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ABSTRACT

The production of hydrogen, vector of energy, by electrolysis way and by
using photovoltaic solar energy can be optimized by the good choice of
the electrolytes. Digtilled water usually used, due to membrane presence
can be substituted by used waters, which enters more and more their treat-
ment. Used water such asthose of the Cleansing National Office, and also
of the factories such as those referring with ammonia, the margines, and
even the urines that make it possible to produce much more hydrogen as
distilled or salted water, more especially as they do not even require an
additive or membranes: traditional electrolysers with two electrodes. This
study seeks to optimize the choice among worn water and this, by elec-
trolysisin laboratory or wire of the sun according to produced hydrogen
flow criteria, output of electrolysis and electric power consumption. The
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additive used isNaCl.

INTRODUCTION

Thewater electrolysisisknown for alongtimeto
produce hydrogen. However, for the membrane
electrolysers, water used must be pure.

Weshow herethat thewornwater eectrolysisgives
the same performances, even better ones, becauseit
containsbacteriathat produce hydrogen.

Asworn water, we can cite those of the National
Cleansing Office, the margines, thegasliquor of the
factoriesof ammoniaproduction, and also the vinegar

© 2012 Trade Sciencelnc. - INDIA

water and the urinethat isconsidered rich in nitrog-
eni zed substance (ammonia) according to recent re-
search of theOhio University USA.

The hydrogen production by water e ectrolysiscan
be profitable economically by using an €l ectric power
of renewabl e origin such as photovoltaic solar energy!™
2

Our former work was based on the water salted
useas electrolyte®7. Inthisarticle, onewill vary the
nature of the e ectrolytewhileleaning towardstheworn
water known by their richnesswith bacteriawhichare


mailto:benslama_romdhane@yahoo.fr

62 Effects of the electrolyte type on the electrolysis performances

RREC, 3(2) 2012

Full Poper ===

the hydrogen production base. The human urinewill
also beused in referenceto work of Boot!®19,

EXPERIMENTAL PROTOCOL

o Parametersof calculation:
¢ Hydrogen production flow rate: Qv =V/t With:
o Absorptivepower by thedectrolyser: Pa= U*| Use-
ful power of theelectrolyser: Pu=PCI* Q* p With
PCI: lower thermal value of hydrogen (119.910°J
Kg)
p: density of hydrogen (0.09 Kg/nr)
Consumed el ectric power: W = Pa*t (J)
Useful efficiency: p=?PCl * (V / (Pab* t)) * p
Consumed €l ectric power per unit of volume: W/
V=Pab* t/V (Jcmd)
A photovoltaic moduleand €l ectrolysersare used:
TABLE 1representsthecharacteristicsof theworn
water used, such asthepH, theresistivity and initial
sdinity, beforeand after the sodium chlorideaddition.
We can notice that the sodium chloride addition
hasawesak effect onthe pH, however theresistivity is
strongly reduced.
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TABLE 1: Characterigticsof theliquidsbeforeand after the
addition of NaCl

Salted liquids
Liquidsin initial state  characteristics
characteristics (before the (after the
addition of NaCl) addition of
NaCl)
L initial o
N Resistivity . Resistivity
Liquids pH Salinity pH
mS mS
mS T (mS)
Water of
tap,
(Gabes, 6,97 4,67 25 6,9 -
Tunisa)
Olive
pucker 456 4513 8,7 - -
Margine 4,97 46,3 95 491 17,4
Urine 5,61 49,6 335 5,03 47
Vinegarof 533 48 26 462 3
pink
Cleansing
water 6,98 8,31 46 7,32 52
Gas liquor
(NH,OH) 79 120,3 - 7,37 79
Water of
Kitchen 4,18 8,5 47 834 10,3
Milk
water 4,01 6,25 34 378 6,2

Chemical characteristicsof worn water used
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INFLUENCE OF NACLADDITIVEONTHE
ELECTROLYSISOFVARIOUSWORN
WATER

We use NaCl as additivefor handling reasonsfa-
cility, abundance on the market and low cost.

First size: Released hydrogen flow

Theseexperimentsare carried out under avaue of
6V and an ambient temperatureof 21°C.
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Figure 1 : Salinity effect on hydrogen flow produced by
electrolyseworn water.

Intheinitiad state of each liquid (wornwater) used,
we can noticethat thegasliquor and theurinearedis-
tingui shed because they have release hydrogen flows
higher than the other liquids. With the addition of the
NaCl additive, dl thesalted liquidsseetheir hydrogen
flow increasing inasignificant way. Theurineand the
gasliquor remain among thebest aswell with aswith-
out additivesalt.

Second size: Electric power consumed

Theéd ectric power ismainly consumedto produce
hydrogen. Thusthesetwo sizesarealmost proportiona
according to Figures 1 and 2. However thevariation
remai nsenormous between thetwo configurationswith
and without additive.

Thisvariationwill bereducedin Figures3and 4
concerning, respectively, theefficiency of production
and specific energy consumed.

TheNaCl addition increasesthe el ectrolyte con-
ductivity and consequently the current passageand thus
the consumed e ectric power and the produced hydro-
gen flow and this, whatsoever thetype of electrolyte.

= Pylf Peper

B Without NaCl  BWith NaCl

Power (W)

Liguids
Figure2: Salinity effect on theelectric power consumed to
producehydrogen by wor n water electrolyss.

Third size: Electrolyser efficiency

Thecd culated efficiency isproportiona tothequo-
tient flow / eectric power.
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Figure3: Salinity effect on theproduced hydr ogen efficiency
by wornwater eectrolyse.

