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ABSTRACT

Linear Fresnel collectors (LFC) have, among the four technologies of concentrating solar power
(CSP), the simpler technology. They have a one axis sun tracking, plane mirrors and a fix receiver.
All these elements make them the most suitable for small scales CSP plants adapted to rural area
of the Sub-Saharan region. The receiver is an important part of the LFC. There is a wide variety of
receivers that differ in the shape of the absorber: mono-tube, multi-tube, plane. The shape of the
secondary concentrator or its absence allows to categorize the receivers in a butterfly, compound
parabolic concentrator, segmented parabolic secondary concentrator or trapezoidal receiver.
Vacuum mono-tube receivers have heat losses between 200 W/m and 270 W/m at an absorber
temperature of 350°C. A mono tube receiver at partial vacuum losses more than 350 W/m at 350°C.
The lowest heat losses of a multi-tube receiver with a trapezoidal secondary concentrator can reach
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500 W/m at an absorber temperature of 350°C. This paper discusses a comparative study of
existing receiver designs in order to find the most suitable for rural areas in the sub-Saharan region,
i.e. easy to design by hand and low cost. Although they do not have the best thermal performance,
trapezoidal receivers with a black-painted copper multi-tube absorber and a glass cover seem to be

the most suitable.

Keywords: Concentrating Solar Power (CSP); Linear Fresnel Collector (LFC); receiver; rural area;

thermal losses.

NOMENCLATURES

CAPEX : Capital expenditure

CSP : Concentrating Solar Power

CPC : Compound Parabolic Secondary
Concentrator

CLFR : Compact Linear Fresnel Reflector

LFC : Linear Fresnel Collector

OPEX : Operating expenses

PDS : Parabolic Dish Systems

PTC : Parabolic Trough Collector

SPT : Solar Power Tower

SLFR : Scalable Linear Fresnel Reflector

1. INTRODUCTION

The solar thermal technology includes processes
like solar space heating, solar cooking, solar
water heating, concentrating solar power. The
concentrating solar power (CSP) technology
allows to convert solar radiation to a high heat
source and then used that heat for electricity
generation, cooling, water desalination and
cooking [1]. The most popular CSP is large-
scale, more than 500 kW,, but smalls scales
CSP, less than 500 kW, are also available [2].

Receiver |~
*\%

Among the most common CSP technologies,
including parabolic dish systems (PDS),
parabolic trough collector (PTC), solar power
tower (SPT) and linear Fresnel collector (LFC),
the LFC appears the most suitable for rural
areas of the Sub-Saharan region of Africa more
precisely in their socio-economic context. The
region has a young population, so a higher
labour force. By their socio-economic context,
we mean that they are low-income countries. In
fact, according to World Bank Group’s
classification, there are twenty-seven (27) low-
income countries, fourteen (14) lower-middle-
income countries, and seven (7) upper-middle-
income countries in the Sub-Saharan region.
This work has been carried out in order to find
the most appropriate receiver for an efficient and
low-cost small scale LFC that may be built using
material available in West Africa by local labor.
In fact, LFC has a simplified technology, the
lowest operating expenses (OPEX) cost among
CSP and an important Capital expenditure
(CAPEX) reduction potential [1,3,4]. LFC
technology proved itself with more than nine
large-scale power plants in operation and two
power plants under construction in 2022 [5].

Linear Fresnel
Reflectors

Fig. 1. ALFR overview [6]
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Fig. 2. Receiver for LFC with secondary concentrator [11]

An LFC, as shown in Fig. 1, consists of three
parts: the concentrator, the receiver, and the sun
tracker. It is the combination of their action that
converts solar radiation into heat. There are two
families of LFC type: collectors with a single
receiver, this is the standard and most
widespread technology, and collectors with at
least two receivers called Compact Linear
Fresnel Reflector (CLFR) [7-10].

