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BASIS OF DESIGN

PHOTOVOLTAIC MODULE
REFER TO ELECTRICAL PLANS. ATTACH TO
MOUNTING RAIL AT FACTORY-DETERMINED

- MOUNTING HOLE LOCATIONS AT PERIMETER
PER MANUFACTURER'S RECOMMENDATIONS.

" MOUNTING RAIL
XR10 MOUNTING RAIL BY IRONRIDGE. COLOR
TO BE CLEAR ANODIZED. MOUNT WITH L-FOOT
TO CLAMP ASSEMBLY PER MANUFACTURER'S
RECOMMENDATIONS.

L-FOOT :
SLOTTED L-FEET ACCESSORY BY IRONRIDGE.
COLOR TO BE CLEAR ANODIZED.

CLAMP ASSEMBLY

S-5-E CLAMP BY S-5. ATTACH TO EXISTING
STANDING SEAM METAL ROOF PER
MANUFACTURER'S RECOMMENDATIONS.

Know what's helow
Call before you dig.
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INSTALLATION OF NEW UTILITY
WORK. REFER TO ELECTRICAL
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4 ARCHITECTURAL SITE PLAN
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VERIFY ALL UTILITY LOCATIONS
PRIOR TO ANY CONSTRUCTION
WORK.
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EXISTING % ] e o
500KVA UTILITY 1A ‘ | |
TRANSFORMER. SEE / I , \ |
3/E-100 FOR . / VAVS
EISTING CONNECTION DETAIL. EXISTING ‘ ; | S : - NEW AC : HARRYY J. AUMAN
UNDERGOUND e = e e e e o EXISTING UNDERGOUND » | w D -/ DISCONNECT | EXP. DATE: 12/31/20
SECONDARY FEED METER PRIMARY UTILITY : Vs | A | LIC. # E16827
TO MDP ’f FEED 1 | L S ———— ,
yan | NEW UNDERGROUND \ !
NEW UNDERGROUND 7 | FEED FOR SUPPLY-SIDE ! |
—————m——————— 200A / | UTILITY CONNECTION | |
e o] (4)#3/0CU, / : _—
STUB UP INTO #6CU G, 2.5'C | ; O ;
SECONDARY \\ o L _
COMPARTMENT-OF - prrmenr t NP . . A e /
UTILITY nggX‘UNDEKbKUUNU : \\ v P
TRANSFORMER (4)#3/0CU, L NEW200A
2.5"C AC DISCONNEGCT EXISTING \ BN
GROUND-MOUNTED UNDERGOUND B B B L
ON NEW STRUT WATER LINE

RACK WITHIN 10' OF
METER.

