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- SOLAR CELL SYSTEM AND METHOD OF ESTABLI SHI NG THE SYSTEM The
present invention relates to a solar cell systemfor di rect conversion
of solar energy to electricity. During the 5.recent years this technique
has been mﬁdely“pev I%ge t he cell structures being both cheaper and
more effective, éﬁ&g besi des, they have becone nore easi|y P&3AReABRE,
e.g. in be- ing delivered as a reeled web for nmounting in desired sizes
on suitable supports. Thereby, real solar cell panels may be 10 built up by
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can be joined so as to cover | ar ge areas. A typi cal panel size
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efficiently with efuguithdlleysdppéites imbrang, crabli 8614€Néell panellachig be
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' of buildings, where the panels can be joined so as to cover
large areas.

A typical panel size is some 1/2-1 sqguare meter, e.g.

15 with dimensions 0.5 x 1 m. Such panels may hold 30-40 solar
cells which, when connected in series, may provide a working
voltage of 14-18 Volts by direct incidence of the sunlight,
this being suitable for the charging of 12 V battery systems.

For this purpose the panels may be connected in parallel, but
20 of course they can also be connected in series for generation
of a higher voltage. This can be determined in detail for
each individual system, all according to the available number
of panels.
The panels are mounted most efficiently with equatorially
25 directed angle of incident, i.e. facing south on the northern
hemisphere, and with an inclination adjusted according to the
relevant latitude such that the average sun infall can be
maximum. In power parks and on flat building roofs this can
be achieved by means of suitable carrier structures. In con-
30 nection with buildings there may sometimes be ideal condi-
tions on inclined roofs facing south, but otherwise it may be
. fully acceptable to use a less optimal mounting base, e.g. a
less optimally inclined roof or even a vertical building
. wall, inasfar as from a constructional point of view it will
35 be cost saving if the relevant surface can be used for sup-
porting the panels in a direct manner, without the use of
carrier structures. It is then possible and also practised to
arrange solar cell panels in an architectonically acceptable



be achi eved by neans of suitable carrier structures. In con- 30 nection
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sIantlng orientation, viz. Ianelf t ed
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of solar cell pane as i ndepen conce rate enen
be left behind, adnumsittearéw bagaREragiated thér:athwéwrmaﬁefrawwe&ﬂr F§F§ahﬂ-€
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as car r| ers for siRiake elemsatssshpuls e d@lfrt kehind: 3§ dnstead elongate and
relatively narrow carriers are used for the purpose, e.g.
with a width of only 10-20 cm and moreover of such a type
which, at the outset, also serves a different purpose, viz.
15 sun shading. These relatively narrow lamellae are well suited
as carriers for strips of the said solar cell web material on
their outside, as the cells of the material are easily ar-
ranged in such a manner that they can be commutated from
widely spaced areas and thus generate a desired voltage any-
20 how. Alternatively, parallel rows of solar cells may be mutu-~
ally connected at one end, whereby they can be commutated in
closely juxtaposed points at the other end.
Apart from any required adaptation of the width of the
solar cell web, should it not simply be cuttable into a re--
25 dquired smaller width, the invention involves some special
circumstances of electrical, mechanical and thermal nature,
respectively:

1: COMMUTATION:
30 In conventional panel systems it is poss1b1e to use in-

ternal, hidden and factory or workshop mounted series and
parallel connections, such that the entlre_system may appear
with a single connector terminal. With the invention it is to
be envisaged that it may be required to make extensive use of
35 external wirings and terminations made in situ in conjunction
with the mounting work. The lamella technique itself, with
lamellae and associated carrier systems, is independently
- highly developed, and with the invention it is highly unde-



