1 | NTEGRATED PHOTOVOLTAI C SOLAR THERNI AL PANEL FI ELD OF THE
I NVENTI ON The present invention relates to an inprovenent in solar
ener gy conversion using photovoltaic and solar thernal collection,
and in particular to an apparatus in which solar energy is collected
by an integrated photovoltaic solar thermal panel. This apparatus
reduces the overall cost including production and installation cost.
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inversely proportional to the photovoltaic panel temperature. This is commonly known as
the negative temperature coefficient of a photovoltaic panel indicating how much a solar

panel power output is reduced with the increase in temperature.
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In order to maximize the output from the photovoltaic panel, it is important to re_duce the
increase in temperature during operation. Presently there is no active means of reducing
the PV panel temperature by removing the heat away. Most of the present PV installation
relies on natural air movement to dissipate heat. The bottom side of the PV panel is hotter
than the front side and therefore the removable of heat from the bottom side is more
effective. The backsheet which forms the bottom side of a PV panel besides having the
role of support, isolation and protection, its heat dissipation factor needs to be considered

too. Glass backsheet is effective in support, isolation and protection, it however does not



- The perineter of the PV panel is usually enclosed by a frane of .

al um num steel or nolded pol yner. The nbst comon one being al um num
profile. The frane serves the purpose of sealing the photovoltaic
panel as well as providing mechani cal2support and . protection. The
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The active solar thermal system uses pumps, sensors and controller to monitor the

temperature of the fluid and activate the pumps accordingly to bring the heated fluid from



US 4830038 and 055008062 di scl ose nethod of fabricating photovoltaic
nodul e by using reaction injection nolding; These two interrel ated
patents focus on nol di ng photovol taic_panels used for electricity
generation only. US2002148496 di scl os®s sol ar nodul es having a
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OBJECT !T!]-al I I n object af this invention is to provide a
conbi neg’(.f gﬂ%&@@@%@&gﬁfﬂ%f'hod of manufacture therefore
that at |east partially overcones the above di sadvantages, - or at

| east ofReecticntiejeptidrl MoldingfRIM)lis @bi0lGev for molding a wide variety of parts, and

especially large automobile parts such as bumpers and windscreens. For example,

"Reaction Irijection Molding in fche Automotive Industry", Journal of Cell. Plastics, Vol. II.
No. 2, 1975; Knipp: "Plastics for Automobile Safety Bumpers", Journal of Cell. Plastics,
No. 2, 1973,

US4218543 discloses an invention of @ procéss for the production of elastomeric moldings
having a compact surface from polyurethane-polyurea elastomers,

US 4830038 and US5008062 disclose method of fabricating photovoltaic module by using
reaction injection molding, These two interrelated patents focus on molding photovoltaic

panels used for electricity generation only.

USB2002148496 discloses solar modules having a transparent polyurethane front side and
to & process for producing such modules. This invention is also directed to photovoltaic

components for the direct generation of electric power from sunlight.

WO 96/02947 discloses a photovoltaic and thermal tiybrid panel formed from layers of
resin, which includes a photovoltaic panel and a flujd passage for rémoving heat from the
hybrid panel by the flow of fluid through the fuid passage, This panel is co:ﬁpﬂsed of

separately molded layers of materials, including strengthening layers of glass reinforced



This invention sets to at |east partially overcone the above
limtations and drawbacks by integrating both PV and sol ar thernal
panel s together to inprove the overall| effectiveness in harnessing
sol ar energy. The invention also di sct oses the method to at | east
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, Itis an object of the present invention to integrate both solar electricity generation and

solar thermal collection into a single unit to Optiinize overall solar energy conversion.

Yet another object of the invention is the use of polymer to mold and encapsulate the
mtegrated photovoltaic and solar thermal compcments into a single unit.

SUMMARY OF THE INVENTION

The present invention integrates both solar electricity g'cneration and solar thermal
collection into a single unit to optimize overall solar energy conversion. The integration of
both «_.solar electricity generation by photovoltaic and heat collection by solar thermal

- absorption reduces production cost and installation cost and thereby malking renewable
energy means more affordable,



a heat absorber assenbly including @ fluid inlet and .a fluid outlet,
a layer of elastomer wapped around the heat absorber assenbly, said
heat absorber assenbly being attached to the bottom side of a '
| am. nat ed photovoltaic panel, and a ndl ded body encapsul ating the
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‘col l ectiaon and transfer of
- convection and conduction loas from the top side.