The absorber, the secondary concentrator, the
thermal insulation and a protective envelope
(casing) are the main elements found in a
receiver Fig. 2. The receiver is a combination of
all these elements [12—-14]. The operation of a
receiver can be summarized as follows. Mirrors
of the concentrator focus incident sun beams on
the receiver precisely on absorber; there the
radiation is converted as heat and then transfer
by conduction and convection to heat transfer
fluid (HTF) that going through the absorber. The
Absorber is the heart of the receiver where heat
exchange occurs. There are different shapes of
the absorber: mono-tube, multi-tube or plane
[7,13,15-23]. Each shape has advantages and
drawbacks related to both heat transfer from the
absorber to the HTF and heat losses.
Temperature in absorber can reach 400 °C in
LFC; due to that high temperature there are
significant heat losses. Radiative heat losses are
the most important [80-90%] [14,24] followed by
convective and conductive heat losses.
[21,25,26]. The percentage of radiative losses
can be explained by temperature on the
absorber. A hot body emits radiation in infrared
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wavelengths the amount of energy emitted is
functioning of body emissivity and its
temperature; because of its high temperature
absorber emits a lot on the infrared wavelength.
The difference between absorber temperature
and ambient temperature around absorber are
factors of convective losses. Conductive losses
are due to contact between absorber and the
metallic part of the receiver. In addition to heat
losses, there are optical losses, when some part
of the reflected sun beam missed absorber. In
order to reduce all these losses on the absorber,
some elements are added to the absorber. A
secondary concentrator is usually used to
reduce optical losses. It allows to refocus on
absorber the reflected sun beams that have
already missed it. The secondary concentrator
also allows to homogenize the distribution of the
reflected sun beam on the absorber. It can take
different shape, but all of them must be adapted
to absorber shape [27]. Selective proprieties of
glass are used to reduce radiative heat losses.
The use of glass covers or glass envelopes
creates a partial vacuum that reduces
convection. Insulation is put between secondary
concentrator and the metallic part of the receiver
in order to reduce heat losses by conduction
[28]. Absorber can be horizontal or vertical
[8,29—-32] but most of the time absorber has a
horizontal position. A vertical absorber receives
radiation on both sides without a secondary
concentrator. The left side receives concentrated
sun beam from left of the concentrator and right
side of the right of the concentrator. Mathur,
Negi [29,30] and Mills [7] studied a vertical
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receiver with respectively plane and Dewar
tubes absorbers. The effects of absorber
orientation are explained in the section
’Receivers with plan absorbers’. Reflector’s
mirrors width and position influence the width of
the absorber. There are two ways as to design a
collector. When the shape of the receiver is
imposed, the concentrator must be adapted to
that particular receiver; mirrors width and
position are choosing in order that each incident
sun beam must be reflected on the absorber.
Mirrors have different widths and different shifts
between consecutive mirrors. In the second
approach the absorber, width is chosen
according to mirrors of reflector width they must
be more or less equal. Mirror width is the same
for all. When mirrors have equal width, absorber
width must be approximately the same. In fact,
under good concentration conditions, the
reflected image has a width identical to that of
the mirrors [3,7,8,10]. The receiver optimal
height and its impact on collector total efficiency
are the he subject of considerable scientific
research [30,33-35]. Receiver height is a
function of the concentrator width; they are joint
by an optical ratio: (half of concentrator
width) / (receiver height) and excessive height of
the receiver gives a spread reflected image on
the receiver so important optical losses [30]. The
optical ratio has been investigated by
researchers; the ratio must: (= 1) [30], (<1.2)
[34], (<1.75) [33]. In this paper, we will focus on
different types of receivers that have been
modeled [4,12] and experimented [9,13,14]
according to their absorber shape and material.

