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Abstract: Problem statement: Conventional solar concentrators are only sensitorethe beam
radiation and they function poorly in overcast gtgnditions. Even under a clear sky condition,
trackers are always needed for conventional s@lacentrators. Static concentrators always come with
a poor concentration rate without a tracker andlitife concentrated by normal Luminescent Solar
Concentrators (LSC) could not be transported byicapfibers to a remote place since the light
produced by LSCs is not a pointolitgpproach: Through a critical literature review and discugsio
this article retrospects the merits and demeritsreafent conventional solar concentrators and
Luminescent Solar Concentrators (LS®psults: Results summarized the limitations in current day
lighting related solar concentration devices. As approach for energy saving, daylight has a
disadvantage of not being able to reach many akasbuilding such as store rooms, basements and
corridors and it also brings heat gain with thdtid-ight pipes were designed to transport daylight
unreached areas, but light pipes have their diffesifor wiring, so that optical fibers are coresied

as the best approach for the daylight transportat@mfar. However, the optical fiber needs a pdieto

for the light transportation. Various solar concattrs that were designed using optical approaches
such as using mirrors or lens for the solar eneaycentration. Since they are only sensitive fer th
beam irradiation, they function poorly in the clgudeather and the diffuse light conditions and even
if they are under a clear sky condition, trackers @lways needed. Luminescent Solar Concentrators
(LSC) and some static solar concentrators weredksigned as the diffuse light solution and thécsta
solution, respectively. Static concentrators alweyse with a low concentration rate without a teack
and the light concentrated by normal LSCs couldb@otransported by optical fibers to a remote place
since the light produced by an LSC is not a poitoConclusion/Recommendations. New solar
concentration systems need to be developed to atétithe above-mentioned limitations. Future
studies especially cross disciplinary researcheslermloping new solar concentrators in mitigating
those limitations as discussed in this study agalitirecommended.
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INTRODUCTION office buildings, both directly through lighting engy
consumption and indirectly by production of sigeefint

Besides the rapidly rising price of petroleum, heat gain, which increases cooling loads. Electric
anthropogenic activities, especially the burnindossil  lighting represents up to 30% of building electsici
fuels, have released pollutants into the atmosphereonsumption in commercial and office buildings (Lam
increasing global warming and depleting the ozoneand Chan, 1995). The recent interest in energy
layer (Mills, 2002) To improve the situation thereeds efficiency and sustainability has led to the
to be a decrease in energy of which fossil fuelsed. implementation of design strategies in buildingsiag
As a result there has been an increased interest at the achievement of the optimal utilization oflight
renewable energy systems. Solar energy is maddywidewith minimum energy consumption for lighting and
available for thermal applications, day lightingdan cooling. Sun light as a clean energy source could
direct production of electricity (Muhs, 2000; Reisf  contribute considerably to a solution of the energy
and Jorgensen, 1982; Rahoma, 2008). Artificialtligh  problem if appropriate methods were developed to
is one of the major sources of electrical energstc  collect, concentrate, store and convert solar iataah,

Corresponding Author: Chen Wang, Centre for Construction Innovation Bnaject Management, Faculty of Built Environment,
University of Malaya, Kuala Lumpur, Malaysia
428



Am. J. Environ. ci., 6 (5): 428-437, 2010

which is diffuse and intrinsically intermittent (Ré&eld  museums and retail displays and in architectural
and Jorgensen, 1982). Daylight is an underusedpplications to emphasize the features of a buglain
resource that has the potential to improve theityual  to outline its exterior contours; other applicagdmve
indoor lighting, as well as to substantially reduceinvolved lighting exit signs and aisles in theatsesl
energy costs. aero planes etc. to name but a few.