O+R5
12 SUNNZN DR. SUITE 100
ST.LCUIS, MO 63143

ARCHITECTS / ENGINEERS

e

SEE 1/E-100 FOR

S : L/  CONDUIT ROUTE

72\ UTILITY CONNECTION PLAN
E-100 SCAE 1B =17

' CASCO DIVERSIFIED CORPORATION
MISSOUFI CERTIFICATE OF
AUTHORITY #000613

OFFICE OI' ADMINISTRATION
DIVISION )F FACILITIES

UNISTRUT MANAGEMENT, |
UTILITY TRANSFORMER DETAIL GENERAL NOTES: ME;A\A(?:_ER DESIGN AND CONSTRUCTION

A. POINT OF CONNECTION FOR INTERCONNECTED POWER

S S——

SOURCE IS SUPPLY SIDE ALLOWED PER 2017 NEC 705.12 (A). MISSOURI
NATIONAI. GUARD
NEW 200A |
iy FUSED
@ UTILITY TRANSFORMER DETAIL KEYED NOTES: ‘ DISCONNECT A \ EXISTING S00KW UTLITY TRANSFORMER
1. EXISTING X1 PHASE BUS BAR CONTAINING SPARE FUSED WITH: '
STING S S AC GS CONDUCTOR BASIS OF DESIGN UTILITY PRIMARY SIDE SECONDARY SIDE ,
CLAMPS WITH ASTRA AP 500:5 C/T. CONNECT PHASE A 3/0 CU , L GH VOL 3
CONDUCTOR FROM NEW 200A FUSED DISCONNECT TO BE hke  LPN-RK200SP  sohlie GH VOLTAGE 208/120V CONSTRU(CT SOLAR ARRAY
INSTALLED BESIDE UTILITY TRANSFORMER. FUSES EL)J(‘IF?J;'I\:(G . o/
2. EXISTING X2 PHASE BUS BAR CONTAINING SPARE CONDUCTOR ' Y
CLAMPS WITH ASTRA AP 500:5 C/T. CONNECT PHASE B 3/0 CU Esgy&z’;E METER H’G';xg's-gAGE H'GNHEST?;EGE
CONDUCTOR FROM NEW 200A FUSED DISCONNECT TO BE
INSTALLED BESIDE UTILITY TRANSFORMER.
3. EXISTING X3 PHASE BUS BAR CONTAINING SPARE CONDUCTOR .
CLAMPS WITH ASTRA AP 500:5 C/T. CONNECT PHASE C 3/0 CU MACON FIELD
CONDUCTOR FROM NEW 200A FUSED DISCONNECT TO BE | MAINTENANCE SHOP
INSTALLED BESIDE UTILITY TRANSFORMER. . ;
4. CONNECT NEW 3/0 CU NEUTRAL CONDUCTOR FROM NEW AC b * NEW UNDERGROUND ,29614 JAGUAR STREET
DISCONNECT. | B MACON, M) 63552
5. NEW UNDERGROUND CONDUIT FROM NEW 200A FUSED 263?\52 g%?\x NE_I\_N AC ,MJ 5
DISCONNECT. COORDINATE CONDUIT STUB UP LOCATION | NEWACDISC NEC |
WITHIN  THE  UTILITY  TRANSFORMER  SECONDARY ' ONNECT
COMPARTMENT AND UNDERGROUND CONDUIT ROUTING WITH ' PROJECT # T-1929-01
MACON ELECTRIC COOPERATIVE PRIOR TO BEGINNING WORK.
EXISTING FIELD
6. BURY CONDUIT IN ACCORDANCE WITH SECTION 300.5 OF THE GROUND LEVEL » MAINTENANGE ﬂ \ l EXISTING SITE # 6319
2017 NEC. VERIFY UNDERGROUND ROUTE IS CLEAR OF SHOP E-200 I of UNDERGROUND ASSET #
OBSTRUCTIONS PRIOR TO WORK. ‘ ‘ I . : I FIRE PROTECTION 8 1363 19014
7. LOCATE FUSED DISCONNECT WITHIN 10' OF UTILITY METER PER | i l I l | | l I | l : | LINE
2017 NEC 705.31. : r-—————(—( (" (T T T e e e e e e e e e — 7
8. NO WORK TO BE DONE ON HIGH VOLTAGE PRIMARY SIDE OF : : : ( NEW ; :
TRANSFORMER. I | FROM UTILITY GRID i ; ROOF-MOUNTED L RE .
9. POINT OF CONNECTION FOR INTERCONNECTED POWER ' | SOLAR ARRAY | VISION:
SOURCE IS SUPPLY SIDE PER 2017 NEC 705.12(A). I ( | | | DATE;:
10. MOUNT NEW FUSED DISCONNECT AT 48" ABOVE GROUND LEVEL q I | | | REVISION:
TO CENTER. I | l L DATE:
' | c%qgﬁgée I : 5 | REVISION:
: : MIN 3' DEPTH | | ! | DATE:
R | I | } : ISSUE DATE: ( 1/14/2020
UTILITY CONTACT: —_—_————— L —— N J I o
MACON ELECTRIC COOPERATIVE | < { ' CAD DWG FIIL 5:T-1929-01
MICHAEL LUCAS | o DRAWNBY: SAT
(660)-591-5390 | : / 4 ....1._J CHECKED BY HIJA
P.O. Box 157 § — : / — DESIGNED BY: SAT
s Hy 36 East /3" UTILITY CONNECTION DETAIL | / Bk / |
Macon, MO 63552 w SCALE: NTS L “NEWROOFMOUNTED =7 — — — — — — — NEW ROOF-MOUNTED —/— — — — “NEWROOF-MOUNTED =7 — — — [~ — - SHEET TITLE:
| 15KW INVERTER 15KW INVERTER .. 15KWINVERTER NEW AC

SUMMING PANEL ELECTRICAL

ALTERNATE #1 |

A. ALTERNATE #1: CONTRACTOR SHALL PROVIDE A MAINTENANCE ‘ . N \ i " ;
AGREEMENT FOR YEARS 2 - 5 FOLLOWING SUBSTANTIAL COMPLETION ' _ . ‘ . o _ \\ SITE PL XN

FOR THE FOLLOWING SERVICES:
1. MAINTENANCE AND SERVICE TO THE SOLAR MODULES, CABLING,

MOUNTING DEVICES, INVERTERS, AND ALL OTHER EQUIPMENT : N
ASSOCIATED WITH THIS PROJECT. N
2. THE MAINTENANCE AGREEMENT SHALL INCLUDE ANY SERVICING ) SHEET NUMBR:

