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Photovoltaic (PV) system technology
My background in PV — since 1975/ 1982 in PV
PV laboratory of Berner Fachhochschule in Burgdorf
The challenge: the transition to the renewables
The potential of PV and other renewables
The sun: the main source of the renewables
PV Swiss pioneers in the 90-ties and their impact
PV technologies: ... the winner takes it all!
PV applications — and costs
Future houses as «Plushouses»
PV on your house — calculate your PV plant
What next: 100% renewables in Switzerland!
W're looking for master students in 2018!



Berner
F Fachhochschule
H

PV Laboratory BFH (Burgdorf)

» Founded: 1988

» Leader PV Lab: Professor Urs Muntwyler
» 12-15 assistants and scientific collabor.
» website: www.pvtest.ch/
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Overview - the challenge
- more consumers

- less CO,

- towards renewable energies
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Energy input from the sun on the earth

(PanaXb\l ]ked/[CO‘ in the
atmosphere)
Re-radiated to space
nfrared

Insolation
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The effects on earth are very different... with one winner!



Solar radiation in Oil

Annual solar radiation per m2 = 120l QOil in Switzerland
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Average solar radiation energy (Berlin): 1050 kWh/m?/a
( = annual elecricity cosumption of one person)
11 oil: ca.10 kWh



How big are the surface potentials of
of different RES (MWh/ km?)?

PV-roof
150000

PV stand-alone

50000
wind
waterpower (Grand 24000
Dixence) Miscanthus
false flax Rapeseed 6150 8000

1100
115 — —

No Problems with space with the right choice - PV!



Development and application
of Photovoltaics
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Hasler AG: PV P+D off-grid power supply

First pilot- and demon-
stration programm for PV
in Switzerland Hasler AG
late 70-ties to 1984.

One of the sites:
PTT Tower Chasseral

Solarex HE 51 m-Si with 2
kind of coverage of the
solarcells (Photo 1983/
Mu).




PV Marketforecast DOE 1980 with
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Change in the administration of the USA (Carter-Reagan): very bad for solar and
PV industry =» Politics has a strong influence on the PV market!



,Solarbreeder” fromBP Solar/ Solarex

(1982 about 20]0) in Frederick/ USA

- This PV production
~ facility should demon-
~ strate that PV is a
reliable source of
energy and can pro-
duce more energy as

needed (several visits
1990-2008).

Last visit of the sIar breeder in Frederick/USA in 2008!

Solarcenter Muntwyler AG/ Muntwyler Energietechnik
AG was official Swiss importer of Solarex since 1990!



Off-grid power supply for hospital in
Rwanda (1984)

Power supply for six houses in a dispensaire for light,
light beam for medical treatmant and fridge for drugs.



Tour de Sol - PR tour for solar energy

@Y, Romanshorn
Brugg- Winterthur
Windisch

The wrld‘ S frst \solarcar-race, with 58 entries in
2 categories - < 6m? (max. 480 Wp)



Tour de Sol 85-92: creates spin-off‘s for
technology and promotion measures

Winner of the
Tour de Sol 87:
light EVs with
grid-connected
PV-installations.

Grid-connected Smart car a spin-
PV-plant: city of off of the Tour de
Burgdorf created Sol - created by
feed-in-tariff (FIT) the Swiss watch
for PV in 1989! company Swatch
Swiss world leader

in PV up to 1992!



Promotion activity for 1 MWp

Tour de Sol 85-winners Alpha Real ’ “ Alpha Real
sucht 333 Kraftwerkhesitzer

AG an engineering office raised

capital of (1 Mio) and started

several activities as:
1986: Darieus Windgenerator
1989: 1TMWp action - a 3kWp PV-
plant for cheap Fr. 48°000.--!

- Alpha Real AG puts more techni-
cal novelties and closed 1994.

- Several employees started new
PV companies (Tritec AG,
Enecolo AG, Energieburo etc.)!

o 7
Ty -

Solo kicftwe ke f6. n e o Umwelr T

First promotion of decentralized PV
plants instead of big MWp plants!



PV system technology
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Grid connected PV installation
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On-grid PV installation scheme from the 90-ties....

© Copyright Muntwylers SolarAkademie



Private solar market in Switzerland

Techl ad eclogical oriented private customers
allowed a small market for solar and PV (-2009/ PV in
2009: 10 MWp/a; 2017: about 300 MWp/ year).



“Plushouse” in Switzerland

Retrofit of a multi-level
house built 1947;

The house produces
now 187% of the energy
for heating/ hot water
and electricity but has
only 20% own
consumption!