The invention further uses polymers to mold and encapsulate the integrated photovoltaic
and solar thermal components into a single unit by encapsulating them in a molded body.
The molded body is preferred to be fabricated by Reaction Injection Molding using
polyurethane formulation that can withstand outdoor applications, The molded body
ensures that the integrated photovoltaic and solar thermal panel is durable, light weight,
strong, sealed, isolated and yet cost effective, The molded body provides good thermal
insulation to reduce heat loss from the solar thermal components to the surrounding, The
invention further provides means for accommodating the thermal expansion between the

different materials encapsulated within the ﬁolded body.

Accordmg to a further aspect, the invention ‘may be said to broadly consist in an integrated
photovoltmc solar thermal panel comprising

, a heat absorber assembly including a fluid inlet and a fluid outlet,

a layer of elastomer wrapped around the heat absorber assembly, said heat

absorber assembly being attached to the bottom sidc of

a laminated photovolﬁic panel, and

2 molded body encapsulating

' the perimeter of the photovoltaic panel and

the complete heat absorber assembly and elastomer Wwrap; to
provide electrical connections from the laminated photovoltaic
panel; and

the fluid inlet and outlet from the heat absorber assernbly,

wherein the molded body is fabricated by a Reaction Injection Molding
method.



Preferably, the heat absorber conprises a plurality ‘of pipes arranged
| argely in parallel, and connected by manifolds on both ends for
fluid inlet and outlet; Preferably, the pipe(s) are arranged in a
meander formwith nultiple bends with one inlet and one outlet to
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wel ded fj %ﬂm act with the bottom side of the photovoltaic
panel . Iifg?aetﬁl{é%ﬁ y, the | anm nated photovoltaic panel has a transparent

top cover and a | am nated conposite pol ynmer backsheet on the bottom
si de. .PrReéferably] the hemtabsobitrdechphischa phurebty d piveesrdniged hegdlyrit preallaf, t he

| am nat ed,phot avel t ai c..panel ., exposi the transparent top cover and
encapsulaggggmfﬁs h%glangg@ﬁPBB?%aegéseﬁgp?gt‘B]e{%Erﬁ%ﬁﬁte undetsi de of .the
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i nventi on, ma sai.d to.broadly consist in an integrated

phot ovo_IﬂP?;\P‘&élcs“g]I%ﬁo at”ﬁgrtﬁﬁgmpﬂ?l‘@?é“&’ﬁlr‘pri sing a | aninated photovol taic
panel having a bottom side; a heat absorber assenbly attached to the
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photovoltaic pane.

Preferably, the pipe(s) have an extended surface in the form of welded fins to contact with
~ the bottom side of the photovoltaic panel,

Preferably, the laminated photovoltaic panel has a transparent top cover and a laminated

composite polymer backsheet on the bottom side.

Preferably,_the moulded body encapsulates the perimeter of the laminated photovoltaic
panel exposing the transparent top cg)ver and encapsulates the heat absorber assembly to

form the underside, of the integrated photovoltaic solar thermal panel.
Preferably, the molded body is.polyu.r.ethane polymer.

According to a further aspect, the irivention may be said to broadly consist in an integrated
photovoltaic solar thermal panel comprising '

a laminated photovoltaic panel having a bottom side;

a heat absorber assembly attached to the bottom side of the laminated
photovoltaic panel; -

a single molded body encapsulating at least part of the perimeter of the

laminated photovoltaic panel and substantially the whole of the heat absorber
assembly,

Preferably,I the molded body encapsulating the laminated PV panel and the heat absorber
assembly is formed in a reaction injection molding (RIM) process.



a single nolded body encapsul ating at |east part of the perineter of
the | ami nated photovoltaic panel and substantially the whole of the
heat absorber assenbly. Preferably, the nol ded body encapsul ating the
I-ami nat ed PV panel and the heat absdtber assenbly is formed in a

reacti ct,i qn nol
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‘el ast oner encapsul ated by the nolded body. According to a
furtherm%{gﬁg *the invention nmay be said to broadly consist in a

met hod of manufact uri ng a photovoltaic solar thermal panel conprising
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exchanger assenglay; I@E’uﬂa@&ﬁﬁh%’bh&@{paﬁc’ﬂe perimeter of the
| am nat ed phot ovoltaic geanel Preferap t he net hod further includes

the steps of suPTO¥ifiRE hera exc F\"&?@'@R@H‘dn #¥r. assembly with a | ayer of.
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' together in a molding process to as to form a molded body which
substantielly encapsulates the heat exchanger assembly and at least part of the

perimeter of the laminated photovoltaic panel.

Preferably, the method further includes the steps of surrounding the heat exchanger

‘assembly with a layer of elastomer sheeting before carrying out the molding step.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a top pe}sinecti'\fe view of the integrated photovoltaic solar thermal panel,

Figure 2 shows a top perspective exploded view of the integrated photovoltaic solar

. thermal panel.

