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Introduction

* The purpose of this presentation is to outline a
methodology for grounding system analysis of large
utility scale photovoltaics, with regards to IEEE Std
80. At the end of this presentation you will be able

to:
— Describe a typical solar power plant grounding layout

— ldentify challenges encountered when evaluating solar
power plant grounding systems

— Describe analysis techniques to accurately assess
grounding system performance
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Outline

 Utility Scale Photovoltaic Power Plant
* Grounding Basics

* Photovoltaic Power Plant Grounding

» Challenges for Grounding Analysis

« Case Study
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Photovoltaic Power

* Photovoltaic (PV) panels interconnected

* DC power inverted into AC power
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Photovoltaic Power Plant

« Utility scale photovoltaic power plant
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Photovoltaic Power Plant
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GROUNDING BASICS
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Why Grounding?

» Allows proper equipment operation in
normal and fault conditions

* Provide surge/lightning protection

» Personnel protection under fault
conditions
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Grounding Definitions

 Earth/Ground Current

— Current through ground
grid returning to its source
through earth

 Ground Potential Rise
(GPR) Loty

— Maximum electrical e .
potential that ground grid S =
and surrounding soil may
attain relative to “remote
earth”

+1.800E3 V
-1.600E3 V
“1.400E3 V
<1.200E3V
+1.000E3 V
+800.0V
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Grounding Definitions

« Touch Voltage « Step Voltage
p
d
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Photovoltaic Power Plant Grounding

Grounding
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Photovoltaic Power Plant Challenges

» Data acquisition
— Soil characteristics
— Fault and coordination data

* Requires detailed understanding of the
physical and electrical system

» Software capabilities
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Soil Characteristics

* Soil characteristics may vary across the site
— Upper soil layer typically greater variation

» Multiple measurements K

— Several shorter traverses
— Sufficient long traverses

 Surfacing layer is uncommon
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Fault and Coordination Data

o Utility POI
__ * Collector substation
| fT * Collector feeders
 Determine sources
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Electrical and Physical Design

* PV arrays grounded
— Continuous conductor
— Panel track

— Ground connection at
support post

* PV panel span
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Electrical and Physical Design

* Collector substation

— Connection to plant
grounding

— Neutral or shield wires
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Software Limitation

* Conductor impedances
— Equipotential grounding system not applicable

LEGEND
Plotted:  Modulus
Range [V]
0.000 2143
2143 4286
4286 6429
6429 857.1

¥ 1 8571 1.071E3

1071E3 1.286E3
1.286E3 1.500E3
1500E3 1.714E3
1714E3 1929E3
1929E3 2.143E3
2143E3 2357E3
= 3.000E3V| 2.357E3 2.571E3
2571E3 2786E3
= 2500E3V| 2786E3 3.000E3

* 200053V Actyal Range

Maximum [V] 2.926E3
Minimum [V] 71.93

« 1.000e3V] Zcalculation [m] 0

= 1.500E3

Axes Orientation and Origin
-z xorigin[m]  -139.0
ky yorigin[m] -1840
x zorigin[m]  0.000

= 5000V
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Software Limitation

« System electrification
— Multiple sources/energized conductor

 50il modeling
« Computational capability

SSSSSSSS

1! Pljp\ﬁver



Determination of Touch/Step
Voltage Hazards

» Determine hazardous scenarios
— Fault magnitude
— Grounding geometry

» Consider touch and step voltage criteria
— Soil characteristics
— Clearing time
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Additional Considerations

 Perimeter fence
— Assess hazardous scenarios

— Grounding may be required
 Consider transfer voltages from substation/array

» Fault current split
— Modeling shield/neutral wires is recommended

 Field testing can be complex
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Case Study

Delta
—
Total SLG | Contribution | Clearing
Fault Data Location KA
P 34 kV INV1 23.363 4.930 0.3
34 kV INV2 17.862 3.769 0.3
34 kV INV3 17.691 3.731 0.3
i 34 kV INV4 14.931 3.151 0.3
34 kV INV5 14.335 3.022 0.3
34 kV INV6 14.053 2.966 0.3
Zone 1: 34 kV INV7 16.274 1.434 0.3
Top [750m [i5m
Botom._ 00w 1= 34 kV INV8 11.351 2.398 0.4
Zone 2:
R TTERE Cam 34 kv INV9 13.782 2.909 0.4
Zone 3: 34 kV INV10 10.501 2.214 0.4
Top 300 O-m 4m
Middle 130 O-m 25 m
Bottom 40 Q-m ==
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Base Model

E Corner

W Corner

Central
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LEGEND

Color Code
System
Soil Layers Interface

Injection Point
Reference Point

Volume Visualization
x left [m]

v lower [m]

z height [m]