Energy potential for 6
Electric vehicles!

Roof mtegrated PV mstallatlon in East-
West configuration



Cable car on Muottas Muraigl/ St. Moritz

Highest annual production in Switzerland over 1°‘600 kWh/ kWp per year! This
value is in the range of good sites in North Africa!



The Plushouse - PV on my home:

Consumer Specific Energy
consumption

Heat| ng 100 m? heated surface 16 kWh/ m? 1600 kWh
HOt water ...x50 |/ Pers 200 1/ 43°K 3 1250 kWh
Electricity rousehold 4x1000 kWh 4000 kWh
Car 127000 km/J 15kWh/100 km 1’800 kWh
Totale 8'650 kWh

Calculation PV installation: = Check the house: www.sonnendach.ch

= Website Swissolar:
Quick check power: Totale annual consumption/ 1’000 h =»Power PV-plant!
Surface: totale kWh/ 250 kWh x 1,6 m2 (8’650 kWh/250 kWhx1,6m?2= 35m?)


http://www.solardach.ch/

MSE Student Marco Miiller (HSLU)

[ ] Schneebremsen

~—— Blitzschutz

[~ ] Dachfenster
Kamin

——— Hin-/ Rickleitung Aufdach

Z222zZ Hin-/ Rickleitung Unterdach
(16er Flexrohr)
Modul
Absturzsicherungsschlaufe

+

Marco Miiller passed the MSE-PV course 2017: He planned a “PV on my home”!
See the difficult situation on the roof of the existing house!

Neigung: 34.1°




MSE Student Marco Miiller (HSLU)

The situation from the street - 2 fields covered with PV! See the safety
measures for the installers on the roof!
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MSE Student Marco Miiller (HSLU)

The backside of the roof - another two PV fields! The total power is 7,2 kWp

and the costs for Marco Muller are about 15’000.-- - before the “one time
payment - subsidizes (EIV)”!



Cost of PV power
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Burgdorf started PV with FI
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Germany started PV breaktrough - now is China the leading
market/ world market 2016: 75’000 MWp/ 75 GWp!



Price-learning curve of c-Si PV-modules
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Costs of a grid connected PV installation
2017 (30 kWp) —fixed on ainclined roof

PV module:
Inverter:.
Mounting Structure: ...
Cables and grid connection: ...................
Planning/ preparation/ safety: ...................
_abor costs:
Profit (5%):

Total investment costs: <2'000.--/ kWp

© Copyright Muntwylers SolarAkademie



Annual deprecation rate

Table 9.1 Requisite annual depreciation rates «a, expressed as a percentage of invested capital, for depreciation in

n years
Amortization rate a versus interest rate and duration of amortization
Duration n (years) Interest rate p
2.5% 3% 4% 5% 6% 7 Yo 8%
2 51.88% 52.26 % 53.01% 53.78 % 54.54 % 55.31% 56.08 %
3 35.01% 35.35% 36.03% 36.72% 37.41 % 38.11% 38.80%
4 26.58% 26.90 % 27.55% 28.20% 28.86 % 29.52% 30.19%
S 21.52% 21.84% 22.46 % 23.10% 23.74% 24.39 % 25.05%
6 18.16 % 18.46 % 19.08 % 19.70 % 20.34 % 20.98 % 21.63%
7 15.75 % 16.05% 16.66 % 17.28 % 17.91 % 18.56 % 19.21%
8 13.95% 14.25% 14.85 % 15.47 % 16.10% 16.75% 17.40%
10 11.43% 11.72% 12.33% 12.95% 13.59% 14.24 % 14.90 %
12 9.749 % 10.05% 10.65 % 11.28% 11.93% 12.59 % 13.27 %
15 8.077 % 8.377 % 8.994 % 9.634 % 10.30 % 10.98 % 11.68%
20 6.415% 6.722% 7.358 % 8.024 % 8.719 % 9.439 % 10.19%
25 5.428 % 5.743 % 6.401 % 7.095 % 7.823% 8.581 % 9.368 %
30 4.778 %o 5.102% 5.783 % 6.505% 7.265 % 8.059 % 8.883 %
35 4.321 % 4.654% 5.358 % 6.107 % 6.897 % 7.723 % 8.580 %
40 3.984 % 4.326 % 5.052% 5.828 % 6.646 % 7.501 % 8.386 %
K¢ = cost savings attributable to roof tiles, facade cladding and so on; f or net solar generator
costs (Kg — Kg), 15-30 years of depreciation
Ky = costs arising from inverters, charge controllers and other electronic devices; mean depreciation

period, 15-30 years
K, = battery costs for stand-alone installations, 2—30 years of depreciation



