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Abstract— Hydrogen fuel can be produced by using solar eledtr
energy from concentrator photovoltaic (PV) modules for the
electrolysis of water without emitting carbon dioxde or
requiring fossil fuels. In this paper, an assessrnt of the
technical potential for producing hydrogen from the CPV-EL
system is investigated. The present study estimatése amount
of hydrogen produced by this system irthe site of Bot-Ismail in
Algeria using experimental weather data The system studie in
this work is composed of 8 W PV module equipped with
Fresnel lenses concentratoconnected with units of commercia
h-tec 50W StaXX7 PEM electrolyser connected iparallels. The
simulation resultsare presented and discusse
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I. INTRODUCTION

One of the most promising options for obtaining fogeen
from a clean renewable energy source is by usirgrom
from a photovoltaic generator, via electrolysis.
photovoltaic-hydrogen system (PV-El)sually consists ¢
supplying electric power to a water electrolyser dyPV
generator.There are two main kinds c(PV-El) system

(Fig.1):

(A) — (PV-El) system with maximum power poi
tracking (MPPT) system;
(B) — (PV-EI) direct-coupling system.

MPPT system usually includesmaximum power poir
tracker and works with direct current/direct cutré@dC/DC)
converter [1,2]In some MPPT system, atectricity storage
device is included [3]MPPT system makes t whole system
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more efficient but more complicated and rr expensive.
From a previous studypvsec2013, thes, the (PV-EI) direct-
coupling systenpresents better results in terms of hydro
production than (PV-Elsystem with maximum power poi
tracking (MPPT) systemwhen it is properly configured
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Fig. 1: Schematic of PV hydrogen production syst

The two main componentsP¥/-El) direct-coupling system
investigated in this papeare PV array and electrolys
Besides, improvement of PV collector is importaot PV
system.One of common methods is to apply a concenti
[4-7]. There are several kinds of concentrators testdeMi
systems[8-10]. In literatures,Fresnel lenses concentrator
one of the most common used in concentre PV (CPV)
system [11-12].Fresnel lenses can generate high ¢
intensity with smaller focal length, less weightdalower
cost compared to parabolic troughs and dishes, thiok
ordinary lenses [12]The early Fresnel lenses were madi
glass and were used mainly for F-temperature applications.
More recently, glass Fresnel lenses have beencexplay

is


Admin
Typewritten Text
4ème  Conférence Internationale des Energies Renouvelables (CIER-2016)
Proceedings of Engineering and Technology – PET
Vol.17 , pp. 90 - 96


Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608



polymer lenses, in particular Poly Methyl Methaetg

(PMMA), which are much lighter and easto manufacture

[13]. Thus a PMMAFresnel lenses concentrator is applie
a PVEI direct coupling system in this investigation.eTRV
array receives direct solar irradiation and reftactsolar
irradiation then delivers electricity energy to #lectrdyser.
Water is electrolyzed and hydrogen is gener

For electrolyser, currentlynost of the commercial wat
electrolysis technologies usacidic or alkaline electrolyt
systems for hydrogen generatidviore recently a solid sta
water electrolysis technology based polymer electrolyt
membrane has been under develop and is being
commercialised [14-16]. Its operation da@ considered to k
reverse to that of a PEM fuel cell. The P electrolysis
systems can respond rapidly to varying pc inputs and
therefore can be easily integrated with renew energy
systems.

To contribute to the production of hydrogen by reakle
energy, this paper proposes to simulate the fumictipof a
small unit of solar hydrogen production in order
demonstate the feasibility of such installation and to leage
the potential of hydrogen production. The hydro
production unit studied consists of a PV module 66V
equipped with Fresnel lenses concentrator units of

commercial htec 50W StaXX7 PEM elewlyser connected

in parallels This work is divided into two parts: a first p
devoted to the electrical modelling of each systemponen
followed by a 2% part on the simulation of the operation. 1
weather data used in simulation are an experir data
obtained from an experimental setup reafor this study.
The simulation results presented in this articke mlated tc
the site of Bou-ismail in Algeria.

Il. MODELLING

The main components of the (CHAL) system are the

concentrating photovoltaic CPV) generator and tf
electrolyser. In the following sections, the models the
system components are presented.
A. ConcentratingPhotovoltaic system mo

In this study, the PV power generation simulatiooded

consists of two parts, solar radiation on module surface

and PV generator model.

