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Aunlysis Of Environmental Effec(s On
a Solar Itydrogen Production System
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Absliact:
Developnicul ol new energy sesources has become an impactant *
uhjeel The prospect of separating hydrogen from water for utilization as 2/
sabstitme for oil and other fossil files has become a field of interest for
cneipy  prasuers and decision makers The present work is concemed will
studyinge i amalysimg a2 photovoltaic (Poly-Si manutactued by Solarcx
Ca) solar hydrogen  system ingtatled over fhe ool (he institnie of
Astionomy  and - Genphysies at Helwan tigypt Fig (1), The sysiem is
construcled 1o measiire the temerature of solar cell al center of the panel

and near ifs edges. using  two thermocouples as seusors. Phe ambient air
lemperature was incasured simultancously with thai of solar cells for
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comparison, The normab incident beam ol global solar radialion is
recorded by a doom sensor, which was installed in a parallel position.
Also, mieasuremenls of the environmental and melcorological effecls are
performed every half hour, eleclrical parameters, were carried oul before
the noon lime to sunsel wilh variance in (he solar radialion. ‘The power
ontpuat of solar cells arises from solar energy in the form of sunshine falling
onlo (he selar cells, The amounl of encrgy conlained in sunlight just
vulside (he earlly's almosphere is about 1.4 kw/m2.A clear day bright sun
light on the eartl’s surface contains about 1.0 kw/m2. In aclualluse. solar
cefls convert between 5 and 20% of incident solar energy into eleclric
encrgy, depending npon (he specilic solar cell construction and prevailing

operating conditions.
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Introduction
— s

Mosl envitonmental conditions have a detrimental cfTeet on (he
fonp-tetm pesformance capability of solar cells. The mos( significant
envitonnients against which terrestrial arrays must be prolecied include
high wind, cotrosion aided by moisture, high (emmperatie,. ele.

Benclicial cnvironmenls for lerrestrial arrays  include  low  air
lemperatnre and moderate wind velocities (hat increase the solar cell
aperatine  elficiency.  Consequently, both  detrimental and - benelicial
environmenis alfeel the amount of hydrogen produced using PY- array.

Results are promising to extend the experiment to a pitol project of
solar hydrogen praduction in Egypt, where (he connlry is characierized by
high solar encipy polential abont (6 kwh/iin?/day on (he average as anniai
mean ) Hhis rccommends Figypt 1o be one of the hest sites in the world

lor solar hivdirogen prodaction in fulure.

CLOUDS VARTABLE

the mcan monthly clond's denisty does not exceed 4 Oktas. The
cloudiness is preater in fower LEgypl than in upper Egypl and reaches its
maximmwm in winler, while its minimum value is atlained in summer. On
many days al carly morning low strul forms, especially over places in the
Nile delta aned Canel zone. This lormation is due to less radiation and
turhulence in the humidity and usually disperses with in lwo 1o four howes
afler suntise, leavinge penerally, a clear sky untill the following moming,

‘The solar poswer received on earth, varies throughout the day as a

result ol changes in the incident angle of sunlight on @ surface. A Iypical
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plot of solar power versus time on a clear day is shaped like a half of a
sine wave with its crest al solar noon. On a partly cloudy day, the solar
power fevel jumps up and down as the sun passes in and ont behind
clouds, so that the power/lime -of- day plol becomes erratic, as shown in
Fig (2) In fig. (2) solar power momeniariy can risc above fhe :mnnnl
clear-day power fevel duting instances of nafural concenliation, when
indirect light is reccived from reflection of clonds. The Sky is not always
clear the sun's direct-beamn rays oflen are blocked by clowds. When (he sky
is clowdy, the amount of sun light that is readily convertible inlo cleetricity
by a pholavoltaic cell is reduced, by at least 50% during (hin cirms cloud,
cover and by aboul 75% maore during denser clowd cover. The curve
illustrating solar power versns day liie varies over different days of the
year. The tolal sunlight hours divided by (he fotal possible sunshine time is
called 1he percentage of possible sunshine. So, 1hat the hydrogen
production curve also becomes erralic on a partly cloudy day. as shown in
Fig(3).

THE TEMPERATURE VARIABLE

Egyptis characlerized by a hot desert climate in the summer, where,
the maximum ambient air femperature ranges between 35°C in the North
(Cairo) and 42 °C in the south ( Aswan) on average. ‘This hot clinate
decreases (he oulput voltage and conversion cfficiency of {he silicon solar
cell , during the optimum (ine of solar energy ulilization | 1,2, Since, the
operating lemperature of solar cells in the fickl can vary over wide
exfreme, it is nccessary 1o understand the cffect of temperatuie on
performance, (CGreen, 1982) | 3.