2. DESIGN AND LAYOUT OF RECEIVERS
OF LINEAR FRESNEL COLLECTORS

2.1 Receivers with Mono-tube Absorber

Tubular absorber is the most used in LFC
systems. The absorber tube can be at ambient

pressure, under partial vacuum or under
vacuum. Stainless steel or aluminium tubes
covered with a selective coating are the typical
materials used in vacuum absorbers. The
absorber tube is then surrounded by glass
envelope; between the absorber tube and the
glass envelope, there is a vacuum. At each end,
a glass-to-metal sealing element and a bellows
allow to keep the vacuum. Vacuum absorber
tubes are commercialized by Schott Solar CSP,
Siemens Solar Power (formerly Solel Solar
Systems), Huiyin Group, Gear Solar and
Archimede Solar Energy. The vacuum tubes are
standardized: tube diameter ~ 70 mm, glass
envelope diameter ~120 mm length 4.06 m. the
absorber tubes are placed in series to reach the
total length of the concentrator. The heat losses
are in the range of 70 W/m to 250 W/m at
250 °C - 400 °C [36]. The vacuum absorber
tubes are mostly used for parabolic trough
collectors where the receiver moves according to
sun position. This restriction forces
manufacturers to make lightweight absorber; in
the case of LFC, receiver does not move so
evacuated absorber for LFC will therefore be
less expensive. In order to reduce heat and
optical losses, a secondary concentrator of
different shape can be used. Nevertheless, a
receiver with vacuum absorber avoid using glass
cover. Ambient or partial vacuum absorber tubes
are not commercialized; they are manufactured
with copper, stainless steel, aluminium tube.
They are not standardized, each manufacturer
making his own absorber. The tube is most of
the time covered with a selective coating, a glass
plate, insulation and a secondary concentrator to
reduce heat and optical losses respectively. The
secondary concentrators also increase the
concentration ratio [37]. They are made of
reflective material such as silvered-glass mirror
or aluminium reflectors [37]. There are
alternative of secondary concentrator shape
adapted for vacuum or non-vacuum absorber.

Getters  Annular space Glass cover with AR Evacuation nozzle
- Side 1
HTF - e
= Side 2
Glass-to-metal joints | Absorber  Selective coating|  Bellows

Fig. 3. Vacuum absorber tube [38]
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2.1.1 Without secondary concentrator

A tubular absorber under partial vacuum without
a secondary concentrator was tested by Negi et
al. [39]. The partial vacuum was provided by a
tubular glass envelope. The heat losses, in the
prototype by Negi et al. [39], were [4-
12W/m?/ C] at [0-120 °C]. The vacuum and
partial vacuum  tubular  absorber was
experimented by Choudhury et al. [15]. They
achieved a stagnation temperature of 385 °C for
the vacuum absorber and 360°C for the partial
vacuum absorber at 600W/m2 with a
concentration ratio of 18. Zhu et al. [40]
developed a scalable linear Fresnel reflector
(SLFR) in order to reduce optical losses
due to shading, blocking and end losses; they
also experimented with a vacuum absorber
without secondary concentrator [40]. They
achieved a global efficiency, useful
heat gain divided by incident radiation of the
aperture area of the SLFR, of about 64 %
for an average direct normal insulation of

858 W/mz,
2.1.2 Secondary concentrator with two
parabolic wings or Butterfly secondary

concentrator

This type of secondary concentrator enables a
uniform distribution of the concentrated radiation
on each side of the absorber; however,
secondary concentrators with two parabolic
wings can only be used with a vacuum absorber
tube. This is because the shape of the
secondary concentrator does not allow the use

of a glass cover or insulation. Each wing
receives the concentrated radiation from
opposite sides of concentrator and reflects it
onto the corresponding upper side of the
absorber. The bottom side of the absorber
receives the radiation from the concentrator.
Grena et al. [33] explained the design of this
secondary concentrator; it is patterned and
under development for commercialization. The
width of the concentrator and the height of the
receiver must be considered when designing the
secondary  concentrator. This  secondary
concentrator allows for a wide concentrator for
the same height of absorber, thus a higher
concentration factor.

2.1.3 Secondary concentrator with
trapezoidal shape

Trapezoidal secondary concentrator also know
trapezoidal concentrator [42] can be used with a
vacuum, partial evacuated or with non-vacuum
tubular absorber. When the non-vacuum tubular
absorber is used, a glass cover is placed at the
bottom of the trapezoidal cavity to reduce heat
loss through the vacuum in the annulus [43].
There are a many trapezoidal secondary
concentrators; some allow uniform distribution of
the radiation over the absorber [44] Fig. 7, Fig. 8
and Fig. 9 [27]; others are used to refocus the
missed sun beam on the principal concentrator
and protect absorber from convective heat
losses Fig. 10, [45]. Secondary concentrators
are designed by considering the absorber and
the principal concentrator.

