


Bifacial modules boost energy yield by
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Effect of torque tube on
rear-irradiance k

Repercussions on \
energy loss

|deal location
Sensors?
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Tracking and Torque tube
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bifacial radiance program (raytrace)

Cairo, Egypt. 20 modules per row, 7 rows.

200 points per hour modeled across center

module’s collector width

Albedo of 0.28, GCR of 0.25
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Simulation Control
' Fommcl Curiiutative Sy Veuty Module Parameters [Prism solsr 850
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https://github.com/NREL/bifacial radiance/

Open Source! (a.k.a. free!)

NREL | 5


https://github.com/NREL/bifacial_radiance/

Comparing to a case with no torquetube,

This base case has a Shading Factor

xs fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff zgap 5cm
\ diam 10 cm

8760 :
dt=0 Grear average (with tube)

8760
Zt:o Grear average (HO tube) NREL | 6
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Compared to various scenarios
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Varying torquetube
reflectivity
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Varying torquetube
reflectivity
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Torque tube reflections

Bifacial Gains: How much will bifacial modules add to so...

[ Add to Collections <. Share

solar-tracker-value-we-are-about-to-find-out



https://solarbuildermag.com/featured/bifacial-gains-how-much-will-bifacial-modules-add-to-solar-tracker-value-we-are-about-to-find-out/

Varying Y-gap
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Shading plus Electrical Mismatch
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https://github.com/SunPower/PVMismatch
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Lossp to parameters in PVSyst?

e Structure shading factor, a.k.a. Rear shading
factor gets put directly into the loss diagram
as “Shading loss on rear side”.

 Mismatch loss factor a.k.a. rear mismatch
loss, affects the Mismatch for back
irradiance in the loss diagram

PVSYST VB

.78 | 15![)11’19' Page 4/4

Grid-Connected System: Loss diagram

Project : Richmond Tracking Mismatch Loss Exploration

Simulation variant : New simulation variant

Main system parameters System type Unlimited Trackers with backtracking

PV Field Orientation fiilt

PV modules Model LRG6-60 HBD 305 M Bifacial Pnom 305 Wp
PY Array Nb. of modules 12 Pnom total 3660 Wp
Inverter Model 4.2 kWac inverter Pnom 4200 W ac
User's needs Unlimited load (grid)

Loss diagram ower the whole year

1610 KWhvm? Horizontal global irradiation
+28.3% Global incident in coll. plane
0.0% Global incident below threshold
-2.4% Mear Shadings: imadiance loss
-1.5% IAM factor on global
’—uﬂ.?’% Ground reflection on front side

Bi-facial

Ground reflection loss (albeda)
-65.8% View Factor for rear side

+89.8% Sky diffuse on the rear side

0,0% Begm

439 -5.0% Shadings loss on rear side
14.6% Global Trradiance on rear side (292 kWhim2)
2000 kWhim? * 20 m? coll. Effective irradiation on collectors
efficiency at 3TC = 18.07% PV conversion, Bifaciality factor = 0.75
.14 MWh Array nominal energy (at STC effic.)

-0.1% P loss due to imadianca level
-7.7% PV loss due to temperature
+0.5% Module quality koss

-1.1% Mis sirings

aich loss_modules snd
-1.3% _Mismaich for back imadiance

-1.2% Ohmic wiring Toss
Array wvirtual energy at MPP

-3.4% Inverter Loss during operafion (efficiency)

0.0% Imverter Loss ower nominal inv. power
0.0% Imverter Loss due to max. input current
0.0% Imverter Loss over nominal inv. voltage
0.0% Inverter Loss due to power threshald

0.0% Imverter Loss due to voltage threshold

Available Energy at Inverter Output
Energy injected into grid




Bi-facial system definition

{ General Simulation Parameters

Bifacial Model

General parameters for all models

+ Don't use in the simulation

" Use unlimited sheds 2D-model l|

" Use unlimited trackers 2D-model =
(2D models with pedagogic tool)

Other models are currently under construction:
- General scene defined in the 3D editor
- Bifadal vertical wall or rows

Incident irradiance on the ground

Beam ground factor From sun's position, 2D model
Diffuse ground factor [0 % Nomodel defined
Shed transparent fraction [D.D_ % not sensitive
Ground albedo [30.0 " % [ Monthly values
Reflected irradiance on backside

Reemission form factor
Structure shading factor
PV array behavior
Mismatch loss factor

Module bifadality factor

0.0 % No model defined

IS.G % (0 = no shadings)

|10.0 %

30.0 % From PV module

Please choose a bi-facial model for the simulation 1

PVSYST V6.78

‘ 15/01/19 | Page 1/4

Project :
Geographical Site
Situation

Time defined as

Meteo data:

