
94.05 KW DC ROOFTOP PHOTOVOLTAIC SYSTEM

2100 NE INDEPENDENCE AVE, LEE'S SUMMIT, MO 64064, USA

PROJECT INFORMATION

SCOPE OF WORK:

THE PROJECT IS TO INSTALL A ROOF MOUNT PHOTOVOLTAIC SYSTEM AND

ALL ASSOCIATED POWER EQUIPMENT AT A COMMERCIAL

PROPERTY.SYSTEM WILL BE INTERCONNECTED TO THE ELECTRICAL

UTILITY GRID PER THE REQUIREMENTS OF THE UTILITY COMPANY AND ALL

APPLICABLE LOCAL AND NATIONAL CODES.

SYSTEM SPECIFICATIONS

MODULE  - ZNSHINESOLAR 

TOTAL MODULE COUNT 209

NOMINAL POWER 450W

TOTAL DC SYSTEM RATING 94.05 kW DC

INVERTER  - FRONIUS (SYMO 24.0-3 480)

TOTAL INVERTER COUNT 2

TOTAL  INVERTER OUTPUT 48 KW AC

INVERTER  - FRONIUS (SYMO 20.0-3 480)

TOTAL INVERTER COUNT 1

TOTAL  INVERTER OUTPUT 20 KW AC

DESIGN CRITERIA

DC DESIGN WILL BE BASED ON A 1000V DC.

ASHRAE DATA AVAILABLE FOR LEE'S SUMMIT MUNICIPAL  IS AS FOLLOWS:

2% AVERAGE HIGHEST TEMP  38°C

EXTREME MINIMUM -17.7°C

BUILDING NOTES

NO. OF STORIES   1

BUILDING HEIGHT  30'

NOTES

MODULE TILT  10°

MOUNTING TYPE  ROOFTOP

SOLAR ARRAY FOOTPRINT  4298.4 SQ. FT
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VICINITY MAP

1

GENERAL NOTES

THE DRAWINGS, SPECIFICATIONS AND ELECTRICAL DIAGRAMS CONTAINED HEREIN

HAVE BEEN PREPARED BY DESIGN PROFESSIONALS WHO ARE LICENSED AND/OR

AUTHORIZED TO PREPARE SUCH DRAWINGS IN THE STATE OF MISSOURI, AND HAVE

BEEN EXAMINED FOR:

· DESIGN INTENT

· APPLICABLE CODES, REGULATIONS, AND STANDARDS

· COORDINATION OF THE WORK SHOWN ON RELATED PLANS

THE WORK IS DETERMINED TO BE ACCEPTABLE FOR INCORPORATION INTO THE

CONSTRUCTION OF THIS PROJECT.
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(ROOF MOUNTED)

AC COMBINER PANEL
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INVERTER #3

(ROOF MOUNTED)

AC COMBINER PANEL

(ON PARAPET WALL OF ROOF)

(E) METER AND MAIN DISCONNECT

(ON EXTERIOR WALL)

(N) AC DISCONNECT

(ON EXTERIOR WALL)

(N) ROOFTOP CONDUIT

INVERTER #3

(ROOF MOUNTED)
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INVERTER #1&2

· Make: FRONIUS

· Model: SYMO 24.0-3 480

· Certifications: UL 1741-SA

· Maximum output Power = 24 kW

· Grid Connection = 240 V AC, 60 Hz

· Maximum Current (IAC max.) = 28.9A

· Nominal input Voltage= 720V

· Maximum Input Voltage =  1000 V

· Isolated - Transformerless,

NEMA 4X Enclousure

RAPID SHUTDOWN UNIT

· Make: APSMART

· Model: RSD-S-PLC

· Certifications: UL 1741

· Maximum Input Voltage  = 80 Vdc

· Maximum DC Input Current = 25 A

· NEMA TYPE 6P/IP68 enclosure
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SHEET NOTES

1. SOLAR MODULES INCLUDE #12 AWG OUTDOOR RATED QUICK CONNECTS WITH

MULTI CONTACT CONNECTORS FOR MODULE INTERCONNECTION. DO NOT REMOVE

QUICK CONNECTS, OTHERWISE MODULE WARRANTY AND UL LISTING MAY BE

INVALIDATED.

