CONVERSAO DE ENERGIA SOLAR : CELULAS FOTOVOLTAICAS
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COMO APROVEITAR A ENERGIA SOLAR???

Uso de células fotovoltaicas
a base de Si

Células
Fotovoltaicas Borda

Espaco entre as

células fotovb[t'a‘l’cné’



OUTRAS FORMAS DE UTILIZACAO DA ENERGIA SOLAR
CICLO DA AMONIA (NH,)
Ciclo termoquimico catalitico

Gerador de trabalho

Ammonia Dissociation

Reactor ani i
B bower Block | MNECANICO convertido
2l (Steam) em elétrico
Ammonia Synthesis i
2NH3 —> N2 +6 H2 Reactor ] @
(Exothermic Reactor) :
N/ N, + 6 H, > 2NH;
1 7 Heat Heat Haber-Bosch catalitico
Espelho parabdlico Eanai Bihanget N ..
para concentrar a Reacao altamente exotérmica

radiacao solar Solar Concentrators
(Dishes or Heliostats)

- Storage of Reactants Problemas:
at Ambient Temperature A _a
* High-Pressure Underground Escape de amonia
Cregesicaem Alta pressao e temperatura

Escape de hidrogénio

https://www.aiche.org/resources/publications/cep/2017/ N o : .
Geracgao de oxidos de nitrogénio poluentes
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Overall water splitting system

Major 3 factors

Efficiency -
Cost (or input energy)

Stability (or service time)

0, 3 Reactor _

H,
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mbrane/separator

(@ Electrolyte
pH (0 — 14)
Buffer capability
Envion. effect

@ Photo-electrolysis device

Chem. Soc. Rev.,2019,48, 1908-1971

e.g. OEC/ HEC
Device types

Particulate photocatalyst (suspension or bed)
Photoelectrochemical cell
Photovoltaic cell — electrocatalysis cell

Criteria for Material selection

@ Fabrication method
(@ Earth abundancy

(3 Cost

@ Environmental effect

Efficiency related factors

NstH= Nabs Mouik Nsurface

Naps = Light harvesting
Npu= INNer charge transport
Nsuace= INterfacial charge transport



Célula fotovoltaica Si Externa

Photovoltaic Cell
(a) e

Basic or acid electrolyte

formada por sistema gerador de elétrons (e-) e
lacunas (h+) a partir da absorcao de fotons

(junto ao fotoanodo)

(b)Photoelectrochemical
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LIMITES DE EFICIENCIA DA GERACAO Band Gap and Efficiencies
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TIPOS DE EXCITONS:
WANNIER (SEMICONDUTORES)
FRENKEL (MATERIAIS E COMPOSTOS ORGANICOS)

Wannier exciton Excitons Frenkel exciton
(typical of inorganic (bound (typical of organic
semiconductors) electron-hole materials)
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Electronic Processes in Organic Crystals and Polymers by M. Pope and C.E. Swenberg




Process

Silicio

TIPOS DE CELULAS SOLARES E ESCALA
TEMPORAL DOS PROCESSOS
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https://www.ossila.com/pages/perovskites-and-perovskite-solar-cells-an-introduction




EFICIENCIA COMPARATIVA

!
4

Efficiency (%)

S-Q limit

[ =

@
me-Si CdTe  pergvskite

ne-Si
CZTS e

dye / TiO:
(o]

e  organic ®
PhS QD a-SicH

0.7 09 11 13 15 17 1.8
Band gap (eV)

CONCLUSAO: EFICIENCIA DE UMA

UNICA CAMADA LIMITADA 1/3

rlmax

035

03 F

0.25

02 r

0.15

0.1

0.5 1 1.5 2 2.5
E, (eV)

QUESTAO: COMO AUMENTAR
A EFICIENCIA???




COMBINAGCAO DE SISTEMAS: CELULAS DE MULTIPLAS CAMADAS (TANDEM)

PROMISSORA: PEROVSKITA + SILICIO
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https://www.epfl.ch/labs/pvlab/research/page-124775-en-html/

Encapsulation




COMO AUMENTAR AINDA MAIS O RENDIMENTO???
RESPOSTA: COMBINANDO PROCESSOS COM MAIOR EFICIENCIA DE
GERACAO DE PORTADORES DE CARGA (elétrons e lacunas)

Singlet Fission: 2 excitons for the price of 1
photon
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J. Phys. Chem. Lett. 2014, 5, 13, 2312-2319




MODELOS HIBRIDOS (TANDEM CELLS)

PEDOT-PSS
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Principle of a silicon singlet fission solar cell with incorporated organic

crystals. (Source: M. Kunsting / HZB)
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spin allowed - triplet yield up to 200%
singlet fission is exoergic when AEs> 2 AE;
T-T annihilation is endoergic when AE, AE;, AEs> 2 AE;
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SOLAR CELL: THEORETICAL EFFICIENCY

Ordinary single-junction vs. singlet fission solar cell
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Assumptions:

- 200% triplet yield

- each triplet yields e + h
- detailed balance

-1 Sun illumination

- full absorption of incident
solar light above 1.1 eV

M. Hanna, A. J. Nozik, J. Appl. Phys. 2006, 100, 074510;
Shockley, W.; Queisser, H.J. J. Appl. Phys. 1961, 32, 510-519.

Fonte: Prof. J. Michl




QUAL SERA NO FUTURO A CELULA SOLAR DE ALTA EFICIENCIA ?

UV VISIBLE INFRARED

50 % DE RENDIMENTO !!
Para cada 2 fotons absorvidos uma separacao efetiva de
carga (e- + h+) seria transportado para corrente elétrica

\\\ \\\ \\\ SINGLET FISSION LAYER
\\\ \\\ PEROVSKITE LAYER

\\\ SILICON PN LAYER

QUIMICA + FISICA + ENGENHARIA
ENGENHARIA MOLECULAR