t hei‘'r outside, as the cells of the material are easily ar- ranged in
such a manner that they can be comutated from w dely spaced areas and
t hus generate a desired voltage any- 20 how. Alternatively, parallel rows
of solar cells may be nutu- ally connected at one end, whereby they can
be comutated in | osely juxtaposed points at the other e
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princi pal nodi fi cfaldNsterminated Jag ppg or two, ?g,%?/‘é?jerh%%ikge% I%% 'Fgéégﬂyagee
extend in paral | elenfisdoxri &t ome same teral cfpibengolar ell strimarespective-
I ndi spensabl elbhatly, ‘these wires just as typically consisting of flat conduc-
tors enclosed between cover sheets endwise projecting from
the cell strip. For commutating these conductors, according
to the invention, the outer sheet layer can be cut away in
local areas above the conductors, while in a nearby area a
15 hole is punched through both the sheet strip and the lamella
itself for forming a socket hole, in which there is mounted a
wired commutation block provided with one or two contact por-
tions to abut the respective, exposed conductor area or ar-
eas, a safe abutment being ensured by mechanically clamping
20 . together the commutation block and a holding part on the
other side of the lamella. Such a mounting can be made in
situ, and for the connection of the solar cell strips in se-
ries or in parallel across a common end area of the lamellae
it is possible to use pre-prepared wire connected commutation
25 Dblocks with a wire length adapted to the distance between the
lamellae, such that the electrical connection work can be re-
duced to a minimum.
Also, it is thus achievable in a simple manner that the
fitters should not be particularly careful for observing a
30 natural requirement of the lamina construction as a whole be
kept electrically insulated from the solar cell system.

. Moreover, the commutation blocks may be designed such that in
addition to being insulating they can also be effectively
covering the commutation areas, whereby these remain fully

35 protected against corrosion.



wi res shoul d be nounted across and, optionally, along these 5 gaps, and
speci al commut ati on devi ces shoul d be provided, preferably to be held
by the | anellae thensel ves. The proper solar cell material wll
t¥p|cally ?e electrh- cally term nated by one or two projecting wres
at opposite ends or at one sane end of the solar cel
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15 faces. Traditionally, the said relatively large, inclined so-
lar cell panels have been mounted in rows with correspond-
ingly large spacings on horizontal surfaces, whereby the sur-
face will visually appear with a pronounced 'obiique panel’
_structure. With the invention the corresponding oblique pa-

20 nels will be noticeably less projecting, without having re-
duced capacity because of their higher number. The relevant
surface, which may also be a vertical building surface, may
then be laid out with a smoothened appearance. It will still
be 'toothed', but not more than might well be aimed at by an

25 architectonical decoration of a non-technical character. The
look, therefore, will be much more acceptable than in case of
conventional solar panels, and with the use of the said spe-
cialized carrier structures the installation will even be ad-
vantageous with respect to costs. Additionally, due to its

30 smaller modular size in one main direction, viz. across the
lamellae, and a less critical modular size in the other main
direction, viz. along the lamellae, the installation can more
easily be'brought to cover areas with irregular boundaries,
e.g. in connection with windows in a building wall. It will

35 be another concept that according to the starting point of
the invention there may also be mounted solar cell strips on
sun shading lamellae provided on a carrier structure mounted
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4, ~2: APPLI CATI ON OF CARRI ER STRUCTURE: The sai d al ready
hi ghly devel oped carrier structures for the lanellae will be applicable
not only in connection with sun shadi ng systens, but also in general on
buil ding sur- 5 e.g. building walls and flat roofs or for th

on pi t ched P%%ﬁéixﬁhe inclination of whichgonly is not op %W@WP%&ng
solar cell panels at the particular place. The carrier structures,
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can nore easily cover areas w
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construction, whereby an unintentional electrical leakage be-~
tween a solar cell strip and a lamella will be kept isolated
20 to the particular lanmella.

3 RMAL CONDITIONS:
The said known lamella systems are, as mentioped, made
with lamellae of aluminium, which in the present connection
25 is of particular relevance, such that according to the inven-
tion it is highly advantageous to use that kind of lamellae
and therewith also the related carrier structures. In this
respect the invention builds on the insight that the normally
darkcoloured solar cell elements are naturally liable to be
30 heated strongly by the sun rays and that the efficiency of
the solar cells decreases by increasing temperature. For the
. invention, therefore, it is important to consider a cooling
of the cell elements, which may well, in sunshine, adopt a
. temperature of 60-80°C, with an associated efficiency de-
35 crease of near 10% relative to normal ambient temperatures.
In this connection it is of noticeable effect that the ele-
ment supporting structure is of the well heat conducting alu-
minium and that the same structure appears in open air sur-




e.g. in connection with windows in a building wall. It will 35 be another

¢oncept that according to the starting point of the invention there
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it will additionally applicable in an associated heat pump

system for further increase of the efficiency of the systenm

as a whole. The water should not be heated to such a degree

that it loses a reasonable cooling effect, but optionally a
15 further heating may be arranged in aftercoupled solar heat

" collectors for that purpose. Even for that purpose it could

be possible to use the said lamellae, which should then only

be heat J.nsulated at the cold side.