2. PV MODULES STRUNG IN SERIES. MODULES AND RACKING GROUNDING

ACCOMPLISHED VIA #6 CONTINUOUS CU CONDUCTOR.

MODULE

·MAKE: ZNSHINESOLAR

·MODEL: ZXM6-NHLDD144-450/M

·CERTIFICATIONS: UL 1703, IEC 61215 / IEC

61730

·MAX SYSTEM VOLTAGE: 1500V (IEC) or 1500 V

(UL)

·MAXIMUM POWER = 450W

·VOLTAGE AT MAX POWER Vmpp =42.1V

·CURRENT AR MAX POWER - Impp =10.70A

·OPEN CIRCUIT VOLTAGE, Voc = 50.5 V

·SHORT CURCUIT CURRENT, Isc = 11.35A

INVERTER #3

· Make: FRONIUS

· Model: SYMO 20.7-3 480

· Certifications: UL 1741-SA

· Maximum output Power = 20 kW

· Grid Connection = 240 V AC, 60 Hz

· Maximum Current (IAC max.) = 24A

· Nominal input Voltage= 720V

· Maximum Input Voltage =  1000 V

· Isolated - Transformerless,

NEMA 4X Enclousure

9

G

+

-

13

G

+

-

2

G

+

-

G

+

-

14

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

G

+

-

1

21

21

21

21

15 16

15 16

1

STRING #1

STRING #2

STRING #3

STRING #4

STRING #5

9

13 14

13 14

15 16

15 16

15

15

1514

14

14

1514

1514

13 14

13 14

1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

E-3

S
I
N

G
L
E

 
L
I
N

E
 
D

I
A

G
R

A
M

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1
0
0
 
N

E
 
I
n
d
e
p
e
n
d
e
n
c
e
 
A

v
e
,
 
L
e
e
'
s
 
S

u
m

m
i
t
,

M
O

 
6
4
0
6
4
,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2

9
1

6
 
5

T
H

 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6

4
0

3
0

P
H

:
 
(
9

1
3

)
 
6

0
1

-
0

7
0

0

L
e
e
'
s
 
S

u
m

m
i
t
 
D

e
t
a
i
l
 
S

h
o
p

9
4
.
0
5
 
K

W
 
D

C
 
R

o
o
f
t
o
p
 
P

h
o
t
o
v
o
l
t
a
i
c
 
S

y
s
t
e
m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

E-4

W
I
R

E
 
S

C
H

E
D

U
L

E
 
&

 
C

A
L

C
U

L
A

T
I
O

N
S

* 1000V RATED

#

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

N

E-5

L
A

B
E

L
S

SOLAR SERVICE

DISCONNECT

MAIN PANEL

ROOFTOP PV

ARRAY

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

E-6

E
Q

U
I
P

M
E

N
T

 
D

E
T

A
I
L

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

E-7

E
Q

U
I
P

M
E

N
T

 
D

E
T

A
I
L

7/6/2022



# OF BLOCKS PER TRAY

#

BALLAST LEGEND

Legend

N
Bay - Downpoint load 

N
Bay - Maximum downpoint load 

BALLAST MAP

DOWNPOINT LOAD MAP

1 2

2 2

1

1

2 1 2

1 1

1 1

1

1

1

1

1

1

1

1

1

1

1

1

1

2

2

2

1

1

1 2 2 1 1 1 1 1 1 1 1 1 2 1

1 2

2 2

1

2

2 2 1 2 1 1 1 1 1 1 1 1 1 2

1

2

1

1

1

1 2 2 2

1 2 1 1 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 1

171.8 341.1

341.1 615.8

171.8

309.1

361.7 624.8 519.3

171.7 304.0

472.6 590.2

299.1

585.2

299.1

585.2

299.1

585.2

299.1

585.2

299.1

585.2

303.9

604.9

308.8

656.5

341.0

656.7

171.8

329.7

350.3 698.0 697.7 636.2 606.9 606.9 606.9 606.9 606.9 606.9 621.5 636.2 668.3 478.5

192.3 382.3

539.9 698.0

192.4

382.3

382.3 698.0 507.9 525.2 621.6 606.9 606.9 606.9 606.9 606.9 606.9 606.9 606.9 638.9

