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ee~ Aplicagao do Sistema APOLLD de Flutuagao AE SOLAR
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Projeto: Sistema de Geragéo Elétrica Fotovoltaica
Flutuante

Votoranum . 1'
Metals Ho|d| "}

Cliente: VOTORANTIM METAIS HOLDING

Localizagéo do projeto: Vazante, MG

Capacidade: 18,38 MWp







e@e~ Estudo do Instituto Fraunhoter ISE sobre Painéis Bifaciais AE SOLAR

Predicting Bifacial Yields
Validation Il

Single module model
validation...

22

~ Fraunhofer
ISE

slternative enerayee

First example values for a rooftop system:

type tilt angle albedo GCR Country bifacial Gain
rooftop 20 0,40 0,40 DE 6%
rooftop 20 0,40 0,40 DE 11%
rooftop 20 0,40 0,40 DE 14%
rooftop 0.3m 20 0,20 0,40 DE 6%
rooftop 0.3m 20 0,40 0,40 DE 11%
rooftop 0.3m 20 0,60 0,40 DE 16%
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Predicting Bifacial Yields
Validation | System model validation results (235 days in 2009):

height tiltangle albedo  bifacial Gain

The prototype: DC
Bifacial module test Measurement 0,2 m 15 0,64 21.9%
installation, Model 02m 15 0,64 21.1%

monitored by
Fraunhofer ISE in 2009

20 =
: ~Z Fraunhofer

ISE






ee~ Metodo de Fator de Visualizagao AE SOLAR

Ve eneray ee

o Alternativa: Simulador Bifacial PUB (Purdue University,
Indiana);

o Algoritmo do simulador baseado no método * View Factor in
Solar Photovoltaic Panels'

o |dgica analitica e resultados congruentes com os obtidos pelo

Fraunhafer ISE:

e Boa concordancia com resultados medidos em diversas usinas
pelo mundo;

« Permite extrapolar parametros para encontrar orientagéo ideal.

T LT AT T



ee~ Metodn de Fator de Visualizagao

Table. 1 Maodeling Framework Validation Against Literature

AE SOLAR

alternative eneragvee®

Location {Type) Elevation / Albedo / Bifaciality | Tilt Angle/ Facing | Reported Bifacial Calculated Difference
Module Height Ciann (%) Bifacial Gain (%) {%a)
(m) . )
S SR o STERET — — — Simulador PUB tem correlagéo com resultados
[11] medidos em diversas usinas pelo munde;
Cairo (Sim.) 17093 0.5/08 22° / South 24 8 25 4.2
[11]
Oslo (Sim.) [11] 0.5/093 02/08 517/ South 10.4 13.6 -3.2
Oslo (Sim.) [11] 0.5/ 093 0.2/08 47 / South 16.4 228 6.4
Hokkaido® 0.5/ 1.66 0.2/0.95 35" / South 233 25.7 24
(Exp.) [46] Purdue University Bifacial
Hokkaido® 0.5/ 1.66 0.5/0.95 35 / South 8.6 13 4.4 Misdule:Eilcatstor
(Exp.) [46] (PUB)
Albuquerque 1.08 / 0.984 0.55 /0.9 15° / South 32,54 30.2 2.3
(Exp.)[16] Date: 02/18/2018
II1“.“!{“"“!-{'““ I 'UH"E U'{}H’“ U'Ss 'llu'{} Is“"‘ wc'ﬂt 3{'}“ 3'&'? 2'3 Purdue University Bifacial Module Calcwlator (PUB) is a module-level simulator
i that can accurately model and optimize the performance of a bifacial module at any
(Exp.) [ 16] BN e e
Albuquerque 1.03 /0984 0.25/09 307 / South 199e 14.6 44 o sy oty ko s Ml e o f e poolacl
{EK Fl.} [ I'ﬁ] :::.::\P;:::d‘louf::cillimcml;‘:;i:x:;o:’n:flhi(ad:l‘:::l.‘::(anm‘.‘n. _—
Albuquerque*** | 0.89/ 0.984 0.25/0.9 90 / South 30.5%* 322 -1.6 T,
(Exp.) [16] e e
Golden (Exp.) 1.02/1.02 0.2/0.6 307/ South 8.3 B.6 0.3 o
LL LY ]

* Only data from May to August were used to eliminate snow ing effects.
** Average bifacial gain of multiple test modules was used.
*9% The cast-west-facing vertical modules measurement in [ 16] shows great discrepancy between two modules; therefor, it is not included

here.