Figure 3 shows a top perspective view of one embodiment of a heat absorber assembly
with parallel pipes and manifolds 24. '

Figure 4 shows 2 top perspective view of an alternative embodiment of a heat absorber

assembly with meander pipe.
Figure 5 shows a cross sectional view of a typical laminated photovoltaic panel.
Figure 6 shows a cross sectional view of the integrated photovoltaic solar thermal panel,

Figure 7 shows a top view of multiple units of the invention forming an array with

separate electrical and solar thermal connections,



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a top perspective
view of the integrated photovoltaic solar thermal panel. Figure 2
shows a top perspective exploded view of the integrated photovoltaic
sol ar thernmal panel. Figure 3 shows®a top perspective view of one
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enbodi nent of a heat absorber assenbly with neander pipe. Figure 5
shows ahcpmﬂﬁmd entbbdingint ddsenbesfan appay;ih:caid thaumethad efifabticatimgdhe ai ¢

panel r.0S i onal viewof the integrated
phot ovH'It"tl’Téé1 J@ﬁ%‘f"“ﬁﬁ&?%ﬁﬁ’ IL'—ll gure 7. shows a top view of
multiple units of the i nventlon form ng an array with separate
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PREFERRE[I)EE MEsorLer assembly 25, polymeric molded body 30 and layer of clastomer sheet 31

between the heat absorber assembly 25 and molded body 30, The photovoltalc solar
thermal panei 1 has two types of connections to the outside world namely an electrical .

connection and a ﬂuxd connect10n

The electrical connection 22 refers to the output from the photo'voltaic cells from the
laminated bhotovoltaic panel 10. The fluid connections have at least one inlet 20 and one
outlet 21 for fluid to be circulated through the heat absorber assembly 25,

. A typical laminated photovoltaic panel 10, as shown in figure 5, typically consists of a
piece of glass 13, an encapsulant 14, solar cells 12, electrical connection 13, another
encapsulant 14 and a backsheet 11,

In a conventional flat plate solar hot water unit, glazing made of large panels of glass is
used to reduce heat loss from the absorber to the ambient. The glazing glass is heavy and
adds cost to the conventional flat plate solar hot water unit. The present ecmbodiment of the
invention uses the laminated PV panel 10 as the glazing for reducing heat loss eépecially
conduction and convection. The laminated PV pancl 10 is also the solar radiation thermal
collector as only a small amount of the total radiation energy is converted into electricity
while majority of the rest is 'convc_rted to heat. A very small amount is reflected back to the

surroundings.

Heat absorber assembly 25 consists of at least one heat collection pipe 23 preferably with
extended heat absorbing fin 26 (shown in figure 6) to enable incident radiation to be
transferred as heat to & fluid passing within the pipe. In one embodiment as shown in
figure 3, the pipes are arranged largely in parallel connected by manifolds on both ends for
fluid inlet 20 and outlet 21. In a second embodiment, as shown in figure 4, the pipes are
arranged in a meander form with multiple bends with one inlet 20 and onc outlet 21 611
¢ach end to allow fluid to flow through.



The preferred enbodi nent describes an apparatus and the net hod of
fabricating the integrated photovoltaic solar thermal panel 1. The
i ntegrated photovoltaic solar thermal panel 1 conprises |am nated
phot ovol tai ¢ panel 10, heat absor ber %ssenbly 25, polyneric nol ded

body 30
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Assenbly of the photovoltaic cell to forma | am nated photovoltaic
panel 10 is a well established process and hence will not be
described in this specification. The | am nated phot ‘ovol taic panel 10
t-oget-her with the attached heat absaeiber assenbly 25 is placed inside
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photovoltaic panel 10 by applying elastic adhesive at certain locations but not too much to

cause poor thermal conduction, All accessories such as electrical wiring 22 are pre-
assembled and placed in the bottom mold. A layer of elastomer sheet 31 cut to the size and
shape is then placed onto the heat absorber assembly 25. The layer of elastomer:sheet 31 is
held in place with respect to the heat absorber assembly 25 by double sided tape or
adhesive. The layer of elastomer sheet 31 is wrapped around the heat pipes 23 of the heat
absorber assembly 25 before closing the top mold (not shown). The two components of
the RIM polyurethane process are then well mixed and injected into the bottom moid -
when the top mold is securely closed. The RIM process is an established industrial process

