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The earth’s population consumes ~ 21 trillion kWhrs of electricity, with ~ 2/3 

generated using fossil fuels

2018

World Energy Consumption  
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20 TIMES

SOLAR ENERGY

2850 TIMES

WIND
200 TIMES

All renewable energy sources provide 3078x the 

global energy demand

Outlook on Global Solar Energy
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Em 1965 perto de 27% da energia primária 
do mundo eram usados para produzir 
eletricidade.

Em 2035 quase metade da energia 
primária mundial deverá ser usada apenas 
para produzir eletricidade.

Energy Outlook 2016 - BP

A fração da energia primaria mundial usada 
reservada à produção de eletricidade cresce.

Cedido por Antonio Camargo
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Total: 273,37 MTOE
(3.180 TWh)

(~ 43,5% renováveis)

89,741 (32,83%)

37,938 (13,88%)

15,964 (5,84%)5,724 (2,1%)

31,898 (11,67%)

23,424 (8,57%)

49,725 (18,19%)

18,952 (6,93%)

MILHÕES TEP

PETRÓLEO GÁS CARVÃO NUCLEAR HIDRO LENHA DERIV. CANA OUTROS

In Brazil
Cedido por Antonio Camargo
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SIN
HIDRO

EÓLICA NUCLEAR

TÉRMICA SOLAR

Cedido por Antonio Camargo



Main Industries

Photovoltaics > Nuclear

In Brazil
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Generalized picture

• Metastable high and low 

energy states

• Absorber transfers charges into 

high and low energy state

• Driving force brings charges to 

contacts

• Selective contacts

Green, M.A., Photovoltaic principles. Physica E, 14 (2002) 11-17
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The Photovoltaic (PV) Effect
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Measuring a solar cell 

Voc

Jsc

dark

light

reverse

forward

Fill Factor =

area of the curve 
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Perovskite material

A + cations

methylammonium (MA +); formamidinium
(FA+); cesium (Cs+), rubidium (Rb+); 
ethylammonium (EA+); guanidinium (GA+)

X− anions (I−; Br−, Cl−)

B2+ cations (Pb+2;  Sn+2; Ge+2)

Most used material : CH3NH3PbI3



HTM

Nature Communications 5, Article number: 3834 doi:10.1038/ncomms4834

Work Principle of perovskite solar cells
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Degradation

•Intrinsic defect of perovskite material

(volatile organic cations, ions diffusion)
• Interfaces,

• Stable conductive hole material,

• Encapsulation

Hysteresis

• Charge traps- charge accumulation

• Mobile ions (I-, Cl-, methylamonium+)
• Ferroeletric dipoles

Challenges in perovskite solar cells

degraded



FAPESP bulletin

Our contribution



Nb2O5 vs TiO2

Nb2O5 is similar to TiO2, with

• better chemical stability

• higher electronegativity than TiO2

• band gap allows higher Voc

Brazil - the largest mineral reserves of niobium



Main results

• Study of Nb2O5 as hole transport layer

• Origin of hysteresis in perovskite solar cells

•Use of different niobium oxide films and its influence on the performance of

the solar cells



NO HYSTERESIS : BETTER ELECTRON EXTRACTION DUE THE BAND GAP 

ENGINEERING !

Nb2O5 –

better stability 

and no J-V 

hysteresis 

Comparing TiO2 x Nb2O5
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S.L. Fernandes, A.C. Véron, N.F.A. Neto, F.A. Nüesch, et al., Nb2O5 hole blocking layer for hysteresis-free perovskite solar cells., Materials Letter, 181 (2016) 103–107. doi: 

10.1016/j.matlet.2016.06.018.

band gap 

engineering
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No hysteresis: Better electron extraction



Efficient interfacial charge extraction is crucial for mitigating the impact of oxygen-induced degradation.

Combination of non extracted electrons and molecular oxygen decomposed the perovskite materials 

High stability: Better electron extraction

RSC Adv., 2016, 6, 38079–38091 | 38079



Exploring the properties of niobium oxide films for perovskite solar cells

X-Ray Diffraction

110 nm thick films

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)
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XPS spectra of the niobium oxide films 
FE-SEM images of the 3NbO (a), 3.5NbO (b), 

4NbO (c) and 10 NbO (d).

Exploring the properties of niobium oxide films for perovskite solar cells

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)
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Exploring the properties of niobium oxide films for perovskite solar cells

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)
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High performance of  3.5NbO 

based solar cells

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)

Exploring the properties of niobium oxide films for perovskite solar cells

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)
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PL photoluminescence

Exploring the properties of niobium oxide films for perovskite solar cells

S.L. Fernandes et al.,  Frontiers in Chemistry (2019)
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Thank you!



Our Group
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