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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
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E_Grid

Benefits of Trackers

Examples of tracking simulations

Average daily production for an entire year

E gsﬂag%s AIam_os, Mexico
2 1 T Verteal uds Latitude 15
Altitude 23m
S iMeteonorm 7.1
g - The absolute
production is higher
o The production
' ' ! ' ! peak is flatter!
0 5 10 15 20
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

— Besttilt

— Single Axis

— Dual Axis
Vertical Axis

Geneva, Switzerland
Latitude 46.3°

Altitude 418m
eteonorm 7.1

hour of day

Tracking gains from 10% - 50%,
depending on tracking strategy, location,
climate and shadings (Ground Covering Ratio)
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Most common Tracker Types

Horizontal axis Dual Axis

[ Asis and limiting angles

Axis Tilt 0° Axis Azimuth 0 [ Rotating Limit Angles

=g
Avis Tik [00 {1 * Min.tit [00 =1

e =
sais iz th 00 (1 - ) e it 60 1)
st East =i
Hin th 120 =T
=
Max. azimu th 120 T

Prinin. [0 {I1
Rotating phi limits -60°/60°

Tilt limits 0°/80°

Phime 60 I

Tracking plane, tited Asis
Phiis the rotating andle: around the
wis. defined as Phi=0 when the est st

| Special Behaviors

I~ Backlracking k4

| Special Behaviors

& the mecharical
stroke lower limit [toward east) and I~ Backiracking ”?
upper fimi (toward est)

Tracking plane, we ads ]
Flease define the mechanical stioke limits:
Minimum Kt [up to -30° =vertical northl
Masinum ti (up to 30° =vertical south)

Minirum azimuth (towards east, up to -120°)
Masimum azimuth (tewards west, up to 180°)

.
Tracking Strategies in PVsyst

Azimuth limits -120°/120°

Facing Axis azimuth = 0%

Vertical Axis

Tilt and rotating limits Side views tilt 30°

i
/ west * East
i
P
South

Tracking plane, Vettical dxis
The collectors are mounted with a fived tit, on an
support which rotates around an vetical asis.

Please define the plane til, and the azimuth
mechanical limits of the hacker,

Azimuth limits -120°1120°

Plane Tt 30 [

utn [120 =11

uh [120 {1

ME: Backtracking strateay is very difficult to
calculate, and is not vet mplemented for this

3D drawings for shadings

(. Shading scene construction - o x

File Create Select Edit View Tools Debug Help
¢ AR YA Laat aelde 90
History lection Point of view Zoom Render

5el

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

ne Tilt

Other tracking strategies in PVsyst:
* Tilted Axis

* Frames

* Sun shields

* Horizontal EW-axis

* Unlimited trackers

Tracking algorithms in PVsyst
minimize the Incidence Angle

PV
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Tracker modeling in PVsyst

Shadings

* Direct

Subject to near shadings depending on sun position

e Diffuse

Subject to shading factor that is constant for a given plane orientation

For trackers it changes with the plane orientation

* Albedo

Subject to shading factor that is constant for a given plane orientation

For trackers it changes with the plane orientation

Backtracking

Sun profile angle = 19.0¢, Tracking Phi = 25.7°

s

] 2 ¢ 6 8 10 12 14 18 18 20

Backtracking algorithm avoids beam shadings
Diffuse and albedo shadings are still present!
Large installations => Albedo almost invisible

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

Bruno Wittmer
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Shadings of the direct irradiance

Shadings of the diffuse irradiance

Azim 0° Azim-20°  Azim -40°

He 10° /_y/o ////o ////o
"

Diffuse shading factor is an integral
over all hemisphere directions

Albedo scattering

Albedo shaded

Albedo visible
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Vertical axis tracking

’
Optimization of Plane Tilt
Global PoA Irradiance as function of plane tilt
Definition of Plane Tilt e w— o
|mp\a,ﬁ|—_|.| Variable: [Giobinc - Tracker Plane (GlobInc [kWh m2

Parameter M Max  Umt  Steps
TrackPlaneTit 10 &0 [deg] 51

[””"’i, sl Alamos, Mexico
s [ s itude 15°N
. o shadings
[ Non-Displayed Paramef ters g

ne Tilt

Maximum at
TrackPlaneTilt 48
Globinc 3688 kWhim)*

‘Addtonal Options
3000
’717 Maximum

Best Plane Tilt depends on latitude, climate and shadings
Sevilla Alamos Kunming Xiamen Hotan Quingdao Linfen
37.4°N 15°N 24°N 24°N 36.5°N 36.5°N 36.4°N
Clear Sky MN 7.1 MN 7.1 MN 7.1 MN 7.1 MN 7.1 MN 7.1 MN 7.1 MN7.1:

Meteonorm 7.1
synthetic hourly values
based on average monthly data

 BunoWittmer  bpages PVsysto

10% 30% 10% 10% 10% 10% 10% 10%

55° 52° 45° 42° 42° 39° 49° 45° 47°




. . .
Single and Dual Axis Tracking

Beam Irradiance Diffuse Sky Irradiance
— Besttilt . — Besttilt
g | — Single Axis TraCker gain g - — Single Axis
® — Dual Axis . —— Dual Axis
—— Verlical Axis malnly from — Vertical Axis
g - \ direct light -
- 5
& 57 a
° T T T T T = T T T T T
0 5 10 15 20 0 5 10 15 20
hour of day hour of day
Albedo Irradiance All three components together
7 — Besttilt . § 7
— Single A No shadings! b .
8+ — oulas & . Direct
— Verlical Axis 2
% L Diffuse
g ¥ £
< o 5 g |
N Albedo
<7 ° T T .\ T T
' ‘ ' ‘ ' 0 5 10 15 20
0 5 10 15 20
hour of day
hour of day

DDDD
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Clear Sk

Climate

e

Impact of latitude

'
P

Traclung

"
5

Tracking strategy comparison

40
=
g 35 - -4 ;
= b No mutual shadings
2 30 - . .
g considered in these plots!
'8 25 0———-—-.__._ —
o '\-.\.
<20 -
(1
2

15 T T T T T T 1

0 10 20 30 a0 50 60 70 Plane tilt optimized for
Latitude fixed tilt and vertical axis
—8—Fixed Tilt —®—Horizontal Axis —®—Dual Axis —&—Vertical Axis
Tracking strategy comparison

60%

50%
=
T 40%
&)
2 30%
=~ . .
ET — | Horizontal axis
= performs better

10%

close to equator

70

Latitude

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

S s PViver:




36.5°N

a\ude

Impact of climate

<

&

"

(

Dependence on diffuse ratio

|
[ |
Same latitude (36.5°N) 30001 R
| PoA Irradiance kwh/m2 = GCR=0.4 Tracker.type
o S s " * Best fixed it
2000 2, 2500- A & Horiz. Axis
B b = Dual Axis
0 = % A Vert. Axis
1000 -E .
w0 = 2000- ° L7y ]
0 g ® [ |
=205 23§ 23 5 2138 Ao &
Fixed Tilt Horiz. Axis = Dual Axis  Vert. Axis * [ ]
1500- ®
®
30 40 50 60
Diffuse Ratio [%]
Diffuse/Global ratio
Alamos  Albuquerque Weihai Geneva Kunming  Xiamen Hotan Quingdao Linfen Ejin Qi
15°N 35°N 37.5°N 46°N 24°N 24°N 36.5°N 36.5°N 36.4°N 42°N
43% 27% 53% 48% 49% 59% 40% 56% 48% 28%
0
ooo888e
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Pitch and shading

Ground Covering Ratio (GCR) = PV Module surface / PV installation surface

Optimize best fixed tilt as function of GCR

Scan Selecton 9
[Gc it sean - Variable: [e_Gos =] GORTHt Scan (E Grid [MWh]) sble: £ Goa =] GORTHtScan (E Grid [MWhI)
Delete Scan
s 0
Faameter M Max Uit Steps -
o s s omoB
m 0 m e ®

=« M 10% difference

4% difference

™

80

80

%0

-

Tracker effective PoA as function of GCR

15°N /46.3°N

Lamud e

(N'.lude:

Tral:klng

strategy
Shadlng i -

Impact of shadings on best tilt for vertical axis trackers

/
I

GCR = 40% 5‘
No shadings |/ With shadings\
/ BestTilt: 46° V' BestTilt: 36° \

/

2800 2800
[ ) o~
~§_ 2600 15 N -j—i., 2600 43
z z
£ v
o 2400 g o 2400
T 2200 v\ T 2200
£ 2000 £ 2000 =
2 ettt /T g
g 1800 % o W

1600 1600

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 40% 50% 60% 70% 80% 90%
GCR GCR
Tracking installations are much more sensitive to GCR (pitch) than fixed tilt installations.
Horizontal axis is less sensitive to dense packing.
Bruno Wittmer Page 10

A°N

—&— Best fixed tilt

—@— Horizontal Axis

Dual axis
Vertical Axis
100%
(]
0000
DDDDD%
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Backtracking =25

Backirackil
Shadings asc racking

(sfasadtic)

With backtracki
Without backtracking =

Sun high in the sky:
Trackers point to sun

/ot

S e T Sun low in the sky:
Trackers move back,
wami- 1O @void shadings

Sun profile angle = 27.4°, Tracking Phi =

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

Example: Horizontal Axis

No 3665.7 3374.2 60.7 1304.2 0.684
Yes 3430.6 33275 0 1339.2 0.751
Difference -6.4% -1.4% -100% +2.7% +6.7%
shadings! . .
Reflection (I1AM) 8 is not a suitable

metric -
0oco

0000000
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Stroke limits e

Shadings

Tracking
strategy

Backtracking
(stroke limits)