20 - 4: REFLECTION: _
Usually, the standard lamellae are mounted rowwise, in

suitably inclined positions and with a relatively small mu-
tual distance. This pattern will also be particularly rele-
vant for the invention, when the lamellae are made of alumin-

25 ium, because the light and smooth rear lamella surfaces will
reflect diffuse light against the solar cells on the respec-
tive neighbour lamellae, this contributing measurably to the
efficiency of the cells.

30 53 FIXATION:

With the invention it is found desirable to make use of a
solar cell material of the thin film type, already for ensur-
ing that the added material shall not influence the calcula-
tion basis for the entire lamella screen construction. The

35 thin film should be effectively weather protected, and this
can be achieved by enclosing the film between cover sheets of
a suitable plastics material, joined face to face outside the
edges of the thin film. The front side sheet may advanta-



3: THERVAL CONDI Tl ONS: The said known | anella systens are, as

nment i oned, nade with lanellae of alum nium which in the present
connection 25 is of particular relevance, such that according to the

I nven- tion it is highly advantageous to use that kind of |amellae
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A preferred sclution, however, is to avoid such a modifi-
cation and to secure the sheet strip directly to the front
"side of the lamella. This is easily achievable with the use

15 of a suitable glue, e.g. of the EVA type with thermal actua~

) tion or so-called contact glue. It is a further possibility
that the edge areas of the cover sheet strips as projecting
beyond the edges of the solar cell strip can be secured to
the lamella surfaces by a milling operation, again in par-

20 ticular when the lamellae consist of aluminium. Both hereby
and with the use of gluing it may be possible to aveoid the
rear cover sheet strip, if or when it is possible to ensure a
tight enclosure of the solar cell strip solely by the use of
the outer cover strip. This will further have the advanta-

25 geous effect that the rear cover sheet disappears as a heat
insulating layer between the solar cell strip and the front
side of the aluminium lamellae, whereby the desired cooling
is promoted.

30 In the following the invention is described in more de-
tail with reference to the drawing, in which: _
. Fig. 1 is a perspective view of a section of a lamella
system according to the invention, seen against the outside
» of a lamella; .
35 Fig. 2 the same seen against the rear side of the la-
mella; '

Fig. 3 is a sectional view of a lamella with electrical
coupling means;



10 -case the cooling water will be heated by the sun, such that it will
additional |y applicable in an associated heat punp system for further

i ncrease of the efficiency of the system as a whole. The water should
not be heated to such a degree that it ‘| oses a reasonabl e cooling

ef fect, ~but opth%ﬂﬁé a 15 further heating nmay be arranged i pl ed
sol ar heat (o) %%%rs for that purpose. Evgen for that purES@ékﬁﬁﬁgﬁuld
be possible to use the said |anellae, which should then only be heat

i-nsul ated at the cold side. 20 4. REFLECTI ON: Usual Iy, the
standard | anel | ae ar epigpurg ek ran\pdrspec'tmve vietidfall yaipcbf nbanglise wdith -

and with a relat'&ﬁEth{Egi éq e°tﬁfh§a astance This pattern wll also
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made of al umi n- i Fhgs bl e KA EFpgRnt SrevwsdddMstEabing ey eferred; gous
w | refl ect dhﬁauﬁsnlgggﬁeﬁnﬁurmt the solar cells on the respec-

tive neighbour IanEII this contributin I A fhi Cl y
of the cells. Py 1oy o oark 108 SERRERE brifcipfiny of e rSREY
desirable to nakedaseleﬁeéiln DE§I-2338816, nhi®y withopagrnd1ehi garriey tpams 2
al ready for ensurgjixed iﬁlgaﬁﬁaéuitmléddaﬁnaﬁtw ialbuihdingnahdi pFoviaee wita

R ot S aCBE LYy R S TR BRI AL st
" achi eved by encl oving portionsn®donebeldingra Lranofided lamalar,m@.amv@fera-
plastics matejpal bwoweaimﬁﬁﬂdnp fskeh eHhE dardw®f par@ddes Déméivad Hah be
film The front Slmg%n e eécrn;a ﬂva%eams, In the said DE-C-2335916 this sys-
tem is specifically indicated to be a sun shading system, but
according to the present invention the systém may be mounted
wherever possible, without fulfilling any shading need, while
15 there will also be wide limits for the constructive design of
the beams, the holders and the laminae.