Fig. 4. Tubular receiver without secondary concentrator [39]
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Absorber Tube (r;) \ i \,;a\r‘nba(a axis
Glass Envelope (r,) !
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Vertical

Secondary
r concentrator <Icentrator
Absorber pipe (a) Glass envelope Absorber pipe (b) Glassenvelope

Fig. 7. Mono-tube absorber with trapezoidal secondary concentrator used to refocus on
absorber sun ray that missed the absorber after a first reflection on principal concentrator [40]
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Fig. 8. Mono-tube absorber with trapezoidal secondary concentrator used to refocus on
absorber sun ray that missed the absorber after a first reflection on principal concentrator [42]

PG section

TERG

Fresnel Reflector

Fig. 9. Gordon et al. trapezoidal secondary concentrator [27]

1. PLANE GLASS
2.MIRROR
3. INSULATION

4. M.S.SHEET

Fig. 10. Non-vacuum mono-tube absorber with trapezoidal secondary concentrator and glass
cover [45]

2.1.4 Compound parabolic secondary  used with any type of absorber: vacuum or non
concentrator vacuum Fig. 11 and Fig. 12. The parabolic
secondary concentrator is less flat than the

Compound parabolic secondary concentrator  butterfly secondary concentrator so we can add
(CPC) and butterfly secondary concentrator a glass cover undermeath in order to reduce
have several things in common, but CPC can be  convective heat losses. The glass cover can be
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a glass plate or glass envelope Fig. 13.
However, the receiver must be large, so we have
a lot of convective heat losses [25]. There are a
many methods to design an efficient CPC the
absorber, the principal concentrator, and the
acceptance angle must be considered for CPC
design. The upper part of the CPC can be open
or closed in fact it does not work [25]. This
secondary concentrator used to irradiate the
upper of absorber Fig. 14. The principal element
of the CPC is the acceptance angle which
depends on receiver height and the half-width of
the concentrator. A small acceptance angle
makes a depth secondary concentrator. The
recommended acceptance angle must be
greater than 30 ° [25]. Nevertheless, there are
still important decisions to be made in the design

of the receiver, such as whether to use one large
tube or many thinner tubes (multi-tube receiver).
The prototype built at Plataforma Solar de
Almeria (PSA) by DLR and Solarmundo — later
called Solar Power Group — [46] uses a one tube
receiver, with a secondary concentrator above
and a window below. Similarly, Novatec Solar,
another Germany company, used such
technology for commercial power plants PE1
and PE2 in Spain [46]. On the other hand,
Ausra later acquired by Areva Solar -
built the Kimberlina power plant in California in
2008, with an open air multi-tube receiver
[47]. The eLLO plant built by SUNCNIM in
France consists of a mono-tube absorber with a
CPC secondary receiver and a glass plate
[47,48].

(a)

Fig. 11. Mono-tube receiver of Novatec Solar with CPC secondary concentrator a) Nova-1 non-
vacuum absorber used for Puerto Errado 2 power plant [46], b) Supernova with vacuum
absorber

secondary
casing
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secondary
mirror

glass
envelope

eat transfer fluid
absorber tube
selective coating

secondary
casing

b)

7

secondary
mirror

eat transfer fluid
absorber tube
selective coating

glass
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Fig. 12. Mono-tube receiver with CPC secondary concentrator a) non- vacuum absorber, b)
vacuum absorber [49]

a)

secondary
casing

/

secondary
mirror

heat transfer fluid
absorber tube
selective coating

glass plate

b)

secondary
casing

7

secondary
mirror

glass
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eat transfer fluid
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Fig. 13. Receiver with CPC secondary concentrator a) glass plate cover; b) glass envelope
cover [50]
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208 mm

Aperture plane

430 mm

Fig. 14. Receiver with CPC secondary concentrator allowing to irradiate the upper of absorber
[42]

Montes et al. [51] developed a hybrid receiver
with non-evacuated and evacuated receivers put
in series with a CPC secondary concentrator.
The non-evacuated receivers are used at the
beginning of the collector when the heat transfer
fluid is not very hot, so radiative losses are low
and then evacuated receivers are used at the
end when heat transfer fluid is not very hot. They

do not use a glass cover at the bottom of the
cavity.

