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Abstract of Invention %

A solar panel comprises a conduit which in the usual way is designed to comprise acheat
carrying medium for heat transfer between the solar panel and the surrounding
environment. The conduit is placed so that it can be heated by the rays from the sun. The
solar panel comprises a chemical heat pump of the type hermetically sealed unity tube
with a reactor part, an evaporator/condenser part and a passage there between. The part of
the unity tube comprising the reactor part of the chemical heat pump is positioned in heat
conducting contact with the first conduit and thereby the part of the unity tube with the
reactor part will be heated. The unity tube may be surrounded by a heat insulating part of
vacuum jug type comprising an evacuated space between an outer wall and an inner wall.
The inner wall may at its outwards facing surface comprise a radiation receiving part
adapted to transform solar radiation to heat and which is in heat conducting contact with

the first area and the first conduit.
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1. A solar panel comprising a first conduit (17) adapted to comprise a heat
carrying medium for heat transfer between the solar panel and a surrounding
environment, whereby the solar panel comprises a chemical heat pump (3)
comprising an active substance and a volatile liquid, which can be absorbed by the
substance at a first femperature and be desorbed by the substance at a second

higher temperature, and the chemical heat pump comprises:

-a first part (3a) having a longitudinal direction and comprising a reactor part,
which comprises the active substance and is adapted to be heated and be cooled
by an external medium, whereby the first part is positioned to be heated by sunlight,
when radiation from the sun shines at the solar panel for charging of the chemical

heat pump,

-an evaporator/condenser part comprising volatile liquid in condensed form and

being adapted to be heated and cooled by an external medium, and

-a passage for the gas phase of the volatile liquid, connecting the reactor part and

the evaporator/condenser part with each other,
characterized in that
+he chemical heat pump (3) is designed as a hermitically sealed unit tube and

+the first conduit (17) extends over the first part [3q) in the longitudinal direction of

the first part in heat conducting contact with the unity tube (3) in the first part.

2. The solar panel according to claim 1, wherein a radiation receiving part
(130) is designed with a surface (11} for transformation of solar radiation to heat
and which is in heat conducting contact with the first part 3q, in particular also with

the first conduit (17).
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3. The solar panel according to any one of claims 1-3, wherein the unity
tube (3} is surrounded by a heat insulating part (5a, Se}, in particular by a heat

insulating part of the vacuum jug type comprising an evacuated space.

4. The solar panel according to claim 3, wherein the heat insulating part
(5a, Se), is of the vacuum jug type comprising an evacuated space positioned
between an outer and an inner wall, whereby the inner wall at the first part (3a) at
its outwards directed surface comprises a radiation receiving part, which is or has a
surface (11) adapted for transformation of solar radiation to heat and which is in

heat conducting contact with the first part (3q), in particular also with the first

conduit (17).

5. The solar panel according to any one of claims 1-4, wherein there is a
second part (3e] of the unity tube (3), which comprises the evaporator/condenser
part of the chemical heat pump and is designed and/or positioned so that when
radiation from the sun shines at the solar panel, the second part is heated less than
the first part (3e), in particular so that the second part is heated considerably less

than the first part.

6. The solar panel according to any one of claims 1-5, wherein a second
part (3e) of the unit tube (3) comprising the evaporator/condenser part of the
chemical heat pump, is placed in direct proximity fo the first part (3}, in particular
so that it is placed behind the first part {3a) as seen in the direction of the rays from

the sun.

7. The solar panel according to any one of claims 1-6, wherein a first heat
transferring part {13a) is positioned in direct heat conducting contact with the first

part (3a{ and with the first conduit {17).

8. The solar panel according to claim 7, wherein the first heat transferring

part (13a) comprises an inner part (15i) in contact with the first part [3a) and
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having the shape of a sheet or a bent panel, surrounding a part of or essentially the

entire first part,

9. The solar panel according to claim 8, wherein the first heat transferring

part (13a) comprises an outer part (150) surrounding essentially the entire inner part
(15i).