We can only noticeasmdl differenceontheresults
indicated inthisFigure 3. Infact, it isnoted that the
efficiency of theliquidswithout sodiumchlorideislarger
thanthat of theliquidswith NaCl. Thiswill beexplained
by thelow dectric power disspated for theliquidswith-
out NaCl that for theliquids salted even those which
havesgnificant flows.

Fourth size: consumed specific electric power

By thismeasured size of consumed specificeectric
power, wewanted to dleviatethegresat variationswhich
exist between the two configurationswith and without
additive, observedin Figures1and 2.

If itistruethat the addition of NaCl doesnot have
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Figure4: Salinity effect on the consumed specific electric
power to producehydrogen by worn water eectralyss.

spectacular effect for all theelectrolytesasin the case
of flow and power consumption, we can however note
that the addition of NaCl generatesadecreaseinthe
specific energy consumed in the case of the water of
tap, margine, gasliquor, cooking worn water and an
increaseinthisenergy tolet uspucker olive, urinates,
vinegar of pink, cleansing water and milk water.

SIZESOF PERFORMANCE OF THE ELEC-
TROLYSISOFTHEWORNWATER SALTED
(200G/L OF NACL)WITH THE SUNWIRE

Our initial goa infactiscertainly to produce hy-
drogen by solar €l ectrolysisusing aphotovoltaic mod-
uleto beprofitableeconomically and in favour of the
natura environment.

Thetestsinday lightstook placeat thetimeof quite
sunny days. One then records the flow of produced
hydrogen, the efficiency of dectrolysis, the consumed
electric power and the specific energy of hydrogen pro-
duction.

First size: Release of hydrogen flow

These experimentsare carried out duringaquite
sunny day until 14 H, then after midday the sky became
covered.

Throughout theday, itispracticaly thegasliquor,
the urine and the worn water of the ONASthat pro-
ducethemost hydrogen. It would bethusto usethem
for amassive production of hydrogen. However totreat
margine effluant, electrolysis can be retained, even
through the production of hydrogenisdow, ontheother

hand, it admits asufficient conversion efficiency and
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Figure5: Hydrogen release flow accor ding to time (08/06/
2010)
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especialy arather reduced specific consumption.
Second size: Electric power

M easurements of current and the el ectrolyser ter-
mina voltagegivethe consumed electric.

Power (W)

8 9 10 11 12 13 1 15 18 7 18
Time (h)

== 533 liquor =B=Urine =fe=Water of kitchen
i\ orn water s \finegarof pink =B Milk water
st Water of tap Olive pucker Wargine

Figure6: Absorbed dectric power accordingto time (08/06/
2010)

The consumed power isthat delivered by the pho-
tovoltaic generator, which, exposed to thesun delivers
acurrent proportional to the sunning. Theday of the
experiment after midday was cloudy, which explains
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thefall of the power after 14 h.

Accordingto Figure6, gasliquor, urineand cleans-
ingwornwater deliver themost flow of hydrogen, itis
them a so which consumethe most e ectric power.

Third size: Ener geticefficiency of thedectrolyser

Theefficiency isdeduced from thereleased hydro-
genflow anditslower cdorific valueand from the con-
sumed el ectric power.

_PClVyp
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Efficiency
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Water of tap Olive pucker Margine

Figure7 : Electrolysisefficiency according to time (08/06/
2010)

Theenergetic efficiency ishigh at the beginning of
morning and at the end of the day because received
energy, beingwesk, isused effectively for eectrolysis,
thelossesof powerstransformed into heat with water
arethusreduced.

Theéefficiency comparisonsaccordingtotheeec-
trolyte arealmost contrary with the produced hydro-
genflow and the consumed € ectric power; what istrue
for any energetic system.

Fourth size: Consumed electric power

From theflow and absorbed el ectric power mea
surements, we deducethe el ectric power consumed by
anelectrolyser tofill avolumeV withtest tube.
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Figure8: Electric power consumed accor dingto time (08/06/

2010)

=25 liquor

To haveaminimal energy consumption, itisneces-
sary that at least at |east one of thefollowing factorsis
weak, theconsumption power and the conversion effi-
ciency; conversaly for ahigh energy consumption.

NOMENCLATURE

Electrical current (A)
Voltage (V)

Power (W)

Lower calorific value (Jkg)
Flow rate (m%/s)

v volume of the test tube (m°)
tube filling time ()

|
U
P
PCI
Q

—

wW electrical energy (J)

? density of hydrogen (Kg/m®)
Indices:

a absorbed

u useful

nom nominal

ab absorbed

CONCLUDING REMARKS

Variousmeasurementsgive sometimesconclusions
that can appear contradictory asfor theinterest of the
NaCl additive. However, our objectiveisto reach the
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best flowsof production with alessconsumption; itis
with the manner of the vehiclesthat must run quickly
without consuming too much!

Thuswhileusing NaCl likeadditive, cometothe
first rank theammoniawater and urine, to the second
rank wornwater of cooking and fromthecleansngwater
andthemargine, findly thewater out of thetap and the
others.

If theoretica energy to break thewater moleculeis
of 285kJ/ mol is12,7 Jcm3, our found valuesarethus
highand dectrolysistill requiresto beoptimized for ex-
ampleby reducingthesupply voltage by thepardld as-
sembly of thed ectrolysersonthe photovoltaic module.

Theresultsof theteststo thewire of the sun show
that the electric power consumed by the el ectrol yser
followsthat of thedaily sunning; itisthereversefor the
efficiency. We observed the same paces of efficiency
for the case of the solar water heaters.
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