Length [m]

Width [m]

Height [m]

Axes Onentation and Origin
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-139.0
-184.0
0.000
1.60ZE3
1.152E3
18.00

0\Va

XOSLab VEr.03.12 - LN 263530048
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Metallic Potential NW Corner Fault

v LEGEND
Plotted:  Modulus
Range [V]
-50.00 153.6
o 153.6 3571
3571 560.7
560.7 764.3
784.3 9679

967.9 1.171E3
1471E3  1.375E3
1.375E3  1.5T9E3
1579E3  1782E3
1782E3  1.986E3
1986E3  218GE3
2189E3  2.393E3
2.393E3  2.596E3
2596E3  2.800E3

Out of Range

E Actual Range
Maximum [V] 2B833E3
Minimum [V] 107.8

Axes Orientation and Origin

y x origin [m] -138.0
+ 'y origin [m] -184.0
2 * z origin [m] 0.000

0\Va

XOSLab VEr.03.12 - LN 263530048
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Permissible Touch & Step Voltage

LEGEND
Color Code
Ust<Ustp and Uss<Ussp
Ust=Ustp and Uss<Ussp
= [TTTTTTTT I T I T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTITTTITTITTTTT Ust>Ustp and Uss>Ussp

— Ll Soil Covering Layer I:l
N TTTTTT

Injection Point /
Injection Pivot Point /
Reference Point [
Reference Pivot Point [

Maximum Values
Inside Calculation Area

Ust [V] 2.033E3
x[m] 4420
y [m] 209.8
Location

Uss [V] 2172
x [m] 48.20
¥ [m] 399.8
Location X

Z calculation [m] 0
Pivot Point Elem.
Soil Covering Layer No

Axes Orentation and Origin

y x origin [m] 2528
+ 'y origin [m] 1937
2 * z origin [m] 0.000

0\Va

XOSLab VEr.03.12 - LN 263530048
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Permissible Touch & Step Voltage

Ll

L e [l

L

XGSLab

SOFTWARE

LEGEND

Color Code

Ust<Ustp and Uss<Ussp
Ust>Ustp and Uss<Ussp
Ust=Ustp and Uss>Ussp

Soil Covering Layer

Injection Pivet Point
Reference Point
Reference Pivot Point

1]
Injection Point s

&

F

F

Maximum Values
Inside Calculation Area

Ust [V] 570.8
x[m] 2542
y[m] 405.8
Location X
Uss [V] 91.42
x [m] 2542
y [m] 403.8
Location X

Z calculation [m] 0
Pivot Point Elem.
Soil Covering Layer No

Axes Orientation and Origin

y| x origin [m] 2528
+ y origin [m] 193.7
z 2 Xz origin [m] 0.000

Gste
@

www.xgslab.com
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Ground Potential Rise
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Plotted:

Range [V]
440.0
5014
7429
8943
104663
119763
1.349E3
1.500E3
1651E3
180363
195483
2 106E3
2.257E3
2.409E3

Modulus

5014

7429

8943

1.046E3
1187E3
1.349E3
1.500E3
1.651E3
1.803E3
1.854E3
2 106E3
2.257E3
2.409E3
2.560E3

Actual Range

Maximum

V]

Minimum [V]

Z caleulation [m]

Axes Orientation and Origin
x origin [m]
v origin [m]
z origin [m]

Y]
z x
z

www_xgslab.com

Gt
@

2517E3

5061
0

25.28
1937
0.000

0\Va

XOSLab VEr.03.12 - LN 263530048
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Ground Potential Rise With Posts
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LEGEND
Plotted.

Range [V]
860.0
924.3
9886
1.053E3
1.417E3
1.181E3
1.246E3
1.310E3
1.374E3
1439E3
1.503E3
1.567E3
1631E3
1.696E3

Modulus

243

288

1.053E3
1MT7ES
1.1B1E3
1.246E3
1.310E3
1.374E3
1.439E3
1.503E3
1.567E3
1.631E3
1.696E3
1.760E3

Actual Range

Maximum

v

Minimum [V]

Z calculation [m]

Axes Onentation and Orgin

—’—,

z

www.xgslab.com
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x origin [ft]
 orgn [f]
Z origin [ff
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174963

9009
0
8204

8355
0.000
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Central Fault

¥ LzoEnD K LzoEnD
Pl Midiss Pl Midiss
Range V] - Range V]
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Range V]

L
e
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s Onsetaion ard Cngin
xegnin 6148
yorgnin] 07000
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Permissible Touch & Step Voltage

