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GIRIS
Kombiler hem binalarin 1sitilmas: hem de ihtiyag¢ duyulan sicak su teminini
saglayan cihazlardir. Kombiler farkli 1s1 giiciinde tasarlanmaktadir. Urettigi
sicak suyun bina igerisinde sirkiilasyonu ve sicak su gerektiren mahallere suyun
taginmas igin ortalama olarak 150W enerjiye gereksinim duyarlar. Ozellikle
kirsal ve sebeke problemi olan bolgelerde elektrigin sik sik kesilmesi hem
1sinma ihtiyacinda hem de sicak su temininde konforun aksamasima neden
olmaktadir. Ulkemizde yillik kombi satist 1 Milyon civarindadir. Bu proje ile
kombilerin yanma odasinda sicak su teminin saglandigi yanma odasi
duvarlarindaki 1simin radyasyonu ile Termofotovoltaik (TPV) sistem vasitasiyla
elektrik saglanacaktir. Boylelikle hem sicak su temini hem de sistem igin
gerekli 150W elektrik enerjisi iireten KESINTISIZ bir kombi tasarim
gergeklestirilecektir.

TERMO FOTOVOLTAIK (TPV) SISTEM

TPV sistemleri statik enerji donistiirticiileridirler. Kizilotesi siyah cisim
st (termal enerji) elektrie donistiiriirler. TPV sistemleri, diisiik enerji
bant araligi ve TPV diyotunun aktif bolgesi ile yayici arasindaki daha yakin
mesafeden dolay1 daha yiiksek verimlilik ve daha yiiksek ¢ikt1 enerji yogunlugu
saglamaktadirlar. Fotovoltaik (PV) cihazlarinin gozle goriilebilir 15181 (gilines
enerjisi) elektrige donistiirmesiyle ayni sekilde calisirlar. TPV sistemleri 1s1
enerjisini 151k enerjisine ¢evirerek fotovoltaik sistemlerle elektrik {ireten
dontistiiriiciidir (Sekil 1). Tipik bir TPV cihazi dort ana bilesenden olusur.
Bunlar, Sekil 1'de goriilebilecegi tizere, bir termal enerji kaynagi ile 1sitilan bir
yayicl, spektral kontrol igin radyator veya filtre, toplayici (PV diyotu) ve
reflektordiir (Sekil 2).
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Sekil 3. Yayici ylizey ile TPV diyotu arasinda mikro dlgekli
bosluga sahip bir sistem elektrik enerji yogunlugunda daha biiyiik
kazang potansiyeline sahiptir.

Termal 1s1mimdan dolay: fotonlarin diisiik enerji bant aralikli PV
maddesi tizerinden elektron-bosluk ¢iftlerine doniistiiriilmesiyle
yapilir ve bu elektron-bosluk ciftleri akim iretir. Cihaz, bir
sogurucu veya 1s1 kaynagi ile yeniden salinan sekonder termal
1siimu elektrige dondstiirtir ki 3550 °C ile 800 °C tizeri sicakliklar,
TPV teknolojisi kullanarak geri doniisiim igin yeterli 1s1 iiretebilir.
Bu sicakliklarda bulunan yiizeylerden kizilétesi 1smima (A >1500
nm) TPV duyarhdir. TPV cihazlari, ¢ok genis sicaklik araliklarini
kapsayan tek tip veya cesitli farkli tiplerde yar iletken igerebilen
0.75 eV'dan az enerji bant araligma sahip diyotlara dayanmakta
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Sekil 1. TPV sistemi Sekil 2. TPV ¢aligma sistemi

ohapy sekonder 1gmim dalga boyunda maksimum verimlilik igin
tasarJanmistir. Bu nedenle, TPV arastirmalarinimn ¢ogunlugu, tiimil
direl enerji bant aralikli yapidaki yari iletkenler olan galyum
antimonit, GaSb, indiyum galyum arsenit, InGaAs, indiyum
galyym arsenik antimonit, InGaAsSb ve indiyum arsenik antimoni
fosﬁT, InAsSbP gibi yar iletkenlere odaklanmustir.
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TPV sistemlerinde, 1sinim ve PV hiicre foto-duyarlik spektrasinda daha iyi
eslesme sayesinde verimlilik artisini saglayan, secici yayict (6rnegin tungsten
yapil), segici filtreler/aynalar ve yayiciya alt-bant bosluk foton yansitmasi igin
arka yiizey reflektorler kullanilmaktadir. Bir PV hiicresinde segici yayicinin
arka yiizey reflektor ile birlestirilmesi spektral kontroliin kalitesine son derece
bagl olan daha fazla genel TPV verimliligi saglayan bir spektral kontrol
yontemidir. Spektral kontrol olmadan, TPV enerji doniisiimii son derece azalir.
Verimlilik i¢in PV yayicismin baska bir parametresi de TPV diyotuna olan
mesafesidir. Uzak alan TPV'de, 1smim 1s1 transferi vakumdaki hallerin
yogunlugu ¢T* limiti ile simirhidir. Bu ifadede o Stefan-Blotzmann sabiti ve T
Kelvin sicakligidir. Ancak, yayici ile TPV diyotu arasinda mikro 6lgekli bir
bosluga sahip bir TPV igin, mikron-alt1 boslugu sicak radyatérdeki enerjinin
TPV diyotuna direk olarak dogrudan i1simasina (tiinel gegisi) olanak saglar ve
arada bulunabilecek n indeksindeki bir dielektrik igin daha yiiksek bir n?aT*
limiti ile sonuglanir. Bu nedenle, sicak radyatorden TPV diyotuna 1gmmm 1s1
transferi onemli diizeyde artabilir (bakiniz Sek. 3) ve bu durum elektrik enerjisi
ogunlugunda daha biiyiik kazang¢ potansiyeli saglar.
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Sekil 4.Fotonik kristaller ile spektral sekillendirme yontemi

Kombi yanma odasi yaklagtk 0.1m? olup yaklasik 150W bir
enerjiye gereksinim dutmaktadir. Bu enerjinin 80W’I sirkiilasyon
pompast icindir. Sekil 5 de goriilecegi iizere mevcut alanda bu
enerjiyi TPV teknolojisi ile tiretme potansiyeli yiiksektir.
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Sliver cells challenge conventional silicon solar cells

Niraj Lal and Andrew Blakers
In thermophotovoltaic systems, novel thin photovoltaic cells, are limited by carrier-transport resistance but
operate comparably to conventional cells within practical parameters.