According to the invention the outer sides of the lamel-
lae - that is the sun facing side, irrespectively of what
could be called the front or rear side from a constructlonal

20 point of view - are covered by a web strip 10 of a solar cell
material. Electrically, these strips may be terminated by
contact pins 12 which, through holes 14 in the lamellae, may
be inserted in sockets 16 secured to the inner lamella side
by suitable fixation means such as glue or a holding bridge

25 18 mounted between the free outer edges of the C-profile of
the lamella, see also Fig. 2.

From the said sockets 16 it is required to arrange con-
nection cables along or across the lamellae, and in Fig. 2 it
is shown that a longitudinal wiring can be arranged in a held

30 manner by passing the cable 20 through notches 22 in the
holding wings of the lamella holders 4.

In Fig. 3 it is shown that the loose holding briéges 18
can be replaced by projecting wing parts 24 on the socket
blocks 16, and that the lamellae 8 may be profiled especially

35 for edge holding reception of the solar cell strips 10.

'~ In Fig. 4 it is indicated that the solar cell strips may
be electrically terminated by electrode parts 26 which,
through the holes 14 in the lamellae, can be brought into
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7. geously consi st of Teflon, which - unlike glass - has no ten-
dency to collect dust onits surface while the rear sheet may be of
the sane or another, optionally non-transparent ma- terial, which
shoul d preferab, 9@5 f+xab|e directly to the 5 lanella front si des.

When the | anell W89 st of extruded al umi ni ugn it wll bch’@F‘g?’?% y
sinple to provide the nodification of the |a- nel | ae being profiled
with flange portions for receiving the opposite edges of the pliable

and strip shaped g9hap 68! solderind BdrdcRIbA, wﬂﬁﬁréiﬂlé“ﬂiiéié 2B SwH¥n are
condition a fully sufflc enp¥f|x€t|on of, the sheet

preferred sol uti oRSTRORBOER, Sr@=sHiRe PREESH - e 1%E§&F8ﬁ aﬁﬁpiﬁ a
secure the sheet pbssprILEytIBOWQveﬁuatMamnthe compufeattion man heekstabIisked

Itipgasml lt% ?ﬁglr EV?HthV\bﬁﬁsiﬁét?'%etrge? la'ifelﬁaisﬂhéag{r:]l?%éﬂﬂ% &&ssahwetﬁ/&gn
further posmbga pyies 14 i Y#ﬁgiﬂﬂﬁ} é ?r (RR&§£4§1&§? é Fﬁgtdghe
proj ecti ng begeihd sbe:ndg@scqntadtedsatantsebwnsextqrxnn1S$desecured to
the Tanella surfaces gy 3 givén %awoaouesél Nt %Mldh%ghpibﬁﬂé&rcw

. the lanell ae consist_of alimniu Bot'h here use

"gluing it may be f§B4i¥pVREY® the)ixplsyant el?E§F1€%$eﬁ°¥HH§9;¥§PrPﬁa°?$ Bill
~when it is possibbe located;cbut thid iighfachtivated hy & lsmpexiiar pahningip

sol el y by thelb'sew@i;}mf its“&' s8¢ Hed Voor ah&hawéhofewé thiy geahave the

advanta- 25 geous effect at t e rear cover heet ISQHE pears as a heat

i nsul ating | ayer B@Pﬁé@ﬁw%ﬂEhs%ﬁ%ﬁnﬂxﬂﬁ tgFrFﬁmﬁﬁﬁat?ﬁf? ntin Teturfe MY he
al um ni um | anel | asystbmreédet he dtxsrdathceowitngthe inwentriommeayg. be §fven an