PV-price Switzerland ,single houses®:

B) B+l in Rp/k\Wh

Stromgeste hungskosten Rp./kWh B+U Rp/kwh 4.0
Ertrag kWh/kWp pro Jahr

Inv.kosten

SFr./kWp 500 600 700 300 900 1000 1100 1200 1300 1400
5'000] 42.0 35.7 31.1 27.7 25.1 23.0 21.3 19.8 18.6 17.6
4'500[ 38.2 32.5 28.4 25.4 23.0 21.1 19.5 18.2 17.2 16.2
4'000| 34.4 29.3 25.7 23.0 20.9 19.2 17.8 16.7 15.7 14.9
3'500( 30.6 26.2 23.0 20.6 18.8 17.3 16.1 15.1 14.2 13.5
3'000| 26.8 23.0 20.3 18.2 16.7 15.4 14.4 13.5 12.8 12.1
2'500( 23.0 19.8 17.6 15.9 14.6 13.5 12.6 11.9 11.3 10.8
2'000| 19.2 16.7 14.9 13.5 12.4 11.6 10.9 10.3 9.8 9.4
1'500| 15.4 13.5 12.1 11.1 10.3 9.7 9.2 8.7 8.4 8.1
1'000| 11.6 10.3 9.4 8.7 8.2 7.8 7.5 1.2 6.9 6.7

by REnersolv Meuko mm

PV prices with 2.5% interests and 30 % tax deductions!
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PV and the Energiestrategie 2050
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Content of the “Energiwende 2050”

12000 +

10°000 +

8000 -

6'000

4'000

2000

0

2000

Das Potenzial der erneuerbaren Energien
bei der Elektrizitatsproduktion

Benchs ot Bundesrnes an die Bundssveriammiung nach Arkel b Absaw I
O EPe Qb Qb S8

‘_a-:’"/‘—

2009 2020 2035 2050

PV

Wind energy

geothermal energy

Biomass (wood)
Biogas

Wastewater treatment plant

Waste incineration
plant
(50% renewable)

Quelle: Prognos, 2011

First description of the goals for the different technolo-
gies for the electric production in the «Energystrategy
2050» in MWhe|/a



CH-Stromerzeugung am 16.6.2004 ohne KKW mit maximaler PV-Leistung
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© Heinrich Haberlin, BFH-TI

CH-electricity production (without NPP) on April 16 2004,
with the maximum tolerable production by PV instal-
lations with and without regulation at PV optimized

regime of the run-of-river power plants.



Managing PV overproduction is simple:

Nr. |Action + PV Costs of the
power action

“ Limit 30% of the PV power  +42% 3%
7 Regulated consumers +20% < 5%
Consumers as EVs, heat +20% 0-50%
pumps with storage etc.
Limit 50% of the PV power ~ +100% 18%
East-west PV installations +50% ca. 20%
5 Local batteries +50% <50%
Pump storage plants +50% 50%

Grid reinforcement (high about ca. 25%
voltage) 20%

Technik und Informatik, Institut flr Energie und Mobilitat / Photovoltaik Labor — www.pvtest.ch



Disruptive technologies - combining
PV and EV
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Winning combination for the future:
PV+EV!

Bioethanol

(aus Weizen)?
Bl 4

Biomass to Liquid®

60.000 ll<m
Biogas (gus Silomais)?

67.000 Ifm
Strom (Plug-In-Hybridantrieb)'

3.250.000 km

“| Ein durchschnittliches
FuBballfeld entspricht
0,75 Hektar

! Durchschnittsverbrauch 16 kWh/100 km
2 Durchschnittsverbrauch 7,4 /100 km Kraftstoffequivalent
# Durchschnittsverbrauch 6,5 1/100 km Kraftstoffequivalent

200.000

0 20.000 40.000 60.000 80.000 100.000

300.000

e.: Paul Langrock / Agentur-Zenit GbR

agentur GmbH, r

Matthias Bein / dpa Deutsche Presse

li.:

B>

32500000 ke

400.000

source: PHOTON

Range achieved by the energy produced on 1 ha land (the bar of the plug-in-

hybrid vehicle is 7 times longer than shown here).