A novel Segmented Parabolic secondary
Concentrator (SPC) shape has been developed
by Chaitanya Prasad et al. [42]. It is a
combination of trapezoidal and Compound
parabolic concentrator. They conclude that the
highest optical efficiency is obtained for the SPC.

Fig. 15. Different profiles of secondary concentrator (a) Trapezoidal Concentrator (b)
Compound parabolic concentrator and (c) Segmented Parabolic secondary Concentrator
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Secondary
concentrator

Fig. 16. Using of two absorbers instead of one with a CPC secondary concentrator [11]

Hack et al. [41] have studied four different
secondary concentrator designs for LFC [41] : an
adaptive design which takes to care for the
collector optical errors to design the secondary
receiver; the Compound parabolic concentrator
(CPC) design, the trapezoidal design and the
butterfly design. They conclude that adaptive
design presents the best performance among all
four designs. The CPC, the trapezoid and the
butterfly, have the second, third and fourth place
the respectively.

Beltagy [11] studied the effect of the use of two
absorber tubes on the optical performance of
LFC. He concludes that it is possible to increase
the annual gain in optical efficiency estimated
from 40.49 to 46.79% using two receivers
instead of one Fig. 16.

2.2 Receivers with Multi-tube Absorbers

The absorber is a kind of heat exchanger and it
behaves as such. However, the total width of
absorber is the same with one or multi-tube
absorber it surface isn’t the same it is greater.
The increase of the exchange surface in a heat
exchanger allows to increase its efficiency, so
receiver with a multi-tubes absorbers have a
better efficiency than the same receiver with one
absorber. Absorber tube can be in copper,
stainless steel, aluminium at placed under
vacuum [7] or without any vacuum
[14,24,45,52,53]. Tubes have the length of the
concentrator and are put in a parallel direction
with space between each one because they can
dilate due to high temperature [16,21]. The
diameter, number, thickness and position of tube
have been studied by Dey CJ [52] the choice

30

taking into account the pressure of the receiver,
the materials used to make tubes, and the total
width of absorber required. Most of the time heat
transfer fluid went in a parallel direction in each
tube, but sometimes edge tubes can be used to
preheat heat transfer fluid by putting tubes in
serial [54]. Receivers are named according to
their secondary concentrator shape or their
arrangement; there are: trapezoidal receiver, V-
shape receiver or triangular receiver. That kind
of secondary concentrator does not allow to
distribute the flux on the top of absorber [33]; it
allows to refocus the missed sun beam on
concentrator [55].

2.2.1 Secondary concentrator with
trapezoidal shape

Multi-tube absorbers with trapezoidal secondary
concentrator have been the subject of
many research [14,16-19,21,24,28,53,56-58].
Receivers have been modelled and some have
been experimented [26,53]. The overall heat
losses varied from 7.2 W/m2 at 150°C without
selective coating to 5W/m with a selective
coating. Experimental and theoretic results allow
to give a standard for secondary concentrator
design. Five elements must be carefully chosen
for a trapezoidal secondary concentrator: the
large base B, the small base b, the height H, the
angle 6 and the lodge Fig. 15. H, B, 6, lodge can
be varied in order to increase efficiency of the
receiver; they are related; the variation of H
involves a variation of 6 and lodge, likewise
variation of B means variation of 8 and lodge.
The small base b value is fixed by the absorber
width.
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As to reduce convective heat losses near the
absorber air must be at rest so the lodge area
must be very small [21,26]. Concerning 6 the
authors have different about it optimal values.
According to Moghimi et al. [59], the value of 6
must be < 30°, 34° for Singh et al. [14].
However Natarajan et al. [17], think that 6 value
must be 25°< 6<85°. Facao et al. [28] give
other point of view; they have said that the value
of 8 must be the complementary to angular
between the receiver and the edge mirror.
Nevertheless, all that considerations are not
false. in fact, as to fluctuate the value of 6
Natarajan et al. [17] change the value of B; so
for 6= 25 ° B is approximatively twice big then for
0=85 °with augmentation of the lodge area as
consequences. According to Moghimi et al. [59]
observation’s 6 fluctuate with variation of B and
H values and 30 ° allows to reduce lodge area.
The observation of Facao et al. [28] that taking
into account the principal concentrator can also
be applied.

