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This chapter will introduce the background of solar thermal sv s
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on how to make use of alternative source CRET

(Thomas A., et al., 1992). According to
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2.1 The Solar Radiation

2.1.1 The Sun

objetﬁfthc solar system located at the center

\ lw\f’a, 2012). The sun 1s a sphere of intensely

f 4 : . - 11 .
x 10" km and a distance of 1.5 x 10" m from

hot gascous ma

N

the earth. '\Ahcc of the Sun i@an effective temperature of about 5762 K which

consideys a black body surface and with an estimated central interior region

terferat between 8 x 10° K to 40 x 10° K (Sadik et al., 2013). Continuous fusion



reactions take place n the sun, which is radiated in the form of electromagnetic waves
and then reaches the surface of the earth that can be used for many different applications.

The energy produced from the sun i1s radiated into space by the Stefan-Boltzmann’s Law

X

and T 1s the

which 1s given as:

E=¢cT"

where, € 1s the emissivity of the surface o is the Stefan-Boltzmann cor
absolute temperature measured 1n kelvin (Bhargva, 2012).

According to the solar spectrum, the solar radiation rec

f earth’s surtace

(#7F¥) radiation.
®
th?i%goj the

11111\\;;.1:1011 oth.

—

g cler @ange of 380 -

, | 10
750 nm, while only 8 % of the radiation 1s UM 1th wag@Rleng Q:ss than

(Dascomb, 2009).

1d 1ingrar

380 mm

The amount of solar energy ra

S

&Dpacc and some being absorbed

atmosphere with some of the @n

(the UV radiations are absqQ

water vapors and curbowx -
reaching the earth@ e. The

methods namely T

o Diffuge r radiation: ThisNS the solar radiation scattered by particles in the

'%‘rc. and reflected by the air molecules, water vapors, clouds. dust,

vofFanoes ctc, eventually hitting the Earth at random.



e Direct (beam) solar radiation: Direct normal insolation is the radiation that

travels directly through the atmosphere without interference. Atmospheric

conditions can reduce direct beam radiation by 10 % on clear, dry days apd 100 %

during thick. cloudy days. c\

The earth revolves around the sun every 365.25 days wilmamcter of about

2.1.2 The Earth

3.0<10" km in an elliptical orbit called ecliptic plane, and | lct's a full rotation

about 1ts axis every 24 hours (see Figure 2). Almost 70 % of ™g¢ M,‘d b%f water

N
h‘l mcls one
T

and the remaining 30 % 1s land. The earth 1s incline

third of the sunlight that falls on 1t.

Polar AxXIs

Eclhiptic Plane

Fig Wilotion of the Earth about the Sun (Mutlak, 2012)



2.1.3 Earth and Sun Angles

The following are the basic earth and sun angles:

to the horizontal plane.

8 W.

Apparent e
0
sun path

5.
lesgBhareva, 2012)
N

2

ole lwbhmimnlal plane, between the line
™ the surface of the horizontal plane

ole between sun rays and a horizontal
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un erll@n.
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bring the meridian of 1%{&1‘&}
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)
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2.2 Solar Energy Potentials in Malaysia

Malaysia 1s an equatorial country, has a geographical coordinate of 4.21° N.

]

() ,. o . . .
101.27" E. Its weather has been characterized by heavy rainfall, light winds, higly level of

gy 10

clouds as well as hot and humid throughout the year. For the CST and CSP t \

be economically feasible 1t requires direct solar irradiation (DNI) of at &8st 900-2000

, ) ; : . " = o B | .
KWh/m™ per year or daily solar irradiation value of at least 5 kWh/m~/ osnani et al..