" and will not be further elaborated in this invention,

[t will be appreciated that the invention disclosed in this specification allows manufacture
of a hybrid photovoltaic and thermal solar radiation collecting photovoltaic solar thermal
pane! 1 that is weather resistant, does not require further structural strengthening, resistant
to thermal stresses and differential thermal expansion, and modular. Further, the method

by which the photovoltaic solar thermal panel 1 is made is simple, effective, and does not



a | am nated photovoltaic panel, and a nol ded body encapsul ating the
perimeter of the photovoltaic panel and t he.conpl ete heat absorber
assenbly and el astonmer wap; to provjde electrical connections from
the | am nated photovoltaic panel; anttthe fluid inlet and outlet from
t he heafeqalie ALRRe AFSRIEN s, WIBE @irdTul Mg oAy foidiffaehigat ed by
a Reaction Injection Mlding nmethod. 2. The integrated photovoltaic
sol ar t REWREUIPBXRANSIAR: c| aimed in.claim 1, wherein the heat absorber
assenbly conprises of at |east one pipe with optim sed contact with
the bottom side of the | am nated photovoltaic panel for collection
and transfer of heat therefrom 3. The integrated photovoltaic solar
thermal panel as clainmed in claim2, wherein the heat absorber
conprises a plurality of pipes arranged largely in parallel, and
connected by manifolds on both ends for fluid inlet and outlet. 4.
The integrated photovoltaic solar thermal panel as clainmed in claim
2, wherein the pipe(s) are arranged in a neander formwth nmultiple
bends with one inlet and one outlet to allow fluid to flow through.




5. The integrated photovoltaic solar thermal panel as clained in
claim2, Werein the pipe(s) have an extended surface to contact with
the bottom side of the photovoltaic -lganel, 6. The integrated

phot ovol taic solar thermal panel as clained in claim?2, wherein the
pi pe(s) have an extended surface in the formof welded fins to
contact with the bottom side of tOpApagtovoltaic panel. 7. The

I ntegrated photovoltaic solar thermal panel as clained in claim1,

wherei n the | am nated photovo]tajc_panel has a t_ransparent top
coveranh a | ¥ iipeEHe H?Pﬁ%‘éﬁ“ﬁ@%’éﬂ‘ﬂﬁ@?alﬂél@kg%@t‘s%ﬁ t he bottom si de.

14 8. The Int eamaat%sd}baia@mtié;aaneluafagfarmﬁdwmhdaﬂu&io@ét claimed in
claim?7, wherein the nol y encapsul ates th erineter of the

| ani nat ed phot o@davearkelpsiorasr wwguamgmtimeheﬁh%wﬁwemw gighiert and
encapsul at es t hgpaaak &%[P&eﬁn%ﬁt%ﬁ%’&'té(tﬁe%o&%arﬁ ;bﬁ under si de of the
er

I nt egrated phot ovolta| c soltar t dgan I e integrated
phot ovol t ai ¢ sokdaminpfed phetopelréd paagl, eidai ned in claim 7, wherein

a molded body encapsulating
the perimeter of the photovoltaic panel and
the complete heat absorber assembly and elastomer wrap; to
provide electrical connections from the laminated photovoltaic panel; and
the fluid inlet and outlet from the heat absorber assembly,

wherein the molded body is fabricated by a Reaction Injection Molding
mothod.

2.' The integrated photovoltaic solar thermal panel as claimed in claim 1, wherein
the heat absorber assembly comprises of at least one pipe with optimised contact with the
bottom side of the laminated photovoltaic panel for collection and transfer of heat
therefrom. _ ' |
3. The integrated photovoltaic solar thermal panel as claimed in claim 2, wherein
the heat absorber coimprises a plurality of pipes arranged largely in parallel, and connected
by manifolds on both ends for fluid inlet and outlet.
4. The integrated photovoltaic solar thermal panc! as claimed in ¢l aim 2, wherein
the pipe(s) are arranged in a mcander form with multiple bends with one inlet and one
outlet to allow fluid to flow through . .
5. The integrated photovoltaic solaf thermal panel as claimed in claim 2, wherein
the pipe(s) have an extended surface to contact with the bottom side of the photovoltaic
paﬁel.
6. - The integrated photovoltaic solar thermal panel as claimed in claim 2, wherein
the inipe(s) have an extended surface in the form of welded fins to contact with the bottom
side of the photovoltaic panel,
7. The integrated photovoltaic solar thermal panel as claimed in claim 1, wherein

* the Jaminated photovoltaic panel has a transparent top cover and a laminated émnposite |
polymer backsheet on the bottom side.



t he nol ded body is pol yurethane pol yner.

14
8. The integrated photovoltaic solar thermal panel as claimed in claim 7, wherein
the molded body encapsulates the perimeter of the laminated photovoltaic panel exposing
the transparent top cover and encapsulates the heat absorber assembly to form the
underside of the integrated photovoltaic solar thermal panel. .
9. The integrated photovoltaic solar thermal pane] as claimed in claim 7, wherein -

the molded body is polyurethane polymer.



