Concenirator Photovoltaics

Dr. Katie Shanks

K.Shanks2@exeter.ac.uk : - y

i e
]
- S 3 = i\ 1 i
R m mm
L -k 1 (| r
3 o | 2 L
X . /A L i
L -k (3 A 7
ny i3 i ol
T €T i als
1 MW L \
T = s
——
777777 o e -
e e = =
M e N i B
¥ S it i
S e St Pt




University of Exeter
Cornwall Campus

Dr. Katie Shanks
K.Shanks2@exeter.ac.uk




Overview

1. What are Solar Concentrators (CPV)?
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2. CPV parts and groups
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Not everything we do :
revolves around You!
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What are solar concentratorse

e » Solar Concentrators such as mirrors
and lenses to incident on

solar photovoltaic or solar thermal devices.

the by increasing the
power input.

1 the photovoltaic




Fresnel Lense

—> Sunlight
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> Fresnel Lens

_ Concentrated
Sunlight

~ Solar Cell
- Heat Dissipati

Module is typically mounted on a tracker

Typically system has built in power conditioning

CPV systems are often rated based on their AC power
Secondary optics are there to increase acceptance angle



Cassegraine
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« High concentration ratios
« Uses a lot of opfics/stages/interfaces



Low Concentration
Opfics




Solar Concentrator Grouping 8

_ *1stage, 2 stage...
' « Parabolic
* Hyperbolic
« Elliptical
~ * Dish

Luminescent Material * Tfoush

Solar Radiation \ c Py " /
‘ . 2p / single-axis / Linear

Mirrors or
* 3D / dual-axis / Point

PV cells ® | | 4
Qp; ';§. | Tracking Method Stationary

f’ Quasi-Static

N

* Low (<10 suns)

* Medium (10-100 suns)

* High (100-2000 suns) Geometry
,5| * Ultrahigh (>2000 suns)

Concentration Ratio

PV cell

4 * Reflective N
e.g. Cassegrain | * Conic reflector
Primary Optic e« Refractive Secondary e Light guide/

e.g. Fresnel Lens Optic Homogeniser

_ e Luminescent »_,;.‘ * CPC
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Why CPVe
-solar cell efficiencies

Efficiencys of Photovoltaic Cells and Modules

Thermodynamic limit at 46200 suns { multijunction PV under concentration)

m Mono-crystalline
B M ult-Crystalline

lhermodynamic limit at 1 sun (multijunction PV) " CdTe

N CIGS

B amorphous silicon

(a-5i)

u silicon

B Mulit-junction

B Multi-junction

B dye-sensitized

B orgaic PV cells

m guantum dots

i : TS
Lab Cell Record n (%) commercial celln (%)  Commercial Module n (%) Cost per Watt { 5/Wp)




Efficiency (%)

Best Research-Cell Efficiencies
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My research

(A) 4 Fresnel lens

| | primanes
« Reducing weight |
32
- LZLtE: A . . (D) Receiver
« Novel Materials and Surface mirror ‘ il
structures

Interdisciplinary Research

« Art and Energy
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Embedded
Plastic Optics

« Reducing weight

« Novel Materials and Surface
structures

» Interdisciplinary Research

« Art and Energy
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>Who’r/Why2> Theory/Calcs. > Losses > Designs/Tracking > Cooling> Cells >Summory>
15
Embedded Systems

A) EIPB Windows in Building Facades

ROof

- b Transmitted Energy
f Energy lost out of systemg

Irradiance Fresnel losses

(A121432313

Scattered and

| 0% Frontglass /W | "7 Absorbed light
LT encapsulant __ ¥ ] -

CCPC optic
(glass or plastic)
éﬂ failed TIR light

Building Space
(e.g. domestic living space, office or factory)

Encapsulant = —=7%

connecting cell ‘ solar cell
[ 1]

Rear glass




2D Embedded Systems

A) EIPB Windows in Building Facades

Dimension (mm)

E.00 mim

Roof

parabola
carshola

Building Space

(e.g. domestic living space, office or factory)

16

EIPB
Vertical
Electricity Window




Plastic Optics 17

« Higher Power to weight Rafio

Glass (AR)

Topas [AR)

W Glass

B Topas

Crystal Clear

(W W A

B Polycarbonate L T

m Silicon Cell ' e womin womews e e e v

=

Power (mw) Weight (g) P-W (mW/g)

e
4 L




Blomimicry of Buttertlies

The Pierids heat their flight muscles faster and fly first.

