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= Annual solar radiation at the earth’s surface is over 10 OOO
~ times total primary global energy consumption

= Total global primary energy consumption is less than the
solar radiation incident at the earth’s surface in 1 hour
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Solar raclartor
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_ﬁ_J_o energylﬁtensny solar
constant = 1370Wm-2

= [ntermittent nature -
= Diurnal/seasonal variation ‘
W Direct and.diffuse radiations
ponents .
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—years ffom 1991 1611993 (24 hours arday)taking=
» INto account the clotd coverage available from

- Weather satellites.

Solar PV power systems covering the areas
defined by the dark disks could provide more
than the world's total primary energy.demand in
2006 (assuming a solar to electrical'cenversion
efficiency of 8%).

hatis;allienergy currently. consumed, including =

1eat, electricityfossil.fuels ouldbe
’g‘@ﬁlueeﬂ m' ol electricity by solar cells.




Matthias Loster, 2006
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U Solar Rasour
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= UK Annual Solar Resource on avéfage 1000kWh/m2fora
- 30%nclined-surface facing south

= UK total primary energy consumption in 2007 was 226mtoe
or 2803982000MWh

= Approximately 1% of UK land area receives solar energy.
equivalent to total UK primary energy. consumption

= Total UK electricity generated in 2006 was 398,326 GWh.
If 3 million homes installed 10m# of 20% efficient PV then -

WOf UK'éIéctricitﬁ would be gea'ﬁﬁd ——

~—




IENCIESYSIEINS

;tlor is courniry, clirnaiz ard Jocaijorn sgecific

= iglefagligs sysigm aigloyse g ggratitis d:; ifen)
e — ——amblent—to-ln EXCESS Of 3000K or higher: ™ e

—

+ Heat Transfe




1.891. Patent for Solar \Water Heater

C. M. EEMP.
APPARATUS FOB UTILIZING THE SUN'S RAYS FOR HEATING WATER.

No. 451,384, _ Patented Apr. 28, 1891,
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= Hot air for space‘heatlng
_:'——‘-

= Process heat / steam
= Solar thermal power

= Solar Concentration, refractive, reflective optics
= stationary, 1,2 axis tracking

1entor/Absorber Type, (Flatytubular or.p
* i ﬂm‘
f ction, selective surfaces, vacuum

envelopes
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— Noen-convecting solar ponds

— Flat plate solar water heaters

— Evacuated tube solar water heaters
— Line axis parabolic and compound-

parabohc concentrating Collectors,__.*

— Hellostat valleys/fields.




Solair Triarrnzl Powwear
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~ Large scale grid connected
= Heliostat fields
= Parabolic Trough Systems
Modular small scale
= Stirling engine dish system
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%@y continuous
peration Is a major challenge .
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Prigiovoltalc Galls

. Pﬁotovoltalc(PV) or solar electrlc =
~ cells are solid state devices that
convert solar radiation directly Iinto
DC electricity. 3

—No moving parts.

‘Requwes no fuel.
.—C@Wﬂ GMS I
operation.
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— 5 GW shlpped—ln 2006 - | —— =
-r“"'gﬁ% Monorcrystalline, multi crystalline, ribbon or sheet
Silicon

= 22% efficiency achieved from commercial lines for mono
crystalline cells -

= Recent achievements include increased conversion
efficiency and reduced material content

,.embodled energy payback now < 3 years

afer: plefel awhlemaln
m:irgase further




~ Thin films aim to reduce cost by using less

H

materials.

= Amorphous, Nano, Micro and Poly-
crystalline Silicon thin films, 8-13%
efficiency

Eﬂlﬂﬂ@-a%eg (CIGS) 20% eii'iciency_%.___f-i
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= Power genératmﬂ'*’onsne

——— e
= Dual function possible, shading, cladding,

control of solar gain
= Fase of retrofit desirable
= Grid connection
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ConcentratinGuRioioNelialc Sy Sien;
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system size requiredito; achleve a given power outpui
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= Key toachieving large scale adoption of solar power Is the reduction
In the cost per Watt peak that a system delivers.

