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This thosis pregsonts the thormd-olectrical performance studios
of som> lindar colar concontrator - photowvoltalc systems. In tho
bagining bidilography survey of the literature has bsen meds, A
theoretical modolling of bombined linear sclar concentrator-thormis
racedvor system for two different recoiver configurations (eeqgo flat
vorticol ond tubular) has been mada,

Analysic for obtaining optimum value of concentration ratio
for flat horieontal and flat vertical recoivers have been made by
taking into account both series resistance as well as ths tomparaturo

cffect on the efficiency of solar cells.

The economic feasibility studies of such a linear solar _
concentrator -~ photovoltaic system has been made and lower/uppar bound
of somo of the design and ost parametesrs have bhoen obtained, A
formulen for dotermining the cost of unit of electricity produced
by such system has been developed which includes all the design,
oporational and cost pargmoters.

A limoar Fresnel Reflectors with flat vertical recsiver (i.u.
£in ¢ype), tnd o polygonal Trough with flat hozizontaly £€lat vortienk;
and tubular receliver have boen desionsd, and thelr concantration
characteristics have boen studied,

Rosults of the emperdmont mado wAth o prototype of a linoar
colar conmntratoxephotovoltale system consisting of flgk horﬂ.zontal
regodvor have baen obtained at the ond of tha th:asise
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SUMMARY

Presently the cost of unit of electricity produced by
a simple photovoltaic array is much higher than the cost of
unit of electricity produced by conventional methods [:}:]
Two possible ways of reducing the cost of unilt of electriéity
produced by solax callm W% Reing adveantad fay the lé&t. |
few-years @-S__\ . One of the approaches is to improve the
¢ell fabrication technology to obtain a considerable‘ |
reduction in the cost per unit area of solar cells alongwith
'a simultaneous increase in their conversion efficiencies.
Another approach being'COnsidered for the desired cost
reduction is to make use of solar concentrators so as to
replace the expensivé solar cell area by comparatively
cheaper mirror/lens material.

A concentrator—photovoitaic system usually consists
of a concentrating device (mirror or lens or a.cdmbinétion
of both), an apsorber mounted with solar cells, a tracking
‘device (if hecessary) and an active/passive cooling
‘arrangement to maintain the temperaturs of the solar cells
 §t é desired lcvel [10’\41 . R & D workers in various
pafts of the world are actively engaged in one or.more of
above constituents of concentrator-photovoltaic systems

[}3:] . The present work ié also devoted to some
analytical and experimental étudies of such systems.

The use of concentrators for thermal utilization of

solar energy at higher temperatures has long been
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practiced rﬁgkﬁél . Recently, some efforts have also

been directed to (i) modify existing concentrator designs
and (ii) to develop somewhat novel concentrator designs
whick can be advantageously used witn solar cells, In
view of this, composite solar concentrators made up of
smaller flat mirror elements have been found to give
relatively better optical performances. The geometrical-
optical performance of two such linear composite solar
concentrator designs have been-analysed in the present work.

Besides the possibility of a reduced cost of unit
of electricity a properly designed concentrator photovoltaic
system may provide useful themal o@tput as well; Such
combined photovoltaic-thermal concentrator receiver
system have received considerable attention recently [:13 j}
Although some cfforts have been made to model such system
to predict their electrical and thermal outputs, a detailed
investigation for various concentrator-receiver geometriés
is necessary to exploit their full potential. 1In the
present work two such systems have been analyzed.

It is well known that with an increase in the
concentration ratic the current density increases linearly
resulting in an increased potential drop across the series
resistance of a solar cell [61-69] . This ultimately

leads to an optimum value of concentration ratdlo
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corresponding to the maximum efficiency. It should,
however, be noted that in almost all practical systems
the true optimum value of concentration ratio should also
depend on the cpersting temperature of the solar cell.
This necessitates the development cf an approach which
combines both the series resistance as well as temperature
effects on the efficiency of the soiar cell. Some:
preliminary considerétions‘towards the development of such -
"an approach have also been presented in the proposed
thesis.

The large scale utilization of concentrator-
photovoltaic systems for generation of electricity.(and
themal energy, if desired) depends on the cost of unit of
electricity produced by them, It is, therefore, wvery
important to study the economic feasibility of such
systems as compared to that of simple phoﬁovoltaic arrays.
Some such preliminary studies are available in the
literature Ebo-f@ﬂ . In the present work an attempt
has becen made to establish conditions qn&er which the
concentrator-photovoltaic system would be economic,
Formulae for determining the cost of unit of electricity
produced by photovoltalc~concentrator systemé for both
passive as well as active cooling arrangements have been

obtained., The scnsitivity of the results obtained to
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the probable errors in estimating various input parameters
have also been studied.

Finally, the results of some experiments performed
on a simple prototype concentrator-photovoltalc system
have also been included in the preséht work. A chaptefwise

summary of proposed thesis is given below.

CHAPTER ~ I

This chapter presents a detailed review on
concentrator-photovoltaic systems. Efforts have been made
to inélude all the available literature on such systems.
The chapter briefly summarizes the present éﬁate of art of
two major constituents of concentrator-photovoltaic
systemsf-solaf cells and solar concentrators., A brief
review of the R & D work done on the combined photovoltaic-
thermal concentrator receiver systems, on the optimization

of concentration-ratio and on the economics of such systems
have also been presented. Finally, the chapter also
presents typical case studies of such systems, installed

in various parts of the world,
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CHAPTER ~ II1

This chapter deals with the thecrectical performance
evaluation of linecar concentrator-photovoltaic systems
with combined electrical and thermzl energy production,
Two types of absorbers have been analysed for this purpose.
The fir;%-one is the flat vertical absorber having solar
cells mounted on its two sides while the second absorber
has a circular cross-section (i.e. a tubular absorber).