2014). Malaysia recerves an average of 6 hours sunshine per day wilN' annual varying

i 11131‘ equator lines

VO 1u e M of solar
1b¥tion 1

2 Yv

, y‘ia@orlhcm
Malaysian states and few places 1n cast Malaysia aw
amount of solar rradiation throughout the yca.Nail

makes Malaysia as one of the country that

irradiation/insolation every year. Figure 5 shows its,

s lhﬁ_\_iécci\*c high

adi@n Malaysia 1s

r 2 : ) 2 . -
around 4.7 to 5.8 KWh/m™ with 6.8 KWh/m™ 1"M&ugug o\ YSY lQl‘cspccm'cly while

N

l]anb%alaysia 1s also considered as

solar thermal technology. Hg on thq othg

fual radnll 1s about 2250 mm/year and the

~

16 y&w’ even 1n the dry season (Noor et al..

one of the wet climate coundries \

cloud cover 18 nm‘mall@lhn
'uxau(’cs}rmn 80 % to 90 %. Theretore, 1t will be

2014). The rate of | diy 1in Mala

NN
lemafisg r:lhu‘ @lcclmology.
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Figure 5: Annual Average Solar Radim}z W ah;a@a et al, 2013).
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7 3 Concentrated Solar Thermal

the most prevalent applgatio

production. which%ir a tem
w Sola(l

an |[EA report i

w

. . ) by : : 0 i y | o
® million m”), mosﬂgaor domestic applications, which include domestic

HW) like kitchen, shower, laundry, sanitation facilities and space heating
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Many countries currently implemented the water solar heating systems and some
promoting this type of technology. Among this country, Israel with more than 90 % of the

solar thermal systems retrofitted into existing buildings. Nevertheless, country like Spain

current leeislation included in the building code requires that all new domcsti%\'amr

' n%upply a

e requirement

installations and covered swimming-pool heating should have a solar syst

certain amount of the enerey demanded. Similarly, Portugal, introduc

lu..‘_

f

of solar thermal installations into their new Portuguese building coc andez-Garci a.

2011). In Malaysia, lack of public awareness and understandgge oXthe potential benefits

of solar water heating system. high cost of the original

'-'-n.

r

mdppmplmlt., roofine structures are some ol the factors a

¥

a@lhu e are two

]-Cﬂ@lll dlll]ﬂ_; stationar ¥

%&‘aukinw collectors and

ﬂce 3@31*! r than the receiver’

{ lh.%ypn. ol concentrators Intercept

r'e'cnﬂI area, while non-concentratine
WOrs 1@ S intercepting area the same as that

014). The classification of these solar

iIn Malaysia (Mekhilefet al.. 2012)

In CST technology. thermal collector 1‘ ener

types of solar thermal collectors: Cm\
%; all

12 and

collectors. Concentrating solar collector

(J

collectors refers
of the absorbing sc

following page.
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Table 1: Concentrated Solar Thermal Collectors

Tracking system Type of Collector Type of Receiver

Stationary Flat plate collector (FPC) IFlat

Evacuated tube collector (ETC) IFlat \2
Compound parabola collector (CPC) Tabular : %

Single-axis tracking Linear Fresnel retlector (LFR) Tabulav

Parabolic trough collector (PTC) Ta

Cylindrical trough collector (CTC)

Two-axes tracking parabolic Dish retlector (PDR)

)

Heliostat field collector (HFC

-

The concentrated solar thermal technology

compared to other types of solar emc-‘ b; S

JICS

J

ystent

advantages of the concentrated solar (CS

}tcc '

The concentrated solar tl

Tape d&ﬁ given power requirement and has no

and 1s considen a reliabk

M

0 1ts non-uniform cooling, 1ts solar-tracking system increases installation and

)&Ln\b ¥Tth a low maintenance system.

-

the disadvantages ohhc CST systems are: It needs innovative absorber

desig

malgaagce costs, 1t 1s expensive and has high installation cost, it is not suitable for
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integration with the present roof system and however it needs a larger space for separate
systems (hot water and electricity production) and at the same time it utilizes only beam

solar radiation respectively.

2.4 Concentrated Solar Technology

Parabolic trough concentrators (PTC) are the most established an¥low-cost of the

Nmoduction. The

lin 1870 when a

concentrated solar technology for the generation of electricity an

first practical experience with the PTC’s technology reported ack

tJ

Swedish engineer, John Ericsson, design and construct

aflerturc™ lkzcﬁ;lhal

o
' ((!afg?a et al..