Daily regutar records for the outpul voltages, showed that, there is a
pradwal depression in the ontput vallage at noon, corresponding to the time

of maximum air temperature and minimom relative humidity. There is a
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dircet correlation behween Voc decreasing and air lemperature. The
pulyerysialline-module voltage drops at an approximate rate of 2.2 mV lor
every 17U increase. While, solar-ceil current is iciatively steady despite
chimging lemperalures Since power is (he product of corrent and voltage.
we can deduce a simpie fact - solar-cell power oulpnt incieases as cell
femperatme decieases. A plof of the daily profiles of the oniput vollages,
and the air temperature is dlustrated in Fig.(4).

The daytime femperature of a solor cell is nol simply cdual to the
ambienl (emperalare, since solar cells are dmk in color and Iherclore
absorh a grenfer portion of (he sun's energy. Duting (he day, a solar cell
operales hoiler than the ambicul temperalure by a factor that depends on
insolation. Solar cell temperatuse varics quite lincarly with changes in
insolation, as shown in equation (1) and the plat in Fig.(5).

o= TG e (1)
Te : Cedl temperature under no wind, °C
I'a : Ambient air femperalure, °C.
k  Solar cell tlemperature coelTicient.
G : Solar nsolation whAn?

Wind al a sile con also allecl cell (emperalure ( (he cffect of wind
will however, he ignored becausce it is small under averape wind conditions
Also, sofar cell will -r.:;acmtc'slighlly cooler, when il is delivering electuicily
(han when it is nol, since some of the sun's energy (hal would normally
heal the cell has been transferred to (e foud.

Bul. how does our hydrogen production  suffers under  (hese
conditions?. From Faraday's first law, the amomt of substinces - in (his
ease Ly(p) - which reacied with the clectrades aie dircetly rapoitional o

the quanlity of clectricity passing through the solulion
AG KO = Kt oo wuscasil)
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where AG s the amoml of subsiance reached the clectiode: K is a
propotliomalily facior: () is the quantily of clechicily passed fhough the
electrode- solution inferface, 1 is the current: 1 1s the clectrolysis time.
From the above, solar ccll corrent is relatively steady despile
chimping femperatures, hence, hydropen production from clecirolyser by
solar cell is also, reltively  steady  despite  changing  lemperatures.
Conversely, as the femperatine of water in cleclrolyser increases, Ihe

depice of water dissociation hecomes higher.
RELATIVE HUNMIDIEY VARIABLE

The moistute content of (he atmosphere i commonly expressed by
relative homidity.

Al wilty o constant waler vapor contenl will expericnce a decrease
i rclative honndity with avise in temperature [5]0 Water vapor in the
atmosphere s invisible to 1he human cye, bul is ™ seen ™ by solar cells. [he
absorption bands visible m Fig (6). at approximately 0.93pum, |1 3jun, and
I 38pum wavelength, are primarily caused by watcr vapor.
EFFECT OF HUMIDITY

The primary effect of hwnidity on terrestrial solur cell arrays is
corrosion, cspecially me the simmltaneous presence ol high temperature,
Other elleets, include growth of fungus. The prowlh rates are higher af
telative lunmidity levels - {helhween 75% and 95%) mmd  lemperatures
between 20°C and A07C aned the Tonmation of o “shcky” sinface film of
moistre, lends 1o eatch dust and dint particles. Dust consisis of multiple
commposile pahicles ranging rom 0.1 to 0 & in diameter. Dust particles
imay be clectrically conductive and are nsnally soluble in water. A small
amaount ol dust on the sotar cell covers, has a nepligible efTeet on the sun

light tsansmission (o the solar cells. About 35% PV-power is reduced aller
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onc month withowt panel cleaning. The reduction incieases o 60% afler
six-manths duc lo sand-dust accmmlation on A-Si (module).

The ellecl of 1ain is nsually beneficial. cleaning ditt of the sola cel!
array surfaces, (his form of precipitation may oceur anywhere in the world.

tanging fiom cssentially zcro fo several meters anmal averape.