Grid-Connected System: Simulation parameters

Richmond Tracking Mismatch Loss Exploration

Richmond

Latitude
Legal Time
Albedo
Richmond

Country  United States

37TT0° N Longitude -77.43° W
Time zone UT-5 Altitude 60m
0.20

NREL NSRDE Typ. Met. Year PSMv3_1998 to 2016 - TMY

Simulation variant :

New simulation variant

Simulation date  15/01/18 15h35
Simulation parameters System type Unlimited Trackers with backtracking
Tracking horizontal axis Simplified model, unlimited 10tracker rows Axis Azimuth 07
Rotation Limitations Phi min. 43 Phi max. 45"
Backtracking strategy Mb. of trackers 10 Unlimited trackers
Tracker Spacing 5.00m Collector width  2.00 m
Inactive band Left 0.02m Right 0.02m
Backtracking limit angle Phi limits  +/- 65.8° Ground cov. Ratio (GCR) 40.0 %
Models used Transposiion Perez Diffuse  Imported
Horizon Free Horizon
Near Shadings No Shadings
Bifacial system Model  Unlimited trackers, 2D calculation
Tracker Spacing 5.00 m Tracker width  2.04 m
Tracking limit angle 457 GCR 408 %
MAverage albedo 279 %  Axis height above ground  2.10m
Module bifaciality factor 75 % Rear shading factor 80.0 %
Module transparency 5.0 % Rear mismatch loss  10.0 %
Monthly albedo [gan | Fen [ mae [ mpr | wiay | sume | ouy | aug [ sep [ oot | wov. | Dec
[ 0% [ so% | so% | sow | 20% | 10% [ 1ws | 3% | 3% | sow [ 3o% [ asw 9%
User's needs : Unlimited load (grid)

PV Array Characteristics

() Erase def,

x Cancel

PV module Si-mono Model LRE6-60 HBD 305 M Bifacial
Original P\/syst database Manufacturer Longi Solar
MNumber of PV modules In series 12 modules In paraliel 1 strings
Total number of PV modules Nb. modules 12 Unit Mom. Power 305 Wp
Array global power Mominal (3TC) 3660 Wp At operating cond. 3326 Wp (50°C)
Array operating characteristics (50°C) Umpp 384V Impp 91A
Total area Module area  20.3 m* Cellarea 17.6 m*
Inverter Model 4.2 kWac inverter
Original PYsyst database Manufacturer Generic
Characteristics Operating Voitage 125-500V Unit Mom. Power 4.20 kKWac
Inverter pack Nb. of inverters 1 units Total Power 4.2 KWac
Pnom ratic 0.87
PV Array loss factors
Thermal Loss factor Uc (const) 20.0 W/m?K Uv (wind) 0.0 Wim*K / m/s

Pysyst Evaluiation made




Shading Factor and Rear Electrical Mismatch Factors
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G,..; Shading Factor %

Gr.or Shading Factor Loss X (total)
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Rear-lIrradiance Modeling at different locations in the tracker
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MBE and RMSE of Sensor location modeled value vs. average

modeled value of north-part of the array for 1 day

Non-Uniformity [%
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MBE and RMSE of Sensor location modeled value vs. average

modeled value of north-part of the array for 1 day
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Conclusions

* Shading optical loss for modeled systems is between 2-8%
* Gap + torquetube reflections equal potential energy gains

* System mismatch loss (Dc losses) are around 1%, but must be
propagated backwards to reflect the losses at the Grear irradiance
level for implementation in current softwares.

 Grear irradiance measurements must account for non-uniformities
and equipment shading. Avoid ends and middles of the modules for
sensor placements.

NREL | 22
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Measured vs. modeled Rear Irrad
accuracy at an

nosition

lances, overall modeling

0O <=2 Nerth
East
5 {}5
Marth tar
; o == North Cante -
{::I South Center
| == south
== 7 e
== == = = =1

g I ]
) S e

Medeled Rear Irradiance [Wim?

g

250

200

150

100

Modeled Rear Irradiance [W/m?2]

50

50

100 150 200 250

Measured Rear Irradiance [W/m?]

50 100 150 200
Measured Rear Irradiance [W/m?]

Medeled Rear Irradiance [Wim?

250

Medeled Rear Irradiance [Wim?

250

50
Measured Rear Irradiance [W/m?]

100

Modeled Rear Irradiance [W/m?2]

150

200 250 o 50

100
Measured Rear Irradiance [W/m?]

150

250

200

150

100

50

100 150 200
Measured Rear Irradiance [W/m?2)

250

200

Modeled Rear Irradiance [W/m?]

250

250

200

150

100

Medeled Rear Irradiance [Wim?

50
Measured Rear Irradiance [W/m?]

100

200 250

100

150

200 250

Measured Rear Irradiance [W/m?2)

NREL | 24



In-plane torque-tube causes a different shading profile
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In-plane torque-tube shading.

Sensor location for sensors located at torque tube
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Measured vs. modeled Rear Irradiances, overall modeling

accuracy at anv position
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