%3

S

operates the small engine of 373 W called direct stead eration (

2010). In this type of system, steam 1s directly produN€d fro

this, many parabolic trough solar tracking con N)I‘S cl Signegl. Constructed and

&

evaluated for different thermal applicationg

[n 2007, Valan reported developiiy ey’ parabola concentrator

&

: - 2
st of aperture area of 1 m

(Valan et al, 2007). The parabolic lm CONCE

and 90" rim angle using layffh z echnighe @ h

polic

of Water application. The thermal

loh collector reported 1n this study

)

_ lstan@‘).} method of testing. Copper tube of
* ‘i\(l_qd with resistance black paint and enclosed

was determined accordiw

2.8 mm diameter g

by a glass enve

shows that K

which c ndicates that the parabolic trough surface was accurately constructed.

\pth the” " &5 a et transier fluid. Results from the experiments

N
ard deviation 01\@ parabolic trough surface error to be 0.0066 rad.
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Moreover, the developed fiberglass reinforced parabolic trough can be used for low-cost
production as well as the batch production for all collectors’ size.

In 2012, Tadahamum Ahmed Yassen conducted an experimental and thegretical

study of a parabolic trough collector to determine the thermal efficiency dug

and summer chimatic conditions of Takrit, Iraq. The study was carried oulM Kucting
theoretical calculation of the solar radiation of Takfir University and tl ogrammed

ot solar collector

the theoretical result into the FOTRAN 90 programmed. Parameter

were used 1n order to determine the thermal efficiency of the 9! th muu.ally On

ension of
®

the other hand, experimental study was performed using the stgg sizp an

the PTC during winter and summer and comparison w@

N
) (?ln.nlal

betwegn

o'

and theoretical study of the PTC. Result shows that tf on., elel'm* \ME thermal
1a) el@diency Oy 7 % to 15 %

efficiency of the concentrator 1s greater than the cml I

during summer and the thermal efficiency duung:, INICRJS ST
% N
é ‘-3

Ing of TCil‘eflolypus of aperture area

' 111{@

at of summer by

2 % to 5 %, respectively.

Design, test and malhunauual\ ‘

1 85 m- and 5.78 m~ with 180° @ ¢ was gevel )qdl i arco 1n 2012. Two different

(PTC). This was
between them gl prototypes were t Qusmg oil and water as a heat transfer fluid and

tested undgea®king temperature ranging from 10 — 150 °C.
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[n the same year, Kawira et al., reported the study on the potential of solar thermal
concentrators for the steam production from three parabolic trough solar concentrators.

The collector dimensions are: aperture width 1.2 m, collector length 508 m, andgggrture

nsfer

. TR . . .
area of 6.95 m~ with copper tube as the receiver which carried water as the ca +

fluid. The concentration ratio of the collectors i1s 128. Testing was carrie for each of

. ,.. . Ny, - 0 -
the concentrator and the maximum temperature of the steam obtained w¢248.3 "C while

- _ 0 T
the average temperature of the steam produced was 150 "C. Resulggbta™td indicates that,

the concentrator can be used 1n providing electricity to the rura .r wl'ich are far away

N

@
el
On the other hand, Santohkumar Singh et al .4 ?) des nd f_a&'cated a

Y.

\!I]II‘EHOI' was

from the electricity transmission grid.

rE—
C.
r
-
-
@)
s
¥y
=
(S
e
i
@)
=
-

page

Result from the experiment ; tion 1 dic;e J'the thermal efficiency of the
aluminum tube absorber isy w The coppd/tube with a percentage of 18.23 %

aluminum tube and 20,290 0 PP fu l@s observed from the efficiencies of the

thad/this type of technology can be used to

i el'q'agh for the conversion of solar power thermal

w

systems spégliically when encloseh\copper tube was used as the absorbing tube.

parabolic trough

oenerate hot wglC t would ¥«

O
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solar radiation onto the receiver tube at the focal line of the parabolic cylinder. The
incoming solar radiation will be absorbed by the receiver and then transformed into

thermal enerev. This method of solar collection has the advantage of high efficiency and

..."_:*

low cost. and can be used either for thermal energy collection, for g

for both.

energy rescarch Centre Sokoto, Nigeria. The expermmental p

carried out with a constructed PTC of an aperture area of 24¢

indicates the maximum outlet temperature N
(o

experiment with the tracking ma\'

Similarly. design and testing ol pari

fairly acceptable, even though, that

m@'lmd\mﬂ of the PTC.