Due to V-shaped basking position?

Light path

Light path

Solar Cell




Blomimicry of Buttertlies

a !gp° sa0°c B 17° 64.0 °C

== Y "

1.8 1 x17 P:W
1.6  m Butterfly Wings

1.4 1

12 1w Standard Reflective

11 Film (in shape of
081 wings)
06 4
04

[

o
=

E
E
j=
5 40
=
-
&

Si Solar Cell
Siwith Wings at17°
Si with Reflective Film at 17°

- - e 0.2 4
200 400 600 g N , |
Weight (g) Power (W) PowerWeight

Voltage (mV) (Wig)

N
(Arbitrary Units)

-




Blomimicry of Buttertlies
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Art and Energy

» Infiltrating domestic market via art and aesthetic appeal.

» Trying to change the way the public think about solar panels
and energy




But cosise
Silicon PV cost keeps falling

M Solar W Wind ' Nuclear [ Coal W Gas
Dollars per megawatt hour
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Source; Lazard levelized cost of energy analysis BUSINESS INSIDER
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Figure 6: Development of the LCOE of PV, CSP and CPV plants at locations with high solar irradiation of
2000 kWh/(m?a) - 2500 kWh/(m“a). Scurce: [5].




space efficiente E

» Cells
» p-Si~ 375%/m?2
» c-Si (concentration
optimised) ~ 1000$/m?
» -V ~ 35000-50000 $/m?

» Shifting the system costs
towards cheaper materials
could reduce costs

CPV tracker

Tracking Si PV

Fixed Si PV

Thin film PV

—“—CU-HCO DOoM=0T

> Higher efficiency, more 6 8 10 12 14 16
power output for limited TIME FROM SUNRISE TO SUNSET
space applications.

» More eco friendly, less
mining.

» Flexible in design and

aesthetics.




Aesthetics

Ilding

Bu

No”" A A
& Vil y
S - £\ .‘\.\l\ " JU

W i
L\ A7 d

)
0
"y
.

....\v\.
o gt
LS

..,w. vé. , ._..A_u ]
i

| W

X fw( g o
. W\ PRRR
N S

i

il
ol

!

il
~

'ﬁrf,

j




CPV progress and summary 26

| 46000X: Max. conc. possible due to sun angle for 3D optics.

Doublet ¢
Lonis 3D Segmented Reflectors

(PMMA+PC) fpiesnare
<8500X <8500X

Fresnel Lens with tailored
7 facets to match receiveror
secondary optic
~600-1800X

omatic aberration
limit for single material lenses Standard
Fresnel Lens
<1000X

Parabolic reflector
with secondary optics
(Including Cassegrain)
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Reflectors
Singular

Parabolic
reflector

Parabolic <200X
mirrors Flat reflector Truncated/Tailored LCO's
I concerl\lrator Low Concentration Optics (Incl. CPCs + secondarys)
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1721 1822 1911 1950 1960 1970 2000 2015
Present and onwards

Fresnel PMMA
lenses Fresnel lenses

Milestones




CPV progress and summary 27

« Thin (similar to PV Panel), lightweight and
practical

« Building integrated and other limited
spaces

« Segmented opftics
 New (or investigate old) materials and
manufacturing
« 3D printing
* MicroCPV

« Consideration of Application and
Location




UNSW Research
Collaboration
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Pitch Angle

» 3D Prinfing Opfics

[\ N
\ \\ %

» Printing layers of refractive index

» Post Shrinking prints to improve resolution

» Perovskite efficiencies at increased concentration?
» Not yet been done, high impact publication likely.



UNSW Research
Collaboration

» Open to collaborations
» Perovskite +CPVe

» Perovskites suffer from UV degradation

» Downshifting luminescent concentrators

» Perovskites suffer from exposure to the
air/moisture in air

» Sealed under other CPV optics.

» Not yet been done, high impact
publication likely.




Thank you for your time

» Questions?

Katie Shanks

K.shanks?2@Exeter.ac.uk
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