However, daylight has a disadvantage that it may  The idea of concentrated solar energy transport by
not able to reach many areas such as storeroomsptical fibers was put forward in 1980 by a group o
basements and corridors. It also brings heat gatin w French investigators (Cariat al., 1980). Owing to the
the light (Hazamet al., 2005; Bouchet and Fontoynont, unavailability of high quality optical fibers anke high
1996; Shacet al., 1998). Light pipes were designed to cost of their design, this project limited itseld t
transport the daylight to the deeper parts in lingld.  theoretical analysis only. With the present day
However, the light pipes have their difficultiesr fo availability of fiber-optic techniques, solar engrgan
wiring so that daylight transportation through opti  be transmitted by high quality optical fibers ofga
fibers is considered as the best approach so feed[E core diameter and large numerical aperture. With
and Tinker, 2006; Cariowt al., 1982). In building flexible fiber optic solar energy transniss and
integration, one of the most important featuresh&  concentration, a solar laser or any other light @a
remote light transportation is the wiring method éime  tool will be able to be moved out of its actual ging
wiring method is expected to be as simple as that oposition in the focusing area of the primary patabo

electrical wires (Enedir and Tinker, 2006; Carahal., mirror and will find new applications (Cariogt al.,
1982; Nihei et al., 1997). Only optical fibers are 1980).
suitable for this requirement. However, the optidagr Wherever the remote lighting system has been

needs a pointolite for it to transport (Carigiwal., 1982; introduced in an architectural project, it was nemd
Nihei et al., 1997). Solar concentrators have beenclearly the practical advantages it breeds. In tamdi
designed using optical approaches such as usingmnir the main light generators being put away at some
and/or lens because of the high price for PV c8lisce  distance, in a dry place, gives clear evidence &t
they are only sensitive for the beam irradiatidmeyt safety higher degree of the system. Actually, in
function poorly in the cloudy weather and the diu important projects where optical fibers take aim to
light conditions and a tracker is always neededsatisfy more complex lighting design purposes, like
Luminescent Solar Concentrators (LSC) and somdlumination, safety is appreciated but is not aanty
static solar concentrators were then designed as ttseen as the stimulus of the system choice. Addilipn
diffuse light solution and the static solution resfively  the practical location of the effective lightousces is
(Weber and Lambe, 1976; Goetzberger and Greubeljalued but in terms of lower cost services. In faloe
1977; Rapp and Boling, 1978). Static concentratorsnain advantage aimed for while selecting a remote
always come with a poor concentration rate with@ut lighting system instead of an ordinary one, reldtes
tracker and the light concentrated by normal LSCsome extent to the considerable cut down upon the
could not be transported by optical fibers to agtam effective running costs (Cariatial., 1980).
place since the light produced by an LSC is not a The use of concentrated solar energy and its
pointolite (Kandilliet al., 2008). This study introduces transport in optical fibers is studied by Carieual.
the delighting related solar concentration devisesh  (1982). Transmission properties of fibers as wall a
as light pipes (or tubular daylight guidance system geometrical conditions of the association betwdeer$
optical fibers for light transport, conventionall@o and concentrator were investigated. It was shovant th
concentrators and Luminescent Solar Concentratonnodules where one fiber is associated with a small
(LSC). The principles of study, advantages andparabolic mirror might supply 2W with efficiency
disadvantages for application of these day lightinggreater than 70%, whilst the concentration on tkie e
related solar concentration devices are explained. end of a 10m long fiber may exceed 3000. Such a
device has been achieved and the experimentaltsesul
Optical fiber for light transportation: According to are in good agreement with the preliminary study
(Enedir and Tinker, 2006), since the early 1990erf (Cariouet al., 1982).
optic cables using an artificial light source haeen
used in remote-source lighting systems. Using thiConventional solar concentrators: Sunlight holds
technology, light travels from its source to onammre  considerable unrealized potential for application i
remote points through fiber optic cables. Theenergy efficient room lighting designs. There are
technology has been used in many applications aach currently few existing systems that efficiently liag
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sunlight to provide sufficient room lighting to rete  Lenses, typically point-focus or linear-focus Frasn
non-daylit rooms. Anidolic optics can be used forlenses with concentration ratios of 10-500 are most
lighting of a room with an immediate day lighting often manufactured out of inexpensive plastic niater
aperture. Recently, systems involving concentratingvith refracting features that direct light ontoraadl or
collectors, heliostats (Pohl and Anslem, 2002), omarrow area of photovoltaic cells or on a linearihal
mirror light pipes (Garcia-Hansen and Edmonds, 2003absorber. The cells are usually silicon cells. Birgy
have been developed for illumination of remote reom mono-crystalline silicon approaches accounted 8%9

