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PV Team Context
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PV Team Context
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PV Team Context
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PV Team Context
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PV Team Context
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PV News

Los agricultores recelan del auge
de las renovables por el uso de la
tierra

Redacciéon 10/05/21

El campo se rebela contra la 'invasion' de huertos
solares

¥ Agricultores y ganaderos crean plataformas ante la proliferacion de proyectos

Challenge

Land-Positive

. . PV Solutions
El auge de las energias renovables ha despertado recelos entre los agricultores y ganaderos de

algunas zonas de Espafia, que ven peligrar el uso de las tierras que necesitan para producir
alimentos ante el avance de grandes parques edlicos o proyectos de placas solares,

UJd.es
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Context

Infraestructure PV Integration

Noise Barriers

Land-Positive
PV Solution?



Infraestructure PV Integration

CEFRABID

Energia limpia procedente del Clean energy from road
desarrollo de infraestructuras acoustic barriers
de barreras acusticas viarias infrastructure development
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Pre-Analysis

Infraestructure PV Integration

Annual DC Net Energy (kwh/year) - Azimuth (2)

—@—Tilt (102) =—@=Tilt(20?) =—@=Tilt(30%) -—@=Tilt(35°) =——@=Tilt(902) #—Seasonal Tilt

PV MODULE 1
BIFACIAL

0
800
330 750 30
) o~
3¢ 700 1
o
o
Sk 650 2
= X
=8
300 60
[-4
o
=
[
2
)
]
o
=
270 90
240 120

180

Preliminary

simulations

UJa.es
12



Pre-Analysis

There are already
Hybrid Solutions

Support
structure




Pre-Analysis

Infraestructure PV Integration

ADVANTAGES

Acoustic Isolation +
Electrical (Green) Production

Land-Positive
PV Solution

Environmental Awareness




Pre-Analysis

LIMITATIONS

Lack of Standardization 2>
Custom Designs l @

(Noise Barriers and PV modules) '

Limitation in System Orientation
(Optimal in East-West Roads)

Limitation in Electricity Production




Pre-Analysis

Standardization
(Noise Barriers and PV modules)

Minimise Azimuth Limitations

Maximise PV
Electricity Production

U..la.es1
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Technical Proposal

Noise Barrier
(Standard)

Infraestructure PV Integration

1 axis Solar
Tracker
(Standard)

30 - SISTEMA FOTOVOLTAICO
31- Modulo fotovoltaico BIFACIAL

32- Médulo fotovoltaico ESTANDAR

20 - MECANISMO
DE SEGUIMIENTO
\

U..la.es1

ACUSTICA 11 Pilar Soporte

7



Technical Proposal

Technical Proposal installed at the
University of Jaén Campus

12m x ~4m

(Operating) U..la.es18



Technical Proposal




Infraestructure PV Integration

Standard BIFACIAL

1a

Standard Monofac

PV Modules

PV Modules

Technical Proposal
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Technical Proposal
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Technical Proposal

Acoustic Isolation +
Electrical (Green)
Production

Land-Positive
PV Solution

Environmental Awareness

Standard Design
Custom Designs (PV Modules, Noise Barriers
(Noise Barriers and PV modules) and Tracker)

Limitation in Azimuth Orientation NO Azimuth Limitation
(Optimal in East-West Roads) (No Road Limitation)

Maximization of Electricity
Production

Limitation in Electricity Productio [ jﬂ
LN (Compared to fixed systems) UJa.es
2
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Preliminary Results

Infraestructure PV Integration

Noise Attenuation (Simulation)
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Noise map

390m

Scenario
- Short element
- Point sound source

UJa.es
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Preliminary Results

Noise Attenuation (Simulation + Measurement)

Infraestructure PV Integration

Noise map

66

Scenario
- Short element
- Point sound source

9:07:12 9:21:36 9:36:00 9:50:24 10:04:48 10:19:12 10:33:36 U-la
85

64

62

60

58

Al

54

52

——Inner Side ——Road Side



Preliminary Results

Noise Attenuation (Simulations)

Infraestructure PV Integration

Noise map

Scenario
- Long element
- Linear sound source




Preliminary Results

Infraestructure PV Integration

Energy Improvements (Simulations)
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Preliminary Results

Annual DC Net Energy (kWh/year) - Azimuth (°)

== Tilt (0°)
== Tilt (10°)
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Preliminary Results

MINISTERIO e
1 DE ENERGIA, TURISMO Oflcinu Espafiola
¥ AGENDA DIGITAL de Patentes y Marcas

N° SOLICITUD: U202032453

Licensing the Utility Model
N° PUBLICACION: ES1258189

TITULARIES: Collaborate in future projects
UNIVERSIDAD DE JAEN based on this proposal

FECHA EXPEDICION: 25/02/2021

TiTULO
DE
MODELO DE UTILIDAD

Cumplidos los requisitos previstos en la vigente Ley 24/2015, de 24 de julio, de Patentes, se
expide el presente TITULO, acreditativo de la concesion del Modelo de Utilidad.

