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Solar Energy

» Solar Energy vs Global Consumption

870 TW
86,000 TW -
Wind
15 TW
SZ;W &
Global
Solar Geothermal Consumption

* Global energy consumption is approximately 15 TW
* Solar energy is 86,000 TW, which is about 5,700 times
greater that the consumption.

* About 99 times greater than wind energy, and about 2,687

times greater the geothermal energy

» Trends of Energy Production in Korea

Year 2017 (15.1GW) Year2018~2030(48.7GW) Year 2030 (63.8GW)

South Korea’s move towards renewables, Energy Transition, 2018

> Solar Irradiation and Air Mass 1.5

_________________________

Radiation intensity
D=15X108km + 1.7% >

Radiation intensity

AM 1.5 Ho
On tilted surface (37°) with zenith angle = 48°

R =6.96X.10° km

e Solarirradiance (H,) ; power density
The amount of power radiated from the sun transmitted from a
point as far away as D

*  Hgyy:5.961 X107 W/m?

*  Calculated solar irradiance at the Earth= 1.353 kW/m?

*  Air Mass zero (AMO) takes a value of 1.353kW/m?
(AM : effect of radiant power density at Earth)

*  Average spectrum = AM 1.5
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Solar Water Splitting

Limitations

» Limited Utilization of Solar Spectrum > Recombination Rate vs Light Absorption
Ton T e e With small bandgap,
bl Ao » wider range of solar spectrum can be utilized
08 u uttraviolet (300-400 nm) . . . .
>  visile (400-700 nm * high recombination rates which lowers the charge
5 0.6 m near infrared (700-2500 nm) generation rate
§ o4
§ 2.0 —
0.2 -
1.5 T
00 s 3 3 =8 & s <
250 500 750 1000 1250 1500 1750 2000 2250 2500 ]| Qe ; T % T o2
wavelength (in nanometers) A —_— T HIE 3 ::“9’ T
5 - 7|8 24lTa 2
B s e i e mas %—;\-':_———5-— E———%—— ——————————————— HYH2 (0V)
1240 nm "%V’ ] Tl §
- w o
———=Anm £ 151 8 &
Eg > R 1 i o e i e e 02/H20 (1.23V)
15— 8 341 g =
Visible Range shows higher intensity 2.0 E o g:;'i 79:'
Energy-wise, NIR range takes up 50% 1l | g Tle
4 BF|L T¢ i
Water Splitting potential (1.23 eV) = 1008 nm; el
up to some part of NIR
Bandgap between 1.5 ~ 2.5 eV is recommended for Water Splitting
However, utilization of Solar Irradiation is limited
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Solar Energy

€ Photoelectrochemical (PEC) system € Air Mass 1.5? ! H = RZSUN !
o T i

_______________________

R =6.96X.10° km . .
Radiation intensity

Xe
i — e = mm == = _t,sample D=1.5X 108 km + 1.7%
, Radiation intensity
Pt AM 1.5 H,
,' On tilted surface (37°) with zenith angle = 48°
/
,/’ *  Solar irradiance (H,) ; power density
/
Pt The amount of power radiated from the sun transmitted from a
/
,/ External int b
,”" power source point as far away as
/
7 *  Hgyy:5.961 X 107 W/m?
/
4 *  Calculated solar irradiance at the Earth= 1.353 kW/m?

light intensity of 100 mW/cm?

. i 2
(Air Mass 1.5 Global condition glass filter) Air Mass zero {AMO) takes a value of 1.353kW/m

(AM : effect of radiant power density at Earth)

*  Average spectrum = AM 1.5
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Photogeneration
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Spectral Irradiation

light intensity of 100 mW/cm?
(Air Mass 1.5 Global condition glass filter)

@ Appropriate bandgap for solar spectrum
@  High electron mobility
@

Low recombination rate

1600

1 - silicon PV Cell 1240 nm

Ny - A nm

Ny Silicon BG = 1.12eV :

w ] | As the bandgap increases, the

« ] absorbable wavelength band shifts
o | 8] to the UV region
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What is Photocatalyst?

