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Overview

» Introduction
¢ Benefits of tracking
¢ Modeling Trackers in PVsyst

» Simulation results

Optimizing Tracking Parameters
Single and Dual Axis Tracking
Impact of Latitude

Impact of Climate

Shadings (Row Spacing)
Backtracking

Stroke Limits

» Outlook
¢ Bifacial Tracking

D N D NH NH NN
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E_Grid

Benefits of

Examples of tracking simulations

Average daily production for an entire year

— Besttilt

— Single Axis

— Dual Axis
Vertical Axis

Alamos Mexica
Latitude 13\
Altitude 23m

\Meteonorm 7.1

6000
|

4000

rackers

E_Grid

The absolute

2000
|

The production
peak is flatter!

production is higher

hour of day

Tracking Gain depends on many parameters

Tracking
strategy

Backtracking
(stroke limits)
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1000 2000 3000 4000 5000

0

Average daily production for an entire year

Q

GenevaSwitzerlan
Latitude 46.2\
Altitude 418m

— Besttilt

— Single Axis

— Dual Axis
Vertical Axis

eteonorm 7.1

hour of day

Tracking gains from 10960%,
depending on tracking strategy, location,
climate and shadings (Ground Covering Ratio)
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PVsyst.°



Most common Tracker Types

Horizontal axis

Asis and limiting angles |

Axis Tilt 0° Axis Azimuth 0° Rotating Limit Angles
A Tit [0 01 * Mt 00 {11
s zimuth [00 {11 Mo o [ 1)
Primin. [60 [ st East i e [720” =117
Phime 60 I o [ =00
South

Tracking plane. lited A Rotating phi limits -60°/60°

West East

| Special Behaviors

I~ Backlracking k4

| Special Behaviors

I~ Backtracking ”?

Facing Axis azimuth = 0%

Dual Axis

Tilt limits 0°/80°

Azimuth limits -120°/120°

racking Strategies in PVsyst

Vertical Axis

Tilt and rotating limits Azimuth limits -1207120°

Side view: tilt 30°
Plane Tit [0 1) .
Min, azimith [120 -1

Max. azimuth [120 j[']

3D drawings for shadings

(. Shading scene construction
File Creste Select Edit View Tools Debug Help

To get a correct simulation of the
shading losses, a 3D model of the
installation is necessary

9 O

Render

> [ E;fh”@ﬁ;&ﬁﬁv \@\e,fc'@@

ne Tilt

—

Other tracking strategies in PVsyst:
A Tilted Axis

A Frames

A Sun shields

A Horizontal EWaxis
A Unlimited trackers

Tracking algorithms in PVsyst
minimize the Incidence Angle

i
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racker modeling in PVsyst

Shadings of the direct irradiance

Shadings

A Direct
Subject to near shadings depending on sun position

A Diffuse
Subject to shading factor that is constant for a given plane orientation
For trackers it changes with the plane orientation

|

Shadings of the diffuse irradiance

A AI bedo Azim 0° Azim -20° Azim -40°
Subject to sh_adlng factor_that is constant for a given plane orientayon i Lot L 2
For trackers it changes with the plane orientation

He20® 2 %o

Diffuse shading factor is an integral
over all hemisphere directions

Albedo scattering

Backtracking

ot e - 0 Tewing o257 _ Backtracking algorithm avoids beam shadings
Diffuse and albedo shadings are still present!
~ ~ ~ 12' Large installations => Albedo almost invisible

Albedo shaded

Albedo visible

Backtracking in PVsyst is available for all tracker types except vertical axis.
Two-axis algorithms apply backtracking only in one of the two directions.

0000000
Bruno Wittmer Pageb PVsyst°



Optimization of Plane Tilt

Definition of Plane Tilt

ne Tilt

_
Vertical axis tracking

GlobalPoAlrradiance as function of plane tilt

Create new scan  View exist

ting scan |

Iear Sky
Cl|male

Traclung

-@

-Non-Displayed Parameters

‘Addtonal Options
’717 Maximum

o shadings

[ScanSelecton |
[ a— Variable: [Gobinc <] Tracker Plane (GlobInc [kWh m2
Delete Scan | New Scan |
Parameter Min Max Unit Steps.
TradkPlaneTit 10 60 [ded] 51
el
t Type H
{” =t Alaprfos, Mexico
s [ i titude 15N\

Best Plane Tilt depends on latitude, climate and shadings

Clear Sky
10%

55A

Sevilla

37.4AN

52A

MN 7.1

30%

45A

Alamos
15N
MN 7.1
10%

42A

Kunming Xiamen
24/ 24/
MN 7.1 MN 7.1
10% 10%
42A 39A

Page6

Hotan

36.5A\

MN 7.1
10%

49A

Quingdao
36.5A\
MN 7.1

10%

45A

Linfen

36.4AN

MN 7.1
10%

47A

MN7.1:

Meteonorm 7.1

synthetic hourly values

based on average monthly data

i
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Single and Dual Axis Tracking=>

Beam Irradiance

s | = SngeAus Tracker gain
© —— Dual Axis .
Verlical Asis mainly from
g \ direct light
& §1