Se otorga al titular un derecho de exclusiva en todo el territorio nacional, bajo las
condiciones y con las limitaciones en la Ley de Patentes. La duracion del modelo de utilidad uJa
€5
2

sera de diez anos contados a partir de la fecha de presentacion de la solicitud (11/05/2020). 8



R&D Results

Infraestructure PV Integration

Bifacial PV Characterisation

Bifacial vs
kWh/kWp PV Array Energy Yield (March 24th, 2021) Monofacial
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R&D Results

Infraestructure PV Integration

Bifacial PV Characterisation

Bifacial vs
kWh/kW i .
/kWp PV Array Energy Yield (March 19th, 2021) Monofacial
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R&D Results

Infraestructure PV Integration
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R&D Results

B F Bifacial Comparison (March 24th, 2021)

Mismatch

Bifacial Comparison (March 24th, 2021)

@14h > +6.3% (BF1-BF8)

Median Value=> +9.8%

100
12:00 12:28 12:57 13:26 13:55 14:24 14:52 15:21 15:50




R&D Results

Infraestructure PV Integration

Bifacial Comparison (June 29th, 2021)
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Bifacial Comparison (June 29th, 2021)

@14h > +3.9% (BF1-BF8) [ e
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B F Bifacial Comparison (March 19th, 2021)

Mismatch
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Bifacial Comparison (March 19th, 2021)
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R&D Results

Infraestructure PV Integration

Temperature

Analysis

Module Temperature (measurements),
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R&D Results

Bifacial PV Characterisation

Infraestructure PV Integration

Temperature
Analysis

Tmod measured vs calculated Tmod measured vs calculated
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R&D Results

Bifacial PV Characterisation

Infraestructure PV Integration

Power
calculations
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Self-Consumption PV Design

I Potencia instalada Autoconsumo FV. Instalada anual (MW).

Potencia instalada Autoconsumo FV. Instalada acumulada (MW).

__ 700 o 1800 g

g 600 b, 1600 %‘

™ o
HOJA DE RUTA p =

()

EL AUTOCONSUMO g 300 236 20§
‘© 200 o 600 g

g 122 w0 5

£ 100 75 49 _55 i 00 §

o 0 = G “ 0 E

2014 2015 2016 2017 2018 2019 2020

FUENTE: Ministerio para la Transicion Ecoldgica y el Reto Demogrdfico a partir de datos de la Unidn
Espafiola fotovoltaica (UNEF).

2030

Tipo de consumidor (GW) Escenario OBJETIVO |, A?E‘;';::u 6N
Comercial 5,8 7.7
Residencial plurifamiliar 19 3,8
Residencial unifamiliar 0,1 0,9
. Industrial 1,1 1,6
T‘ e e Retncia TOTAL NACIONAL'S 9 14

e e e e e e e e e

FUENTE: Ministerio para la Transicion Ecolégica y el Reto Demogrdfico a partir del informe de potencial IDAE.

39



Self-Consumption PV Design

“Standardised” Designs

South | | Tilt Angles:
Orientations [ 25-35°
(if possible) Roof Slope

e
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Self-Consumption PV Design

PV Generation vs Consumption Profiles

( Consumpt|0n ]CDNSUMD MEDIO DIARIA MENSUAL PV
Generation | MEDIA DIARIA MENSUAL
s EMER D e FERRERD s AR ABRIL [ 4501 s |LII O
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z
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Consumption —
DICIEMBRE PV Generation ABRIL
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-~ 50,00
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25,00 ,
£ 60 kWp 302 L 30,00 e Qabril
E ' = Qdiciembre E ——60 kWp 302
15,00 20,00 p SU=
10,00 ——60kWp 10° —— 60 kWp 102
10,00 P
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500 1 3 5 7 911 13 15 17 19 21 23 1] 3 5| 7| |9] 11 1315 17 19 21 23 UJa.es
HORA DEL DIA N HORA DEL DA 41