)l]LLnlIdlm“ collector were

yol1i®@tfoue

NI
& &ys type of study, a small type of

/ ou§cxpcrimcmal study by testing the

ch‘@lic condition, Sudan. The PTC was

reported by (Eltahir Ahmed Muhgghma

PTC was fabricated \H&\um |

parabolic trough LUI% un
| \'1%1] .Jp,l

steel pipe of &8 §n diameter and w al@‘_}uﬁ a working heat transfer fluid. The results from

fabricated locall

the expcrin\ study indicate that the collector's onentation North-South will prevent

solar rNatidbn end loss and can increase the thermal performance of the collector.
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However, the average collector's efticiency of the experimental testing was found to be

37 % and hence, using stainless steel pipes enclosed by evacuating glass envelope round

the absorbing tube can increase the thermal performance of the parabolic trough solar

N\

OFh& Abu-

collector.

An educational single tracking PTC was designed and developed

Mulaweh, 2013) for moderate heat purposes and for instruction emonstration

purposes. The solar collector was designed and developed as N— powered solar

tracking collector that can operate remotely and independen ¢r mpoderate radiation

(Aamir et al., 2013). In this study, a concentr'8

. . D :
reflector of aperture arca of 2.9 m™ and @ secciger’of PO m diameter connected
" OX
'mané‘bf the PTC for drying fruits

to steel drying box with the aim to «

and consequently to study concentrating collector. The

L\PLHI“L“M] results durmg the on using two air mass flow rate

indicates that the m'uav&aud

( , ®il] solar collector, and 1n addition the solar

tand the mass air flow rate affected the

thermal efficiency

T i

collector's ettigy increased 1n mass flow rate.

L o |

[ he

>

nine-comn

common and rece fvg\{phmlmn of the PTC for power generation 1s the

| solar energy generating systems (SEGS) that has aperture of a black

Lo

ror area of 2.32 x 10° m? and a receiver of 70 mm diameter steel tube which
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have been developed. installed and n operation n Mojave Desert Area of southern
. s ¢ N - a1 r ' . rEaY I OT
California that has a total installed capacity of 354 MWe (Kalagirou, 2014). However.

the power generating system consists of two subsystems that use two heat exchangers

waste heat. Y'

Chiat et al.. (2014) conducted the study on the imprm'cnwmwm concentrator

1] method. which
W ‘he aim of
®

proved the reception of higher energy gain and improved coMyglor effic

b

experimental study conducted under Baghdag
l‘

durine selective days of the month o OctoMes

%i-}
é

efficiency of the fabricated (0.8% 1.8 1

which regarded as fairly accepta
However. 1t was rcpm'lcd {rq llISl@th evacuated receivers are

{ 40 “C and hence. the fabricated

@l:s because of the higher temperature

(CINP oK

suitable for obtaimning high\
PTSC 1s suitable for spK-
%l —

of storage that recaches"sy

1 péinmam:c assessment of the parabolic trough

Astar cl% | 4) 1 T

&

solar concel designed and con 'lﬁ?ﬁ:d with an aperture arca of 10.02 m- using 304

AB sluinlcr\cl sheet reflectors and a 25/32 mm mner/outer diameter copper tube

Iec dic aim of the project 1s to generate a steam directly from the constructed
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parabolic trough concentrator tested under the Jordanian climatic condition with the

g,

normal nradiance on the surtace of the collector measured to be G = 1032 W/m . Result
n

]

from the experimental assessment conducted indicates the maximum lmw ure of

um ,1‘l’iciency

123 "C of the steam generated at a pressure of 2 bars with 22 % maxif

obtained.
Kasaelan et al., (2014) conducted a feasibility study off barabolic trough

| . () -
101N Ilu. smooth 90 rim

cd w thlm e area of

1.4 m~ steel mirror reflector. The optical and thermal ggrmancl of 1115’1\ "31. solar

%lccm)e‘ copper
d@)pu tube with

] b@< chrome coating

-’éﬂ. used as working fluid

collector were determined with the use of a blacl

bare tube with black chrome coating, glass c yuate

black chrome coating, and a muuunuN yor
%aacd

respectively. However, carbon nanotub

Regyt optical and thermal conductivity

O

onvection heat losses from the

P

esulted to the enclosed absorbing tube to

absorbing tube with 11 %. Furthermore.