In the following LagokRvaphleraly st Qﬁdléﬂgﬁ fndSiath drfbiebbilne

reference to the diaw ng, perspective vie

a section of a | atdPladreassthexenty: &dsgi n§h?05?¥ﬁ¥|?ﬁk%ﬂﬂ@ﬁ?rlééeﬁaﬁgaﬁﬁ%ﬁed

the outside 15 very economically, since with the use of narrow strips with a
width of only some 10-20 cm it can be adapted to individual
lengths for achieving the highest possible effect from a to-
tal systen,

Figs. 5-8 illustrate a preferred type of commutation. As
20 indicated in Fig. 5, the solar cell strip 10 is made with an
active thin film layer laminated between plastic sheet
strips, which are welded together outside the edges of the
thin film; the latter has two projecting, f£lat conductor
strips 28. One of these is connected, e.g. by soldering, to
25 the cell film or rather to a cell electrode immediately at
the particular end of the panel strip 10, while the other ex-
tends to the opposite end thereof.
The exterior cover sheet is cut away in areas 30 for ex-
posing the conductors 28, and as shown in Fig. 6 a T-shaped
30 hole 32 is punched out in the sheet and the lamella 8 at
these areas. In connection with this hole there is mounted
’ the overpart 34 and the underpart 36 of a termiation block
38, Fig. 7, which, in factory or workshop, is prepared with
’ the required wire or wires 40. As shown in Fig. 8, the over-
35 part 36 has a contact pin 42 which, when the two parts are
drawn together, is brought to clamp against a respective, ex-
posed conductor 28. In the embodiment shown, these pins 42
are connected to receiver sockets which by the mounting are



of a'lanella; 35 Fig. 2 the sane seen against the rear side of the |a-

nel | a; Fig. 3 is a sectional viewof a lanella with electrical
coupl i ng nmeans; WO 96/ 39566
PCT/ DK96/ 00228 8 ' Fig. 4is a
. perspective vi ew$f a é)ai r of lanellae with el ectrical connections; and
" Figs. 5-8 are diYP&B views illustrating prei rred com PGTINEo6/90228
' system 5 Fig. 1 shows a carrier structu principally of the type

di scl osed in DE-C-2335916, i.e. with parallel carrier beams 2 fixed in
any suitabl e Mannejoined vith BbRfadth &9 \d1ath thbhunderghi¥ Ofd,| *iedd 1egs
suited for reception of plastic.holders 4 wth . W ng, borti.qns for

hol ding a G profi B, qompae ed ¥y (the AP BEESP 49 1i 2@ e n SPes
row of parallel |3} @eaddngbeings omwprckings ey bécusedifior |[imcrieasedi d
DE— (Cj:_— 233591:5 t hi E ﬁﬁett y of tsggnﬁgtsgs&t W 149 Iaém;[ Akt 24 sh gq_a:[d),e a sun
shadi ng system_ bu ccordin o the present.invention S em

be mount ed Swher eveﬁ‘?cgb%mm‘;‘th! f%(ﬁcq‘ﬁjlmPVI PFnBr%éﬁF%ﬁ%ﬁg%ﬁ'éeEF%xant
while 15 there widéesigrep fior vodepération fudith loaec onstwaelctemmdsiopn arkas

- the beans, the hol; 1I3£l‘1d War-TW i 68" Sk v enti Q0.
the outer sides of t 2’_"_, amcfa-ggeéag?ae -t?%aj’tn 'dsest%ﬁe sﬁ?]ﬁ?lai#r%?ﬂ;sl g:re& e’ 2
i rrespectively of Regtive oygrrapd wndernpntse Apoipdirated, inFig ¢ Penthe

constructional 20 bk maly becprepared oot dotegratedcalile pikesf 48.s50! ar
cel | - mateRrigal . El ectrically, these strips may be term nated by



contact pins 12 which, through—hotes @ Tmnthe |anellae, may be
i.nserted in sockets 16 se | anel | a si de by suitable
fixation nmeans such as gl mﬂmlmlm‘al" |dge 25 18 nounted between the
free outer edges of the G € 0 e lanella, see also Fig. 2.
Fromthe said s 4(19353?53 6 it is required to arrange con- nection cabl es
al ong or across llae, and in Fig. 2 it IS shown t 0228

