
201-920-2899 
info@AmperEngineering.com 

 

 

 

Novel Froehle Solar, LLC 
Power System and Arc Flash Analysis Report - Rev.0 
AE JOB#1423-MN 

02/25/2022 

Page 1 of 57 
 

 
Novel Froehle Solar LLC 

Solar PV Project – 1.0 MW AC 
Stearns County, Minnesota 

 
 
 
 
 
 

POWER SYSTEM AND ARC FLASH HAZARD ANALYSIS REPORT 
 

Rev.0 
 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

Report Revision Notes 

Rev No. Issue Date Description 
0 02/25/2022 Issued for Review and Approval. 

   

   
   

   

02/28/202
2

www.Ampe
rS

ola
r.c

om



201-920-2899 
info@AmperEngineering.com 

 

 

 

Novel Froehle Solar, LLC 
Power System and Arc Flash Analysis Report - Rev.0 
AE JOB#1423-MN 

02/25/2022 

Page 2 of 57 
 

TABLE OF CONTENTS 
 

SECTION 1 - INTRODUCTION............................................................................................. 3 

1.1 SCOPE AND DESCRIPTION .................................................................................... 3 

1.2 LIMITATION OF LIABILITY ................................................................................... 4 

SECTION 2 - SYSTEM MODELING AND INPUT DATA ....................................................... 5 

2.1 INPUT DATA COLLECTION ................................................................................... 5 

2.2 UTILITY COMPANY DATA .................................................................................... 5 

2.3 STUDY ONE-LINE DIAGRAM ................................................................................ 6 

2.4 FEEDER INPUT DATA ............................................................................................ 9 

2.5 TRANSFORMER INPUT DATA ..............................................................................10 

SECTION 3 - ENGINEERING ANALYSIS ...........................................................................11 

3.1 MODES OF OPERATION AND SCENARIOS ...........................................................11 

3.2 ASSUMPTIONS AND CLARIFICATIONS ................................................................11 

SECTION 4 - SHORT CIRCUIT STUDY ..............................................................................12 

4.1 LINE TO LINE DC MOMENTARY FAULT CURRENT RESULTS..............................15 

4.2 THREE-PHASE AC MOMENTARY FAULT CURRENT RESULTS ............................17 

4.3 LINE TO LINE DC INTERRUPTING FAULT CURRENT RESULTS ...........................20 

4.4 THREE-PHASE AC INTERRUPTING FAULT CURRENT RESULTS ..........................21 

4.5 LINE TO GROUND DC MOMENTARY FAULT CURRENT RESULT.........................22 

4.6 SINGLE-LINE TO GROUND AC MOMENTARY FAULT CURRENT RESULT ...........24 

4.7 LINE TO GROUND DC INTERRUPTING FAULT CURRENT RESULTS ....................27 

4.8 SINGLE-LINE TO GROUND AC INTERRUPTING FAULT CURRENT RESULTS .......28 

SECTION 5 - EQUIPMENT AND DEVICE EVALUATION STUDY ......................................29 

5.1 THREE-PHASE TO GROUND FAULT EQUIPMNET DUTY RESULTS ......................30 

5.2 SINGLE-LINE TO GROUND FAULT EQUIPMENT DUTY RESULTS ........................31 

SECTION 6 - PROTECTIVE DEVICE COORDINATION STUDY ........................................32 

6.1 TIME-CURRENT COORDINATION CURVES (TCC) ................................................34 

6.2 PROTECTIVE DEVICE SETTING SOLID STATE CIRCUIT BREAKERS....................38 

6.3 PROTECTIVE DEVICE SETTINGS – THERMAL MAGNETIC CIRCUIT BREAKERS .39 

6.4 PROTECTIVE DECIVE SETTINGS – SOLID STATE RELAYS ..................................40 

6.5 PROTECTIVE DEVICE SETTINGS - FUSES ............................................................41 

SECTION 7 - ARC FLASH HAZARD ANALYSIS .................................................................42 

7.1 DC ARC FLASH RESULTS .....................................................................................47 

7.2 AC ARC FLASH RESULTS .....................................................................................49 

7.3 ARC FLASH LABELING PROCEDURES .................................................................51 

7.4 SAMPLE ARC FLASH LABELS ..............................................................................52 

SECTION 8 - RECOMMENDATIONS ..................................................................................53 

 