111¢'[5§.

\

> mean 1o icrease the performance of high flux solar collectors.

potential of using nanofluids, as high capable

addo et al., (2014) presented the design, construction and evaluation of a

prototype PTC for demonstrative purposes. The prototype was designed by considering
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the parabolic aperture of 0.5 m wide and 0.95 m long using computer aided design device.

The result obtamed during the evaluation of the thermal performance of the prototype was

. . ) - . : - . o
a maximum of 47.3 "C outlet temperature for 783 W/m~ direct solar irradiatic Trate

leained

{ the coated

flow of 0.200 L/min. Furthermore, the thermal efficiency and the useful

from this study was not the one expected, this is due to the optical properties ¢

pipe absorber but the collector’s thermal efficiency was related 10% M temperature,

cloudiness and atmospheric conditions. However, the concept oxgMbining a parabolic

l ‘t'icit ind thermal
f $ T
. ]i D ngﬁmary

' d:e-' this stud
un this stuay
NV

nerator could

dish concentrator with the thermo-electric (TE) module tc ce

energy from the sun was explored with a simple

Id
experimental measurement (Lertsatitthanakorn et al., 2 . ltpwis

that the solar parabolic concentrator couple wi

d

produce a maximum power output of 1. e air flow under

maximum heat flux. % :\

Gianluca et al., (2015) report g esign, maguthic

PTC for industrial process applic

similar thermal

b d‘gm process applications ranging from

. 0 . . .
e( w@ﬁ im angle and a lower concentration ratio
I'el

¢
of 9.25 build 4 relass xtruded polystyrene with the cross-sectional aluminum

\‘-3

ontained within a low-ron glass envelope. Recently, the experimental

L=

pipe recey
stud gl Mperformance of PTC for hot water generation was carryout by (Mayur et al..

20135 e PTC was designed and fabricated using aluminum sheet reflector of aperture

o



P

arca of 1.82 m™ and aluminum tube as a receiver surrounded by a glass and metal pipe in

order to minimize the thermal heat loss. However, the experiment from this study

indicates the maximum outlet temperature of 65 "C with a collector thermal effid of

-

le.mlly

tracking parabolic trough solar collector can be a better option for hot watd

32 %. The maximum value of temperature was obtained at noon and henc

generation

during the winter season for rural and remote areas.

g

.5 Parabolic Trough Solar Concentrators in Malaysia

P (10 )@nonu

Solar thermal organic Rankin circle was studied g Chang ¢ al..

the PTC design developed in Malaysia. The objective ¢
the feasibility of an organic Rankin circle (OR
for the generation of less than 10 MW for ¢
However, there are two cycles in the p
cycle (ORC) namely the solar lhunu

and subsequently converts the sol

the organic compound 1in thSRINKIn cyc

N

clec
d @gl( examined for power generation and 1t

h%&wrmul cfficiency. more suitable for high

organic Rankin cycle thy 'ulcsl

R123 and 1sobutene CN '

was found that

'4

less cx.)m’z'mal efficiency when superheating than the

temperature [ 1IcWions  and

1Isobutency
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writing i MATLAB environment. The study was carried out by changing three

parameters: Aperture Area, Receiver diameter and working fluid in order to optimize the

this study. and the results obtained from the simulation study shows that

diameter of 0.03 m and concentration ratio of 10 are the optimum paramcicriwo achieving

the highest efficiency of this model. More so, the study shows that eqibrium between

the thermal losses increment due to the increases in the aperture I%achieved.

% f

In 2014, Alhassan et al reported the simulation analys% Wthe 'l’lal losses of PTC

Yo lhtm?l' loses
| S

the wind

in Malaysia using computational fluid dynamics. The st

.