AND CLEANING RECOMMENDED BY THE MANUFACTURERS AND

DIAGNOSTIC EVALUATION OF THE EQUIPMENT. , m E L E CT Rl CAL S |T E P L A N
3. EQUIPMENT THAT IS NOT OPERATING PROPERLY SHALL BE SERVICED |
UNDER THIS MAINTENANCE AGREEMENT AND RESTORED TO E‘O}f SCALE: 1/16" = 1'-0" : I |: "‘é O O :

WORKING CONDITION WITHOUT COST TO OWNER.
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ROOF PLAN KEYED NOTES

1. EXISTING TO REMAIN MECHANICAL/PLUMBING ROOF
PENETRATION.

2. INVERTERS SHALL BE LOCATED WITHIN (1) FOOT OF
SOLAR ARRAY PER 2017 NEC 690.12 RAPID SHUTDOWN
REQUIREMENTS.

3. FOUR (4) STRINGS OF 12 SOLAR MODULES CONNECTED IN
SERIES CONNECTED TO INPUT OF I-A INVERTER.

4. FOUR (4) STRINGS OF 12 SOLAR MODULES CONNECTED IN
SERIES CONNECTED TO INPUT OF |-B INVERTER.

5. FOUR (4) STRINGS OF 12 SOLAR MODULES CONNECTED IN
SERIES CONNECTED TO INPUT OF [-C INVERTER.

6. DIMESIONS FROM PHOTOVOLTAIC ARRAY TO EDGE OF
ROOF ARE FOR REFERENCE ONLY. ARRAY TO BE
INSTALLED SO AS TO MAXIMIZE THESE DISTANCES.
VERIFY INSTALLATION LAYOUT WITH AHJ PRIOR TO
PERFORMING WORK.

A

ROOF PLAN GENERAL NOTES

DESIGN IS DIAGRAMMATIC BASED ON CALCULATIONS REPRESENTED ON
SHEET E200. ACTUAL QUANTITY OF MODULES AND INVERTERS TO
PROVIDE A 50KW PV SYSTEM SHALL BE AT THE DISCRETION OF THE PV
CONTRACTOR.

POINT OF CONNECTION FOR INTERCONNECTED POWER SOURCE IS A
SUPPLY SIDE CONNECTION ALLOWED PER NEC 705.12 (A).

DIMENSIONS OF SOLAR ARRAY FROM EDGES OF ROOF ARE BASED OFF
OF BASIS OF DESIGN SOLAR MODULES AND RACKING SYSTEM.

STATE OF MISSOURI
MIKE PARSON,
GOVERNOR

HARR /7 J. AUMAN
EXP. DATE: 12/31/20
LIC. # E16827
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STRING/INVERTER BASIS OF DESIGN NOTES
A. CAPACITY OF PV SYSTEM PROVIDE 51.84KW CAPACITY
AA. 144 * 360W = 51.84KW
B. MODULES Nominal Output Power: 360W
Open Circuit Voltage: 47.4Voc
Short Circuit Current: 9.85isc
D. INVERTERS Max Output Power: 15KW
Max Usable Input Current: 50A
Operating Voltage Range: 325V - 1000V
Number of DC string fuse holders: 8- and 6+
Output AC Breaker Size: 60A
E. MODULE STRINGS FOUR (4) STRINGS PER INVERTER
TWELVE (12) MODULES PER STRING
E.E. 47.4Voc* 12 Modules = 568.8V < 1000V
E.E.1 9.85Isc * 4 Strings = 39.4A < 50A
E.E.2 4 Sirings per Inverter <6

F. QUALIFIED PERSONNEL THE INSTALLATION OF EQUIPMENT
AND ALL ASSOCIATED WIRING AND INTERCONNECTIONS SHALL
BE PERFORMED ONLY BY A CONTRACTOR WITH A MINIMUM OF
5 YEARS EXPERIENCE INSTALLING PV SYSTEMS.

G. PV SYSTEM DC DESIGN SYSTEM SHALL BE DESIGNED PER THE
NATIONAL ELECTRICAL CODE (NEC SECTION 690). PV SYSTEM
CONTRACTOR IS RESPONSIBLE TO PROVIDE DC CONDUCTORS,
OVER-CURRENT PROTECTIVE DEVICES, CONNECTIONS, ETC
PER THE APPLICABLE CODES.