Solar radiation model on PV module surf

In order to simulate the performance of the hydnc
production system using photovoltaic conceiing energy, it
is necessary to have a weather data. In this pape
experimental study was established to determine
irradiation and temperature underesnel lenses photovolte
concentrator.The apparatus we dispose is constituted
heliostat (with 02 axes) in which are fixed a PVdules (of
poly-Si). On the same pia, other PV modules (of the sa

technology) are superposed by optical conators (Fresnel

lenses), in PMMA (Fig. 2, 3 and 4)ype K thermocouple
were attached on the top and the bottom of the &V The

irradiation was measured using a pyraeter EKO, and
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using the CM4 pyranomatefor concentrated irradiation
(~3200w/m2, > 90°). The data was collected by E}
weather station.

Side view of a multi-prism concentrator

A

Fig. 3: Side view of a multi-
prism concentrator

Fig. 2:Fresnel lenses
concentrator

Lenses Fresnel
concentrator

Pyrhéliometer

PV Concentrator on the Heliostat

Fig. 4: Schemef the experimental set

Photovoltaic generator moc

In this study, an explicit model7] is used to simulate
current (I)-voltage (V) characteristics of the modules. -
relation between the currenaind the voltagV, in this model,
under standards conditioissgiven by

\%
| = lgeref| 1- C1| €Xg ————— |1 (1)
sere ( F{szoc.refJ J

where

Cl =l1- Imaxref ex _Vmaxref @)
| scref C2 Vocref

and

C, = (Vmaxref/Vocref)_l
5=
|n(1_ (I maxret/! scref)

Under the variable operating conditions of temperatn
solarirradiance, the new values of the current (Ipvnj #re
voltage (Vpvn) of the PV module/generator are oteidiby

lpyn =1 +41 @)

®3)

Vpun =V +AV (5)
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Al and AV represents respectively the variation of the

current and voltage according to the temperatu solar T O S A R S
radiation, there are given by the following equasi§18-20]: S f
G G A NS Y 4
_ X B O S B R S
Al = Ulsc( JAT +( —l] ' scret (6) - R S
Gref Gref O AR SRETEEEEREEEE SEREE
g ‘ ‘ ‘ \ \ B
§ P I I R
Gp 8 R
AV = =0.0539V magrer Nl —2— |~ tyoe(Te = Teret) () I I N R I N
Gref oL e
A T U S
\ ! ! \ R4 \
AT =Te = Teret (8) ,,,J,,,l,,,L,,J,,;,,L,,J,,,
Gp represents the solar radiation on tilted moduknel T “; e *f;"“‘/: 12 ‘ L
(W/m?) and G reference solar radiation (1000 WYmT, _ T Tensnv)
is reference cell temperature(25°@). ,Hvoc are coefficients Fig. 5:1-V Characteristic curve of 50 W PEM electrolyser.
given by manufacturer’s. In this paper, the |-V characteristic curve of the

] ) ] electrolyser, estabilished in previous study [22]expressed
Tc, cell operating temperature, is approximately py g polynomial equation as follows:

F2r§p205r]t!0nal to the incident solar irradiance asdgjiven by 0 Vg < 10
- NOCT - 20 I =1 i (10)
Tc = Ta + GB[—SOO J (9) ZaiV]S Vi > 10
i=0

Where T, is ambient temperature and NOCT is the normal  Where s V;scurrent and voltage of one stack electrolyser,
operating cell temperature, which is generally give the the a are the polynomial coefficients((a 498,128; a= -

manufacturer’s specifications. 159,199; a= 18,828; a= -0,980817; & 0,0191867). with
quadratic error, & 0,00192353.
In this paper, the studied photovoltaic generatmsists of For an electrolyser composed of,zNstacks in series and

a photovoltaic module type SOLAREX MSX60 of 60 WWheT NpeL stacks in parallel as shown in Fig.6, the equafit®)
electrical characteristics of the module provided the can be expressed as follows:
manufacturer are the open circuit voltagg, ¥ 21 V, the

short circuit current, ¢} ,.~3.87 A, the maximum power Ny
delivered ,Raxrer= 60 W, and the maximum power voltage [ " I
and current respectively,{er= 16.8V and }y ot = 3.56A.