320.6

638.9

320.6

606.9

335.3

636.2 697.7 698.0 382.3

192.4 382.3 192.3 192.3 367.4 320.6 320.6 320.6 320.6 320.6 320.6 320.6 320.6 320.6 320.6 320.6 367.3 382.1 382.2 192.4

1 2

2 2

2

1

2

1

2

1

1

1

1

1

1 2

1 2

2

1

1

2

1

1

1

1

1

1

1

1

1

2

2

1

2

2

1

2

2 1 2 2 1 1 1

1

2 1

1 1 1

1 2 1 1 1 1 1 2

1 2 1 1 1 1 1 1 2 2 1 1 1 1 1 2 1

2 2 2 2 1 1 2 2 2 2 2 1 1 1 2 1 2

1 2 2 1 1 2

1 2 1

1 2 2 2 2

1 2 1

1 2 1

2 2 2

1 2 1

171.8 341.0

341.1 615.5

340.8

603.9

340.8

609.8

340.8

584.2

308.9

573.5

171.7

436.3

192.3 382.1

467.7 668.3

382.1

636.2

335.3

653.6

309.8

585.2

299.1

563.7

299.1

563.7

299.1

563.7

303.9

605.5

340.8

583.2

341.0

615.5

171.8

341.1

361.7 624.8 519.2 525.2 610.8 600.0 594.1

299.1

605.5 447.1

320.6 320.6 320.6

467.7 646.7 614.7 600.0 604.9 603.9 583.5 341.1

350.3 698.0 507.9 493.1 621.6 636.2 645.1 624.7 361.7 382.3 665.9 665.7 636.2 636.2 623.0 612.6 307.7

382.3 698.0 697.7 525.2 463.8 636.3 697.7 698.0 382.3 382.3 698.0 665.7 636.2 636.2 675.6 621.8 360.3

192.4 382.2 382.1 192.3 177.6 367.4

507.9 698.0 350.3

192.4 382.2 382.1 367.3 367.3

507.9 698.0 350.3

192.3 382.3 192.4

382.3 698.2 382.3

192.4 382.3 192.4

1 2

1 2

2

2

1

1

2 2 2 2

2 2 2 2

1 2 2 1

171.8 341.0

329.7 656.8

341.0

656.8

171.8

329.7

382.3 698.0 698.0 382.3

382.3 698.0 698.0 382.3

192.4 382.2 382.2 192.4

1 2

1 2

1

1

2 2 2

2 1 2

1 2 2

1

1

2 2 2 2

1 2 2 1

171.8 341.1

309.1 615.9

171.8

309.1

341.1 615.8 341.1

361.7 624.8 519.5

350.3 698.0 698.0

192.4

350.3

382.3 698.0 698.0 382.3

192.4 382.2 382.2 192.4

1 2

1 2

1

1

2

1

2

2

1

1

2 2 2 2 2 2

2 2 1 2 2

1

1 2 2 2 1

171.8 341.0

329.7 656.8

308.8

624.5

340.8

624.5

361.6

677.4

192.4

350.3

382.3 698.0 697.7 697.7 698.0 382.3

382.3 698.0 665.7 697.7 540.1

192.4

192.4 382.2 382.1 382.1 192.3

1 2

2 2

2

1

2

2

1

2

2 2 2 2 2

1 2 2 2 1

192.4 382.2

382.3 698.0

382.1

665.7

382.2

698.0

192.4

382.3

382.3 698.0 697.7 698.0 382.3

192.4 382.2 382.1 382.2 192.4

1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

S-1

S
T

R
U

C
T

U
R

A
L
 
D

R
A

W
I
N

G

Scale: 1/8"=1'

RACKING LAYOUT

1

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

D-1

E
Q

U
I
P

M
E

N
T

 
D

A
T

A
 
S

H
E

E
T

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

D-2

E
Q

U
I
P

M
E

N
T

 
D

A
T

A
 
S

H
E

E
T

7/6/2022



1

2

3

4

5

6

BA C D E F G H

1

3

4

5

6

BA C D E F G H

Re
v 

#
AP

PR
O

VE
D

N
AM

E 
O

F
CU

ST
O

M
ER

:

SU
BJ

EC
T:

TI
TL

E:

DA
TE

RE
M

AR
KS

PR
O

JE
CT

LO
CA

TI
O

N
:

2

DWG NO:

PROJ NO:

2
1

0
0

 
N

E
 
I
n

d
e

p
e

n
d

e
n

c
e

 
A

v
e

,
 
L

e
e

'
s
 
S

u
m

m
i
t
,

M
O

 
6

4
0

6
4

,
 
U

S
A

NEI-210

DE
SI

GN
ED

CH
EC

KE
D

I

I

1
2
9
1
6
 
5
T

H
 
S

T

G
R

A
N

D
V

I
E

W
,
 
M

O
 
6
4
0
3
0

P
H

:
 
(
9
1
3
)
 
6
0
1
-
0
7
0
0

L
e

e
'
s
 
S

u
m

m
i
t
 
D

e
t
a

i
l
 
S

h
o

p

9
4

.
0

5
 
K

W
 
D

C
 
R

o
o

f
t
o

p
 
P

h
o

t
o

v
o

l
t
a

i
c
 
S

y
s
t
e

m

1
05

-2
7-

20
22

Le
e'

s S
um

m
it 

De
ta

il 
Sh

op
 - 

Re
v 

1

D-3

E
Q

U
I
P

M
E

N
T

 
D

A
T

A
 
S

H
E

E
T

7/6/2022



LEGEND:  Base System Part  AccessoryBILL OF MATERIALS 
PART
NUMBER PART TYPE DESCRIPTION QUANTITY

SUGGESTED
QUANTITY

UNIT PRICE
(USD)

TOTAL LIST PRICE
(USD)

User 
Supplied

Ballast Block BALLAST BLOCK 447 447 0.00 0.00

370010 Ballast Bay RM10 EVO FIELD BAY 247 247 44.76 11055.72

370011 Ballast Bay RM10 EVO NORTH ROW BAY 60 60 44.76 2685.60

370020 Clamp EVO MOD CLAMP KIT 972 972 3.94 3829.68

310760 RM Roof Pad RM ROOF PAD 172 172 2.35 404.20

This design is to be evaluated to the product appropriate Unirac Code Compliant Installation Manual which references International
Building Code 2009, 2012, 2015, 2018 and ASCE 7-05, ASCE 7-10, ASCE 7-16 and California Building Code 2010, 2016. The installation of
products related to this design is subject to requirements in the above mentioned installation manual. 

U-BUILDER PROJECT REPORT
VERSION: 3.1.6

PROJECT TITLE

RM10 EVO
PROJECT ID

EEF91FF4
CREATED

April 22, 2022, 10:17 a.m.

NAME Lee's Summit Detail Shop

ADDRESS 2100 NE Independence Ave

CITY, STATE Lees Summit, MO

MODULE Znshinesolar ZXM6-NH144 -450

Designed by kirk@artisunsolar.com

RM10 EVO

Znshinesolar

209 - ZXM6-NH144 -450

4889.00 ft

94.05 KW

2

BASE SYSTEM PRICE $17571.00
$0.187 PER WATT

ACCESSORIES PRICE $404.20
$0.004 PER WATT

TOTAL PRICE $17975.20
$0.191 PER WATT



QTYDETAILED PARTS DESCRIPTION 

Ballast Block  UserSupplied  BALLAST BLOCK  

Standard 4x8x16 inch cap blocks. Nationwide availability. Please confirm the weight of your
ballast block as this will affect the total blocks required for your installation.

447 

Ballast Bay  370010  RM10 EVO FIELD BAY  247 

Ballast Bay  370011  RM10 EVO NORTH ROW BAY  60 

Clamp  370020  EVO MOD CLAMP KIT  972 

RM Roof Pad  310760  RM ROOF PAD  172 



ENGINEERING REPORT

AVERAGE PSF 3.81 psf 

64064

Plan review

TOTAL NUMBER OF MODULES 209

TOTAL KW 94.05 KW

TOTAL MODULE AREA ~6847 ft

TOTAL WEIGHT ON ROOF 26114 lbs

RACKING WEIGHT 752 lbs

MODULE WEIGHT 11058 lbs

BALLAST WEIGHT 14304 lbs

MAX BAY LOAD (DEAD) 119 lbs

Loads Used for Design

BUILDING CODE ASCE 7-10

BASIC WIND SPEED 120.00 mph

GROUND SNOW LOAD 20.00 psf

SEISMIC (SS) 0.110

ELEVATION 951.00 ft

WIND EXPOSURE B

MRI 25

RISK CATEGORY II

VELOCITY PRESSURE, QZ 18.94 psf

Loads Determined by Zip 

CITY, STATE Lees Summit, MO

BASIC WIND SPEED 115.00 mph

GROUND SNOW LOAD 20.00 psf

2

Inspection

PRODUCT RM10 EVO

MODULE MANUFACTURER Znshinesolar

MODEL ZXM6-NH144 -450

MODULE WATTS 450 watts

MODULE LENGTH 82.44"

