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How can we use Solar Energy for our civilisation? 

Tutorial with Experiments
for visiting young students from China

Thomas Nordmann
TNC Consulting AG

Switzerland

July 31th 2017 
in cooperation with Gregory MacKinnon

Professor of Science & Technology Education
School of Education, Acadia University

Wolfville, Nova Scotia, Canada
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How can we use Solar Energy for or civilisation? 

Agenda

•  What is Solar Energy?

•  How can we use Solar Photovoltaic?

•  Where is Photovoltaic used today?

•  How can we store Solar PV for the night?

•  Who is the leader in Photovoltaic application?

•  How can we build our first solar electric car?

•  Test drive and first competition in Nova Scotia!

•  Your question my answer?   
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On the Edge of the Atmosphere we
measure an intensity of solar radiaton
which is almost constant at
1'360 W/m2 (Solar Constant)

Core Temperature: 150 Mio.°C
Surface Temperature: 5'700 °C

Diameter: 1.4 Mio km

75% Hydrogen
23% Helium
2% Other

150 Mio. km
about 8 minutes
@ Speed of light

333'000 times Volume of the Earth

Diameter:
12'750 km

The Sun
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the
Sun

Solar Power on earth: Power 0 - 1‘000 W/m2

Energy/Year: 600 - 1‘200 kWh/m2

12 -19%
efficiency
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Sun

Solar Power on earth: Power 0 - 1‘000 W/m2

Energy/Year: 600 - 1‘200 kWh/m2

12 -19%
efficiency
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This is the photoelectric effect the
Sun

free
electrons

+

-
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This is the photoelectric effect the
Sun

free
electrons

+
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Solar Power on earth: 
Power 0 - 1‘000 W/m2

Energy/Year: 600 - 1‘200 kWh/m2

156 mm x 156 mm  
d 0.2 mm
η = 12 … 19 %
≈ 10 gram of silizium
≈ 4 Wp power output
12 -19% efficiency

The photoelectric effect

the
Sun
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 Where ist Photovoltaic used today?
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 Where ist Photovoltaic used today?
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Photovoltaik off grid for remote rural location

 Where ist Photovoltaic used today?
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 Where ist Photovoltaic used today?
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 Where ist Photovoltaic used today?
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 Where ist Photovoltaic used today?
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 Where ist Photovoltaic used today?
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Where ist Photovoltaic 
used today?

17

©
 T

h.
 N

or
dm

an
n 

• T
N

C
 2

01
7

28 Years ago

Solar PV for a highway in Switzerland 1989
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Still in good shape and in operation 2017

 Where ist Photovoltaic used today?
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Snapshot of Global Photovoltaic Markets - IEA PVPS  5 

In the Middle East, Turkey installed 583 MW for the very first time, while Israel remained the 
very first country in terms of cumulative installed capacity with 130 additional MW installed 
in 2016 and a total capacity approaching the first GW. Following the tenders, the first dozens 
of MW have been installed in the UAE (Dubai, Abu Dhabi) and Jordan in 2016; thus showing 
that there is ample activity foreseen in the region. While these super-competitive tenders 
have a minority share in the global PV market, they show how competitive PV has become.  

In Africa, South Africa became the first African country to install close to 1 GW of PV in 2014. 
In 2016, it grew again with around 500 MW installed. Algeria installed about 50 MW last year 
but launched a tender for 4 GW. Many countries have announced projects, with Egypt leading 
the pace (5 GW have been announced) but so far, most installations have been delayed or 
simply are still in the project evaluation phase.  

Overall, these developments raised the global PV market for the first time to at least 75 GW, 
a significant increase from 2015 numbers where 50 GW were connected to the grid. Such 
absolute growth has been unseen since 2011, the last major growth year. With a positive 
outcome in all regions of the world, PV has now reached 1 GW of regional penetration on all 
continents, and much more on the leading ones.  
 
The year 2016 was a year of records, and the global installed capacity is only one of them. 24 
countries have passed the GW mark and the 300 GW mark has been crossed in 2016, with at 
least 302 GW producing electricity at the end of the year. Six countries had more than 10 GW 
of total capacity, four more than 40 GW and China alone represented 78 GW. Germany, which 
used to lead the rankings for years, lost its place in 2015 and now ranks third (41,2 GW), with 
Japan second (42,8 GW) and the USA fourth (40,3 GW). With more than 103 GW of total 
capacity, Europe is now significantly behind the Asian leader that has at least 144 GW and 
much more to come. 
 

 
 
 

 Who is the leader in Photovoltaik application?

15 GW

7 GW

35 GW

1 GW = 1’000 MW =  1’000’000’000  W
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 How can we build our first solar electric car?
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The cell has partly shadow 

 How can we improve our first solar car?
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A vertikal solar angle is best 

 How can we improve our first solar car?
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 How can we improve our first solar car?
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 How can we improve our first solar car?
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This is the photoelectric effect
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This PV Cell has 
1 Volt x 0.5 Amp 
= 0.5 Watt of Power

This PV Chargers has 
4.5 Watt of Power

From your first solar electric car to a PV charcher?
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This PV charger has 
4.5 watt of power

An iPhone will 
be recharged 

in 2 hours 
with full sunlight

3x
 iPhone

The battery will be charged
in 6 hours with full sunlight

5000 mAh

step 1

step 2

step a

How to operate a PV charger?
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My PV installation with 6’000 Watt of Power

29

©
 T

h.
 N

or
dm

an
n 

• T
N

C
 2

01
6

BIPV

My PV for the heat-pump and electromobilit 
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Power for electromobilit in my Smart Energy Home

• 22 kWh/100 km ➜ 4‘400 kWh/20‘000 km
• Charge  η > 80%
• PV of  5 kWp is needed!
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Thank you for your interest
in Solar Power
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