Small base b

height H

large base B

There are two options for trapezoidal
receivers with multi-tube absorber: in the first
option the absorber tubes receive directly
concentrated sun beam [14,18,21,21,24,45],
according to the second option absorber tubes
received heat by conduction from metallic plate
that receives a firstly concentrated sun beam

sometimes this plate is the small base b
[18,52,53].
The thickness of the metal plate is very

important; the contact between tubes and plate
is also important. They can be weld together,
machine-made or tubes can just be put on the
plate. The plate must allow a better heat
reparation and make easy the use of a selective
coating. Manikumar et al. [17] investigate the
performance of two trapezoidal multi-tube
receivers with plate surface and without plate
surface Fig. 16 and Fig. 17. They concluded that
the used of the plate allow to reduce heat losses
of the receiver.

Fig. 17. Trapezoidal receiver a- empty cavity overview and b- cavity overview trapezoidal
receiver of Areva Solar

(b)

Fig. 18. Trapezoidal cavity absorber (a) with plate (b) without plate [18]
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Fig. 19. Sketch of trapezoidal cavity absorber (a) with plate (b) without plate [18]

2.2.2 Secondary concentrator with V shape

Tubes can be welded to give a V shape or
triangular shape [60]. The design on each side of
the triangle is like for secondary concentrator
with two parabolic wings [33]. That receiver does
not have a secondary concentrator.

2.2.3 Vacuum absorber

Dewar tubes are vacuum multi-tube absorber
they are designed to be used as solar collectors
without concentration, but they can be used as a
receiver for CSP. Mills and Morrison [7,61] are
they first who decide to use Dewar tubes as
Fresnel receiver. Dewar tubes are sold with
standard dimensions; they can be put together in
series or parallel to achieve the desired receiver.
Dewar tubes can be horizontal or vertical, but for
each orientation secondary concentrator has a
particular shape that is adapted to orientation.

2.3 Receivers with Plan Absorbers

Plan absorber has a rectangular parallelepiped
shape [14,24,29,30,62,63]. Most of the time the
inside of the parallelepiped is empty, but some
researchers design a plane absorber with inside
texturing in order to increase thermal exchange
between absorber and heat transfer fluid.
Texturing can be made with tube Fig. 12. Two
identical receivers, one with multi-tube absorber
the other with plan absorber Fig. 22 have been

32

experienced by Singh et al. [14]. They have
shown that multi-tube absorbers are 8% more
efficient than plan one; in fact, multi-tube
absorber have more exchange surface.

Different orientation, vertical and horizontal, of a
plan absorber has been designed by Mathur et
al. [29,30] using two different methods: one of
the methods consisted of using mirrors of varied
width because the concentrator is designed for
the receiver; the second method used mirror of
equal width that meaning that the receiver must
be adapted to the concentrator. Vertical
orientation allows to reduce shading losses due
to the receiver and give a better distribution of
concentrated sun beam on two faces of the
absorber. In horizontal orientation the illuminated
face is one that meets mirrors. With a vertical
absorber when mirrors must be adapted to the
receiver their width increases with the distance
to the receiver Fig. 20 a). On the contrary, for
horizontal absorber mirrors width decreases with
the distance to the receiver Fig. 20 b). Two
opposite phenomena can explain that: in regard
to vertical absorber, the more the mirrors are
close to the receiver the more reflective image is
a spread one. Therefore, the nearest mirrors
must be small to avoid losses by spreading. In
the horizontal position the most distant mirrors
from the receiver have a spreading reflected
image so they must be narrow to avoid losses by
spreading.
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10cm

