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1. Introduction
Global energy

World Population

in Billions

(BP) The world energy consumption:
- grew 5.6% in 2010, the highest rate since

i 1973
T - will at least double by 2050 with a
j__ World Population Forecast to 2040 prediCted pOpUlGﬁOﬂ Of CIppI'OXiITICIi'Q'Y

nine billion

from International Futures
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World energy use [l

—industry All the scenarios to 2050 have been analyzed
based on an increasing World population, a
slow economic growth, a reduction of
available fossil fuel, the problem of CO,
—Transportation emission and climate change policy, etc. for a
—ruel ranstormation | SUStalNable development
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-—Power Generation
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[1] International Energy Agency: Energptechialagy perspective 2008 - Scenarios and strategies to 2050 hitps:/ifb.comitailieudientucntt
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1. Infroduction
Global energy

The International Energy Agency (IEA):
“How to achieve a clean, clever and competitive
energy future”

20000 - Renewable energy resources: solar energy, wind

18000 1 energy, geothermal energy, bio-energy, ocean
160001 [HBiomass energy, hydrogen power and other natural resources
14000 1 O Solar

w2000 7 O Wind
toooo 1| Use of renewable energy: 35 — 46% of total
zgzg power generation requirement by 2050
4000 <
mﬁgj i l More than 30% of world electricity coming

2001 2010 2020 2030 2050 from renewable energy

Recommended annual production of World
renewable electricity (European

Commission: World energy technology factor for the generation of electricity by for example
outlook — 2050) thermodynamic power plants and photovoltaic systems

Beyond 2030, solar energy becomes an important

integrated into buildings.
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1. Introduction
Photovoltaic

Photovoltaic (PV): the most direct way to convert solar

1.7 x 10° Tera-Watt radiation into electricity based on the photovoltaic effect
(1) The absorption of light to generate an electron -
hole pair
3
* (2) The separation of electron and hole by the structure
e A of the device - electrons to the negative terminal and
° hole i ' )
o ele@
z |
600 TW

Energy demand : ~ 28 TW
(2050)
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Infroduction

Photovoltaic

Best Research-Cell Efficiencies

iiNREL

NATIONAL RENEWABLE ENERGY LABORATORY

Multijunction Cells (2-terminal, monolithic)

LM = lattice matched

MM = metamorphic

IMM = inverted, metamorphic
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Bl Four-junction or more (concentrator)
Four-junction or more (non-concentrator)

Single-Junction GaAs
A Single crystal

A Concentrator

V' Thin-film crystal

Crystalline Si Cells

B Single crystal (concentrator)

B Single crystal (non-concentrator)
O Multicrystalline

® Silicon heterostructures (HIT)
V' Thin-film crystal

1BM
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Thin-Film Technologies
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® CIGS

O CdTe

O Amorphous Si:H (stabilized)

Emerging PV
O Dye-sensitized cells
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1. Introduction

Photovoltaic operation
h

A solar cell is determined by measuring the

photo current density J at different potentials V.

2.01

Jsc
1.5 Prax

1.0+

J/ mA/cm?

0.5+

VOC

0.0

0 200 400 600
Voltage/ mV

J =V curve of a DSC, produced with the N719 dye and
non-robust electrolyte.

Light intensity: 100 W/m?, active area of DSC: > 8.0
em?, n: 7.05%, FF: éé%.c
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The standard condition for efficiency

measurement of solar cell:

1 Sun, AM 1.5 G, 25°C (1.000 W/m?)

Overall solar to electrical energy
conversion efficiency

B J.. xV,. xFF
B P

In

n

Fill factor of the cell

FE = I:)max
J sC ><Voc

https://fb.com/tailieudientucntt
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Photovoltaic

Updated table of solar cell performance

| Acumnt



Solar cell efficiency tables -- version 50 (Green et al 2017).pdf
Solar cell efficiency tables -- version 50 (Green et al 2017).pdf
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Silicon Solar cells

TCO (ZnO Al -

Glass Substrate

Fig. 5. Microcrystalline and amorphous silicon
tandem solar cell, as introduced by the IMT
(so-called “micromorph” solar cell) (26) Scale
bar, 2 pm.
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Silicon Solar cells

/

Fig. 2 (a) Single-junction light
amorphous silicon solar cell; (b)
Individual cells deposited onto a vansparen

condyctor
glass sheet are laterally M{L
connected in series by the
pelayer —*

approach shown dlass
=layar —= smj;
AE
Melayer =+ EE‘:E_
rear metal conlact
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Silicon Solar cells

a-51:H. a-51:Ge:H, or pe-51:H

rear metal contact ———™

Fig. 3 Muluple-junction stacked or tandem solar cells where two or
more current-matched cells are stacked on top of one another
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Inorganic thin film solar cells

lass
e o ——+ i
Sno2 window ——
window CdS CaS
alloy layer—— CdSxTeqy
absorber——e- Cu (Ga,In) (Se,S)s
absorber——e
CdTe contact Ma
substrate—m- glass
metal contac
Fig. 6 Device schematic for a cadmium tellunde cell Fig. 7 Basic CIS (copper indium diselemde) cell structure
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Inorganic thin film solar cells

— E

substrate L
FC n BC I
o z |
S < :
— = ovC i
Te E, . i |
wlon - i P |

ZnO:Al @ CdS ¢ ¢ Cu(lnGa)Se, ' Mo
1.2 pm E=32eV E=24eV E=11.14eV
(a) (b)
Figure 4. Schematic view of (a) substrate heterojunction np CdS/CIGS solar cell and (b) band-diagram of
ZnO/CdS/CIGS structure.

\\ CuuDuongThanCong.com https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Inorganic thin film solar cells

superstrate E == T E.
FC n BC
2 &
C! § o
g
photon ~@#=— -E'|..' ' | .
SnO;F ! CdS CdTe ' metal
2.5 um E=34eV E=24eV E=l45¢eV
(a) (b)

Figure 5. Schematic view of (a) superstrate heterojunction np CdS/CdTe solar cell and (b) band-diagram of
Zn0/CdS/CdTe/metal structure.
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Hybrid solar cells

Donor-Nanoparticle-
Acceptor Assembly

Red Ox

Photocatalysis

Photochemical Solar Cell

Figure 3. Strategies to employ nanostructured assemblies for light energy conversion.
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Hybrid solar cells
Dye-sensitized Solar cells
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