Stroke limit for different tracker types

Vertical Axis Tilted or Horizontal N-S Axis

Distribution of tracker tilt without/with backtracking

Y. Y
(/@\‘N\ <<\ Horizontal axis Tracker
w E ) e

400
1

300

Two Axes

lower limit ///w\\ . ] | .
upper limit M)a‘@;m Reduced tilt range

Freguency

100

stroke

-50 0 50

Tracker Tilt [°
Impact of stroke limits on yield U

Alamos, Mexico .
Latitude 15° . <+— Llarge plateau

Meteonorm 7.1
GCR=40%

T
. . 2 g50-

Horizontal axis = °°° ‘
s Backtraking Increasing tracker stroke limits
3 C . :j does not always increase yield!
o
a
>
£ 900-
< Backtracking

range
25 50 75

Stroke Limit [°]

Bruno Wittmer Page 12

backtracking

no backtracking

.

0o00o
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Bifacial tracking

2-dimensional approach for long rows

PVsyst ‘Unlimited Sheds’ model
for long rows with fixed tilt

Field type [Unlimited sheds ~|

Shading limit angle: 20.8°
Ground area occupation ratio: A(coll)  A(ground) = 0.45

: 2-dimensional model

oo ey neglects border effects of the rows

Sheds Parameters ‘
Fich [660 m

Coll band wicth [300 m
. 12 Show Optimisation
Topinactive band [002 m
Bottom inactive band [0.02 ™
I Ekcticaleffeat  Define — Shadng Grach
X Cancel 0K o

Orientation parameters

Flane Tit [0 1’
edmuh [0 =[]

Nb.of sheds [ =]

Unlimited trackers:
first step towards
horizontal bifacial tracking model
(since V6.6.7)

Bifacial model
for fixed tilt sheds
available (since V6.6.0)

Field type [Unlimited horizontal tracking ~|

Beam acceptance and reflexion Sun profile angle = 70.0°, Tracking Phi = 20.0°
Limit angle = 21.1 4 .

0 2 4 5 8 10 12 14 18 18 20

Tracking parameters Tracker's parameter System parameter

i aginut [00 <" ) Pich [660 m BT Limit profie angle rals:a
Phiright [0 j Tracker sensitive width [300 m BT Limit Phiangle  62.4
Phiktt [ =1 Leftinactive band [302  m Shading factar 0.0 %
Distance at ground level [m] No.of bskers [16 ] Fightnactive band [0z m | Eletics! Shadngfsciar 0.0 %
(] Beslislin Globel Covering ctio 45.5 % [ Elect shading  Define

X Cancel 0K o
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Bifacial tracking
for horizontal axis
close to publishing

standard bifacial model involving sheds-fike configuration
You can play with the shed's parameters as you like for parametric analysis.
The simulation will use the parameters determined from the system  (checkboxes checked)

Orientation parameters
A

ccording to system - Beam acceptance and reflection
Tealg Limit angle = 27.0
i azimuth [00 = 2 &
- T
Phimin [£0.0 | 2
Phima [800 =" .
™ Uses backtracking ] N
.
Trackers and ground parameter 2
Pich [660  m [ 2
Shed total wicth 300 m [V 4
= Profile ange mit -62.8 * 0
2 40 1 2 3 4§65 7 6 81011 1212141516 17 18 19 20
Height sbove ground 150 m Distance at ground level [r]
Ground abedo 300 % ¥
1 T T T T T T T E
0sf | Trackers angi, Phi-g.4° :
—— Diffuge T ground = 60.8% Reflected diffuse on rear si =
OBF = TR fackor,back, average = 34.7%
075 Refiectedifuse on back = 6.3% Hou of day 10:00
0sf | (foraibsdd=30.0%) : 4 ]
o0sf ! :
0ef !
03F ; Xpositonongiourd 962 m
02p . | I
0 E
wwen =V Wiy oI vws wee=-

“ 3 2 a1 0 1 2 3 4
Animation
Posion below tracker

(|
PVsys1o



Summary and Outlook

« The benefits coming from tracking depend on many factors
— Tracking strategy (horizontal axis, vertical axis, dual axis)
— Latitude and climate
— Tracker layout (tracker distance, axis tilt, stroke limits)
— Backtracking strategy

« PVsyst allows a detailed simulation and analysis
— Simulation of different tracking strategies with detailed loss diagram
— Output of hourly intermediate results in CSV files for custom analysis
— Multiple simulations and parametric scans for parameter optimization

« Some general behaviors were presented
« Modelling of trackers in PVsyst continues to evolve

— Tracking with bifacial PV modules
— Two-axis backtracking in all directions

0000000
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