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THE PHCGTOVOLTAIC CELL AS A PEAK MOWER GEMNEIATING LOITCE

M.G, Osman
College of Cnglnecring, El-tansoura University, Dl-ionsoura,
Covypt.

ABSTRACT :

Photocells are one of the promising generating clectric
power sources in the future. When they ore uscd to gencrate
electricity during peak hour loads, the maxirum power cencratcd
during pcak load demand may be more important than the maximun
total electric energy generated by such photccells during the
whole davy.

This paper presents the factors which affect the maxirum
electric power generatod by the photocells and hew it could be
shifted to match loading conditions in some ot countries like
Kuwait, in which the peak hour loads lie in the after noon,
where the airconditioning loads predominate during cuch timecs

of the day.

INTRODUCTION ¢

— e —— e - ———

Figure (1) a represents a daily load curve for z suwmaer
day in a place, where the peak load due to the required air
conditioening loads ocecur in the after noon, for example at
13,30, as shown in Fig.(l)a. Using conventicnal systcms to
supply such a load; the more efficient units will be used to
deliver the base and intermediate loads I & II shown in the
figure; while the peak load III will be delivered by the less

efficient units, i.e. thoce of the highest specifin energy
consumption as illustrated in Fig.({1l)b.

For such case photovoltaic generating units may compete
the less efficient conventional units during the peak load
hours. In such case the maximum power generated by the photoe-
cells during the peak hour periods may be more important than
the total electric energy generated by the photocells during
the whole day.

During the past ten years some work has been donc on
electrical load peak shaving, Some of the reported work sug-
gested theuse of an integerated solar-utility system (1) whero
the clectrical load is supplied by both o solar system and the
elecctrical utility, This system was proposed for residentigd
and comnercial buildings applications. Cthers (2), (%) sugge-
sted to use battery storage systems which could serve up to
five hours daily. A practical system (4) was suggested for

peak-shaving for the New York grid using hydrogen cycle for
energy storage and the authors have studied the economics of
such a system and concluded that it is economically feaciile,
Fernandes (4) has compared the use of different available
energy storage methods for peak~shaving and found out that
the storage batteries and the hydrogen cycle are the most
competitive methods for peak load shaving.
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In this paper, it is suggested that the solar utility mix
system be used for peak-shaving in Kuwait. 1In more specific
terms, the author suggests thet photovoltaic cells be integer-
ated within the airconditioning fecilities in order to supply
part of their power needs during the peak load period. The
aim of such system is to stabilize the demand of the aircondi-
tioning facilities on the utility at a predetermined rata and
supply the excessive demand by the integerated photovoltaic
system.

Figure (2) shows how solar P.V, plant output significa-
ntly reshepes the load which muet be csrried by the remainder
of the generating units, (5), on a hypothetical powar system.
The adjusted load, although it exhibits the same extremes es
the original system load tends to have a nerrower peal and
broader minimum-load (valley). Thus a smaller megawatt hour
storage capacity will be raquired to shave the peak load by
given megawatt amount., The economic dispatch for the original
system is shown in Fig.(3), while storage dispatch is illuoct-
rated in Fig.(4) for the adjusted load when the phoutovoltaic
plant output is considered.

The Incident Solsr Angle & The Sun’s Position Relation: (C)

Eferring to Fig.(5)a,b the sun's position in the sky is
conveniently expressed in terms of the solar altitude £, cbove
the horizontal, and the solar azimuth, @ measured from the
south, These angles in_turn depend on the locol latitude L;
the solar declination, ? which is a function of the date; and
the apparent Solar Time expressed as the hour angle, M, where
H = 0,25, (numbor of minutes from local colar noon}, deq,

The following equations reclate P and ¢ to the thiree angles
mentioned above:

Sin'ﬁ

cos ¢

COS L G050 COS H + 5in L 3ing cevns{1)

(Sin p Sin L - Sing)/(CO?J‘}? Cos L),..(2)

1

The solar position angles and incident angles for hori:-
ontal and vertival surfaces are shown in Fig.{(G) whare line 0O
leads to the sun, the north-south line is 3SOM and the east-
viest line is EOW, Line OV is perpendicular to the horirontal
plane in which the solar azimuth, angle HOS (@) and the sur-
face azimuth, angle PO5 ( qy) are located. Angle HCOP is the
surface-solar azimuth % .

The angle of incidence, 8, for any surface is definecd as
the angle between the incoming solar rays and a line normal te
that surface., For the horizontsal surface shown in Fig.(¢),
the incident angle € is QCV; for the vertical surface, the
incident angle B, is QOP. For any surfacc, the incident angle
8 is rolated to B, ¥ and the tilt angle of the surface by e

COS & = COS £ €S [ SinE + Sin p CCSE .....(3)
=

where
tilt angle of the surface from the horizontal
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When the surface is horizontal, == = C deg, and:

COG 6y = Sinp N D Y
For a vertical surface,= = 90 deg, and:
CoS Bv = (05 P cCOoS \6 perea (3)D

Figure (6) illustrates the daily amounts of totnl radia-
tion on horizontal and vertical surfaces w.r,t. different soler
azimuth angles (0°, + 45°, + 90° + 135° + 18G°), where Fio.(7)
shows solar total radiation at different inclined surfaces
facing south in Kuwalt (average of 1978, 1979, 1980) w.r.t.
the different monthes and shows that 15° degrees is the hast
summer tilt and 40° degrees is the best winter tilt, In our
cas® here we are going to consider Kuwait city as our place
of application. Similar treatmonts could ke spplied tc other
places.