27 April 2009, SPIE Newsroom. DOI: 10.1117/2.1200904.1593

Thermophotovoltaic (TPV) systems are direct-conversion heat engines that use
“¥photovoltaic cells to generate electricity from the radiant energy emitted by a heated
~#object.12 In typical TPV systems, the object is heated to temperatures of 1300—2000K.
Concentrated sunlight or various other sources can provide this heat, enabling silent,
iportable, and durable electricity generation. The surrounding photovoltaic cells collect
~the radiation from the emitter. Photons not absorbed by the cells are reflected back to
the emitter by a mirror, thus conserving emitter energy (see Figure 1).
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Figure 1. Schematic diagram of a thermophotovoltaic (TPV) system.

The main limiting factors of TPV systems are spectral filtering, cell-conversion efficiency, adequate systems
modelling, and thermal management,24 as well as access to suitable, low-cost, efficient solar cells. Silicon
solar cells have low cost and high efficiency, but a higher-than-optimum band gap (1.1eV). An early
theoretical study by Swanson? indicated that the optimal thickness for silicon cells in TPV systems was
~25um. Sliver technology is a novel method of fabricating highly efficient (>20%) thin silicon solar cells.&Z
Here, we model the application of silicon sliver cells in TPV systems and compare their performance with
conventional silicon back-contact cells.g
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Figure 2. Diagram of sliver-cell fabrication.Z

Sliver cells are processed within the wafer and subsequently extracted to form many individual cells (see
Figure 2).Z The cells are flexible, bifacial, and thin, generally between 20 and 100um. When used in TPV
systems, the geometry of sliver cells allows for high rates of absorption and photon recycling, direct heat
sinking, and low circuit-resistive losses through submodule interconnection. Sliver cells have contacts on
their edges, which appear to be of considerable importance for operation at high illumination densities,

including in TPV systems.Z
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Figure 3. Schematic diagram of the TPV computational model.ZTgg: Blackbody temperature, AR:
Antireflective, PV: Photovoltaic.

We developed a 1D computational model to compare sliver with conventional cells in TPV systems (see
Figure 3). External variables were set at excellent but achievable levels. Transport-resistance losses are
significant for both conventional and sliver-cell TPV systems. The resistance of conventional cells depends
linearly on cell height.2 In contrast, the resistive power loss for sliver cells depends inversely on the cell
height and is proportional to the square of the cell width. The difference between the transport-resistance
losses for the two cell types proved to be significant.

A state-of-the-art back-contact cell was analyzed in an idealized TPV system. We took the efficiency of the
TPV system to be the ratio of electrical power output to the power required to keep the blackbody at a
constant temperature. At a practical TPV temperature of 2000K, the modelled efficiency for the conventional
silicon cells is ~27% (see Figure 4). It is also important to consider the output power density of the TPV
system. Figure 5 shows that the primary advantage for thin conventional cells is due to their decreased
resistance and not to lower levels of free-carrier absorption. This was contrary to our initial expectations.
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TPV efficiency surface map for a conventional cell

</<‘- T 1 \“\‘
Qb ¢ =
!
0.3 = —
g ~ RS
& S WM
g ST
& 0.2 T
w
z
0.1
Ol
400000 e
s"\
3000
2000 =

1000
@) T Blackbody (K)

Cell Thickness (um)

TPV efficiency contours for a conventional cell

Figure 4. Conventional-cell efficiency surface (a) and contour map (b). Conventional silicon cells exhibit a
broad maximum for low cell thicknesses and relatively high blackbody temperatures.
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Figure 5. Conventional thin cells yield high output power densities.
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We performed a similar analysis for sliver cells. We found a broad efficiency maximum for high blackbody
temperatures and largecell thicknesses (see Figure 6). Sliver-cell relative maximum efficiencies were ~85%
of those achieved by conventional cells, but comparable at practical emitter temperatures. Figure 7 shows
that electrical output densities for the optimum cell design are a factor of five lower than for conventional
cells. This is caused by transport-resistance losses, which depend on the square of cell width, kept here at
300um. Halving sliver width, however, would result in a fourfold reduction in lateral resistive losses.

TPV efficiency surface map for a sliver cell

TPV efficiency contours for a sliver cell
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Figure 6. Sliver-cell efficiency surface (a) and contour map (b).
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Figure 7. The relatively broad efficiency maximum is due to sliver-cell performance being limited by cell
width, which is kept at 300um.

Within the range of parameters examined, we found that sliver cells do not offer an efficiency advantage over
well-designed conventional cells in TPV systems. However, the practical considerations of heat-sinking,
submodule resistances, and metal contact area at high incident power densities are likely to favor sliver-cell
geometries. Sliver-cell output power densities at high TPV-illumination intensities were strongly limited by
lateral transport resistance, although reducing sliver-cell width would dramatically decrease transport-
resistance losses. Our ongoing research focuses on the feasibility of using thin, narrow sliver cells in TPV
systems.
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