N1
B. PEM electrolyser model i

In this paper, an empirical model is used to apgmoa
electrical behavior of unit of commercial h-tec 5taXX7 Ve
PEM electrolyser. The unit comprises a stack oEBeREM
cells in series. The detail parameters of this tyqfe

electrolyser are given in Table 1 and a currentaga Nse
characteristic curve for one stack electrolysesh®wn in : i ‘
Fig.5. T T
Fig. 6: Block diagram of PEM electrolyser
TABLE |
SPECIFICATIONS OF THESTAXX7 PEMELECTROLYSER UNIT [21] 0 Vg € 10x Ngg
Electrode area 7 cells of 16 crifeach lg = 4 - (11)
Power 50 W at 14 V DC NpEl Xzai (V]Sx NsEI) Vgl > 10x Ngg
Permissible voltage 10.5-14.0Vv DC i=0
Permissible current 0-4.0ADC
H, production 230 cni/min

Estimation of the hydrogen produced
The volume of hydrogen generation (L/h) for one
electrolyser stack is estimated by following equa{23]:

Vi, 15 = 3,1939 X I X 1 (12)
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Where |sis the input current of the electrolyser in (Ajda
n¢ is the faradic efficiency of the electrolyser ris@lered in
this study equal to 99%). s s

For an electrolyser composed ofseNstacks in series and %]
Npe Stacks in parallel, the equation (6) can be express 507 Y M MW /MW 7?‘“’
follows: :ZE PMWW W, w i ‘M JM ‘,‘ ‘1‘{‘ —T2
Vi = 3,1939 X Ngg X Igy X 1, (13) = ‘ d‘ Y \ka,u.’ '\

C. CPV-EL coupling system model 20

In the case of study, the CPV module is directlgrexted
to the electrolyser. Thus, graphically, the opegatpoint of
the system is defined by the intersection of theve(l-V) of
the CPV generator with the 1-V curve of the e|ek;4$er [24] 27/05/2016 04:00 2710512016 1000 2710512016 1600 27/05/2016 22:00
The direct coupling of the CPV generator to thectetdyser
allows writing the following two equations:

Fig. 7:Experimental measurements of Temperatures of

VCPV = VE| , ICPV = |E| (14) 27/05/2016.
Vcepy and g, are respectively the CPV generator voltage and
the voltage of the electrolyzer, 3000 : :
Icpv and k. are the current of the CPV generator and the zigg
current of the electrolyzer respectively. 2400 ]

The resolution of this nonlinear equation can beieed 2200 1

2000

by two methods either graphically or by the NewRaphson

1800

method. In this work, the choice fell on the grajhimethod T 16001
for its simplicity and especially for its timelires S 1400
O] 1200 +
1000
800
I1l. RESULTSSIMULATION 600
400
A. Irradiation and temperature results 202-
AS mentioned earlier, the Study Objective iS tolmthe 27/05/2016 04:00 27/05/2(;1610:00 27/05/20‘161600 27/05/2016 22:00
performance of (CPV - EL) system for producing the A
hydrogen . . : L
, i Fig.8 Experimental measurements of global irradiatioraon
As the first step, five (5) parameters are expeniaiéy 9 P : g
. L ) titted plane of 27/05/2016
collected namely: — the global solar irradiation tited
module G, — the global solar irradiation on tilted module
and under Fresnel lenses concentratgpyG— ambient Fig. 9 shows the I-V curves of PV module for diffet
temperature 7., — Temperatures below and above the solar radiation levels 100, 300, 500, 700, 900 Eo@D W/nf.
module T, and T, respectively. As shown in this figure, at fixed cell temperatutiee short

circuit current and the open circuit voltage arfuenced by
The experimentation for data collection was conedict the incident solar radiation. The open circuit agk increases

from May 25 to June 15 on the site of Bou-Ismailigeria. logarithmically by increasing the solar radiatievhereas the
As example, the results obtained at the day of Rlayare  short circuit current increases linearly. In additi under
shown in Figures 7 and 8. standard conditions, the simulation results closeigtch

We can notice from the results that the global rsolathose provided in the manufacturer’s datasheet.
radiation on a tilted plan and under Fresnel lenses Fig.10 shows the |-V curves of CPV module for difet
concentration almost tripled to reach a value cB@8/nf solar radiation levels 500, 1000, 1500, 2000, 2&06 3000
compared to the global solar radiation on a tifitzdh. W/m?. One can notice that the power delivered by a CPV
module varies between 22 W for solar radiation @3 Sv/nf
and 170 W for solar radiation of 3000WinThe latter value
is significantly higher compared to the power tlcan be
B. PV results absorbed by the electrolyser which is equivaler8aoV. The
electrolyser can be damaged. To avoid this, itisessary to
conduct a sizing of CPV-EL system.

These results are used as inputs to the CPV-Elemyst
model.