Insulation

10cm

Copper tubes

Glass cover
RAcd ALl 1

(a) (b)

Fig. 21. Dewar tubes receiver: a) horizontal orientation; b) vertical orientation [7]

Fig. 23. Texturing V-shape absorber [20]
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o |

Sun Light

= 400
Glass wool

100 . insulation
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Fig. 24. Two identical receivers one with multi-tube absorber the other with plan absorber [14]

Hack et al. [41] have done a comparison study
between an adaptive design of secondary
concentrator design by Zhu [64] and
conventional design of secondary concentrator:
CPC, trapezoidal and butterfly. They concluded
that, for a mono-tube absorber, the adaptive
design of secondary concentrator has better
optical performance following by CPC,
trapezoidal and the butterfly, respectively.
However, for multi-tube absorbers, trapezoidal
secondary concentrator has good results.

3. MATERIALS USED IN
CONSTRUCTION OF RECEIVERS

THE

3.1 Selective Coating for Absorbers

One of the important steps in the design of the
receiver is the choice of materials to be used for
all the elements with particular attention to the
absorber. Indeed, to be effective, the absorber
must have certain properties which depend on
the materials used. The liner material used for
the absorber should:

v" Ideally absorb all incident radiation. It must
tend towards the absorptivity of the black
body in the solar spectrum [65];

Have a low emissivity in the infrared,;

Have a very good thermal conductivity;

Be resistant to chemical attack from the
heat transfer fluid used; this fluid can be
water, corrosive oil or molten salt;

Resist attacks from the surrounding
environment;

Be low cost, easy to handle and have a
long lifespan.

ANANEN

It is very rare that a single material combines all
these properties. Most often, we used to use a
combination of different materials, each
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providing one or more of the required properties.
The substrates most often used are copper
[66,67], aluminium [68], stainless steel [69],
ceramics [66,67] and mild steel [52]. These
materials are chosen for their good thermal
conductivity, low infrared emissivity, low cost and
corrosion resistance. The basic solar receivers
are made from the materials mentioned above
and then covered with a matte black paint. This
matte black paint increases the absorbency of
the absorber. The most efficient absorbers are
covered with a selective coating.

Selective coatings impart two essential optical
properties: high absorptivity (>92%) in the solar
spectrum and low emissivity (<15%) in the far
infrared. Many researchers have experimentally
compared conventional absorbers painted black
with the same absorbers coated with a selective
coating. They concluded that the selective
coating reduced the radiative losses observed at
the receiver by 20-30% [24,39,62]. There are
several mechanisms for obtaining selective
coatings. These mechanisms can be grouped
into different large families depending on the
materials and the principle used [65-67,70—
72,73,74]: intrinsic or “mass absorbers [62,65—
67,70,71,74], Semiconductor-metal tandems
[65-67,71], Multilayer absorbers [65-67,71,72],
Surface texturing [65,66,71,75,76], Metal-
dielectric composite coating or cermets
[65,66,69,71,77].

Selective coatings can be directly spread on the
substrate, or the top layers of the substrate can
be made into a selective coating [72]. Spreading
can be done by painting, by Anodization, by a
vacuum sputtering, by pyrolytically depositing, by
electrolysis, by chemical or Physical vacuum
deposition or by sol-gel coating [69]. Metal is
transformed into a textured surface by a
chemical reaction.
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The absorbant black paints are the least
expensive and easiest to apply selective
coatings. They make it possible to obtain a fairly
good selectivity a= 0.83 - 0.96 and €= 0.13 - 0.3
provided that they are applied to the appropriate
substrate: polished copper, polished aluminum,
stainless steel [71]. Cermets can be used as a
pigment for selective paints. The major
drawback is that the cermets cannot be exposed
to the ambient environment; they must be
protected by a glass envelope or sometimes be
under vacuum [33]. The most used materials for
the absorbers of LFC receivers are copper and
steel coated with a high absorptivity paint. The
most marketed products are Solkote [78],
MAXORB foil [39], Pyromark [79,80], Cobalt [80].