The distribution of the solar cell and coolant temperature
aldng the length of the absorbers have been studied
which is then used to obtain expressions for thermal and

electrical energy outputs. Some numerical calculations

have been made and presented graphically.

CHAPTER - ITI

A some what new approach for detcrmining the
optimum value of concentration ratio for a combined
photovoltaic—thermal concentrator-receiver system has
been discussed in this chapter..:This approach takes into
_ account both the series resistance and temperature effects
§n the performance of the solar cells. Numerical
calculations made in this connection indicate that

when one takes into account both the series resistance
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as well as temperature effects the optimum shifts to lower
values, It has also been found that in a practical
system, the optimum concentration ratio will depend on
several design.and operational parameters such as the
coolant mass flow rate, length of the abso rber, various
heat transfer mechanisms, shape and size of the absorbet,
and the optical efficiency of the concentrator-receiver

system,

CHAPTER - IV

SQme'preliminary economic considerations on the
feasibility of concentrator~photovoltaic system have been
presented in this chapter, An attempt has been made to
identify the conditions under which the cost of unit of
electricity produced by a concentrator-photovoltaic system

would be less than the cost of unit of electricity produced:.

by simple photovoltaic arrays. These lower/upper'boun637 ff"

on some of the pertinent design and cost parameters have
been obtained on the basis of a present to present and
future to futurc comparison of the cost of unit of
electricity produced by concentrator-photovoltalc systems
and simple photovoltaic arrays. Cost functions available

in the literature for the cost per unit area of concentrator
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and the cost per unit area of the solar cell have also
been used while establishing thesec bounds. Results of
some exemplifying calculations have heen presented in
tabular form and a discussion of the results is also
included. Formulae for determining the cost of unit of
electricity have also been developed, Using these formulae
and the most probable cstimates for the various parameters
some numerical calculations have been made. A sensitivity
analysis has also been made to study the relative
effectiveness of the various design, operational and cost
parameters on the cost of unit of electricity produced by

concentrator~-photovoltaic systems.

CHAPTER ~ V

;Design and geometrical-optical performance characteris-
tics of two linear composite solar concentrator réceiver
~system have been presented in this chapter. The first
: §ésign: is a linear Fresnel reflector using a flat §eftical"- 
jgbsérber. The second design is that of a polygonal |
trough and has been studicd with threec different absor ber
configurations-flat horizontal, flat vertical, and tubular.
The distribution of local concentration ratio on the

surfaces of the absorbers has been studied using anal ytical
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technique. The results are plotted graphically and

discusgsed,

CHAPTER - VI

The resultis of various experiments conducted to
study the performauce of the combined photovoltaic-
thermal-concentrator~receiver system have been presented in
this cﬁapter. The experimentay studies include following
results -

(1)  variation of electrical power output and the
electrical conversion efficiency with time during
tbe day. |

(1i) Variation of the coolant temperature and the thermal
power output along the length of the channel.

(1ii) Vvariation of coolant temperature, thermal output
and eclectrical output with mass flow rate for a

given len:th of absorber,

The above mentioned work has partially appeared
in the following publications.
Journals :
1. Design and raytrace evaluation of polygonal trough

solar conccntrators, Optica Applicata, 16(1986),
35.



Qe

2, Economic cvaluation of concentrator-photovoltaic
systems, Solar and Wind Technology, 2 (1985), 195.

'3, - Economic Feasibility of Photovoltailc-concentrating
systems, Solar Cells, 15{(1985), 199.

4, Estimation and sensitivity analysis of the cost
of electricity produced by concentrator-~photovoltalc
Q;Stems, Energy Conversion and Management, 26(1986).

5. Analysis of an actively cooled photevoltaic-thermal
solar concentrator-receiver system using £in type
absorber, Solar and Wind Technology, (In Press, 1986).

B 6.' Analysis of a combined photovoltaic~themmal . . -

’ system consisting of a linear solar concentrator and
tubular absorber, Energy COnversiQn and Management
(In Press, 1986). ‘

7. ‘Analytical perfomance evaluation of combined
photovoltaic~thermal concentrator recéivef systems
with linear absorbers (hﬂﬁm‘% 7) ,

8. Practical design considerations of a linear Fresnel
reflector with a rectangular absorber illuminated
‘on both sides (Communicated).

9. Optimum concentration ratio for a combined

| photovoltaic~thermal concentrator-receiver system

(DrerdiNE |

yEs¢:19¢) ) . 4
10, Optimum concentration ratio for an actively cooled

solar concentrator-photovoltaic system with fin

type absorber (}Ekﬂﬁﬁmw;;39%7);
- Conferences :
1, Economic evaluation of concentrator-photovoltaic

systems, presented at Int, Conf. on Physics and

Energy for Development, Dhaka (Bangladesh) (1985).
2. On the economics of concentrator-photovoltaic

systems, Proc. Recent Trend in Electriesl Engineering,
IIT Delhi (India) (1986).
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