Photocsell Performance & Test Results:

Performance of photocells are affected according to thcir
material used, temperature of operation, intensity of light as
have been discussed in a previous paper by the author (7),
Fig.(8) illustrates how the maximum efficiency of the photo-
cell is affected mccording: the material, energy gap and the
operating temperature used (8). It could be seen {rom Fig.
(8) that a Si photocell at temperature 273K, and E5y = 1.1 e,v.
has an efficiency greater than a CdS photocell worging at the
same temperature and Eg = 2,4 e.v.,, while the reversec will
occur, 1if the temperature is railsed to 573 K for exanple (as
when we use concentrators). This illustrates the importance
of selecting the suitable photovoltaic material znd energy
gap Eg according to the climate and environmental local con-
ditions of the place under consideration.

Figure (2) shows the efficiency response for CdTe photo-
cell during one summer and winter clear days in Kuwait; wherc
the maximum operating temperature did not oxcced 36C X, Dy
a similar computer or nomogram analysis as previously prese-
nted by the author {7} the corresponding electric power gene-
rated from such photovoltais cells during the whole year
could be obtained.

It has been observed that the incident angle of the sun
rays as illustrated in Fig.(6) and hence 1its intensity on the
surface of the photocell is affected by the azimuth angle of
the photocell plane.

Figure (10) shows how the maximum electric power output
according to light intensity of such cell is shifted from the
case of an azimuth angle 0° to 60° west for such cells in the
three cases:



E.Gs Usman :
Lsw 79

—
il el tote
b 'q.“nl'f
24 ’\\
z
\
24/
N
~ \\ Cds
20]- A\
3 =~
=, Fe2ryn
Fo RNA
\“\ \b‘\ng
ﬂ N N\
3 NNy
T TN Ny
'\b‘y
Y ./ / 5Ty .
4l
0 . | 1 ) .
.2 1.8 2.2 Lh 30

Fig {8) Photo cell Efficiency W,R,T, Enerqgy Gap For Different Materlials at Different
Operating Temperatures.



Q)% 4.80. Nansoura Bulletin Vol. 10, No. 1, June 1865

SUMMER

L / WINTER \
1 10 L Jf \

——
-/
e

—TTT T
Ty
S
—
o

—

. A\ A A e L

i . 4 L. S i -

5 £ 7 § g W@ 11 12 13 & 15 0 79 20 2
SOLAR TIME

Fig (9) Efflctency Response For SdTe Photocell During One Summer And One Winter
Clear Days In Kuwalt { Max Operating Temperature 360 K).

(1) 21 JUNE
(%]
3: (2) 21 MARCH
z or SEPT
o (3) 21 December
9
< __. O AZIMUTH
=R N 7/2y S N N\ A B LT 60° WEST
z AZ IMUTH

Fig '10! Time lag Of Photocell Maximum Power Polnt At 60 Azimuth Angle (West) W.R.T.
7 Degrees Azimuth Angle For Summer, Winter Sollstice And Yernal or Autmnal Egulnox.



M.G. Osman. e B1

21 June, 21 larch or September and 21 December celar davs.
Repeating such test results for differont azimuth angles
during the different seasons of the year, the shifting angle
of the peak generated electric power and the corresponding
energy genaerated w.r.t. the corresponding values at 0 Azirmuth
angle could be obtained.

Table (1) summarizes the tost results cbtained from which
the recommended azimuth shift angle could be deduced cimilarly.
N.B. As previously mentioned such test results may be changed
according to the location, the load pattern, the cnvironmental
climatic conditions of the place under considerations,

CONCLUSION

1- Photovoltaic power systems have good potential in the
near future to shave peak loads of utilities in hot countries
where peak loads are in phase to some extent with the solar
insolation peaks and to replace the most expensive peak units,

2- Sultable selecting of photovolteic materials and the
corresponding energy gap is very essentlial according to the
climate and environmental local conditions of the place under
consideration.

3~ Photovoltalc cells can be successfuly used as peak
power generating unit in synchronism with the peak summer alr
conditioning loads (13.30 P.M.) by proper adjustment of the
photocells angles with Azimuth with onergy gain with respect
to the total collected energy at O Azimuth angle.

4- Seasonal adjustment of Azimuth angles is necesscary
according to the phase of the load peak whether after or
befor noon (West oe East Azimuth respectively).

5- Azimuth angle of the P.V. solar plant will be changed
according to the plant location, environmental climatic con-
ditions and load pattern of the place under concideration.
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TABLE {1).

PERICD OF YEAR

AZIMUTH ANGLE

INSOLATION PEAK SHIFT ENERGY CHANGE %

(WEST ) W.R.T.0 AZIMUTH (HRS) |W.R.T. O AZIMUTH
21 JUNE 0 ——emmmman e
15 0.48 : +0,48 (GAIN)
30 00,92 S B
45 1.4 © 43,25
60 1.7 ; 4,2
21 MARCH r o | - S L
OR SEPTEMBER % 15 0.48 1,2 (uoss}.F
30 0.85 ; 3.89
45 1.4 _11.0
60 1.55 ; 1.7
»1 DECEMBER 0 S
é 15 0.4 2.0 (10SS)
; 30 0,72 7.5
f 45 1.05 16,5
5 60 l.4 27.6