www.Ampe
rS

ola
r.c

om



R

INV-1 0.7
29

 kV

INV-2 0.7
29

 kV

INV-3 0.7
29

 kV

INV-4 0.7
29

 kV

INV-5 0.7
29

 kV

INV-6 0.7
29

 kV

INV-7 0.7
29

 kV

INV-8 0.7
29

 kV

INV-9 0.7
29

 kV

INV-10 0.7
32

6 k
V

INV-11 0.7
32

6 k
V

INV-12 0.7
32

6 k
V

INV-13 0.7
32

6 k
V

INV-14 0.7
32

6 k
V

INV-15 0.7
32

6 k
V

INV-16 0.7
32

6 k
V

INV-17 0.7
32

6 k
V

INV-18 0.7
32

6 k
V

INV-19 0.7
32

6 k
V

INV-20 0.7
32

6 k
V

XFMR-AUX (SEC) 0.2
4 k

V

FS-XFMR-XCEL(L) 12
.47

 kV

INV.12 0.4
8 k

V

INV.13 0.4
8 k

V

INV.14 0.4
8 k

V

INV.15 0.4
8 k

V

INV.16 0.4
8 k

V

INV.17 0.4
8 k

V

INV.18 0.4
8 k

V

INV.19 0.4
8 k

V

INV.20 0.4
8 k

V

INV.3 0.4
8 k

V

INV.4 0.4
8 k

V

INV.5 0.4
8 k

V

INV.6 0.4
8 k

V

INV.7 0.4
8 k

V

INV.8 0.4
8 k

V

INV.9 0.4
8 k

V

INV.10 0.4
8 k

V

INV.11 0.4
8 k

V

INV.1 0.4
8 k

V

INV.2 0.4
8 k

V

SWGR 0.4
8 k

V

XFMR-AUX (PRIM)

0.4
8 k

V

PNL-AUX 0.2
4 k

V

XFMR-ZIG ZAG 0.4
8 k

V

XFMR-XCEL (SEC) 0.4
8 k

V

UTIL-XCEL

PV.1
70.47 kW
0.873 kV
102.78A

PV.2
70.47 kW
0.873 kV
102.78A

PV.3
70.47 kW
0.873 kV
102.78A

PV.4
70.47 kW
0.873 kV
102.78A

PV.5
70.47 kW
0.873 kV
102.78A

PV.6
70.47 kW
0.873 kV
102.78A

PV.7
70.47 kW
0.873 kV
102.78A

PV.8
70.47 kW
0.873 kV
102.78A

PV.9
70.47 kW
0.873 kV
102.78A

PV.10
71.28 kW
0.8766 kV
103.32A

PV.11
71.28 kW
0.8766 kV
103.32A

PV.12
71.28 kW
0.8766 kV
103.32A

PV.13
71.28 kW
0.8766 kV
103.32A

PV.14
71.28 kW
0.8766 kV
103.32A

PV.15
71.28 kW
0.8766 kV
103.32A

PV.16
71.28 kW
0.8766 kV
103.32A

PV.17
71.28 kW
0.8766 kV
103.32A

PV.18
71.28 kW
0.8766 kV
103.32A

PV.19
71.28 kW
0.8766 kV
103.32A

PV.20
71.28 kW
0.8766 kV
103.32A

XFMR-AUX
37.5 kVA
0.48 - 0.24 kV
5.2%

XFMR-XCEL
1000 kVA
12.47 - 0.48 kV
5.32%

INV.12
55 kVA
1.25 Times FLA

INV.13
55 kVA
1.25 Times FLA

INV.14
55 kVA
1.25 Times FLA
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55 kVA
1.25 Times FLA

INV.16
55 kVA
1.25 Times FLA
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1.25 Times FLA
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55 kVA
1.25 Times FLA

INV.5
55 kVA
1.25 Times FLA

INV.4
55 kVA
1.25 Times FLA

INV.3
55 kVA
1.25 Times FLA

INV.1
55 kVA
1.25 Times FLA

INV.2
55 kVA
1.25 Times FLA

LV01-INV01
1-1/C-1/0 AWG
AL, 45', [Air]

LV01-INV02
1-1/C-1/0 AWG
AL, 66', [Air]

LV01-INV03
1-1/C-1/0 AWG
AL, 106', [Air]

LV01-INV04
1-1/C-1/0 AWG
AL, 146', [Air]

LV01-INV05
1-1/C-1/0 AWG
AL, 186', [Air]

LV01-INV06
1-1/C-1/0 AWG
AL, 227', [Air]

LV01-INV07
1-1/C-1/0 AWG
AL, 247', [Air]

LV01-INV08
1-1/C-1/0 AWG
AL, 287', [Air]

LV01-INV09
1-1/C-1/0 AWG
AL, 328', [Air]

LV01-INV10
1-1/C-1/0 AWG
AL, 368', [Air]

LV01-INV11
1-1/C-1/0 AWG
AL, 45', [Air]

LV01-INV12
1-1/C-1/0 AWG
AL, 66', [Air]

LV01-INV13
1-1/C-1/0 AWG
AL, 106', [Air]

LV01-INV14
1-1/C-1/0 AWG
AL, 146', [Air]

LV01-INV15
1-1/C-1/0 AWG
AL, 186', [Air]

LV01-INV16
1-1/C-1/0 AWG
AL, 227', [Air]

LV01-INV17
1-1/C-1/0 AWG
AL, 247', [Air]

LV01-INV18
1-1/C-1/0 AWG
AL, 287', [Air]

LV01-INV19
1-1/C-1/0 AWG
AL, 328', [Air]

LV01-INV20
1-1/C-1/0 AWG
AL, 368', [Air]