PV Generation vs Consumption Profiles Self-Consumption PV Design

CONSUMO DIA TIPO_LABORAL VS GENERACION FV

i CONSUMO DiA TIPO LABORAL VS GENERACION FV kWh
8.0 -
1.60

0.0 t : : : : s s t e
0.00 . N o | N | | S 0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48 19:12 21:36 0:00
0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48 19:12 21:36 0:00 —enero —FV

—enero —FV

Mismatch
wh CONSUMO DiA TIPO_LABORAL VS GENERACION FV Cons um ptio n-—
PV Generation

CONSUMO DiA TIPO_ LABORAL VS GENERACION FV

5.0
10.0
20 80
6.0
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40
2.0
20
1.0 00 +——— v L . SR R N—
0:00 2:24 4:48 712 9:36 12:.00 14:24 16:48 19:12 21:36 0:00
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0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48 19:12 21:36 0:00

—noviembre —FV UJa " E'5
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Context

Self-Consumption PV Design

Retail prices (PVPC)
< Day-ahead market Updated 11 Mar 18:18

Updated 11 Mar 18:17 Price Breakdown

Peninsula Periods il

- N
Self-consumption v/}

0.9540 e/kwh 0.7026 €/kwh

: Hourly basis ]

—. 0
00:00 06:00 12:00 18:00

00:00
<0.10 €/kWh 0.10-0.15 €/kWh >0.15 €/kWh

09, Mar 2022

08, Mar 2022 Day Year

10 UJa.es
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Design optimisation tool

Inicio

Self-Consumption PV Design

Bienvenido a FotoV

La energla solar fotovoltaica se ha convertido en una alternativa rentable para el suministro de la electricidad
en los hogares sustituyende, al menos parcialmente, el consumo eléctrico que se venia realizando de manera
tradicional en nuestras viviendas, por una fuente de energia renovable que aprovecha el recurso solar

disponible.

Con esta aplicacién podras obtener, a partir de tu curva de consumo, un dimensionado de un sistema
fotovoltaico adaptado a tus necesidades usando técnicas de computacion evolutiva. Mas concretamente:

Algoritmos genéticos.

Grupo SIMIDAT
Grupo IDEA

Universidad de Jaén

IDEA Photovoltaic
Engineering
Research Team

Contacto

Intelligent Systems
and Data Mining
Research Team UJa.es
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Design optimisation tool

Self-Consumption PV Design
Experimentos realizados

Experimento ID: 48

Informacion basica
Fecha March 8, 2022, 3:25 a.m.
Latitud 37.77342006532819
Longitud -3.7868928909301762
Curva de consumo cristobalmerged.csv
Total de energia consumida 9997.9 kwh

Coste sin placas 3465.04 €

w
>
a
3
=]
&
e
=]
)
(95}
o
B

Resumen 5 modulos - 2. 7 modulos - 3.5 kw 8 modulos - 4.0 kw 9 modulos - 4.5 kw \
Ejecucion Coste con compensacion Energia generada Amortizacién

5 modulos - 2.5 kw 37 € .33 4746.11 kWh 7.781652861680263 periodos

6 modulos - 3.0 kw 63 € X 5720.61 kWh 7.763012563854756 periodos

7 modulos - 3.5 kw 32577 € .73 6653.49 kWh 7.887901880326466 periodos

8 modulos - 4.0 kw 32452 € 5 7695.46 kWh 8.069424823410698 periodos

modulos - 4.5 kw 05€ 8421.09 kWh 8.167951868485721 periodos

User’s PV Generation

Simulation

Consumption
Profile

Electricity tariffs

Hourly basis UJa.es
4
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Design optimisation tool

Self-Consumption PV Design

Resumen

Resultados del algoritmo
Tiempo de ejecucién 0:16:07.830000 s
Coste instalacién 4493.2 €
Coste total con placas (sin compensacion) 3271.63 €
Coste total con placas (con compensacién) 28856 €
Energia producida 5720.61 kWh
Energia comprada 7241.78 kWh
Energia autoconsumida 2756.12 kwh
e 2I.2I7I2599022803 periodos

Amortizacion (en periodos dados por la curva de consumo, con compensacion) 7.763012563854756 periodos