#es® Bifacial measurement (122016 to 082017) performed by the National Renewable Energy Laboratory.

The global meteorological database used in PUB canbe found in:
Purdue University Meteorological Tool (PUMET) [1):
https://nanohub. org/tooks pumet



oo~ JSimulador PUB - AE 38aW AE SOLAR
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Inspiring green-energy since 2003

= G Technology

> AE BIFACIAL DOUBLE GLASS

‘MONOCRYSTALLINE PV MODULES
AE MB-/72 Series 370VW-385W



ee~ uimulador PUB - AE 3daW

Parametros de simulagdo configurados no PUB

Diffuse Light
_ Direct Light
Ta '
-
~. ﬁ/ ) ‘:‘.'
- 6/9/” /
/4. TiltAngle
. Albedo Light
Elevation P /,,’ N
E——— \\‘;// |

AE SOLAR

alternative energy @ee

Latitude: |-17,9925

Longitude: |-46.9035

Module Height (m)3:[1.984

Elevation (m):|0.d

Azimuth Angle (deg): lO

Tilt Angle (deg): |30

Front-Side Efficiency (%):]19.84

Bifaciality(%): |70

Ground Albedo (%)3 |65
Electro-Thernal (Faiman Model): @ ~ Jmm yes

Temperature Coefficient (X/K): |-0.38

U0 {(W/m2/K): constant heat transfer conponmt:|22.7

Ul (W.s/m3/K}: convective heat transfer comonent.:[G.B‘l
Compare to a Monofacial Module: @ — Jmm yes

Spec1

Latitudes |-17,9925

Longitude: |-46,9035

Module Height (m):|1.984

Elevation (m):|0.4

Azimuth Angle (deg): |0

Tilt Angle {(deg):|30

Front-Side Efficiency (%):|19.84

Bifaciality(%): |70

Ground Albedo (%): |65
Electro-Thermal (Faiman Model): @ — jmm yes

Temperature Coefficient (%X/K): |-0.38

UO (W/m2/K): constant heat transfer comonent:|22.7

Ul W,e/m3/K): convective heat transfer component: |6.84
Compare to a Monofacial Module: @ — jmm yes




ee« Jimulador PUB - AE 3daW

Mounthly Energy Yield (kw.hdém2?

Resultados em geragéo de energia por més
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alternative eneray ee

Leragéo anual esperada:

437,akWh/m?

Lanho bifacial médio:

17.67%




oo~ JSimulador PUB - AE 38aW AE SOLAR

slternative energy 8e

Leragdo de energia em relagio ao nivel de elevagao
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Leragdo de energia em relagio ao angulo de inclinagéo
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o0 Simulador PUB - AE 38aW AE SOLAR

Leragdo de energia em relagdo ao Albedo (reflexividade do solo)
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Leragdo de energia em relagdo ao fator de Bifacialidade
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o0 Simulador PUR - AE 45aW AE SOLAR
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Inspiring green-energy since 2003

AE HALF CELL BIFACIAL
MONOCRYSTALLINE PV MODULES
- AE HMBL- 44 Series 440W-455W

tested by “ Fraunhofer
CcSP




oo« vimulador PUB - AE 420W

Parametros de simulagdo: Inclinagédo de [8° e elevagao de 0.Z2m

WInitialize Simulation Parameters

AE SOLAR

slternative enerayee

Diffuse Light
. Direct Light
~a '
-
- e,g/”
/@ TiltAngle
. —&~ Albedo Light
Elevation &N\ ¥ X
W S Q‘/’/ i |

A

Latitude: |-17,9925

Longitude: |-46,3035

Module Height (m):|2.076

Elevation (m):|0.2

Azinuth Angle (deg): |0

Tilt Angle (deg):|[18

Front-Side Efficiency {(%): |20.93

Bifaciality(%): |70

Ground Albedo (%) 65
Electro-Thermal (Faiman Model): @ ~ Jmm yes

Temperature Coefficient (%/K): |-0.35

U0 (W/m2/K}: constant heat transfer component: |22.7

Ul (H,=/m3/K): convective heat transfer comonent.:lG.Bd
Compare to a Monofacial Module: @ _P yes

