
1 Specification
3

You have ordered a sizing of an off-grid solar power system in Madrid (lat.
40.27 long. -3.59), which should be able to supply the specified daily electrical
energy to the devices listed below.

Device Energy consumption [Wh]
Device 1 2000

Table 1: Specified desired power supply.

This system should be well-functioning during a period when 10 days of
bad weather [4] occur, given that these days are followed by 1 days of average
weather (with average solar irradiance).



2 Conclusion
You need at least 2000 W solar panels and 19.87 kWh batteries in order to
guarantee your supply of electricity when the 10 days of bad weather occur.

Necessary solar panel power

2000 W

For example 10 solar panels
with 200 W power.

Necessary battery energy

19.87 kWh

Corresponding to the battery
capacity 1656Ah
for 12 V lead acid batteries.
This can for example
be fixed by connecting 23
batteries with the capacity
of 72 Ah in parallel.



3 Your solar power system
In the block diagram below you can see a suggestion on how you can connect your
solar power system together in order to supply your electronics with electricity.



4 Motivation
The number of solar panels and batteries have been calculated with the goal
that the battery bank’s state-of-charge should never fall below 50 % (it is impor-
tant for lead acid batteries [1]), after a period when the weather is bad during
10 days in a row. Bad weather here is defined as that the sunlight’s irradiance
only reaches 10 % of the average irradiance for the given month.

In the graphs below you can see how your solar power system has been simu-
lated for the months for which you have chosen that it should work well. In the
column to the left you can see input data for your location, which is irradiance
(the sunlight’s power per square metre) [2] and the solar cell temperature [2]. In
the column to the right you can see the resulting electric power and the state-
of-charge level in your battery bank, as the number of solar panels stated under
Conclusion have been used. In the simulation it has been assumed that the
solar panels are aligned towards the south(azimuth angle), with the tilt angle
of 32◦, which is a suitable tilt angle for solar panels in your location [5]. It has
also been assumed that monocrystalline solar panels are used, since these have
higher efficiency compared with polycrystalline solar panels and therefore take
up less space. [3].
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Figure 1: Solar irradiance
and cell temperature for
the solar panels during 11
days.
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Figure 1: Power and state-
of-charge level in the bat-
tery during the 11 days.

June

50 100 150 200 250
Time [h]

914

90
0Irr

ad
ia
nc

e 
[W

/m
^2

]

Irradiance

50 100 150 200 250
Time [h]

30

40

50

60

Te
m
pe

ra
tu
re
 [C

]

Panel temperature

Figure 2: Solar irradiance
and cell temperature for
the solar panels during 11
days.

50 100 150 200 250
Time [h]

1494

55
-92

Po
we

r [
W
]

Power in the battery

50 100 150 200 250
Time [h]

50
60
70
80
90

100

St
at
e-
of
-c
ha

rg
e 
[%

]

State-of-charge in the battery

Figure 2: Power and state-
of-charge level in the bat-
tery during the 11 days.
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