A fatal disadvantage of conventional solarof the annual cell production in 2002. Cells of GaA
concentrators is while systems using mirrors ors lenand other compound materials have higher conversion
may be advantageous for large-scale room lightingefficiencies than silicon and can operate at higher
they chiefly rely on beam solar irradiation anduiegg  temperatures, but they are often substantially more
tracking mechanisms to avoid astigmatism and otheexpensive (Swanson, 2000). Concentrator module
light losses experienced during collection of solarefficiencies range from 17% and upwards and
energy so that they lose their functions in clpadd  concentrator cells have been designed with conwersi
diffuse conditions (Zaibelet al., 1995). Figure 1 efficiencies in excess of 30% (Yamaguchi and Luque,
presents an example of the heliostats solar coratent 1999; Fraaset al., 1990). However, concentrator
and light transmission through optical fibers depeld  systems that utilize lenses are unable to focudesed

by Kandilli et al. (2008). light, limiting their use to areas with mostly dea
Solar concentrators were early brought intoweather (Yamaguchi and Luque, 1999).
consideration as alternative ways to reduce thé aos In areas with a lot of diffuse irradiation, as Inad

photovoltaic electricity and solar heat due to thefor moderate (5-20x) and low (less than 5x)

relatively high material and production costs ofaso concentration ratios, reflectors are often moret cos

cells and solar thermal absorbers. One approachuse effective than lenses and therefore the most common

concentrators that increase the irradiance on ttiutes  type of concentrator. Below 5x concentration, it is

or absorbers and thus the electricity or heat prbimlu = possible to construct cost-effective static coneeats,

per unit receiver area, which in turn reduces treaa both for photovoltaic and solar thermal systems

needed for a given output (Brogretral., 2004). (Whitfield et al., 1995; Hellstronet al., 2003).
Concentrating systems use lenses or reflectors to These are mostly two-dimensional parabolic

focus sunlight onto the solar cells or solar thérmatroughs or plane booster reflectors. Plane miriars

absorbers. High concentration of solar radiatiqquires ~ front of the collector area increase the colleatadrgy

tracking of the sun around one axis or two axeswith 20-50% and reduce some of the diurnal vanmatio

depending on the geometry of the system. The highdMcDaniels et al., 1975). Reflectors for solar energy

the concentration, the more concentrator matermal p applications should fulfill a number of requirement

unit area of solar cell or thermal absorber area i¢Brogrenetal., 2004):

generally needed. It is therefore more appropt@iese

lenses than reflectors in highly concentratingesyst, * They should reflect as much as possible of the

because of their lower weight and materiats. useful incident solar radiation onto the absorbers

e The reflector material and its support structure
should be inexpensive compared to the solar cells
or thermal absorbers onto which the reflector
concentrates radiation

e The high reflectance should be maintained during
the entire lifetime of the solar collector or
photovoltaic module, which is often longer than 20
years

« If cleaning is necessary, the surface should be
easily cleaned without damaging its optical
properties and the maintenance should not be
expensive

e The construction must be mechanically strong to

Fig. 1. One example of the heliostats solar resist hard winds, snow loads, vibrations

concentrator and light transmission throughe The reflector should preferably be lightweight and
optical fibers (Kandilliet al., 2008) easy to mount
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« The reflector material should be environmentallyon the reflector and action of cleaning agents fBuf
benign and should not contain any hazardous962). While degradation caused by accumulation of
compounds dust on the reflecting surface is essentially reide,

« The visual appearance of the reflector should begurface oxidation is not. The optical performande o
aesthetical, since solar concentrators often age la solar reflectors thus depends on the mechanical and
and must be placed fully visible on open spaces seéhemical properties of the surface and the protecti
that the concentrator aperture is not shaded byoating, if such is present. For flexible refleetifoils, a
objects in the surroundings support of sheet metal may be necessary, while anly