= The PHEV (consumption 16 kWh/100 km) using solar energy produced by a
PV installation on 1 ha drives 150 times further than a car (consumption 6,5 I/ 100
km fuel equivalent) using bio-ethanol extracted from grain produced on 1 ha.



Replacement of all swiss cars with EVs

To run the 5 Million
cars in Switzerland we
need 7,2TWh (8 GWp)
PV (12000 km/ year [ j--

with 12kWh/100km). Yoy

)‘ o 3

R o g
This costs less than 16~ -
Bn€ and is the energy § B

for 30 years - much
cheaper than gasoline!

. o

Opel Ampera at the solarcarport
in Burgdorf

Electric vehicles EVs are a disruptive technology and
can be cheaper than gasoline cars to buy - and to use!



Towards 100% renewable energie
supply for the world
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Strategie Stanford University (CA/ USA):.
Projekt Professor Mark Z. 100% SWITZERLAND

Jacobson (Director of the e e e
Atmosphere and Energy 2 R
Prog ram, Stanford ?:::'"M FROECTED e
University) studies how all =& O
50 states of the USA and gl nA o
about 160 countries of e m;
the world can be o ey R 47,452
transformed to 100% T —

improving ener gy efficiency means youneed much less energy

2050 Demand with BAL 2050 Wind, Water, Sclar

renewable energies..

e

i 1;5
There is now a NGO with T*m i‘:i':ziiéiéli
the same name supported

by Professors, actors, etc. m

A O]

)

Technik und Informatik, Institut fir Energie und Mobilitat / Photovoltaik Labor — www.pvtest.ch



Figures shows that the
transition for
Switzerland is simple
due to the high
percentage of hydro
which is mainly still
realized.

The «solution project»
considers only WWS
«water-wind-sun».

Other solutions as
biomass, waste
desposal etc. makes it
even easier to reach
the target.

100% SWITZERLAND

Transitionto 100% wind, water, and solar (WWS) for all purposes
(electricity, transportation, heating/cooling, industry)

Percentage of Land Needed for
All New WWS Generators

Avoided Mortality and lliness Costs

Avoidedhealth costs per year:

Footprint area Spacing area

3%of GDP
llution deaths avoided everyyear: 1,539 J/\
=200 -
Plan paysfor iiself inaslittle as1.8 years from air polkition and climate
cost savings alor ne. l/

Future Energy Costs 2050 Money in Your Pocket

= $1,000
BAU (Business as usual) VWWS (Wind, water, solar)
I energy, health, and climate cost savings per person
0:$5,8
l Averagefossik-fuel energy costs*
8.2 c/kWh
0:$34
Average WWS
I electricity costs
A 6.2 c/kWh

Lower energy costs and more jobs
with «100% RES-Switzerland».

Technik und Informatik, Institut fir Energie und Mobilitdt / Photovoltaik Labor — www.pvtest.ch




Conclusion

®Even for IEA, PV can produce 12000 TWh electricity
worldwide in 2060/ market of 600 GWp/y (2016:75 GWp)

W «...the market main driver for RES was PV» (IEA Renewab-

les report 2017)

'PV-pIants will cost less 1€/ Wp - PV electricity will cost
less than 5-10 cent €/ kWh even in Switzerland

" The energy revolution (Swiss Energy Strategy 2050) will
save Switzerland much more than 10 billion annually

" The Swiss Energy Strategy 2050 als controls the CO,!

®100% renewable energy systems is possible!
We have the technology - lets implement it!



In cooperation with the CTI

é Energy
= Swiss Competence Centers for Energy Research

. 9 Schweizerische Eidgenossenschaft
Shap1 ng the FUtuRe Swlss Electrical InfraStructure Confédération suisse

Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

C ission for Technology and I ion CTI

Thank you for your interest!

contact: Prof. Urs Muntwyler — urs.muntwyler@bfh.ch

Berner Fachhochschule
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Levelized cost of electricity (LCOE)

Table 11.1 Estimated LCOE’s in 2030 + for various technologies.

———

Category Technology LCOE in today’s currency
[$ct/kKWh]
Traditional Clean coal with CSS ~10
Nuclear fission >~10
Photovoltaics | Southern areas (~2 kWh/W , ) 3-4
Northern areas (~1 KWh/W ) 6-8
Wind On-shore (~2 kKWh/W__ ) 3-4
Off-shore (~4 KWh/W__ ) 4 -5
Storage Small (~kWh+) 6 -8
Large (~MWh) <5

The new renewable energy sources produce cheap
electricity with less risks (nuclear) and less CO2 (coal etc.).
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