237kJ/mol

E,=-1.23V » Photosensitizer
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Solar Energy Conversion Technologies

4 \

High : Final\goal:
Solar ? . Solution of energy problems
photovoltatics- Pholoye h?'cs N
t | Water electrolysis v ol _ A |
process \
N\
> Solar heaf
S ~ Practical use line
(—) o, R
= Photoelectrode =
Biomass |
! Photocatalyst-Electrolysis
hybrid process
Low Artificial photosynthesis Photocatalyst
>
High Cost ~ Low
Complex System Simple
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Photocatalytic water splitting

)/

A
Photosynthesis 4.:>
\

%

A
S| CO,+H,0 Chemical
L energy

Artificial
Photosynthesis
4 (Water splitting)

Photocatalyst
Chemical energy
AG=237kJ/mol

Energy

H,0
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Photosynthesis

Light reaction Dark reaction

Light energy Electrical energy Chemical energy Fuel

LIGHT REACTIO

Thylakoid membrane

REACTION
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Z-scheme of photosynthesis

chloroplast stroma

ferredoxin-NADP reductase
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http://en.wikipedia.org/wiki/Photosynthesis
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Solar Water Splitting

Photovoltaic-Electrolysis Photoelectrochemical
(PEC)

Photocatalysis

Powder-type Sheet-type

Unassisted Photoelectrode

P System -Electrode
£ % A O
| E et 9
Hz) C H,0 H ) & H,0
®
H 0, © P 0,
Photocatalyst
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Semiconductor/Liquid Junction

T 7
E

3 "1 - — —-gE*(H'TH,)

>

2 E, hy 1.23 eV

€

W] o

| - — " qE°(0,H,0)

Evh

(-)

< — —-
semiconductor liquid

H,O + 2h*-> % O, +2H* (Oxygen Evolution Reaction)
2H* + 2e" 2> H, (Hydrogen Evolution Reaction)

H,O->H,+%0,
AG, = 237 ki/mol (E,=-1.23V)
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Mimicry of the Z-scheme process

One-step photoexcitation system
(e.g., RuO,/GaN:Zn0O)

(\/Poter'\\:i}:::s) Reduction site
VS. 7
pH7 ’

A hv > Eg R g

gy € H
(H*H,) A 2
041+ ‘ F " ‘—(
<
\ Eg H*
H,O

+0.82 + )— V.B. ¥y
(0,/H,0) S5

a)

02 e ‘.'A h+ ~ L X
," Photocatalyst

7/
4

Oxidation site

Two-step photoexcitation system
(e.g., P/ZrO,/TaON + Pt/WO3)

Potential

(VvsHl_\,lHE) hv> E,
Y

D o
A ‘ CB. A
. H2
(H*H,) hv> E, 5 -« 4
o4t t = . N o=
., € g
‘ cB A Red

e s H+
(OxRed)+ |, § ' g -~ VB. b7
2 E \ / — "‘.‘ &
+0.82 + )— g ox ° § h* ks

(O,/H;0) H, evolution

o. 2
O, o ", VB, b photocatalyst

< h+ \‘\
J. Phys. Chem. Lett. 2010, 1, 2655 O, evolution

photocatalyst
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Band energetics of a semiconductor/liquid contact

A. Before equilibrium

A

™y
= Ecb

> EF IIIIIIIIIIIIIIIII
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& -qE(A/A")
— Evb

v
N-type
&
semiconductor liquid

B. After equilibrium C. llluminated
j E |
cb
ngb EFn llllllll |.l. lllllll / Vor
E;b —W— \. I/
E lllllllllllllllllllllllll E. llllllllllllllll
qE(A/A") Fp | -qE(A/A)
|
Evb
Evh
N-type N-type
yp N o yp >
semiconductor liquid semiconductor liquid

The positive charge is spread out over the depletion width, W, in the semiconductor,
whereas the negative charge is spread over a much narrower region (the Helmholtz

layer) in solution, close to the electrode.
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p-n* junction

< p-Si solutior¥
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PEC with pn junction

AT 74.

2H +2¢" - H,

A

1.23 V
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Si with pn junction
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