simple frame construction is needed if the refleéto

The optical requirement that must be fulfilled for self-supporting, which is the case for corrugateekss.
reflector materials in solar thermal applicatiossa  When installing booster reflectors, the cost of the
high reflectance in the entire wavelength rangehef reflector material, the frame and support constougt
solar spectrum (300-500 nm). In lighting and as well as mounting and installation of theflector
photovoltaic applications, photons with lower ererg must be taken into account. Maintenance shouldtzdso
than the band gap of the solar cell, which corradpo included in lifecycle cost (Morris, 1980).
to wavelengths longer than about 1100 nm for acsili De la Moraet al. (2009) reported using Porous
cell, do not contribute to the photoelectric cosien  Silicon Photonic  Mirrors  (PSPM) as secondary
but only to overheating. Hence, metals that are frereflectors in solar concentration systems. The PSPM
electron-like are suitable as reflectors for sot@rmal ~ were fabricated with nanostructure porous silicon t
applications, but not optimal for lighting and reflect light from the visible range to the néafrared
photovoltaic applications. There are no known nsetal region (500-2500 nm), although this range could be
that combine a low reflectance in the near-infrarétth ~ tuned for specific wavelength applications. The MISP
a high reflectance in the ultraviolet and in theible  are multilayer of two alternated refractive indexgs-
(Mwamburiet al., 2000). 2.0), where the condition of a quarter wavelengths

Among the Drude metals, silver and aluminum arethe optical path was imposed. The PSPM were exposed
the best solar reflectors with a solar hemisphericato high radiation in solar concentrator equipmest a
reflectance of approximately 97 and 92%, respelgtive shown in Fig. 2. As a result, it observed a sigaiit
(Grangvist, 2003). Due to its lower cost, the miater degradation of the mirrors at an approximated
which is most often used for solar reflectors tqday temperature of 9000C. In order to analyze the oregi
anodized aluminum. However, if the anodizedthe degradation of PSPM, it was modeled the samples
aluminum is not protected, for example by a glazimg With a non-linear optical approach and study tHeof
plastic foil, or a lacquer, its optical performance of a temperature increase. It concluded thatnthe
degrades severely in only a couple of m®nthphenomenon involved in the breakdown of the phatoni
(Bouquetet al., 1987). The degradation of silver is mirrors is of thermal origin, produced by heterogyauns
essentially as rapid as that of aluminum (Czandernexpansion of each layer (Moetal., 2009).

1981). Due to the limited corrosion resistance tof t

free electron-like metals, they are often used ackb

surface mirrors, evaporated on the back of a ghass
polymer substrate that protects the metal from
oxidation. Among the state-of-the art in solar eefor
materials are Polymethylmethacrylate (PMMA) or
back-surface-silvered low-iron glass (Schisstlal.,

1994). However, glass mirrors tend to be brittlel an

heavy. Front surface mirrors, on the other hand, ar

often bendable and of lightweight, but more susbépt

to chemical attack (Roa al., 1989).

A solar reflector is not subject to the same high
temperatures and thermal cycling as a solar absorbe
Nevertheless, environmental conditions impose
stringent demands on the material, whose surfatle wi
deteriorate more or less upon exposure to thé&ig.2: DEFRAC-Spanish acronym of device for the
environment. Loss of solar reflectivity can resuttm study of highly concentrated radioactive fluxes
erosion or oxidation of the surface, dirt accurmiatat (Estradeet al., 2007)
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In order to remove the trackers, a static solar
concentrator is proposed by Morimoto and Maruyama
(2005) to match the aesthetic features of townse Th
concentrator consists of vertical plate solar calhsl
white/transparent switchable bottom plate, which is
operated with external power. The bottom is switiche
to be a diffuse reflection white surface when tledl ¢
generates electric power and switched to be a light
transmissible transparent surface when the cel doé
. . . .,_deliver power. The light collection of this concextor
Fig. 3: Photograph of the polar axis tracking ridge, ;g anglyzed by usir?g multiple total internal retilen

with 8x55 Wp PV panels (Poulek and Libra, mqqe| and ray tracing simulation. However, the lissu
2000) are not significantly satisfying for a static sadumt for
solar concentration (Morimoto and Maruyama, 2005).

