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How it’s going ....

* In 2025 proposal for Botley West Solar
Farm being considered

e Covering area between Woodstock
Kidlington, Long Hanborough and
Eynsham

* 360 MW

* This would be ca. 4% of current UK
capacity

https://botleywest.co.uk/Home-Botley-West.htmi
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Lifetimes

e Solar panels warrantied for 25 years W'#_gl}/ WOMIEI ik,

* 80% performance guarantee

* Sunpower offering 40 year warranties S VY S

.............................................

* Encapculation technology improved

* Does the 25-year ‘norm’ undersell solar?

https://solarmuseum.org/



Max Siedentopt - * In 2009, artist Max

| Siedentopf installed a
solar powered art
installation in an
undisclosed location in
the Namibian desert

e |t promises to play
‘Africa’ by Toto on loop
‘for all eternity’




e kWh/kWp is a measure of
how much energy is
roduced compared to
ab test conditions

 Light 1000W/m?, 25°C,
AM1.5 spectrum

e Some improvements
increase real-world
erformance more than
ab test performance

e Today you’d quote 913
kWh/kWp for that site


https://scholar.google.com/citations?user=fn8PR74AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=2VM6J4IAAAAJ&hl=en&oi=sra
https://www.academia.edu/download/84094767/PV-COMPARE_Direct_Comparison_of_Eleven_P20220413-1-154lx5q.pdf

Improvements in System losses

e Surface coatings to bead up water and
dirt better

* Anti-reflective coatings better

e Cells and panels are more uniform —
array mismatch reduced

* Inverters are more efficient 98% cf. 93%

* Better knowledge around cable sizing

* And lifetimes longer too




Anti-reflective coatings

e Multi-crystalline silicon used to be blue
and grains were clearly visible

* Intentionally positioned as a high-tech
aesthetic

* Now, just a uniform dull blue/black




Coping with dirt

e Solar panels have anti-reflective and
surfactant coatings

* Beads up water to help it run away
* Takes dirt with it

e Solar panels are considered self-cleaning
if pitched > 5 degrees




Effects of Partial Shading of Solar PV Panel e Kirchoff’s Law demands

If all cells are unshade - It will produce full power output () M Od u Ies I i m itEd by
worst cell

If one cells is partially shaded 25% - The current flow reduced 25% and hence re ) 1 | 1 1 d b
in the final power output by 25% St rl n gs I m Ite y WO rSt
module

e More uniform

l production results in

If one cells is partially shaded 75% - The current flow redu and hence
reduced in the final power outpu

less mismatch

If few cells is partially shaded, and the most shaded cell is shaded by 25% - The current
flow reduced by ~25% as influenced by the most shaded cell in the series.
The power output will be lowered > 25% but not as bad as the senario above.



Three generations of PV technologies

First generation solar PV cells

Single-crystal or monocrystalline
silicon
Polycrystalline or multicrystailine
silicon

Second generation solar PV cells

Amorphous silican (a-5i)
cadmium telluride (CdTe),
copper indium gallium selenide (CIGS)

9 la.

Third generation solar PV cells

Copper zinc tin sulphide (CZTS) PK eell
Organic solar cell

Perovskite Solar Cell

Paolvmer PV cell

Hybrid Solar Cell

Buried Contact Solar Cell
Concentrated PV Cell (CVP)
Luminescent Solar Concentrator (L85C)
Cell

Multijunction Solar Cell (M.J)
Narnocrystal Solar Cell

Quantipr Dot Solor Cell
Dye-Sensirized Solar Cell (DSSC)
Photeeléctrochemical Cell (PEC)

Erc:

e 15t generation. Crystalline
silicon, high efficiency, high
cost

e 2" generation. Thin film
materials; amorphous
silicon, CdTe, CIS. Better
suited for mass production.
Lower efficiency, lower cost

e 3d generation.
Technologies in
development, offering high
efficiency, low cost.