In this section are represented the simulationltesd the
current-voltage characteristics curves of the BREXPV
module.
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Current | (A)

Fig. 9: I-V curves of the BP SX 60 at different éd of
solar radiations and a fixed cell temperature of £5

1

12|

Current (A)

Fig. 10: I-V curves of the CPV module at differémtels
of solar radiations and a fixed cell temperaturé®f C.

C. CPV — EL system sizing results

To match the CPV array output with the electrolylsad,
it is first necessary to know the current (l)-vgha(V)
characteristic of both the components, to ensuae ttie PV
array is able to supply the minimum cut-in voltagiethe
electrolyser to initiate the electrolytic actioniggbciation of
water into oxygen and hydrogen) at all solar iraades. It is
also necessary to ensure that for higher irrad&tioe output
current from the PV array does not exceed the mamxim
rated current of the electrolyser, since a higharent is
likely to damage the electrolyser cell. In this tgag, some
configurations are presented in order to deterrfiresize of
electrolyser which can support the CPV module autpu

For the combination of one CPV module and one

electrolyser stack, the operating curve of thetedeser and
the maximum power point line of the PV output anewn in
fig. 11.

|
1
: 30D0OWIMZ2
@m—————————: ————————
c T
g | 2o0mWImZ2
S Jx ~ 1E00WIm2
| 1000Wm2
: SOMW/Mm2
’ ’ Voltage (V)
Fig.11: Coupling of one CPV module with one elelgtser
stack

From this graph it is clearly visible that for solaadiance
values above 1000 W/mCPV module will deliver more
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current than the rated values of the electrolyséich may
damage the electrolyser. Hence this combinationnas
practical.

Since with the previous combination the outputhef CPV
module is greater than the rated power of the myser at
higher irradiances, another electrolyser stackbwen added
in parallel as a second branch, i.e., one PV mociupled to
a bank of two electrolyser stacks connected in ljghrél
CPV-2| EL). The resulting I-Vcurves shows that for solar
irradiance values above 2000 W/@PV module will deliver
more current than the rated values of the electeslywhich
also may damage the electrolyser. Hence this catibimis
also not practical.

For the combination of one CPV module and four
electrolyser stacks connected in parallels (1CP|}\/E4L) the
operating curve of the electrolyser and the maxinpower
point line of the PV output are shown in fig. 12.

Current (A)

15 20

10\/oltage V)
Fig.12: Coupling of one CPV module with four eletyser
stacks connected in parallels

The CPV module is now able to deliver power to the
electrolyser at a solar irradiance of 3500 W/mithout
damaging it.

This is the configuration that has been retained tfie
simulation of hydrogen production of a CPV-EL syste

D. Hydrogen production simulation results of CPC-EL
system

Through modeling previously established, a simatati
tool was conducted to estimate the amount of hyehog
production of a CPV system-EL. A flowchart of corgru
code for estimating the amount of hydrogen productrom
a CPV-EL system is presented in Fig. 13.

The hydrogen production simulation results of CPV-E
system from 25/05/2016 to 18/05/2016 are showigii3.

The hydrogen production simulation results of CPV-E
system and PV-EL are shown in fig.14 for the day of
05/17/2016 as example. We can see that for the $vhe
module hydrogen production in CPV-EL systems almost
tripled compared to the amount produced by a P\&tem.
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Weather data

(Irradiation and Temperatuie)

l

Characlernstics of PV Module

Characteristics of Electrolyser

!

Determination of Operating point of

CPV-EL Systeimmn

Determination of Operating Current

ot Flectrolyser

l

Determination of 1lvdrogen

Production of CI>V-EL System

Fig.13 : Flowchart computer code festimating the amoui
of hydrogen production from a CPEL systerr

Fig.14: Flow rate oHydrogen Production of CF-EL from
25/05 to 18/06/2016

Flow rate of Hydrogen Production (I/mn)

600 800
Time (mn)

Fig. 14 Flow rate of Hydrogen Production of C-El system
on 27/05/2016.

IV. CONCLUSIONS

Hydrogen can become the energy vector of the fi
Regular photovoltaisystems suffer from the probleiof low
efficiency andhigh cost. It has been suggested that (
techniques could beery promising as they could overcol
these problems. In this contexthis paper presents tl
performance analysis of hydrogeproduction syster
consisting of 60 W PV modulequipped with Fresnel lens
concentrator directly coupling witliour of 50 W PEM
electrolyser connected in seri@he objective of this study
to develop asimulation tool to estimate the amount
hydrogen production of CPV-EL systesnd to compare tr
results with those obtained from FBI- system. As results «
hydrogen production, the CPELE system can increase t
production by a factor of 2.5 compared to-EL system.
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