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ABSTRACT — T T — -
madule 1:  § Itis mounted into a *gresnhouse” box, of
We compare ihe ouldoor performance of singie  Y{greennhouse)i which we made the transparent front side
junction a-SitH PV-modules which were mounted in three ¢ ! out of window glass. The back side and
different ways. Ona was thermally well isolated against | : the borders are thermally well isolated
convection and radiation losses in order o reach i agains! radiation and convection losses
maximum operating temperatures. A second one was ! {operating temperatures rising up 1o >
fixed onto a radiator to keep its temperature as close as | : 100 °G).
possible to the one of the air. A third one served as | L ———— .
reference and was mounted with an open back side. module 2: i Its back is brought into infimate thermal
By the differeant mountings the operating (radiatar) i contact with a radiator (operating
temperature of the modules could be strongly influenced. i temperature does not excesad 45 °C)
Although a high operating temperature resulls h a E
reducad Y, , it tumed out to be benaficial for the affactivae o0y e edule Lorvas ae reference. It is

energy conversion in the long term due to a strongly
reduced Stasbler-Wronski degradation.

INTRODUCTION

The temperature coelicienl ol the conversion
efficiency of photovoltaic modules is generally negative.
This is mainly due to an increase of the dark current with
rislng temparature which results in a reduction of the V.
{e.g. -0.4% per °C for crystalline sllicon). The actual
power generation of a given module is therefore critically
affected by the way this module is mounted. In order to
keep the operaling temperature of PY modules as low as
possible one should let the air circulate around them
freely. This requirement implies that special care has to
be taken if the modules are to be integrated onto building

pyranometer
window glass
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Fig. 1: llustration of the experimeantal set up. ln order to
match intensity and spectral distribution of the
ilumination all the modules have been covered with the
same kind of window glass plate.

jreference) | mounted with the back open to the air :

: (operating temperature reaches up to
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Table 1. Description of the three different mountings.

facades for example.

For a-Si:H solar celis it is on one hand well known
that the sensitivity of the V5. on the operating
temperature is less important when compared o
crystalline silicon. On the other hand it has been
observed that operation at higher temperatures leads to a
higher “stabilisad" fill factor since the Stasbler-Wronski
degradation is particularty pronounced if the modules are
exposed to intense ilumination at low temperatures [2]. 1t
is however a controversial subject [3-6], whether these
two competing offecte result In the long term in an
apparently positive or negative temperature coefficient of
the efficiancy.

Under outdoor conditions a further complication
arises by the fact, that the temperature as well as tha
lllumination intensity may change arbitrarily. Predictions
ara then even more difficult. In wder 1o estimate the
importance of these two contributions of temperature
related effects on conversion efficiency we performed an
experiment in which we monifored the 1V-curvas of
differently mounted solar modules during nine months of
outdoor exposure,

EXPERIMENTAL

In arder to obtain the most strongly marked effects
we chose single junction modules (Sanye TF100100PL,
10*10 cmZ an glase). These modules are not
encapsulated but just protected by a polymerie coating
which simplifies the temparature measurement of the
cells. Prior o the outdoor experiments we performed
temperature coefficient measuremenis that allowed us to
verily that the three selected modules show a comparable
behaviour.
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Fig. 2: Statistical distribution of the temperature values
measurad on the modules duﬁn%gaytlm {for the period
betwaen June and September). One can clearly saa that
the greenhouse modubke has seen lempeatuiss up o
1056 °C. Also visible |5 the fact that while module 3 was
heated up to 80 °C, for module 2 the temperature never
axceaded 45 °C, On the average the greanbouse
modula was about 25 *C hotter than the referénce.

Thaze modules were then mounted accordingly to
the description in table 1. To have the same intengity as
well as the same spectral distribution of the Hlummation
on all the cells, we fixed the same type of glass plate, as
was used for the window of the green housa, as a filter
ovar the second and third module. The temperature of
each module was measured by means of a thammistor
(PT 100) which was glued on the protechive coating on
the back. The illumination was determined by a silicon
solar call pyranometar, Every 300 &, a measurament of
the illumination, of the IV-charactenslics, as well as of the
temperature of the correspanding module wera
autcmatically recorded for all the modules. The modulss
werg othenwise Kept under open circult conditions.

AESULTS AND DISCUSSION

Effecta of inuuinting vn module temperaiure

First of all we notad that the desired effects on the
actual module temperature could indesd be obtained by

Module tem pe rature
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Fig--3: Module femperature as a function of the incoming
light intensity. Thermal inertia of the modules together
with arbitrary changes of the intensity result in a strong
scatharing of the dala (plulted herg only for the
greenhousal), The shown lines are best linear fits.
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Fig. 4: Open circuit voltages- of the three modules
depending on the light intensity (shown are average
values measured at a given intensity). One obsarvas that
the Vg of the greenhouse module tends to decreass for
strong illumination. The inverse holds for the modules
which operated at comparably low temperatures. (The
mismatch between the radiator module and the reference
can only partially be explained with the former's lower
lemparature.

the above described passive means. We cbserved (see
Fig. 2) that during the period of June 10 September 25 %%
of all measuremants dona on the greenhouse module
exceeded B0 °C. It reached even temperatures of up to
108 °(%, while the temperature range of the reference
module was limitad to 60 *C and was even resiricted to
45 =G for the module fixed on the radiator.