| ongi tudinal wiring can be arranged in a held Yo manner by passing the
cabl e 20 through notches 22 in the hol di ng wi ngs of the lanella hol ders
4. In Fig. 3 it is shown that the ljogse gokding bridges 18 ~ can
be repl aced by projecting wing parts 24 on the socket bl ocks 16, and
that the lanellae 8 may be profiled especially 35 for edge hol ding
reception of the sol an.cal boari @elll(system for diréty.cenvdrsion odi salar en-

that the sol ar cel f&ﬁ; I 'S]F]F t %?g]
parts 26 which, Arg?hﬁtgﬁafli Erlﬁ T’gﬁ % tlﬁ‘g % gg.r@égéagn% @gﬁ_‘i g
into mount@agd gg/ gggggrted, oblique positions in connection with

PCT/ DK96/ 002285  suitable carrier base means, preferably ¥uilding surfaces,

clamp or sol der | g LoNQGHL BNoRELIEAR &PIPEas-20r WLED ALP a sheet-1ike

here shown to ext OSSW sée
possi bility, howe\Raatingamoupted theresn (ﬂi“’c&‘ﬁ‘lﬁéﬁ‘és’?‘&%lﬁ%‘ﬁé@ solar cells,
just outside of thehdrartlelrazeadint thist tie RAasshéet yeddtingis mountel on a

holes 14 10 the | SupLliae oflUChDE' PR Y shant[8l1 Wity tne type of®!!

strip is contacte OWn - 6x
system of codfse,strucingg hagedpenrthe use of parallel, r¢la1qumemérme and

rel evant electri Caércﬁwm%balyoawh«ga@éd Videllae, preferdly Qfeice Gt Bimint S
Is facilitated by f‘su%Etho sgoclaéegiholdlng elements having clamp portions
for resilient clamping engagement with longitudinal profile
portions of the lamellae as well as mounting portions for re-
15 ception in or on carrier beams which, mutually spaced and
fixed to the carrier base means, extend crosswise to the
laminae. .
2. A system according to claim 1, characterized in that
commutations at selected places of the lamella system are ar-
20 ranged in connection with throughbreakings in the lamellae
and with associated wiring along and/or across the lamellae.
3. A system according to claim 2, characterized in that
termination blocks are secured to the lamellae by means of
holding clamps.
25 4. A system according to claim 1, characterized in that
the exterior sides of the lamellae are profiled for counter- .
sunk reception of the strip shaped solar cell coating.
5. A system according to claim 1, characterized in that
the solar cell sheet strip is mounted between cover sheets of
30 increased width, said cover sheets being welded together
along their opposite edges and secured to an underlying alu-
minium lamella by gluing, rolling or welding.
. . 6. A method of establishing individual systems according
to claim 1, characterized in that the system is projected
35 with a desired lamella coverage of relevant carrier surfaces
" and that the terminations are effected directly at places of
the laminae according to the requirements.
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10 ° joined with contact |legs 44 in the underpart 36, these |egs

bei ng connected with the cast in wires 40. Optionally, spe- ci al

sealing rings or packings may be used for increased safety of sealing

about the termnal areas 30. 5 Such term nation bl-ocks may be produced
“with all rel ev\%o{) ‘?Iesigns for co-operation with one or two ternmnation

ar eas and RO%B% es connected in desired conbinations tBCIPE96G0228

spective over- and underparts. As indicated in Fig. 7, the bl ocks may

be prepared with integrated cable pieces 40. 10 WO 96/ 39566
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(54) Title: SOLAR CELL SYSTEM AND METHOD OF ESTABLISHING THE SYSTEM

(57) Abstract

Solar cell systems are made as 2 number of panel plates sized typically 0,5-1 x 1 m, with associated mounting means for
holding the plates in snitably inclined positions relative to a horizontal or vertical mounting base. According to the invention, these panel
plates may ly be changed into a lamella-shaped structure, e.g. with a width of only 10-20 cm and, in retum, with 2 much
largerlensﬂldlmensmwherebysu-lpsofasolarcellsheetmatenalmbesuppomdbyalmdylﬁgmydevelopedandinupenswewrier
systems, whether or not these also serve another purpose with respect to sun shading, A number of relevant advantages is obtained in using
carrier laminae made of aluminium.




