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The current work gives an estimation of hydrogen production from wind power. Two aspects of the system are
considered. Estimation of the wind power produced by three types of wind turbines generators and the energy
required for the electrolysis process.

Wind data at seven sites of the south of Algeria were used. The hydrogen production at various sites has been found to
vary according to the wind speed and the wind speed frequency distribution. However, for the same speed at different
sites we obtained different values. For an average speed of 7.5 m/s at 30 m height, we obtained 3900 Nm® for the
10 kW wind turbine, 25350 Nm’ for 50 kW and 99150 Nm’® for 250 kW.
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Hydrogen economy

Introduction

Nowadays, wind energy is one of the most economical
energy sources with a well-known technology.
Nevertheless, the instability caused by the wind turbines
to the grid and the intermittence of the wind source, make
necessary to develop efficient energy storage system [1].
Hydrogen as an energy vector, together with electrolyser
and fuel cell technologies can provide a technical
solution to this challenge. Such a system has been
developed throughout the world [2-6].

Additionally, the wuse of hydrogen for a clean
transportation fuel will increase the need of renewable
hydrogen generating [7, 8]. Furthermore, the energy
available for hydrogen production is strongly dependent
on the wind energy resource [7]. In this context, the
proposed study is interested to the hybrid system wind
turbine-electrolyser. It assumes that the produced wind
energy is delivered directly to the electrolyser for
hydrogen production.

Several studies have been done on the wind power
potential resources in Algeria [9-12]. As showed in the
Fig. 1 [13], the south is the most promising region for
wind power applications with mean wind speed range
from 4 m/s to 10 m/s. The speed reaches 8 m/s in the
region of Adrar.

Therefore, we focused our study on the south of Algeria
which is characterized by a big desert, scattered
populations and remote communities.

Wind speed data of seven sites situated in the big south
of Algeria were used to provide an estimate of annual
wind energy available for hydrogen production.

The characteristics of alkaline electrolysers [14] were
used to estimate the rate of electrolytic hydrogen
annually produced. The energy efficiency has been also
considered.

Theoretical analysis

A promising option for hydrogen production from
renewable resources is electrolysis [7].

Hydrogen is produced via electrolysis by passing
electricity through two electrodes in water. The water
molecule is split and produces oxygen at the anode and
hydrogen at the cathode.

Electrolysis uses direct current (DC) electricity to split
water into its basic elements of hydrogen and oxygen.
Since this process uses only water as a source, it can
produce up to 99.9995 % pure hydrogen and oxygen [15].
Three types of industrial electrolysis units are being
produced today [14]. Two involve an aqueous solution of
potassium hydroxide (KOH), which is used because of its
high conductivity, and are referred to as alkaline
electrolysers. These units can be either unipolar or bipolar.
The third type of electrolysis unit is a Solid Polymer
Electrolyte (SPE) electrolyser. These systems are also
referred to as PEM or Proton Exchange Membrane
electrolysers. In this unit the electrolyte is a solid ion
conducting membrane as opposed to the aqueous
solution in the alkaline electrolysers.
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Fig. 1. Wind speed contours at a height of 30 m above ground (m/s) [13]
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Regardless of the technology, the overall electrolysis 12
reaction is the same: H,O — % O, + H,.
However, reaction at each electrode differs between 10

PEM and alkaline systems.
The electrolysers usually tested for wind electrolyses are

the alkaline ones [5, 8, 16], the PEM ones are in the state
of development.

Therefore, we selected the alkaline electrolysers. Their
electrical consumption is about 5 kW/Nm’h' of
hydrogen produced [5, 8, 16], with an energy efficiency 4

Power (kW)
o

minimal of 75 % [15].
Where, the energy efficiency is defined as the higher

heating value (HHV) of hydrogen divided by the energy
consumed by the electrolysis system per kilogram of

hydrogen produced [15]. 0
A schematic of the complete hybrid renewable energy
system developed at the Hydrogen Research Institute
(HRI) is presented in Fig. 2. It consists of a wind turbine
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(WT), coupled with an electrolyser powered by the
excess electrical energy produced from the wind energy
source. The electrolyser converts the electrical energy 60

T~ |

into hydrogen, which is stored in the form of compressed
hydrogen. When the energy produced from the WT

source is not enough, the stored hydrogen is converted
back to electricity via a fuel cell generator [2].