The heating of the modulas is of course directly
connected with the incoming light intensity. This 15
visualised by a plot of the module temperature as a
function of the light inensity (see Fig. 3). Since the
modules {(especially the greenhouse module) do have
however a thermal inertia and since the illumination
intensity may be subject to rapid changes due to the
shading by the clouds passing by (especially in
Switzerdand) one gets strong scattering of the data, In
Fig. 3 wa show therefore only the best linear fits to the
measured data, This way the very strong dependence of
the module temperature on the illumination in the case of
the greanhouse could be represented as wall as the
reduced dependence for the radiator module.

Effects of mounting on V,.

The immediately observable effect of these
temperature differences is a different behaviour of the WV,
versus light intensity characteristics (see Fig 4). For
constant temperatures one would expect it 1o Increase (in
a first order approximation) logarthmically with the
illumination. Since the module temperature however
depends also directly on the incoming radiation intensity
one gels a superposition of two contrary effects. The
second effert acts with a longer fime oonatant and is
responsible for the scatlering of the data taken during
unstable weather conditions. In the case of the relatively
cool modules the V., remams more or less constant at
high intensities. For the greenhouse module one
observes an actual decrease of the V. at higher
intemnsslties, Thizs is dus o remarkably higler Emperalures
at these high intensities (see Fig. 3).




Evolution of I,

While consldering the short clircuit current
(normalised by the incident intensity) one agaln cbserves
a relatively strong scattering of the data. This time the
variations may be mainly atiributad to the fact that the
light intensity could not be measured simultaneously but
only immediately after the acquisition of the |V-curve
(which generally took several seconds). If plolted against
fhe time one can nevertheless observe the tendency of a
slight degradation of the ;. for all the modules (Flig. 5).
The higher oparating temperature of the gresnhouss
module dees not influence the stability of its current,

Evolution of FF

A strong effect of the operating temperature on
stability is however cbsenved [n the evolution of the Rl
tactor. For the referance as well as for the radiator
module we observed a strong FF degradation during the
nine months of exposure, This affect is strongly reduced
in the case of the greenhouse module (Fig. 6). Its fill
tactor remains during the whole perod above 0.68. which
iz about 20 % higher than the value of the referance
module,

E-;rolutiun of short circuit current
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Fig. 5: Temporal evolution of the short circuit currents
(narmalised by the incident Intensity [mAMW e’} of the
three modules, In all the three cases ona observes a slight
degradation as a functlon of tme,

Evalution of the FF
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Fig. B: Temporal evolution of the fill factor, Cleary
the greenhouse module shows an aimost stable fill

factor, whereas the other two modules strangly degrade.
Effect of mounting on the efficiency

In order to discriminate between the importance of
ihe temperature related effects on the V. and on the FF
we consider in Fig. 7 the average efficlency of the three
modules as a function of time. One clearly observes that

Evolution of the efficiency
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Fig. 7: Evolution of the average efficiency (normalised by
the highest initial efficiency which was approximately
59.). The time scale refers to the baginning of the
experiment. The greenhouse module had the lowest
afficiency during the first days. Later on it was clearly the
leader of the three,
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Fig. 8 Normalised |V-curves of the greenhouse module
compared to the reference measured at infansities of
approximately 200 Wm™®. The FF after degradation is

claarly higher for the greenhouse module in comparison
wilh Lhe elgrengs,

the combination of these different effects leads in the
short term to lower efficiencies for the greenhouse
module due o a relatively low Vg at high intensities.
After soma time howewver, the better stability of this
module {wilh respect 10 the Staebler-wronskli effect)
avercompensates these Voo losses. The gresnhouse
rmodule shows then the highest conversion efficiency (see
also the IV-curves shown in Fg. 8).

Outdoor experiments with a—Si:H solar cells show
generally that their efficiency undergoes seasonal
variations [6]. Thereby one observes a minimum of the
efficiency during wintertime. Our experiment now
indicates, that the performance of a module which is
mounted in & way 10 reach high temperatures is better
during wintertime when compared to others. This is
sartainky an advantage of thig type of mounting.

We also observed in our case that the efficlency of
the greenhouse moduls was Inferior only during about
one month alier exposure. s average performance over
the pericd of the experiment was therefore also the
highest.

The gain due o reduced degradation during
wintertime depends of coursa on the type of module
which is used. Since the efficiency losses due to WV,
reduction during summer amount in our configuration to
about 15 %, we expecl no gain anymore, i a given
module degrades under normal conditions less than
approximately s same amount.

The improvement of the stability will alse depend on
the increase of temperature which can be achieved by a
given type of mounting. Our experiment with the
greenhouse presents certainly an extreme case which
could be realised in a hybrid solar module as described

for example in [B]. A configuratinn making use of the
above described effects which is more likely to be
Implemented is the integration of amorphous solar
rmodules directly on a facade where no air cooling of the
back side is provided.

CONCLUSION

We have compared the module performances of
a-5l:H single junction modules in three different gituations
characterised by identical illumination conditions but
different ternperatura ranges. In the long term a mounti
by which high operabing temparatures of the modules are
obtained has a beneficial effect on the conwversion
afficiency, This makes amorphous silicon solar modules
an interesting candidate for facade integration (simplified
implamentation since air cooling Is not required) or as an
absorber for hybrid (electrical and thermal) energy
conversion systems.
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