0 5 10 15 20

hour of day

Albedo Irradiance

_ | = Snaeres No shadings!
@ 7| — Dual Axis
Verlical Axis
2 e

= T T T

0 5 10 15 20

hour of day
Bruno Wittmer

Clear Sky

d
Tracking
strategy g

Diffuse Sky Irradiance

— Besttilt / '\_‘___/\
g - — Single Axis / -><:-(/\\
— Dual Axis 3
Vertical Axis
o
s
. =
=
o
=
o |
w
o
T T T T T
0 5 10 15 20

hour of day

All three components together

o AN Direct
. Diffuse
g ©
< Albedo
= T —\ T T T
0 ] 10 15 20

hour of day

0
0

DDDD

DDDDD
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Impact of latitude

strategy
>< @
P

"
5

Tracking strategy comparison

. 40
% 35 F* > 4 }
= . ' %. No mutual shadings
[=] - « .
B considered in these plots
r%; 20 -
o

15 I I I I ) ) ) - - -

0 10 20 30 40 50 60 70 Plane tilt optimized for
Latitude fixed tilt and vertical axis
—@—Fixed Tilt —@—Horizontal Axis =—@—Dual Axis —®&—Vertical Axis
Tracking strategy comparison

60%

50%
= 20%
()
2 30% . :
E _— Horizontal axis

————  performs better
close to equator

70

Latitude

—8—Fixed Tilt —@—Horizontal Axis —@—Dual Axis —®—Vertical Axis

T ags




Impact of climate

Same latitude (36 AN)
PoAlrradiance kwh/m2

2500
2000

1500

Hotan
Linfen
Hotan
Linfen
Qingdao

o
B
®
=
[5]

Hotan
Linfen
Qingdao
Hotan
Linfen

Qingdao

FixedTilt  Horiz Axis Dual Axis Vert. Axis

Diffuse/Global ratio

Alamos  Albuquerque
15AN 35AN
43% 27%

Bruno Wittmer

\/

Dependence on diffuse ratio

|
[]
3000~
_ A
Q GCR =04
§ n
2, 2500- . A
o
5 % A
B (]
= | ® || | |
< 2000 I Fy
o A A
A
o. ¢
1500-
®
30 40 50
Diffuse Ratio [%]
Weihai Geneva Kunming  Xiamen Hotan Quingdao
37.5A 46N 24AN 24AN 36.5A\N 36.5AN
53% 48% 49% 59% 40% 56%

Paged

36.5

T N

atude
(Alitude)

Tracking
strategy

&

(

Tracker.type
“ Best fixed filt
& Horiz. Axis
= Dual Axis
Vert. Axis
| |
ik
L
60

Linfen Ejin Qi

36.4AN 42\
48% 28%
]
N [m|]
DDDDD%D
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Pitch and shading
@

Ground Covering Rati&CR = PV Module surface / PV installation surface

Optimize besfixed tilt as function of GCR _ _ _ _
Impact of shadings on best tilt foertical axistrackers

: ‘

Scan Selecton

e <] Variable: o <] GCRTM Scan (E Grid [Mwh1) l.uﬂﬁ GCR TH Scan (£ Grid [MWh1) - GCR = 40%
Delete Scan 2

Varable: FETNE -

Paameier  Mn  Max  Unt  Sieps
GoR s s W B
™ 0 oW g 1

=

Pt Tyoe 7‘
c1i @20

- No shadings | |/ With shadings

.4/ BestTit48 |1/  BestTilt: 38"

4% differenct W

—r
W Manimum
£. -

TrackereffectivePoAasfunction of GCR

2800 2800
o 7 e~ <
£ 2o 15MN £ 2en0 4348\
= =
= =
= 2400 —.— o 2400
E = 2
s e, 5 —&— Best fixed tilt
= 2200 < T 2200
= = —8— Horizontal Axis
< < Dual axi
£ 2000 9 2000 . ual axis

* 00— 00— . .

2 g Vertical Axis
T 1800 T 1800
B £
(58] i —

1600 1600

0%  10%  20%  30%  40% 50%  60%  70%  80%  90%  100% 0%  10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

GCR GCR

Tracking installations are much more sensitive to GCR (pitch) than fixed tilt installations.
Horizontal axis is less sensitive to dense packing.

D
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Sun profile angle = 19.0¢, Tracking Phi =

Backtracking

Sun high in the sky:
Trackers point to sun

Sun low in the sky:
Trackers move back,
to avoid shadings

]

8 20

L L L L L L
F4 4 6 8 10 12

Example: Horizontal Axis

No 3665.7
Yes 3430.6
Difference -6.4%

Orientation

Bruno Wittmer

3374.2

3327.5
-1.4%

1

Shadings and
Reflection (IAM)

Latitude
{Altitude)

Tracking
strategy
Backtracking

Shadings [SN"S)

Hules

Backtracking does not increase the Irradiance reaching the PV mo
It reduces electrical shading losses

60.7 1304.2
0 1339.2
-100% +2.7%
No direct
shadings!
Pagell

0.684
0.751
+6.7%

Performance Ratio
is not a suitable

metric
.

0o00o
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