MODULE WIDTH 40.86"

MODULE THICKNESS 1.38"

MODULE WEIGHT 52.91 lbs

BALLAST BLOCK (CMU) WEIGHT 32.0 lbs

MAX BLOCKS PER NORTH BAY 4

MAX BLOCKS PER NON NORTH BAY 3

BUILDING HEIGHT 30.00 ft

ROOF TYPE TPO

PARAPET HEIGHT 72.00"

RISK CATEGORY II



Roof Area 1 - Array 1

Roof Area 1 - Array 2

Roof Area 1 - Array 3

AVERAGE PSF 3.50 psf 

TOTAL NUMBER OF MODULES: 66

TOTAL KW: 29.70 KW

TOTAL AREA: 2177 ft

TOTAL WEIGHT ON ROOF: 7626 lbs

RACKING WEIGHT: 230 lbs

MODULE WEIGHT: 3492 lbs

BALLAST WEIGHT: 3904 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 20

MAX NUMBER OF EAST-WEST COLUMNS: 33

*In jurisdictions that follow SEAOC PV-1 methodology. 

AVERAGE PSF 3.68 psf 

TOTAL NUMBER OF MODULES: 85

TOTAL KW: 38.25 KW

TOTAL AREA: 2770 ft

TOTAL WEIGHT ON ROOF: 10197 lbs

RACKING WEIGHT: 292 lbs

MODULE WEIGHT: 4497 lbs

BALLAST WEIGHT: 5408 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 19

MAX NUMBER OF EAST-WEST COLUMNS: 32

*In jurisdictions that follow SEAOC PV-1 methodology. 

AVERAGE PSF 4.52 psf 

TOTAL NUMBER OF MODULES: 12

TOTAL KW: 5.40 KW

TOTAL AREA: 392 ft

TOTAL WEIGHT ON ROOF: 1772 lbs

RACKING WEIGHT: 49 lbs

MODULE WEIGHT: 635 lbs

BALLAST WEIGHT: 1088 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 16

MAX NUMBER OF EAST-WEST COLUMNS: 26

*In jurisdictions that follow SEAOC PV-1 methodology. 



Roof Area 1 - Array 4

Roof Area 1 - Array 5

Roof Area 1 - Array 6

AVERAGE PSF 4.40 psf 

TOTAL NUMBER OF MODULES: 15

TOTAL KW: 6.75 KW

TOTAL AREA: 485 ft

TOTAL WEIGHT ON ROOF: 2135 lbs

RACKING WEIGHT: 61 lbs

MODULE WEIGHT: 794 lbs

BALLAST WEIGHT: 1280 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 16

MAX NUMBER OF EAST-WEST COLUMNS: 27

*In jurisdictions that follow SEAOC PV-1 methodology. 

AVERAGE PSF 4.14 psf 

TOTAL NUMBER OF MODULES: 19

TOTAL KW: 8.55 KW

TOTAL AREA: 623 ft

TOTAL WEIGHT ON ROOF: 2580 lbs

RACKING WEIGHT: 71 lbs

MODULE WEIGHT: 1005 lbs

BALLAST WEIGHT: 1504 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 17

MAX NUMBER OF EAST-WEST COLUMNS: 28

*In jurisdictions that follow SEAOC PV-1 methodology. 

AVERAGE PSF 4.51 psf 

TOTAL NUMBER OF MODULES: 12

TOTAL KW: 5.40 KW

TOTAL AREA: 400 ft

TOTAL WEIGHT ON ROOF: 1804 lbs

RACKING WEIGHT: 49 lbs

MODULE WEIGHT: 635 lbs

BALLAST WEIGHT: 1120 lbs

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 15

MAX NUMBER OF EAST-WEST COLUMNS: 25

*In jurisdictions that follow SEAOC PV-1 methodology. 



Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 1

Total uplift weight per module 

Net uplift weight per module 

Uplift weight per Bay 

Uplift weight with North bay factor 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 



Blocks per bay 

Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 2

Total uplift weight per module 

Net uplift weight per module 

Note : Any additional blocks added in the layout contribute to sliding 



Uplift weight per Bay 

Uplift weight with North bay factor 

Blocks per bay 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 

Note : Any additional blocks added in the layout contribute to sliding 



Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 3

Total uplift weight per module 

Net uplift weight per module 

Uplift weight per Bay 



Uplift weight with North bay factor 

Blocks per bay 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 

Note : Any additional blocks added in the layout contribute to sliding 



Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 4

Total uplift weight per module 

Net uplift weight per module 



Uplift weight per Bay 

Uplift weight with North bay factor 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 



Blocks per bay 

Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 5

Total uplift weight per module 

Note : Any additional blocks added in the layout contribute to sliding 



Net uplift weight per module 

Uplift weight per Bay 

Uplift weight with North bay factor 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 



Blocks per bay 

Uplift Calculation per Bay with North bay factor: - Roof Area 1 - Array 6

Total uplift weight per module 

Note : Any additional blocks added in the layout contribute to sliding 



Net uplift weight per module 

Uplift weight per Bay 

Uplift weight with North bay factor 

Note : Bays map with 1.22 factor is displayed in "North bay factor Map" in Engineering layouts 



Blocks per bay 

Note : Any additional blocks added in the layout contribute to sliding 



RM10 EVO U-BUILDER PRODUCT ASSUMPTIONS

RM10 EVO– Ballasted Flat Roof Systems

Limitations of Responsibility: It is the user’s responsibility to ensure that inputs are correct for your specific project.
Unirac is not the solar, electrical, or building engineer of record and is not responsible for the solar, electrical, or building design for this
project.

Building Assumptions

1. Building Height ≤ 50 ft
2. Building Height > 50 ft: only where (longest length of building x building height)^0.5 ≤ 100 ft
3. Roof Slope ≥ 0° (0:12) and ≤ 3° (5/8:12) for Seismic Design Category C, D, E and F. For low seismic regions Seismic Design Category A and

B (provided Array Importance factor = 1.0), Roof Slope ≥ 0° (0:12) and ≤ 7° (1 1/2:12).
4. Roofing Material Types: EDPM, PVC, TPO, or Mineral Cap
5. Surrounding Building Grade: Level

Ballast Blocks

The installer is responsible for procuring the ballast blocks (Concrete Masonry Units – CMU) and verifying the required minimum weight
needed for this design. CMU should comply with ASM standard specification for concrete roof pavers designation (C1491 or C90 with an
integral water repellent suitable for the climate it is placed. It is recommended that the blocks are inspected periodically for any signs of
degradation. If degradation of the block is observed, the block should immediately be replaced. 
The CMU ballast block should have nominal dimensions of 4”x8”x16”. The actual block dimensions are 3/8” less than the nominal
dimensions. Ballast blocks should have a weight as specified for the project in the “Inspection” section of this report. 

Design Parameters

1. Risk Category I to III
2. Wind Design 

a. Basic Wind Speed:110-150 mph (ASCE 7-10)/90-180 mph (ASCE 7-16)
b. Exposure: B, C or D (ASCE 7-10/ASCE 7-16)
c. 25 year or 50 year Design Life for ASCE 7-10 /50 year Design Life for ASCE 7-16
d. Elevation: Insertion of the project at - grade elevation can result in a reduction of wind pressure. If your project is in a special

case study region or in an area where wind studies have been performed, please verify with your jurisdiction to ensure that
elevation effects have not already been factored into the wind speed. If elevation effects have been included in your wind
speed, please select 0 ft as the project site elevation.

e. Wind Tunnel Testing: Wind tunnel testing coefficients have been utilized for design of the system. 
3. Snow Design 

a. Ground Snow Load: 0-100 psf (ASCE 7-10/ASCE 7-16)
b. Exposure Factor: 0.9
c. Thermal Factor: 1.2
d. Roof Snow Load: Calculation per Section 7.3 (ASCE 7-10/ASCE 7-16)
e. Unbalanced/Drifting/Sliding: Results are based on the uniform snow loading and do not consider unbalanced, drifting, and

sliding conditions
4. Seismic Design 

a. Report SEAOC PV1-2012/ASCE 7-16 SECTION 13.6.12 – Structural Seismic Requirements and Commentary for Rooftop Solar
Photovoltaic Arrays

b. Importance Factor Array (lp): 1.0
c. Importance Factor Building (le): 1.0
d. Site Class: D