Quick aside — Graetzel Cells

* One novel technology is dye-sensitised
cells

e Uses a titanium dioxide substrate in
conjunction with iodine and a liquid dye

* You can make a homemade solar panel
out of sunscreen and Ribenal

https://edu.rsc.org/download?ac=13827




What PV Compare showed

* In UK, we get the majority of our solar
energy at low light levels (i.e cloudy)

e CIS performed best in the UK, as it likes
blue light and cold temperatures

* Amorphous silicon also performs well
under blue light

e So, they’'d be the technologies that get
adopted, right?

CJardine and K Lane, “Photovoltaics in the UK: An introductory guide for new consumers”, ECI 27, 2003



Believed kWh/kWp was a keY
differentiator between panels

Thought it was a consumer
issue

But MCS standards introduced
with a single figure for all
technologies

Stops mis-selling

Efficiency, to recover fixed
costs, is more important — so
crystalline silicon took over



High
Efficiency

Low
Efficiency

3rd Generation
High efficiency low cost

materials

\

15t Generation

C-Si
\ 2nd Generation
a-Si, CIS, CdTe
thin films
Low Cost High Cost

* Believed that
technology would

progress from 15t to 2nd
to 3™

e But mass production
stopped 2" generation
getting to market in any
real way

* And now 3™ generation
have to be brilliant to
get a foot in the door



SunPower® Maxeon Cell Conventional Cell o I n m i d = 2 O 1 OS a n eW

class of higher
No GridLinss o efficiency panels
on Front of Cell Paste on Front of €ell beca me available

Heterojunction Structure to Prevent Charge Loss ( ] N Ota b Iy S u n p Owe r
eterojunction con ion onventional structure

2R * Passivated Emitter and
——1 Rear Contact Cells

n-type monocrystal silicon substrate

i-type amorphous silicon Mare electricity Electrol de
layer reduces loss of charge is created p-type silicon substrate

Amorphous silicon layer n-type diffusion layer
Electrode Anti-reflective layer




£1.00/W * Trade-off between
efficiency and cost
£0.80/W ©
O
£0.60/W |@ O O  No such thing as a
premium panel
£0.40/W O anymaore
O
£0-20/W O ° * Implications for 3"
© generation panels

trying to enter the
15% 20% 25% market



Size of panels

PV Compare panels as small as 14W,
mainly around 100W

e Now 400W+, domestic
e 700W+ for commercial/ground mount

e Used to be able to fit underarm and carry
up aladder

e Larger panels = less mounting system and
less labour




Rise of all black panels

* All-black panels rising in popularity
* Black frames, black backing sheet
o Slightly less efficient

e But part of a trend towards more
discrete aesthetics




e Aesthetically can look
better to remove tiles
and recess modules
into the space

L] idsddiddsueuy
7777 T T iirrTy
ZIIII Iy

e Waterproof membrane
behind

e Sit flush with the tiles

e Especially black/black
on slate
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e Solar costs have been
falling dramatically
since the 1970s

e >$100/W in 1975
e $1/W by 2012
e $0.1/W in 2025



e If your fence needs
replacing should you
use solar panels instead
of wood?

* Imx1.8m = £40
e Lasts longer

e Even if you never plug
them in




40M2 - 1 pallet
400 Roof Tiles

40 m2 Double Roman Graphite
Grey Roof Tile

£1,400.00
Stone Cladding Shop
£75.00 delivery

e Solar panels £25/m2

S e Comparable to
conventional roof tiles

Marley Mendip/Roofing Tile ° NO Serlous COSt penalty
Smooth/Bfown -FPallet of 192 to IengIat|ng Solar roofs

F T FRENNC] o
oh new build.

£311.49
Trade Superstore Online

Free delivery



e PV historically one of
the most expensive
ways of saving carbon

* Not true anymore

e Implications for building
design process



BNEF experience curve for crystalline-silicon PV module prices e lo ng-te rm consistent

Module price ($/W, 2018 real)

‘learning curve’

e Log(Price) versus
Log(Cumulative
capacity) is a straight
line

e Every 10 fold increase
gives a 28.5% decrease
in price

1 10 100 1000 10,000 100,000 1,000,000 ( ] SO I a r iS VE RY m Od u |a r
# Historic prices (Maycock) 4 Chinese ¢-Si module prices (BNEF) —— Experience curve at 28.5% Cf. Ot h e r te C h n O I Og i e S