N° Modulo Nombre Descripcion Potencia (kw) Inclinacion (*) Acimut y orientacion real (°, siendo 0° el Sur)
Sin nombre Sin descripcion 0.4998 40.0 150.0°, NNW (Nornoroeste)
Sin nombre Sin descripcibn 0.4993 40.0 150.0°, NNW (Nornoroeste)
Sin nombre Sin descripcion 0.4998 40.0 150.0°, NNW (Nornoroeste)
Sin nombre Sin descripcion 0.4998 40.0 150.09, NNW (Nornoroeste)
Sin nombre Sin descripcidn 0.4993 40.0 150.0°, NNW (Nornoroeste)

Sin nombre Sin descripcion 0.4998 40.0 150.0%, NNW (Nornoroeste)




Design optimisation tool

Self-Consumption PV Design

Customised design solution

Resumen =
1250 ® Comprade energia @ Autoconsumo @ Exportacién
1000
Jan 2021
» Compra de energia: 697.3037283251754
=
Nl
[=]
Tz
g 500
: I I I I I I I I I
Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021 Jun 2021 Jul 2021 Aug 2021 Sep 2021 Oct 2021 Nov 2021 Dec 2021 Jan 2022 Feb 2022
Periodo
Highcharts.com
Consumo (compra de energia) y autoconsumo =
1500 ® Compra de energia @ Autoconsumo
ooy
1250
1145915
1000 955.082 937.08 978176
— B6E.448
z 832,137 827.423
=
E 750
T
= 492.662
500
410.251 397.193 -
299.148
250
99,881
o m H . B == —
Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021 Jun 2021 Jul 2021 Aug 2021 Sep 2021 Oct 2021 Nov 2021 Dec 2021 Jan 2022 Feb 2022

UJa.es
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Design optimisation tool

Self-Consumption PV Design

Customised design solution

Highchartz.cam

Autoconsumo y exportacion =

800 @ Autoconsumo @ Exportacién

597.9707366241
543,5211096379 553.5970073879
485.27369818591 491.65303358204

600

g 420.20504738035 429.54162673852
2 400 - 380.38508419636
o
E 304.52835171193 322.81727194814
275.28685343324
e .
. - - - 25.891544612552
0 [ —
Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021 Jun 2021 Jul 2021 Aug 2021 Sep 2021 Oct 2021 MNov 2021 Dec 2021 Jan 2022 Feb 2022
Periodo
Highcharts.com
Ahorro (gasto sin placas menos gasto con placas) con compensacion =
&0
&0 -
2
@ Ahorro mensual (€): 44 40862766925293
=)
2 40
o
=
I
20 I I I
[} .
10
Periodo

Highchartz.cam

UJa.es
48



Design optimisation tool

Customised design solution

Self-Consumption PV Design

Realiz
13/10/2021 14/10/2021 saltzar
consulta
Resumen
2 =% Compra de energia -8 AutoConsumo =+ Exportacidn
z
3
g

B
Ko

Periodo

Hig hcharts.com
Consumo (compra de energia) y autoconsumo =

@ Compra de energia @ Autoconsumo

Energia (kw)

0.223 0199 0192 0.193 —— 0.203 0.206

Ko

Periodo

Highcharts.cam
AUTOCONSUMO Y eXportacion

1.7412050370268
1.4992006214473 . 1546589671407

Hourly basis B

@ Autoconsumo @ Exportacién

1.468536172973

Energia (kw)

1.1964710525402 -
1.0551640873757
-n.smsssgssﬂsn

.394 77046748917

0.08685366931075; ‘
.031416262817603
B o o 0 o L'

]

o

B
Ko
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Design optimisation tool

N° Modulo Nombre Descripcién Potencia (kw) Inclinacién () Acimut y orientacién real (°, siendo 0° el Sur)
Sin nombre Sin descripcién 0.4998 35.0 165.0° NMNW (Nomoroeste)
5in nombre Sin descripcion 0.4998 300 155.0° NNW (Nomoroeste)
Sin nombre Sin descripcion 0.4998 40.0 140.0°, NW (Noroeste)
5in nombre Sin descripcion 0.4998 40.0 150.0° NNW (Nomoroeste)

Sin nombre Sin descripcion 0.4998 45.0 145.0°, NW (Noroeste)

Resumen

® Comprade energia @ Autoconsumo @ Exportacidn

Adapted Tilt Angles - Orientations
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Context

Infraestructure PV Integration

Photovoltaic Engineering
ApplicationS: Self-Consumption PV Design
Alternatives to standard
designs

kWh/kWp PV Array Energy Yield (March 24th, 2021)
16 1000
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Context

Next Steps

Infraestructure PV Integration

Self-Consumption PV Design
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