Luminescent Solar Concentrator (LSC): The
luminescent planar solar concentrator was propased
the late 1970s (Weber and Lambe, 1976; Goetzberger
and Greubel, 1977; Rapp and Boling, 1978) congjstin
of a transparent plastic sheet doped with orgapesd
Sunlight is absorbed by the dye and then re-radliate
isotropically, ideally with high quantum efficienand
trapped in the sheet by internal reflection. A ktat
Fig. 4: Photograph of a static prism-array coneeotr ~ Sheets doped with different dyes can separateighe |
module (Uematset al., 2001) Solar cells can be chosen to match the different
luminescent wavelengths to convert the trapped Bgh

Poulek and Libra (2000) developed a tracking ridgethe edge of the sheet (Goetzberger and Greubel)197

concentrator usin roven tracker hardware. This Luminescent Solar Concentrators (LSCs) have
using p " attracted the attention of a large number of st
system combines simple low-cost tracker with flat

. . and engineers since the first proposal by Weber and
booster mirrors but unlike V-trough concentrator | 5 obe (1976). The operation of the LSC, which can b

(Klotz, 1995, Nann, 1990) by the new ridge considered as a peculiar kind of light guide, isdzhon
concentrator the mirror has been eliminated as sliow e following principles. One or more high quantum

Fig. 3. On polar axis trackers with seasonally sijble  yjeld species are dissolved in a rigid highly trarent
slope of the axle the extended mirror is not needed  medium of high refractive index. Solar photons entg
Unlike V-concentrator trough concentrators, nothe plate are absorbed by the luminescent specigs a
additional mirror supporting structures are neededreemitted in random directions. Following Snelésy,
However, it could only double solar energy gairP&f  a large fraction of the emitted photons will beppad
panels in comparison with fixed ones (Poulek andwithin the plate and transported by total internal
Libra, 2000). reflections to the edge of the plate, as illusttain
To obtain cost-effective photovoltaic modules, Fig. 5, where they will be converted by appropriate
Uematstet al. (2001) have developed static prism arrayphotovoltaic cells (Richards, 2006; Reisfeld, 2001;
concentrator modules consisting of prism concemtsat Batcheldest al., 1979; Hammanet al., 2007).
about 4mm thick assembled unidirectional under2a 3.
mm-thick cover glass as shown in Fig. 4. Calcutatin
the optical collection efficiency for the annuallao
irradiation in Tokyo, it found that the theoretical
efficiency of the modules is 94.4% when the
geometrical concentration ratio is 1.88 and thaisit
89.1% when that ratio is 2.66, respectively. Fatiimng d{
prism-array-concentrator modules with a geometrical

E | I Photovoltaic
cell

s.--doones of foss:_.
L e e Y

f . . . . Transmitted Absa;].J'ti_Qn AbSEJHJtian
concentration ratio of 2.66, it only obtained a maxm reabsorption
optical collection efficiency of 82% with a flatftector
and 81.7% with a V-grooved reflector (Uemagsial., Fig. 5: Schematic representation of LuminescenarSol
2001). Concentrator (LSCHammamet al., 2007)

432



Am. J. Environ. ci., 6 (5): 428-437, 2010

Conversion of the incident solar spectrum tothan organic dyes. Moreover, (iv) there is a furthe
monochromatic light would greatly increase theadvantage in that the red-shift between absorimh
efficiency of solar cells. Since LSC were propo$ed luminescence is quantitatively related to the spreh
1970s, solar cells were attached to it. LSCs cbie$ia  quantum dot sizes, which may be determined dutieg t
highly transparent plastic, in which luminescentgrowth process, providing an additional strategy fo
species, originally organic dye molecules, areminimizing losses due to reabsorption (Barnheiral.,
dispersed. These dyes absorb incident light an@000). However, as yet quantum dots can only peovid
isotropically emit it at a red-shifted wavelengthith reasonable  luminescence  quantum efficiency:
high quantum efficiency. Internal reflection ensure Luminescence quantum efficiency more than 0.8 has
collection of part of the emitted light in the sotzlls at  been reported for core-shell quantum dots (Rera.,
the sides of the plastic body. The energy of thétech  1997).
photons ideally is only somewhat larger than thedba Advantages over geometric luminescent
gap of the attached solar cells, to ensure neay-uni concentrators include that solar tracking is unasaey
conversion efficiency (Goetzberger and Greubel, 7197 and that both direct and diffuse radiation can be
A large fraction of the emitted photons loses frita  collected and, in addition, the sheets are inexpens
escape cones. The size and form of the cross-sectidiowever, the development of this promising
could impact on the proportion of photons trappgd b concentrator was limited by the stringent requiretse
the LSC plate and the reduction of the cross-seatio on the Iluminescent dyes, namely high quantum
area of the luminescent plate could increase tlitoph  efficiency, suitable absorption spectra and rettshind
loss (Richards, 2006; Reisfeld, 2001; Batchektaal.,  stability under illumination (Goetzberget al., 1985;
1979; Hammanet al., 2007). Wittwer et al., 1981). Concentration ratios of 10x were