10. The solar panel according to claim 9, wherein the inner and outer parts
(15i, 150} of the first heat transferring part {13a) are connected by an intermediate

part {15b} positioned directly against the surface of the first conduit (17).
11. The solar panel according to any one of claims 7-10, wherein

the first part (3a) of the unity tube (3) is surrounded by a heat insulating part (5a) of
the type vacuum jug, comprising an evacuated space situated between an outer

wall and an inner wall, and

the first heat transferring part (134} is positioned against the inner wall of the heat

insulating part (5a), against the first part {3a), and against the first conduit {17).

12. The solar panel according fo claim 11, wherein the first heat transferring
part {13a) comprises an inner part (15i) and an outer part {150}, whereby the outer
part essentially surrounds the entire inner part and is positioned against the inner

wall of the heat insulating part (5a).

13. The solar panel according to any one of claims 1-12, wherein there is a
second heat fransferring part {13e), positioned in direct heat conducting contact
with a second part (3¢] of the unity tube (3), comprising the evaporator/condenser
part of the chemical heat pump and with a second conduit designed to comprise a
heat carrying medium for heat exchange between the solar panel and a
surrounding environment, in particular so that the second conduit is adapted for

connection to a distribution system for the heat carrying medium.
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4. The solar panel according to claim 13, wherein the second heat
fransferring part (13a) comprises an inner part positioned against the second part
(3e), whereby the inner part in particular has the shape of a sheet or a bent panel,

surrounding a part of or essentially the entire second part (3e).

15. The solar panel according to claim 14, wherein the second heat

transferring part {13¢) comprises an outer part surrounding essentially the entire

inner part.

16. The solar panel according to claim 15, wherein the inner and outer parts
of the heat transferring part (13a) are connected by an intermediate part positioned

directly against the surface of the second conduit.

17. The solar panel according to any one of claims 1-16, wherein there is a

reflector (7) positioned to reflect sunlight for heating of the first part (3q).

18. The solar panel according fo claim 17, wherein the reflector (7} is a part
of a reflector panel (7’) comprising first parts for reflection of sunlight for a plurality

of adjacent positioned first unity tubes (3) and associated first conduits {17).

19. The solar panel according to claim 18, wherein the reflector panel (7/)
comprises second parts (7"), positioned between the first parts (7) and positioned
for uptake of a second part (3e) of second unity tubes (3), comprising the
evaporator/condenser part of the chemical heat pump and which are positioned

between the first unity tubes and associated first conduits {17).

20. A chemical heat pump comprising an active substance and a volatile
liquid, which can be absorbed by the substance at a first temperature and be
desorbed by the substance at a second higher temperature, whereby the active
substance at the first temperature has a solid state, from which the active substance

during uptake of the volatile liquid and its gas phase immediately transforms
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partially into liquid state or solution phase and at the second temperature has a
liquid state or is in solution, from which the active substance during emission of the
volatile liquid, in particular its gas phase, immediately partially transforms into solid

state comprising:

-a reactor part designed to be heated and cooled by an external medium and
comprising a matrix for the active substance so that the active substance both in
solid state and in liquid state or in solution is retained in and/or bound to the

matrix,

-an evaporator/condenser designed fo be heated and cooled by the external
medium and comprising the part of the volatile liquid present in condensed form,
whereby the evaporator/condenser part comprises a porous material permeable for

the volatile liquid,

-a passage for the gas phase of the volatile liquid, connecting the reactor part and

the evaporator/condenser part with each other,

characterized in that the reactor part is positioned in a first part of a tube and the
evaporator/condenser part is positioned in a second part of a tube, whereby the
matrix and the permeable material are positioned in the form of ribbons at the wall
in each part of the tube, so that there is a central through passage in each part of

the tube.

21. The chemical heat pump according to claim 20, wherein the matrix and
the permeable material are restricted or held in place by a heat conducting material
at least partially provided with openings to facilitate transport of gas to and from the

matrix and the permeable material respectively.
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22. The chemical heat pump according to any one of claims 20-21, wherein
the matrix and the permeable material are arranged as layers placed between

washers comprising a hole in the middle.

23. The chemical heat pump according to ¢laim 20, wherein the mairix is

. e

arranged as a spiral, restricted by the permeable material.

