volts =
11\'1}.:" l12vDC| {13\'9::.! IEE‘DC‘
| 35a [)f ] 35a [ [ 354 [} ] 354 [ TotatAmps=
e = gy (=}
e
._.I':i-':‘ . 'f:} —
Total Volts = _
@ . @ st :'D Total Amp-Hours =
|
ofleol]-e

45

Battery Storage
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References

Dunlop, JP., Photovoltaic Systems, 2" ed., ATP Press

Holt, M., Understanding NEC Requirements for Solar
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E;\ SEET

For more information on the SEET Energy
Webinar Series, please contact Melonee at
ATEEC

mdocherty@eicc.edu

http://ateec.org/ateec-downloads/ateec-downloads/
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