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Greenland

http://itu.dk/mana

2/46



Introduction to Wireless Sensor Networks                                                                                                                                      201210

Solar power

May refer to thermal, electric and other forms of powering 
Here, we talk about

photovoltaic power

the production of electric energy by means of photovoltaic 
panels.
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Principle

Photovoltaic panels
Generate electric power (DC)
through the separation 
of electric charges 
in a pn junction
in semiconductor materials,
mostly Silicon based,
but also other materials.
Note: there are other types of solar panels too – 

see slide on research!
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Types of solar power deployments

On grid
May deliver energy back to the grid
AC, inverters needed for AC/DC conversion

Off grid
Autonomous systems, 
may or may not need AC.
In the case of WSN, we typically look at these 
autonomous systems
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Elements of pv setup

Photovoltaic panel

Charge controller

Battery

Load / Consumer
Optionally: Inverter (AC)
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Types of solar cells

Monochrystalline
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Types of solar cells

Polychrystalline
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Types of solar cells

Thin Film, flexible
e.g. CIGS
Copper indium gallium selenide 
(CuInxGa(1-x)Se2)
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Batteries

• Need to be suitable type for solar charging 
cycles: deep cycle batteries, optimized for 
many rounds of charge and discharge

• Often of type GEL battery (closed Lead 
Acid)

• Should never be depleted completely
• Battery capacity is measured in Ah 
(Amperehours) or Wh (Watthours)
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• WSN sensor boards might have special 
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types of batteries – 
we might look at 
systems with 
huge battery banks of 1000s Ah 
or 
just a tiny Li battery that is being trickle 
charged.
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Alternative to Batteries
• Supercaps
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Def. Farad F = A x s / V 

1 F at 12 Volts:
1F x 12V = 12 As 
100 F ==> 1200 As = 1/3 Ah 
600 F ==> 1.8 Ah
1000 F ==> 3 Ah

biggest supercaps: ~ 5000 F / 15 Ah
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in normal shops: 200 ... 600 F
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• temporary storage in mechanical or 
thermal systems

Discuss!
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Example:
2 x 200Ah
batteries
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Charge Controller

Intelligent control of charging process

Capacity control

Power conditioning
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Photovoltaic systems in all sizes
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pv integrated in 
sensor node:
Memsic Eko
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Characteristics of a solar panel

• operating voltage
• peak power 
• open circuit voltage 
• short circuit current 
• maximum current at nominal voltage

--> power

Reminders ...
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Voltage U
Current I
Power P
Resistance R

P = U x I
U = R x I
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Example: open circuit voltage of a 12 volt panel
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Characteristics 
of a solar panel

IV – curves:
voltage and current

P = I x U

MPP
Maximum Power Point
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How much power can be generated?

2 main factors:

• Insolation – how much light we have

• Efficiency of conversion
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Insolation maps

map influx of solar radiation energy,
e.g.
kW per  square meter
or
kWh per square meter and time
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Artists
view of 
Desertec 
plans
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Efficiency of solar cells

Cells currently available typically have
< 20 % conversion efficiency

Realistic values of monochrystalline cells: 
approx. 15 %

Intense research to improve efficiency
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Example:
Measured
Efficiency
of
commercial
panels
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Prices

World market prices have just reached 
< $ 1 / Watt 
for midsize panels (approx 100 Watt) -
realistically, you will pay $ 2 ... 5 / Watt

However, for WSN we are mostly looking at 
smaller panels, with higher price per Watt
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Example: 
small panels for 
e.g. Arduino
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Dimensioning a pv system

First rule: minimize load!

Collect realistic data for 
insolation, load, time characteristics, etc
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Conservative approach to dimensioning

• Know your load
• Decide how much uptime without 
recharge you need (longest dark period)

• ==> Battery Capacity
• Decide how long it may take to recharge 
the battery

• ==> Solar panel size
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Appendix: Dimensioning exercise
Dimensioning a photovoltaic system: First approximation

You could call this the "battery approach" - we start with

• looking at the total load of consuming devices
• how long we need to keep them running without sun -
• then we calculate the battery capacity and everything else from 
there.

All numbers here are of course just examples – total load, insolation 
hours and other factors will be different from case to case!
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To start, we need to know two things:

Total Load at 12 Volts [W]: e.g. 20 Watt (==> 1.7 A)

Days of Autonomy, that means: how long we can run without sun: 

we will say 3 days a 8 hours a day ==> 24 hours.

These two lead us to ...

Total Battery Capacity needed [Ah]: 40 = 24 h * 1.7 A

However, no battery should be discharged completely ever - the 
maximum discharge depends on the type of battery. Read your data 
sheet!

What is the maximum discharge level of the batteries? e.g. 50%: 50%

With this correction, we get ...

Total Battery Capacity needed [Ah]: 80
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Now that we know the battery capacity, we need to know how many 
days we allow for full recharging, once the sun is shining

Maximum time for recharging [days]: 1

How many hours of sun on an average day? 5

This gives us the total power of the solar panels needed – we will need 
to have 40/5 A flowing into the battery

We need this many Watts from the 12 Volts panels: 60 Watt!

60 Watt of panels to power 20 Watt of consumer devices, for some of 
the time.

And we are only using it 8 hours a day, and have not been demanding a 
long autonomy phase.

For nonstop operations, it would be approximately 200 Watts!
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Let us look at the same system from a different angle.

Dimensioning a photovoltaic system: Second approximation

This is the "worst month approach", simplified. That means, we will

•calculate how much energy (power x time) we need per month
•take the month with the least sun
•see how many solar panels we need to generate the needed energy 
in that worst month

Again , we need to know the ...

Total Load at 12 Volts [W]: 20

How many hours per day do we need our devices running? 8

this tells us, how many AmpHours will be needed:
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Total AmpHours per month: 400  (30 days * 8 hours * 1.7 A)

What are the average sunshine hours in the worst (darkest) month of 
the year? 

150 (i.e. 5 hours a day ... a sunny climate)

These hours will have to be enough to generate the same amount of 
AmpHours we found above – this tells us how many watts of solar power 
we need:

Total Watts of 12 V Solar Panels: 32 Watt

Now we still need to know our battery capacity – again based on:

Days of Autonomy, that means: how long we can run without sun: 3

and

The maximum discharge level of the batteries? 50

This results in
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Total Battery Capacity 50 Ah

This second approach leads to a far more optimistic result - only 1/2 of 
the solar panel power needed.

Discuss!

Why is this the case?

What does the "worst month model" neglect?
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