In our study, we considered that the whole of the 40

electrical energy produced from the wind turbine is fed

to the electrolyser to produce hydrogen. The hybrid
system is then reduced to the wind turbine and the
electrolyser. 20
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Fig. 2. Hybrid wind-hydrogen system diagram [2]
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Three types of wind turbine (WT) sizes were selected:
small (10 kW), medium (50 kW) and large (250 kW).
Their power curves are represented on the Fig. 3-5.

The WT is characterised by a cut-in speed, a rated speed

150

Power (kW)

and a cut-out speed. The power increase from the cut-in 100
speed to the nominal speed at which it is nominal and it
cuts at the cut-out speed.

The hub height of tower is 30 m above the ground.

The wind ressources are requiered to estimate the wind
power available for the electrical production. 0
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Hydrogen economy

Indeed, the wind power density is given at standard
conditions of 15 °C and 101.3 kPa by the equation [17]

P=3 P,)f;. (1)

where P(V;) is the wind turbine power produced at the
wind speed V, f; is the wind speed frequency at the wind
speed V; given by the Weibull distribution.

The Weibull function is a two parameter function used to
estimate wind speed frequency distribution. It is
expressed as [17]

k—1 k
1) J(K) exp[(i) ] @)
C C C

where c is called the scale factor (m/s) and £ is the shape
factor (dimensionless).

The wind speed and the Weibull shape factor are
adjusted vertically according to the power law model

[18]
v (z)
" (ZJ ©)

a=a+bInl; 4)

where V] is the observed wind speed at height Z; and /,
is the calculated wind speed at height Z,, o is the power

law coefficient, it depends on the wind speed
measurement.
1—0.0881né
b _ 10
- > (5)
ky

1—0.0881né
10

where k is the Weibull shape factor at height Z, and &, is
the Weibull shape factor at height Z,.

Results and discussion

In order to estimate the wind power delivered to the
electrolyser, the retscreen model for wind energy project
[20] was used. The model calculates the annual wind
energy delivered according the equation (1). The model
considers the temperature and pressure adjustment
coefficients and losses coefficient.

The wind speed and the weibull wind distribution
estimated at 10 m [19] were adjusted according the
equations (3), (4) and (5) at 30 m height for seven sites
of the south of Algeria. The values obtained are given on
the Table 1.

The power curves of the three wind turbines presented in
Fig. 3, 4 and 5 and the annual mean wind speed and the
weibull shape factor given in the Table 1 were used to
simulate the wind power produced annually. The
hydrogen production rate is 1 Nm®>h™ at 5 kW input with
an energy efficiency of 75 %.

The results obtained are plotted in the Fig. 6, 7 and 8 for
the three WTs. It appears clearly that the hydrogen
production depends on the wind speed and the size of the

WT. A look at the Fig. 6, 7, 8 reveals that the highest
production is observed for the highest windy site Adrar.
The lowest value of 1800 Nm® is observed for Hassi-
Messaoud. In Salah and Béchar for the 10 kW WT.
While, the Figs 7, 8 shows that the lowest production is
observed only for Hassi-Messaoud.

Table 1

Mean wind speed and shape factor at 30 m
above the ground

Site V(m/s) k (m/s)
Adrar 7,5 2.4
Béchar 49 1,5
Hassi-Messaoud 49 1,7
In Amenas 5,6 2,1
In Salah 5 1,8
Timimoun 6,6 2,1
Tindouf 5,6 2,2
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Fig. 6. Hydrogen and wind power production by the 10 kW WT
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Fig. 7. Hydrogen and wind power production by the 50 kW WT
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Fig.8. Hydrogen and wind power production by the 250 kW WT

These results indicate that for the same wind speed we
obtain different values of hydrogen rate when we
increase the WT size. Obviously, this means that the
Weibull wind speed distribution can make the difference.
On another hand, we noticed that the increase rate of
hydrogen production for the three sizes of WT is
approximately equal to the increase of the WT nominal
power.
Conclusion

To evaluate the potential viability of electrolytic
hydrogen wind production systems, it is important to
make an accurate wind energy resource assessment.

This study gives a simplified methodology to evaluate
the hydrogen production from the wind profile available
and the wind power curve of a wind turbine.

The results indicate that the hydrogen production
strongly depends on the wind speed and its frequency
distribution.

Furthermore, in order to increase the efficiency of the
hybrid wind-electrolyser system, it is primordial to
choose the right wind turbine size for the best windy site.
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