Latitude: |-17,9925

Longitude: I-46 .9035

Module Height (m):|2.076

Elevation (m):|0.2

Azimuth Angle (deg): |0

Tilt Angle (deg):

Front-Side Efficiency (%): |20 93

Bifaciality(%): |70

Ground Albedo (%):|65
Electro-Thermal (Faiman Model): @ — Jmm yes

Temperature Coefficient (X/K): |-0.35

U0 (W/m2/K}: constant heat transfer component: |22.7

Ul (W.s/m3/K}: convective heat transfer component: I6.84
Compare to a Monofacial Module: @ — jm yes




ee« Jimulador PUB - AE 4a0aW

Resultados em geragéo de energia por més

Mounthly Energy Yield (kw.hém2?
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Leragéo anual esperada:

431,akWh/m?

Ganho bifacial médio:

10,66%




oo« vimulador PUB - AE 420W AE SOLAR

Parametros de simulagdo: Inclinagdo de 30° e elevagéo de 0.4m

W Initialize Simnulation Parameters

sl

Diffuse Light
_ Direct Light

' Latitudes |-17,9925

-

Longitude: |-46.,9035

=g /YG/'
O/
/- Tit Angle Module Height (m)3:|2.076
. S %~ Albedo Light
Elevation (\'\ /f B Elevation {(m}: IO .4
y i\ :
Lat itude: [-17,9925 Azimuth Angle (deg): |0
Longitude:|-46.9035 Tllt %le (deg): l30
Module Height (m):|2.076 WIS |
Elevation (m):[0.d Front-Side Efficiency (%): |20 .93
Azinuth Angle (deg)s: |0 Bifaciality(%): [70
Tilt Angle (deg):|30
Front-Side Efficiency (%):[20,93 Ground Albedo (%): |65

Ground Albedo (%): |65

Electro-Thermal (Faiman Model): @ — Jmm yes

Elsctro-Trersal (Faisan Model): @\ T yes Temperature Coefficient (%4/K):|-0,35
Temperature Coefficient {(%4/K): |-0.35
- +
10 (H/RR/KD¢ constart heat ‘transfer-components [22.7 U0 (W/m2/K): constant heat transfer component: l22.7
Ui €H.57837K)3 convective: heat Eranersn comrens |6 .04 UL (W.s/m3/K): convective heat transfer component:|6.8d

Compare to a Monofacial Module: @ — jmm yes

Compare to a Monofacial Module: @ — jm yes




ee« Jimulador PUB - AE 4a0aW

Resultados em geragéo de energia por més

Mounthly Energy Yield (kw.hdém2?
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Leragéo anual esperada:

483,6kWh/m?

Lanho bifacial médio:

17.a3%




ee~ dSimulador PUB - Comparagéo

AE SOLAR

385W
Inclinagéo 18°

Elevacao 0,2m*

385W
Inclinagéo 30°
Elevacdo 0,4m

455W
Inclinagéo 18°
Elevacdo 0,2m

455W
Inclinagéo 30°
Elevacdo 0,4m

Geracdo anual esperada

para atingir 18,38MWp

por area [kKWh/m?] 420,7 457,5 451,5 483,6
Ganho Bifacial Médio [%] 11,44 17,67 10,66 17,53
Geracao anual esperada
oor flutuador [MWHh] 1,567 1,802 1,963 2,102
Geracdo anual esperada
por 31.744 painéis [GWh] 24,81 28,60 31,16 33,36
Pain€is necessarios 42.840 40.572 36.504 34.370

*Simulacéo realizada em estudo anterior



ee~ Método de Fator de Visualizagéo - Simulador PUB AE SOLAR

Conclusies:

o [l ganho bifacial ndo & muito influenciado pelo tipo de painel utilizado, mas sim pelos parémetros adotados;
[ painel de 45aW proporciona maior geragéo anual devido a sua maior eficiéncia e area;

 Nas melhores circunstancias simuladas, estimam-se os sequintes resultados para o painel AE 4aaW:

Leragdo anual por area: 483,6kWh/m?
Lanho Bifacial médio: [7,05%

Leragdo anual com 31.744 paingis: 33,366Wh
 Painéis necessarios para atingir [8,38MWp: 34.370 paingis;

o (s valores obtidos através da simulagdo representam estimativas, e estdo sujeitos a variagies em situagies reais.
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