STRING/INVERTER BASIS OF DESIGN KEYED NOTES:

1. MODULE STRING CONDUCTOR SIZING SHALL BE
PERFORMED BY ADDING THE PARALLEL CONNECTED PV
MODULE RATED SHORT-CIRCUIT CURRENT (ISC) AND
MULTIPLYING BY 1.25 PER BUSSMAN SPD 8.3.4.1.

2. FUSES INTENDED FOR PROTECTING CONDUCTOR
CARRYING DIRECT PRODUCED BY SOLAR PANELS SHALL
CONFORM TO UL 2579 PER BUSSMANN SPD 8.3.2.2.

BASIS OF DESIGN:

~ MOUNT: SURFACE 120/208 |3-PHASE, 4W PANEL PV CAPACITY: 200A INT CAP: 35KA
LOCATION: NORTH SIDE OF BLDG LUGS: MFS DEMAND LOAD: 144A AV. FAULT: 2.4KA
CKT | LTG | REC |HVAC|MISC| NP DESCRIPTION AMP |POLE| ¢ | AMP |POLE DESCRIPTION LTG | REC |HVAC|MISC| NP | CKT
5.8 INV-1 A INV-2 6.8
1 58 15KW 60 | 3 [B|leo| 3 15KW 5.8 2
5.8 C]| 5.8
6.8 INV-3 A PROVISIONS
3 58 15KW 60 | 3 [B] 3 4
5.8 C |
PROVISIONS A PROVISIONS
5 3 |B] 3 6
C]|
LOAD TYPE CONNECTED DEMAND DEMAND FORMULA TOTAL LOAD
PHASE BALANCE LIGHTING 0.0 KVA 0.0 KVA LOAD X 125% NEC 210.19 CONTINUOUS CONNECTED| DEMAND
® LOAD % |RECEPTACLE 0.0 KVA 0.0 KVA 10KVA + 50% REMAINDER NEC 220.44 §1.8 KVA 51.8KVA
A 17.3KVA | 33% HVAC 0.0 KVA 0.0 KVA LOAD X 80% (USED MCA IN CALCULATION) 143.9A 143.9A
B 17.3KVA | 33% MISC 51.8 KVA 51.8 KVA LOAD X 100% NEC 210.19 NON-CONT. ALENAME:
c 17.3KVA | 33% NP 0.0 KVA 0.0 KVA 0 NONCOINCIDENTAL LOADS NEC 220.60 919469 LOAD_50KW.xIsm
NOTES:
A. ENCLOSURE SHALL BE RATED FOR OUTDOOR INSTALLATIONS AT NEMA 3R OR GREATER.
B. FUSED WITH BUSSMANN LPN-RK-SP FUSES - BASIS OF DESIGN.

SITE VOLTAGE DROP CALCULATIONS

DISTANCES ARE ESTIMATED.
EQUATIONS:

V-DROP = Z* LOAD

Z (1-PH) = (TABLE 8 OHMS/K-FT) * (K-FT/1000') * (LENGTH) (*2) / (SETS) - NOTE: IF #1/0 OR LARGER, USE TABLE 9 DUE TO SKIN AFFECT
Z (3-PH) = (TABLE 9 OHMS/K-FT) * (K-FT/1000') * (LENGTH) / (SETS)

PANEL FEEDER OHMS/K-FT %V-
LENGTH Z LOAD |V-DROP v

(LOAD) AWG | SETS | CU/AL PH |NEC TABLES DROP

PANEL PV 3/0 1 Cu 3 0.094 OHM/K-FT| 325 FT 0.0306 OHM 144 A 440V 208V 2.12%

NOTES:

1-PHASE V-DROP CALC IS BASED ON NEC TABLE 8, DC RESISTANCE, UNCOATED WIRES. IF #1/0 OR LARGER, USE TABLE 9 DUE TO SKIN AFFECT.
3-PHASE V-DROP CALC IS BASED ON NEC TABLE 9, EFFECTIVE Z AT 0.85 PF, UNCOATED WIRES, STEEL CONDUIT (WORST CASE).

| 919469 LOAD_S50KW.xIsm

(4 STRINGS OF 12) HYUNDAI HiS-S360RI TYP.
MODULE | MODULE || MODULE | MODULE }=f MODULE | MODULE }d MODULE | mODULE | MODULE b MODULE I mopuLe I mopuLE
MODULE = MODULE }= MODULE | MODULE f= MODULE |~ MODULE I~ MODULE | MODULE b MODULE b MODULE | MODULE | MODULE BASIS OF DESIGN
' FRONIUS SYMO
15.0-3 (208V)
MODULE j=f MODULE }=f MODULE | MODULE }d MODULE b MODULE | MODULE b=d MODULE | MODULE | MODULE |=-MODULE | MODULE ‘NJ?%VER
MODULE |d MODULE | MODULE | MODULE |} MODULE | MODULE | MODULE | MODULE Id MODULE I MODULE | mobuLe H mobuLE :