(Radiation and Convection) of the PTC by simulatior
speeds velocity and mass flow rate of the heat lld% fluic
c%ver On

(PTC) was modeled with the CDF CodgrANSY'S

of the parabolic trough solar collector. T

and convection heat losses are nat

64 % of the convection he

and onment. The primary function of the receiver i1s to absorb and transfer the

concglgced heat to the fluid flowing through 1t. The parabolic trough solar concentrator
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(PTC) recerver 1s 1n the form of a tube placed linearly along the focal line of the trough
collector and 1s usually covered with an envelope such as a glass tube in order to

minimize the thermal heat losses, thereby increasing the thermal perfornlal{ 1€

%0 m the

>d. On the

collector. Theretfore, the retlected solar radiation onto the receiver will deyi

focal point or get loose 1f the receiver is either misaligned or not properly covel

other hand, the outer surface of the receiver should be coated wilwh 1 temperature

resistance paint that has high solar energy absorption and a loy e’y emittance before
"aw

, : ; < ' .
parabolic trough connector's optical performance can bé nifl nily L’@' any

04). The

2012).

v

component 1n the solar concentrator, because

#5S Nt
b 4

stem, the solar c@lors will collect little energy for a very short

period of tiMg Wherefore, collectors must be provided with tracking mechanism that can

track th®gla¥ radiation from morning to evening (East-west or both east- west and north-

south) so as to maximize the energy efficiency. The tracking mechanism must be able to
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follow the direction of the sun at a certain degree of accuracy. The tracking mechanism
for the solar thermal collectors can be mechanical, electrical/electronic or manually

operated tracking system. Many tracking systems for parabolic trough solar gollectors

(PTC) were developed. Among them, 1s the tracking mechanism presented M g1rou,

1996) which uses three hight dependent resistors (LDR), each of the 11l detect

cach of the following: the focusing of the solar collector, the cloud cov d to detect or

senses whether 1t 1s a day or night respectively. However, the nl signals were

12\/ DC motor

11Wg1 the solar

r !Lﬁ(}? System

p@ﬁohu trough

Th

which has the ]m.us “On

system.

From tl 1at many parabolic trough solar concentrators

A f()l.ll

(PTC) ha\'\ eportedly dLSl”n

researc ose. industrial applications, generation of electricity or any other

eveloped, evaluated/experimentally analyzed for

Some of the reported PTC’s are even in operation. However, the
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follow the direction of the sun at a certain degree of accuracy. The tracking mechanism
for the solar thermal collectors can be mechanical, electrical/electronic or manually

operated tracking system. Many tracking systems for parabolic trough solar CLors

(PTC) were developed. Among them, is the tracking mechanism presented g LXoirou,

1996) which uses three light dependent resistors (LDR), each of the (%will detect

cach of the following: the focusing of the solar collector, the cloud cov&ffand to detect or

senses whether 1t 1s a day or nmight respectively. However, thg res®ant signals were

controlled by an electronic control system, which operates a pcef 12V DC motor

that rotates the concentrator trough a speed reduction gearbogThefintcisdd gf the solar

irradiation on the surface of the collector determine

0&;)1'0101}’})6 automatic

r palﬁhl a maximum intensity.

“« Q-
. lud);.gge light dependent resistors

| il@iﬂicroconlroller. However, the

as as yped for an automatic solar tracking

microcontroller based dcs_iwc ho
which has the I‘l'CCiSL’Q LWy @ovides three ways of controlling the
Cﬂ) ’

system.

From th@
(PTC) lm\**\ eportedly dcsigné&licvclopcd.. evaluated/experimentally analyzed for

researcy se, industrial applications, generation of electricity or any other

Some of the reported PTC’s are even in operation. However, the
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performance of those reported concentrators for research purpose were mostly evaluated

under normal environmental weather where there is uninterrupted degree of solar

UH

irradiation. Therefore, the foregoing research work will focus on how to develop and

'Ni{re the

sult from

evaluate the performance of PTC s under a tropical environment like Mala
availability of solar nradiation 1s varying throughout the day. Similarl )¢
the research work will suggest ways on how to implement the insta I of parabolic

trough solar concentrators (PTC’s) tor power generation in Malayswwronment

Yv