3.2 Glass used for Greenhouse Effect

Using a suitable material, an absorber can
absorb and transfer a maximum heat to HTF, but
it is necessary to keep that heat. Glass due to its
selective property is also an excellent candidate
for reducing radiative losses. In fact, glass is
transparent at low wavelengths of solar radiation
< 25 um and is almost opaque at high
wavelengths such as those of the far infrared;
that is calls greenhouse effect. The heated
absorber emits far infrared radiation. By
enclosing the absorber in a glass-covered
enclosure, radiative losses are reduced [11,81—
85]. In addition, the use of glass makes it
possible to create a closed environment which
also makes it possible to limit convective losses.
The vacuum is used to insulate the absorber
face looking at mirrors; which reduces
convection losses. The most used glass cover is
borosilicate [11,36,52,56].

3.3 Technical Analysis

The receivers in the LFCs are basically
composed of an absorber and a protective
envelope. To the above elements, can be added:
a secondary concentrator and a thermal
insulation. There is a wide variety of receivers
that can be distinguished by the shape of the
absorber: mono-tube, multi-tube, plane. The
shape of the secondary concentrator or its
absence allows to categorize the receivers. The
secondary concentrator can be: butterfly, CPC,
segmented parabolic secondary concentrator or
trapezoidal. Vacuum mono-tube receivers have
heat losses between 200 W/m and 270 W/m for
an absorber temperature of 350°C [86]. They
have the best thermal efficiency. However,
without a secondary concentrator there is an
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optical loss. There are different types of
secondary concentrators that can fit a vacuum
mono tube: butterfly secondary concentrator,
CPC secondary concentrator and trapezoidal
secondary concentrator. However, vacuum
absorbers are very expensive and there are no
local manufacturers in the sub-Saharan African
regions. The vacuum mono-tube can be
replaced by mono-tube under partial vacuum.
The partial vacuum can be provided with a glass
envelope or a glass cover, but they must have a
secondary concentrator. A mono tube receiver at
partial vacuum loses more than 350 W/m at 350
°C [86]. Since an absorber is a heat exchanger,
it is possible to improve the heat transfer by
increasing the exchange surface and in this case
instead of having one tube more than two tubes
can be used: multi-tube receivers. The multi-tube
receivers are under partial vacuum with a
trapezoidal secondary receiver. Receivers at the
partial vacuum are cheaper, easy to
manufacture and to handle by hand because
even when there is breakage there is no vacuum
loss. They can be made of copper or stainless
steel, which are available in sub-Saharan Africa.
In order to increase the absorptivity of the
receiver by 20 to 30% it should be coated with a
high absorptivity paint. The lowest heat losses of
a multi-tube receiver with a trapezoidal
secondary concentrator can reach 500 W/m at
an absorber temperature of 350 °C [17]. Among
the secondary concentrators, the trapezoidal one
is the simplest to design and the least
expensive.

4. CONCLUSION

A state of art of receivers for LFC are reviewed
in this paper. By carrying out this review, we
want to identify the most suitable type of receiver
for small scale LFC suitable for rural areas of
Sub-Saharan. A classification of receivers was
presented according to their shapes and the type
of tubes used as absorbers. The materials
generally used to improve the performance of
the receiver were also discussed. Despite the
fact that vacuum single tube receivers have the
best efficiency, they are not commercialized in
Sub-Saharan African countries. In addition, their
implementation may be technologically complex
unlike trapezoidal receivers with a multi-tube
copper absorber. For these reasons, We
concluded that a trapezoidal receiver with a
multi-tube absorber in copper coated with black
paint and glass cover is a kind of LFC receiver
that can be used in rural area of Sub-Saharan
Africa.
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