Properties

1. Bay Weight: ~2.45 lbs
2. Module Gaps (E/W) = 0.25 in
3. Module Gaps (N/S) = 13.5 in



Testing

1. Coefficient of Friction
2. Wind Tunnel
3. UL 2703
4. Component Testing (Bay and Clamp)

Setbacks

For the wind tunnel recommendations in U-Builder to apply, the following setbacks should be observed/followed  for 
U-Builder wind design:

1. Modules should be placed a minimum of 3 feet from the edge of the building in any direction.
2. If the array is located near an obstruction that is 3.5 feet wide and 3.5 feet high or larger, the nearest

module of the array must be located a distance from the obstruction that is greater than or equal to  the height of the obstruction.
Exception: When using ASCE 7-16 Building Code and using the obstruction feature in the module editor to accurately model the size and
location of obstruction. 

3. Installations within the setbacks listed above require site specific engineering
4. The setbacks above are for wind. High seismic areas, fire access isles, mechanical equipment, etc., 

may require larger setbacks than listed above for wind. 

Site Specific Engineering

Conditions listed below are beyond the current capabilities of U-Builder. Site specific engineering is required.

1. Wind designs for a project design life exceeding 25 years
2. Building assumptions and design parameters outside of U-Builder assumptions
3. Attachments
4. Risk Category III or IV projects (U-Builder can be adjusted for the correct wind, but not the seismic or snow design)  
5. Wind tunnel testing reduction factors are not permitted by the Authority Having Jurisdiction  (AHJ)
6. Seismic designs that fall outside SEAOC PV1-2012/ASCE 7-16 SECTION 13.6.12 recommendations (>3% roof slope, or AHJ’s that 

require shake table testing or non-linear site-specific response history analysis)  
7. Signed and sealed site-specific calculations, layouts, and drawings

Notes:

Please contact info@unirac.com.
 Please contact EngineeringServices@unirac.com for  more information. 
Please contact Theresa Allen with PZSE Structural Engineers  at theresa@pzse.com. These items

will require direct coordination with PZSE to complete the requested services. 

2

1/ASCE 7-16
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2
2

3
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INSTALLATION AND DESIGN PLAN

Roof Area 1 / Roof Area 1 - Array 1

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 18 20 25 800

2 19 20 28 896

3 15 20 26 832

4 12 17 22 704

5 2 14 17 544

6 0 3 4 128

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 24.35 ft

EW DIMENSION ~ 130.53 ft



Roof Area 1 / Roof Area 1 - Array 2

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 2 3 4 128

2 4 6 10 320

3 14 17 26 832

4 15 17 28 896

5 14 17 21 672

6 19 20 26 832

7 17 20 27 864

8 0 19 27 864

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 33.31 ft

EW DIMENSION ~ 130.53 ft



Roof Area 1 / Roof Area 1 - Array 3

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 3 4 6 192

2 3 4 8 256

3 3 4 8 256

4 3 4 6 192

5 0 4 6 192

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 19.87 ft

EW DIMENSION ~ 20.61 ft



Roof Area 1 / Roof Area 1 - Array 4

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 3 4 6 192

2 3 4 8 256

3 3 4 6 192

4 2 4 6 192

5 2 3 6 192

6 2 3 4 128

7 0 3 4 128

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 28.83 ft

EW DIMENSION ~ 20.61 ft



Roof Area 1 / Roof Area 1 - Array 5

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 4 5 8 256

2 5 6 10 320

3 5 6 12 384

4 5 6 8 256

5 0 6 9 288

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 19.87 ft

EW DIMENSION ~ 34.35 ft



Roof Area 1 / Roof Area 1 - Array 6

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 4 5 8 256

2 4 5 10 320

3 4 5 9 288

4 0 5 8 256

NOTE 

Install two roof pads to every other primary bay in a row of bays, then skip a row, and do it again. 

NS DIMENSION ~ 15.39 ft

EW DIMENSION ~ 27.48 ft
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