LSCs were developed as an alternative approach tachieved (Goetzbergest al., 1985; Wittweret al.,
lower the costs of PV. As both direct and diffuggatis  1981). A typical measured electrical efficiency twi
concentrated by a factor of 5-10, without the nfed two-stack concentrator with GaAs solar cells was 4%
expensive tracking, smaller silicon or other salails = whereas the original predictions were in the rah8e
can be used. As the cost of the transparent plastic 23% (Goetzberger and Greubel, 1977).
expected to be much lower than the area cost of the Barnhamet al. (2000) have proposed a novel
solar cell the cost per Watt-peak is lower compaced concentrator in which the dyes are replaced by uan
the cost of a planar silicon solar cell (Batcheldeal.,  dots. The first advantage of the quantum dots dyes
1979; Hammanet al., 2007). The development of the is the ability to tune the absorption threshold®inby
LSC was initially limited by the performance of the choice of dot diameter. For example, colloidal InP
luminescent dyes available some decades aga@uantum dots, separated by dot size, have threshold
Nevertheless, efficiencies of up to 4% have beemwhich span the optical spectrum (Micét al., 1997).
reported for a stack of two plates (40x40x0.3cnmg 0 Secondly, high luminescence quantum efficiency has
being coupled to a GaAs solar cell and the other &  been observed. CdSe/CdS hetero-structure dots have
solar cell (Wittweret al., 1984). Particular problems demonstrated luminescence quantum vyields of above
were the poor stability of the dyes under solar80% at room temperature. Thirdly, since they are
irradiation and the large re-absorption losses gwm  composed of crystalline semiconductor, the dotsilsho
significant overlap of the absorption and emission. be inherently more stable than dyes (Chateral.,

Within the full spectrum project (Lugqeeal., 2003).

2005) the performance of both quantum dots and The disappointing results obtained with dye
organic dyes are being evaluated as the luminescenbncentrators were probably mainly because of
species in the LSC. The important characteristits oreabsorption, which was considered, but not modated
organic dyes are that they: (i) can provide extigme the time of the original calculations (Goetzberged
high luminescence quantum efficiency (near unif§)), Greubel, 1977). Barnhast al. (2000) have argued that
are available in a wide range of coolers and, (i@  there is a further advantage in that the red bleiftveen
molecular species are now available with betterabsorption and luminescence is quantitatively eeldity
reabsorption properties that may also provide thehe thermodynamic model to the spread of quantum do
necessary UV stability. Quantum dots have advastagesizes, which can be determined during the growth
over dyes in that: (i) their absorption spectra fme process. The ability to limit the overlap betwede t
broader, extending into the UV, (ii), their absavpt luminescence and absorption by the choice of quantu
properties may be tuned simply by the choice ofdot size distribution is a significant improvement
nanocrystal size and (iii) they are inherently mgtable  compared to dye concentrators (Mietal., 1994).
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Goldschmidtet al. (2009) demonstrated how the of work, advantages and disadvantages for apmicati

collection efficiency of fluorescent

concentrator of these solar

concentration devices have been

systems is increased by two independent measunes. Oexplained.

approach is to combine different dyes to enlarge th

used spectral range. A system using the combination

RESULTSAND DISCUSSION

two materials had an efficiency of 6.7%. The other

approach is to increase the collection efficiengythe
application of a photonic structure, which actadmsnd
stop reflection filter in the emission range of the. A
relative efficiency increase of 20% with a commeiltygi