Source: Bloomberg NEF




Industrialization will yield significant cost reductions.

c-Si multicrystalline solar-photovoltaic system o LOtS Of S m a I I m a rgi n a I

Polysilicon Module [ Cell [ Wafer [l Balance of system (BOS) ga i n S t h rO u g h t h e
Best-in-class installed system cost (ho margins) Levelized cost of electricity!
$ per watt peak, 2011 dollars $ per kilowatt hour, 2011 dollars | h .
i o8 sSupply cnain
4.0 L _|0.34
_| @382 N
36| Tom0 * NO reason to expect
Polysilicon 0.98
32 L price a :
decline - 926 IS O S O p
og 6%  Productivity 024
S ! 8% Procurement Inc;em:ental 0.22
8% technology T
24 L T—— -_|_ Scale improvements _|0.20
e 10%
° _10.18
Incremental
2.0+ ! 6% Productivity technology _|0.186
i 4%, Procurement gdale Improvements 0.14
1.8 Optimized |+ —— 1% 1% 6% 0
system g =l | -|0.12
design Optimizéd | | 0.10
1.2
system 5% 0.08
déesign -
0.8 0.06
201115 2016-20

1Levelized cost of energy; assumptions: 7% weighted average cost of capital, annual operations and maintenance equivalent to 1% of
system cost, 0.9% degradation per year, constant 2011 dollars, 15% margin at module level (engineering, procurement, and construction
margin included in BOS costs).

Source: Industry experts; Photon; GTM Research; National Renewable Energy Laboratory; US Energy Information Administration;
Enerdata; press search; company Web sites; McKinsey analysis



Tech Learning - Components

e Modules from £2.20 in 2008 to £0.10 In
2025

« Solar grade silicon supply chain

 New (Chinese) market entrants, and
becoming bankable

* Improved tech and manufacturing
 All equals low prices

costs has halved
 Inverters are also technology learning

« Racking — more competitive market
eliminating umbrella payments




Tech Learning - Institutions

e And efficiencies have been reached in terms of
installation

 Technology learning applies to installers too

 We're quicker and more efficient than we
were 10 years ago

* Project management slicker
e Office processes better
e Staff more experienced

e Better at procurement — mature supply
chains

Better at acquiring new work




Tariff Wars

* EU believed China was subsidising price
of solar panels to drive European
competitors out of the market

e June 2013, EU applied 47.6% anti-
dumping tariff on Chinese manufactured
ENER

* China responded with tariff on EU wine

e Compromise on minimum price for
Chinese imports




being exported to the

W e Chinese panels are not
UsS

W Asia

Latin Anerda e Good news! They’re
A\t reaching the Global
South instead







Market History

e Take-off stimulated by subsidy schemes

100,000 roofs program in Germany

e 70,000 roofs program in Japan -=--<wﬂw§; SOLAR vt

e 1990s — Fossil companies diversifying BP
Solar, Shell Solar.

e 2000s — Japanese and German solar
specialists (Sharp, Kyocera, Sanyo)

e 2010s — cheaper Chinese manufactured
panels (Trina, JA, Jinko, Aiko etc)




Low Carbon Building Programme

e Grants for microgeneration May 2006-
May 2008

* 919 residential properties installed in 2
years

 But swamped by high demand
* 59 companies in the market
e Costs £5000/kW+£2000



50% cut Enforced  30% cut Small degressions  60% cut Abolished Energy crisis
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* Doubling electricity
price halves the
payback of solar PV

 Massive surge in
enquiries

* Incumbent installers
swamped

* Everyone restricting
enquiries in some way

* Price went up
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e 59 different installers in
2008

* High demand leads to
rush of new market
entrants

e Currently about 70
installation companies
per county



Installations per Installer

16

14

12

10

e Despite growth in
overall market post-
energy crisis, individual
installers finding life
tougher again due to
increased competition