= High efficiency cells are to date only achieved at high cost. -

= The use of solar concentration, substituting high cost photovoltaic

cells with lower cost optical systems, may lead toe practical cost

effective systems. However solar tracking is required for high _‘
centrations and diffuse radiation is not collected. e —
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=IO Cry/StalTESTCon 26.8% at 06X,

ﬂ.—:

GaAs cell achieved 28% at 1000x

NREL Spectrolab triple junction cell
achieved 40.7% efficiency at 360X
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Two axis tracking Fresnel lens based concentrator.
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= Key.engineenne
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= particular thef)ptlcal thermal and structural
= pehaviour-under likely operating conditions.

= |ssues Include, design concentration, (2x to
> 10]00)'9)

= system acceptance half-angle,

= 2 or 3 dimensional concentration,

ﬁﬁ’mary andiJecondary concem@tor des1ghs——
Or refractive optics,
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— system tracking requirements and tolerances,

= minimum level of radiation uniformity required
across the solar cell , -

= system distortion resulting from wind leading,
and <
.

Wterm@istem durability. T T —
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iciency, and life'cycle costs reguirest
..__knowledge of the incident solar radiation
characteristics and the design and specification

of appropriate components.

*= For the UK low concentration systems. are
desirable since they allow diffuse radiation to be
collected

S = 0r medium o high concentrationjsystemsythenss
’J@ﬂ-amm ents of radiation

only are concentrated.
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~=__$20 Billion dollar a year industry by end of 2008.

= 2 5GW. shipped in 2006 is small compared to the growth in new coal
plants and very small compared to current installed generating
capacity. It will take along time to have a significant impact.

= Concentrating PV systems can increase generating capacity more
rapidly.

= Materials shortages have already occurred.

= Some systems use expensive materials that are rare.

= New technologies for example organic PV are yet to achieve high

ﬂﬁcy and‘durablllty
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Significant storaF.




Solar Trierrrial Power Crizllerices

ot —

—

~__required to overcome intermittency.

-~ = |Improved solar/electrical conversion
efficiency.

= Reduced total system cost.
= Systems for regions with high diffuse

er reflective surfaces.
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S Emproved thermalrenergy steragetiss

ﬁdiaﬂon fractions.
Wﬁiﬁm surfaces,
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: So‘l"a P and Solar {hermal power have Iarge | =
...»——petentlal-teprowde clean electricity.
= Systems for solar process heat are also very

Important and can displace large amounts of fossll
fuel use. :

= Challenges relate to energy storage, appropriate
designs for specific climates, system optlmlsatlon

gaxerlals reduced system COSTtS, grld mtegratlon

/On

= Cost must continue to reduce
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- Technologles reqwred"for both new bund and retrofit,

~ =T Building integrated PV,

= Solar domestic hot water,

= Solar space heating,

= |mproved energy storage,

= Solar cooling to avoid peak summer loads,

- ommunal_systems to take advantages of economies of >

meroved )

* |ndustrial/manufacturing opportunity.
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L | PV was to become the standard claddlng for south facmg =
“ roofs and facades in the UK would the supply and trained
Installers be available?

= Improved building thermal performance will permit more
utilisation of solar space heating.

= Improved solar thermal water heating systems to achieve
over 50% annual solar savings fraction.

= High temperature solar systems to drive cooling systems. |
e

ﬁb’lent high density thermal energy;storage. forspace,.. =
: ' atlng
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avallable and should be implemented

NOW



— To aevelop new. materlals and system deS|gns that

—’-—tzm achieve higher efficiency at reduced cost

= To deve
for new

= To deve

op building integrated systems suitable
ouild and retrofit

op low cost non-tracking low

concentration systems to utilise direct and diffuse

radlatlon effectively reducing PV materials or

|evmg nigher operational't r,atures--.-—
et!%ag"'e"'ii

- ngh efficiency low cost PV systems
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- S_olar thermal systems can play a significant role in
displacing fossil fuel use for domestic water heating now
and potentially space heating/cooling in the future.

= |n climates with higher levels of solar radiatien;solar
energy systems will become widely used:for both heat and
electricity generation however energy storage issues must
be addressed due to the intermittency of the solar -
[ce.
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