CBL-LV04
1-1/C-2/0 AWG
CU, 20', [Conduit]

CBL-LV02
5-1/C-600 kcmil
CU, 40', [Conduit]

MCB-PNL-AUX
Siemens  QR2 
250/175A
2P

CB-PNL-AUX
Siemens  BL
125/30A

CB-INV.1
ABB  XT2H 125
125/90A

CB-INV.2
ABB  XT2H 125
125/90A

CB-INV.3
ABB  XT2H 125
125/90A

CB-INV.4
ABB  XT2H 125
125/90A

CB-INV.5
ABB  XT2H 125
125/90A

CB-INV.6
ABB  XT2H 125
125/90A

CB-INV.7
ABB  XT2H 125
125/90A

CB-INV.8
ABB  XT2H 125
125/90A

CB-INV.9
ABB  XT2H 125
125/90A

CB-INV.10
ABB  XT2H 125
125/90A

CB-INV.11
ABB  XT2H 125
125/90A
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ABB  XT2H 125
125/90A
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ABB  XT2H 125
125/90A

CB-INV.14
ABB  XT2H 125
125/90A

CB-INV.15
ABB  XT2H 125
125/90A

CB-INV.16
ABB  XT2H 125
125/90A

CB-INV.17
ABB  XT2H 125
125/90A

CB-INV.18
ABB  XT2H 125
125/90A

CB-INV.19
ABB  XT2H 125
125/90A

CB-INV.20
ABB  XT2H 125
125/90A

CB-XFMR-AUX
ABB  XT1H 125 TMF
125/125A
2P

CB-ZIG-ZAG
ABB  XT4H 250 TMF
250/175A

MCB-SWGR
ABB  E2.2 S-A 2000A
2000/1600A

FS-XFMR-XCEL
Cooper BAY-O-NET
65A

300/5

R-ZIG-ZAG
ES-51
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2.4 FEEDER INPUT DATA 
 

Feeder Input Data 

ID Name No/Ph Size 
Length 

(ft) 
Rating 

(A) 
Material 

Raceway 
Mtl 

R1 
(Ω/1000’) 

X1 
(Ω/1000’) 

R0 
(Ω/1000’) 

X0 
(Ω/1000’) 

LV01-INV01 1 1/0 45 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV02 1 1/0 66 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV03 1 
1/0 

106 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV04 1 
1/0 

146 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV05 1 
1/0 

186 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV06 1 1/0 227 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV07 1 
1/0 

247 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV08 1 
1/0 

287 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV09 1 
1/0 

328 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV10 1 1/0 368 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV11 1 
1/0 

45 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV12 1 
1/0 

66 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV13 1 
1/0 

106 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV14 1 1/0 146 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV15 1 
1/0 

186 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV16 1 
1/0 

227 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV17 1 
1/0 

247 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV18 1 1/0 287 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV19 1 
1/0 

328 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

LV01-INV20 1 
1/0 

368 205 Aluminum Air 0.184192 0.0276044 0.368385 0.0552087 

CBL-LV02 5 600 40 1000 Copper Conduit 0.0705 0.0397 0.2818 0.159 

CBL-LV04 1 2/0 20 175 Copper Conduit 0.0888 0.0405 0.3553 0.1621 
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EasyPower®
TIME-CURRENT CURVES

TCC-2

Recommended settings show best possible coordination FAULT: 3 Phase
DATE: 02/25/2022
BY: D. Evrim Ercan, P.E.
REVISION: 0

AE JOB#1423-MN

CB-INV.1
24887A

CB-INV.1
ABB Ekip LSI
Sensor = 125
Plug = 125
Cur Set = 0.72 (90A)
LT Band = 3
STPU = 2 (250A)
ST Delay = 0.05
ST Delay I²t = Out
Inst = 4 (500A)

MCB-SWGR
22985A

MCB-SWGR
ABB Ekip Touch
Sensor = 1600
Plug = 1600
Cur Set = 1 (1600A)
LT Curve = I^2 T
LT Band = 14 sec
STPU = 2 (3200A)
ST Delay = 0.08
ST Delay I²t = Out
Inst = 5 (8000A)

FS-XFMR-XCEL
Cooper
Expulsion
BAY-O-NET
65A

LV01-INV01
1 - 1/0 AWG AL

CBL-LV02
5 - 600 kcmil CU

XFMR-XCEL
1000 kVA
5.32%

XFMR-XCEL
1000 kVA
INRUSH

XFMR-XCEL
FLA

INV-1

FS-XFMR-XCEL(L)

INV.1SWGR

XFMR-XCEL (SEC)

UTIL-XCEL

XFMR-XCEL
1000 kVA
12.47 - 0.48 kV
5.32%

INV.1

PV.1

LV01-INV01

CBL-LV02

CB-INV.1
ABB  XT2H 125
125/90A

MCB-SWGR
ABB  E2.2 S-A 2000A
2000/1600A

FS-XFMR-XCEL
Cooper BAY-O-NET
65A
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