Profitability in Residential Solar

* There’s not a lot of profit in residential
solar

* Small levels of profit generated over
many years

e Off millions of pounds of turbover
* Implies its vocational work

mpanyl
Company?2
Company3

Company4

Companyb

M

-30000
24000
79000
142000

143000




Utilities * Range of players

e Different business
models

National

e Different routes to

Regional market

1/2 man bands e Existing customers

e Digitial

* Word of Mouth



Price

12000

10000

8000

6000

4000

2000

2010

e Materials are no longer
the dominant part of

\% cost
 Margi @

e Labour > Materials

* Biggest line item is now
internal staff (sales,

project management,
marketing, overheads)

l Panels

2025



Other Actors
@ e

WE'RE IN YOUR AREA! - ©
T... See more

e Lead generation companies

 Farm addresses from social media, or

comparison type sites
Enter your postcode

and we'll check if

* Sell leads on to other companies

you're eligible for

* Bulk Buy Schemes our £1500 Solar
 Notably Solar Together Panel Discount >
* Get 1000+ customers in a region (Plus FREE Battery!)

e Tender to the lowest bidder
e Backed by local councils




The Race to the Bottom

e Use cheaper components of poorer
quality

* Hard sell to improve conversion rates
e OQutsource design to India

* Drive staff harder

 Don’t bother surveying

e Slack installation methods

e Less qualified labour

e Take shortcuts with H&S

* Drop after-sales care




Commercial Solar PV

e Currently very high prices of electricity

 And commercial (metal) rooftops are
very cheap to install

* |IRRs > 20%

* Margins on commercial solar projects are
larger than residential (less competitive)

e Sales and project management are
proportionally smaller

e All equals profitable sector




e Businesses would
rather spend their
5 capital on their core
business

'WHAT DO LABOUR
HAVE IN STORE FOR'
= SOLAR PANELS?

* Multiple decision
makers

e Landlord tenant split




Solar

Wave and tidal

Off-shore wind

On-shore wind

Biomass

Spring 2022 53%
Spring 2023 55%
Spring 2024 55%
Spring 2022 49%
Spring 2023 50%
Spring 2024 49%
Spring 2022 47 %
Spring 2023 48%
Spring 2024 48%
Spring 2022 RYLS
Spring 2023 37%
Spring 2024 37%
Spring 2022 31%
Spring 2023 30%
Spring 2024 29%

= Strongly support © Support

34%
33%

33%

34%
33%
34%

35%

35%

35%

41%

40% Ad
M%7\ K

1% N\
41% -
40%

Neither support nor oppose

Total  Total
support oppose

2%
Bo%aA
| w

5%
|5%

|3%w

294 4%
e
156 % 32

L% Sl B

S

87% | 1%
88% | 1%
88% | 2%
83% | 1%
83% | 1%
83% | 2%

83% | 2%
83%-| 3%
83% | 3%
78% | 4%

78% | 5%A

ﬁ,'s% 77% | 5%
a%5% | 72% | 5%

5%45% | 71% | 6%A
5%Ja%w 70% | 6%
Don't know

Oppose = Strongly oppose

AV Significant increase/decrease from previous wave

e Public very supportive

of solar

e But opposition to solar
farms growing and very

vocal

e How big is too big?
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Agrivoltaics

e Concern about land use can be alleviated
by using the land twice

e Livestock, poultry, arable crops

* Increased yields of e.g grapes, wool, eggs
as avoid heat stress

e Great for arid areas, as retains moisture

e ltaly ran 1.5GW auction for agrivoltaics



Max Siedentopf e L SeriOUS|y, What did YOU
expect?

* It’s not going to have
stopped in the last 45
minutes!




e Solar is expected to be
cheapest source of
generation pretty much
everywhere by 2030

e And where itisn’t, is
because wind resource
is brilliant


https://www.nature.com/articles/s41467-023-41971-7
http://creativecommons.org/licenses/by-nc-sa/4.0/

city (MW)

Electricity Capa

1,400,000

1,200,000

1,000,000

800,000

600,000

400,000

200,000

0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Solar photovoltaic

 Market growing at
average of 33% p.a.
since 1996

e Worth more than S1tn
p.a in sales

e Total Installed capacity
of 1.55 TW in 2023
(1GW in 2001)
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http://www.chrisjardine.energy/
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