¥ LEGEND ¥ EGEND
Cor Code Cor Code
UsteUsip ard Uss<Ussa

E UsteUsip and Uss<Uass
UstUsip ard Uss>Usso

Sail Conesing Layer

UsteUsip ard Uss<Ussa
4 v UsteUslp srd UsiUssp
UstUsip ard Uss>Usso
Sail Conesing Layer (]
-
-

njectn Pamt njectn Pamt
nfecton Puct Peit nfecton Puct Peit
Refersnce Purt Refersnce Purt
Referance Plct Part Referance Plct Part
Maimom Vaives Maieum Vs
il Calsdalon Area il Calsdalon Area

. UsI] Ust V] a2
] ] 2
il il 242
Losaton Losaton
Uss 4] i3 s 4] a3
1 i1 (] w1
ylmi 1512 Il e
Lasalon Lasalon
2 cabuaten o] o 2 cabuaten o] o
Pt P Eam Pt P Eam
Sal Conm Layee no Sal Conm Layee no

Aes Onetaicn ard Crgn
xognin] 6748
yorgnin] 07000
zogninl 0000

Aes Onetaicn ard Crgn
xognln]  E724
yorgnln -5
zorgnlnl 000 a

i .
1] o C
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Metallic Potential NE Corner Fault

¥ LEGEND
Plotted: Modulus

Range [V]

-78.80  196.8
1968 4725

| S 4725 7481
7481 1.024E3
1.024E3 1299E3
1299E3 1575E3
1575E3 1.831E3
1851E3 2.126E3
2.126E3 2.402E3
2.402E3 2677E3
2677E3 2953E3
2.953E3 3.229E3
3229E3 3504E3
3.504E3 3.780E3
QOut of Range

Actual Range
Maximum [V] 3.700E3
Minimum [V] 86.12

Axes Orientation and Origin

y| xongin[m] -139.0
—‘» yorigin[m] -184.0
1% Zoigin[m 0000

2° LN 1864508342

=
g6
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Permissible Touch & Step Voltage
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Corner

LUl L

LEGEND

Color Code

Ust<Ustp and Uss<Ussp
Ust=Ustp and Uss<Ussp
Ust=Ustp and Uss=>Ussp

Soil Covering Layer

Injection Point
Injection Pivot Point
Reference Point
Reference Pivot Point
Maximum Values
Inside Calculation Area
Ust [V]

x[m]

ym]

Locafion

Uss [V]

x[m]

y[m]

Location

Z calculation [m]
Pivot Point

Soil Covering Layer

Axes Orientation and Origin

y X origin [m]
?)7 y origin [m]
2 z origin [m]

GSAn
&

www.xgslab.com

LR A D

3.361E3
1.309E3
701.6

506.8
1.097E3
7616

Elem.

No

1.074E3
5819
0.000

a5
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Permissible Touch & Step Voltage

y LEGEND

Color Code
i Ust<Ustp and Uss<Uss|

B . Ust>Ustp and Uss<Uss|

= . 5 Ust=Ustp and Uss>Uss|

= Soil Covering Layer I:l
Injection Point &
Injection Pivot Point ¢
Reference Point -

Reference Pivot Point ™

Maximum Values
Inside Calculation Area

Ust[v] 1.129E3
x[m] 1.093E3
ym 8056
Location Py

Uss [V] 1717
x[m] 1.105E3
y[m] 8036
Location e

Z calculation [m] 0

Pivot Point Elem.

Soil Covering Layer  No

Axes Orientation and Origin

¥l xorigin[m]  1.078E3
+ yorigin[m] 5886
z,| * Zorginfm 0.000

g

£

E=

—3 sa
He

. @ &

o3
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Permissible Touch & Step Voltage

o
y LEGEND
Color Code
. Ust<Ustp and Uss<Ussp
4 Ust=Ustp and Uss<Ussp
= 1 Ust=Ustp and Uss=Ussp
; Soil Covering Layer l:l
; Injection Point &
e Injection Pivot Point &
i Reference Point =
E Reference Pivot Point "=
3 Maximum Values
E Inside Calculation Area
3 Ust[V] 9736
3 x[m] 1.093E3
E y[m] 805.6
E Location X
E Uss [V] 1455
E x [m] 1.103E3
] ym] 803.6
E Location X
i Z calculation [m] 0
E PFivot Point Elem.
; Soil Covering Layer No
E Axes Crientation and Origin
i M X crigin [m] 1.074E3
7 + y origin [m] 5819
7 z 2 X z origin [m] 0.000
] [
5 g
= gg
i
] £
2
- TILT g%
T T T e T T T e e T T T T T e T T T T T e T T X @ 22
|
1 www_xgslab.com £3
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Questions?

David.Lewis@EasyPower.com
WWW.easypower.com
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