/ 2"\ STRING/INVERTER BAS

w SCALE: NTS

@ NEUTRAL BUS

2/0 MAIN BONDING JUMPER\€>

BARE COPPER CONDUCTOR,
SIZE PER NEC 250-102 (C)(1)

CADWELD

OPTIONAL FOR EXISTING
SLAB UFER. 3/4" X 10’
GROUND ROD (NEC 250-52)

GROUND BUS
s RO S

CADWELD

PHOTOVOLTAIC GROUNDING NOTE:

SOLAR PANEL ARRAY GROUNDING SHALL BE IN
ACCORDANCE WITH 2017 NEC ARTICLE 690 PART V
AND BUSSMAN SPD 8.3.2.6.

\——2"2/0 BONDING JUMPER TO PANELBOARD
ENCLOSURE, SIZE PER NEC 250-102(C)(1)

2/0 BARE COPPER GROUNDING
ELECTRODE CONDUCTOR (NEC 250-66)

BUILDING STRUCTURAL

STEEL (NEC 250-52(A)(2)

NOTE: ALL GROUNDING SHALL BE INSTALLED IN ACCORDANCE
WITH ARTICLE 250-50 OF THE NATIONAL ELECTRICAL CODE. SIZE
OF CONDUCTORS PER ONE-LINE.

/3" GROUNDING DETAIL

\Eggo/ SCALE: NTS

IS OF DESIGN

Performance Warranty
50kW Solar Array
*ESTIMATED PV INVERTER - :
MONTH ENERGY SUPPLIED EFFICIENCY 96.5% YEAR 1 97% YEAR 25 80.2%
January 3,797 kWh 3,664 kWh 3,554 kWh 2,939 kWh
February 4,037 kWh 3,896 kWh 3,779 kWh 3,124 kWh
March 5,640 kWh 5,443 kWh 5,279 kWh 4,365 kWh
April 6,274 KWh 6,054 KkWh 5,873 kWh 4,856 kWh
May 7,007 kWh 6,762 kWh 6,559 kWh 5,423 kWh
June 7,247 kWh 6,993 kWh 6,784 kWh 5,609 kWh
July 7,513 kWh 7,250 kWh 7,033 kWh 5,815 kWh
August 6,928 kWh 6,686 KWh 6,485 KWh 5,362 kWh
September 6,221 kWh 6,003 kWh 5,823 kWh 4,815 kWh
October 4,984 kWh 4,810 kWh 4,665 kWh 3,857 kWh
November 3,857 kWh 3,722 kWh 3,610 kWh 2,985 kWh
December 3,340 kWh 3,223 kWh 3,126 kWh 2,585 kWh
TOTAL 66,845 kWh 64,505 kWh 62,570 kWh 51,733 kWh
*Estimated PV Energy Supplied calculating using PVWatts Calculator.
Contractor shall perform an onsite test of the system should output fall below 10% of estimated output.

WARNING LABEL

PROVIDE WARNING LABEL ON

EXISTING MDP

WARNING
DUAL POWER SUPPLY
SOURCES: UTILITY GRID AND PV
SOLAR ELECTRIC SYSTEM.
TURN OFF SOLAR PV AC
DISCONNECT PRIOR TO WORKING

AC

‘DISCONNECT

200A FUSED

- DISCONNECT

SWITCH

ONE-LINE DIAGRAM GENERAL NOTES:

A POINT OF CONNECTION IS THE SUPPLY SIDE OF THE

SERVICE DISCONNECTING MEANS ALLOWED PER 2017
NEC 705.12(A).

[#] ONE-LINE DIAGRAM KEYED NOTES:

1. DISCONNECT MUST BE WITHIN 10' OF UTILITY METER PER
2017 NEC 690.15(A) AND MACON ELECTRIC COOPERATIVE.

2. METER SHALL PROVIDE CUMULATIVE KWH, PEAK DEMAND
WITH DATE AND TIME, "REAL-TIME"” KW LOAD, AND TOTAL
CARBON (CO2) EMMISSIONS SAVED IN LBS. BASIS OF
DESIGN - E-MON #E20-208200-J-G-KIT (200 AMP) OR EQUAL.
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