POLLUTION YARIABLE

Air pollntion has a pronounced effect on malerinl. the major sources
of polltion af Flelwan ase from (uee types of factorics aranged as
follows
|- Cement factaries, which incinde four laclories distributed from the
north in Tara fo the south in 1-Tebeen |
2- [Znginecring induslries ( cars factory, pipes and fubes fiactory)
3= hon and sicel factoies,

Fig (7). shows (he locations of the factories, which represcnt the
major soniee of pollutian al Telwan with respect 1o abservatory place of
(MRIACH) “This means thal the fevel of poliution in Hebwvan region is higher
compared with the international limit by about 1250 % 1o 2500% in
industrial and populated regions, while the percenlage increase for the
earbon monaxide fevel is 250-1000% |5}

Fhere is a regular inerease for global raciation (G) fiom (he sonth fo
the nocth of Faypt during all scasons. There is an exceplional decrcase in
two arcas, Caira mea due to air pollution, and Easlern Owainat arca due lo
the sand rising and storms in (he deep deserl, beside the cffect of tropical
clowds. The vartation of “G™ from north to soutl in Egypl has a wide range
. (1.7 to 5 Kawhim2/day) in winier, and narrow range (8 fo 8.3 Kwh/m?/day)
in swnmer. For these reasons, Cairg is not a goad sile for PV-hydrogen
production. Thus, (he following question arises . Where should PV-

hydiogen sysicms be located?
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The descil area smouding fike Nasser is cliaracterized as one of
highest solar energy polential in all the woild. where, its nominal anmial
fnsolation is more (han 2500 Kawh/m?,

No snow cover. ice pellets, o1 hail were recorded at Aswan. From
the above, mamy facls pul Aswan, in ceitain classification crileria, on the
top among the most suitable arcas in the waorld-wide for solar hydiogen

production for the henelit of mankiud during the next century |64,
GLOBAL RADIATION VARIABLL,

Most of energy reaching a cell in the form of sundight is lost bhelore
it con be converled info clectiicily. Most enrrent work on cells is directed
al enhancing clliciency, and lowering cost. Cerlain physical processes
fimit cell elficiency- some are inherent and cannot be chanped. The major
phenomena that it cell efliciency are:

I- Reflection fiom the cells suiace.

2- Light thal is not energelic enomph 1o sepaiate electron from heir alomic
honds

3- Light (liat has extra encrgy beyond that necded to separate clectron
from bonds.

4- Resistance o current (low.

5- Performance degradation al non optimal ( high or fow ) aperating temp.

0- Light-pencrated clectrons and haoles that are ronght together by surface
and matertal delects i the cells.

From fest we ean conclude that a solar cell's voltape varies litlle
wilh high fight light intensity, exeept in the beginning when light is initially
applied. while salar-cell cinrent is directly propartional ta light intensity. A

graph of cutrent ane voltage versus iotenisty is shown i Fiz (- 9)
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fhe amomt ol sunshing may be wsumerically expressed as an
averape over several years, one year, one month, and one day. Auy of
these numerical expressions. however, are by themselves insufficient (o
permil realistic sizing of sofar cell artays. Applying statistical treatments to
ahscrved data, the operating efficiency ( 1y ) is proportional to ihe amounl
of solar iadiation incident on the pancl facc, G, as shown in Fip (10),
Ohserved data demonstrales that cell voltage is varied little with
high intensity, while sofar-celf current s directly propostional 1o light
intensity. Since, power is the producl of current and voltage, we can
deduce a simple fact @ Solar-cell power oulpul increases as light inlensity
increases. Consequently, hydrogen production from eleclrolyser by PV-
power also incieases as shown in Fig (11).
CONCLUSHINS
From all the previons mcasurements and discussions, we oblain the
following conclusions
- ‘The sotar cell power and hydrogen production curve hecomes crrafic on
a parlly clondy day.
- Solar-cell power oufpul increases as cell lemperature decieascs., since (he
elfect of Ihe average lemperature of the silicon polycrystalline module
causes a drop in the onlpul voltage parameter al noon. ‘Thus, the resullant
conversion elficiency decreases al noon i hot deset(.
~The primary cllect of humidily on ferrestrial solar cell arrays is corrosion
prowlh of fungus and the formation of a sticky surface (hat lends (o
cateh dust A small amount of dust on (he solar cell cover has a neglipible
eflfect o the sun light ransmission (o solar cell.
- Operting efficiency for bath PV-anay and electrolyser is propotlional (o
(he amount of solar wadiation incident on the panel suifaice.,
- Solar cell in the larger size lends 1o be lower in cost per nmit cell area.

but also fower in efficiency.
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- The cenler femperstre of the polycrystalline module reaches AR °C al
noon and o5 preater than the ambient (emperature by aboul 18 °C { at
insolation of 1000 w/n? an alied panels). Fhis canscs a drop in clliciency
of about (.5%% which is not salTiciend to use a cooling sysicm

- The relation between (he cenfal temperalure and side temperature of o
maodel shows o good Hincar conclalion and a degradation factor ol five
degices.

- Aswan coudd be considered one of the best suilabie places lov solar

Itydropen projest
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