Table 1 summarizes the limitations in current day
lighting related solar concentration devices. lilding
integration, one of the important features of reamot
light transportation is the wiring method and thieing

available filter was achieved. With the achievedmethod is expected to be as Simp|e as that ofriaakt

efficiency of 3.1% and concentration ratio of 2be t

wires (Enedir and Tinker, 2006; Carietal., 1982). As

realized fluorescent concentrator produces abotdt 3.j,strated in Table 1, only optical fibers are quetent

times more energy than that of the used GalnP selar
produced on its own. Photonic structures are eafpgci
beneficial for larger systems. Goldschmatlel. (2009)
clarified the role of a white bottom reflector aiid

interaction with the photonic structure. The white
reflector increases the efficiency by two

bottom
mechanisms. It increases the absorption of lighthe

fluorescent concentrator as it reflects non-absbrbe
light back into the fluorescent concentrator and it

directly reflects light towards the solar cells. eTh

second mechanism is especially important for small

distances from the solar cell (Goldschnetdal., 2009).

for this requirement. For instance, an LSC devealdpe
Earp et al. (2004) is transported by polymer sheets
instead of the optical fibers because the lighdpoed
by the LSC is not a pointolite. The polymer shdetee
a disadvantage in wiring, which brings difficultiés
building integration. It is also not energy-effioteto
further concentrate the rectangular light produbgd
the LSC into a pointolite for the transportatiomctingh
optical fibers to a remote place in a building.

There are two groups of solutions that are pradtic
in the building sector for general energy issuesnely:

An LSC day lighting system has been produced byrhe building energy saving approaches and the
Earpet al. (2004), which transports sunlight to remote renewable energy application approaches. As an
areas of a building using a stack of pink, greed anapproach for energy saving, daylight has a disaegzn

violet LSCs and clear PMMA (poly methyl
methacrylate) light guides. In direct sun of inigns

100,000 LUX, prototypes with collector area of brings heat

1.2x0.135%0.002 thdeliver 1000 lumen of near-white
light with a luminous efficacy of 311 Lm Wand a
light-to-light efficiency up to 6%. The light-toght
efficiency of the violet sheet is 0.29% and thattiod
green sheet is 5.8%. The light-to-light efficierafythe

of not being able to reach many areas of a buildingh

as store rooms, basements and corridors and it also
gain with the light (Bouchet and
Fontoynont, 1996; Shagi al., 1998). Light pipes were
designed to transport daylight to unreached areats,
light pipes have their difficulties for wiring, sthat
optical fibers are considered as the best apprdéach
the daylight transportation so far. However, théiazb

pink sheet is 1.5%. Surface effects such as excesier needs a pointolite for the light transpouati

adhesive and variations in flathess are thoughbeo

causing unnecessary light loss, which can be adoide

by careful LSC production (Eargt al., 2004). A
limitation in the wiring for long distance light
transportation has emerged in this LSC system.

MATERIALSAND METHODS
The objective of this article is to identify the

working principles and to extract the limitationktbe
present solar concentration devices. Through &ait

Various solar concentrators that were designedgusin
optical approaches such as using mirrors or lenthfo
solar energy concentration. Since they are only
sensitive for the beam irradiation, they functicyogy

in the cloudy weather and the diffuse light cormtis
and even if they are under a clear sky condition,
trackers are always needed. Luminescent Solar
Concentrators (LSC) and some static solar
concentrators were then designed as the diffusd lig
solution and the static solution, respectively.tiSta

literature review, this study has introduced theconcentrators always come with a low concentration

dayligting related devices such as light pipestgbular

daylight guidance systems), optical fibers for tigh
transport, conventional solar concentrators
Luminescent Solar Concentrators (LSC). The primspl

rate without a tracker and the light concentrated b
normal LSCs could not be transported by opticatrib

ando a remote place since the light produced by a@ IsS

not a pointolite.
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Table 1: Summary of limitations in current day ligig related solar concentration devices

Methods and devices Problems and Limitations

Direct day light It may not able to reach many areas such as siore,tbasement, hallway and it
also brings heat gain with the light

Light pipes Difficulties in wiring

Optical fiber Needs a pointolite for it to transport

Various solar concentrators They are only sensftivéeam irradiation, they do not function wellaloudy
weather and diffuse conditions and a tracker i@gsmneeded

Luminescent Solar Concentrators (LSC) Light conegat by normal LSC could not be transported bjcapfibers to a
remote place since the light produced by LSC isanmointolite.

Static solar concentrators Poor concentrationwéteut a tracker
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