Dated this 06/06/2012
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THERMAL SOLAR PANEL WITH INTEGRATED CHEMICAL HEAT PUMP

Technical field

[0001] The present invention concerns a solar panel with extended

functionality.

Background

[0002] Chemical heat pumps with integrated solar panels are disclosed in the
published international patent application WO 2009/070090. In such chemical
heat pumps unit tubes can be used, of which the basic construction also is
disclosed in the published international patent application WO 2007/139476.
Unity tubes are also used in the system which is disclosed in the published

international patent application WO 2009/154537.

[0003] The principle for the chemical heat pump is well known, see for
instance US patents 5,440,889, 5,056,591, 4,993,239, 4,754,805 and the
published international patent applications WO 94/21973, WO 00/31206,

WO 00/37864 and WO 2005/054757. In a chemical heat pump there is an .

active substance, which performs process in the heat pump and which works
together with a volatile medium, the absorbent, which is a dipolar liquid, in most

cases water.

[0004] A chemical heat pump can as mentioned above comprise a unit tube.
In such an embodiment the reactor part and evaporator-/condenser part of the
heat pump are in the same completely sealed tube. Cooling and heating of such
a heat pump is conducted by different parts of the walls and thereby through
different wall parts of the sealed tube. Such a unit tube does not contain any

moving parts and especially not any from the outside controllable valve and can

be said to be an entirely passive device.

‘r'
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[0005] Solar panels in which solar energy is used for heating of a heat
carrying medium, for instance water, are subject to huge stress, such as large
and fast temperature variations, varying humidity and mechanical stress. It is of
course of major economical interest to be able to design solar panels with high
efficiency and high general usefulness for various applications. Solar panels in
their simplest form comprise tubes for a heat carrying medium such as water,
which tubes are placed so that they have parts which are heated by irradiation
from the sun and thereby also the amount of heat carrying medium in those
parts. The heated heat carrying medium is transported to places where it can be
utilized, for instance for heating of a building or for use as hot tap water, or

stored for later use.

[0006] In a chemical heat pump according to the above described published
international patent application WO 2009/070090 with an infegrated thermal
solar panel, a part of the chemical heat pump is a thermal solar panel. An -
imperfection for such a thermal solar panel is that both the chemical heat pump

and the thermal solar panel become a reduced field of use.

[0007] In the published US patent 4,187,688 there is disclosed a chemical
heat pump driven by solar energy. The heat pump comprises a number of
connected units 100 placed next to each other, which each is made up of a
tube. These tubes are themselves chemical heat pumps and comprise at one end
a reactor part 102 and at the opposite end an evaporator/condenser part 104,
se figures 13 and 14. Exchange of heat between the reactor part for each tube
unit and a transversal tube 116 is carried out by a heat exchange loop 123. In
the tube units 100 there are thus passages into the tubes for the heat exchange
loop and also passages for elecirical wires. Moreover there is an electrically

controlled valve 10 in each tube unit.
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Summary of invention

[0008] It is an object of the present invention to at least partially obviate at
least some of the disadvantages in the prior art and to provide a thermal solar

panel for efficient use of solar energy.

[0009] In a first aspect there is provided a solar panel comprising a first fube
17, adapted to contain a heat carrying medium for heat exchange between the
solar panel and a surrounding, whereby the solar panel comprises a chemical
heat pump 3 comprising an active substance and a volatile liquid with the ability
to be absorbed by the substance at a first temperature and be desorbed by the
substance at a second higher temperature and the chemical heat pump

comprises:

-a first part 3a, which has a longitudinal direction and comprises a reactor part,
which comprises the active substance and is adapted to be heated and cooled
by an external medium, whereby the first part is positioned to be heated by
sunlight, when solar radiation hits the solar panel for charging of the chemical

heat pump,

-an evaporator/condenser part, comprising volatile liquid in condensed form

and is adapted fo be heated and cooled by an external medium, and

-a passage for the vapor phase of the volatile liquid, connecting the reactor part

and the evaporator/condenser part with each other,
whereby
the chemical heat pump 3 is made as a hermetically sealed unit tube, and

the first tube 17 over the first part 3a is placed in the longitudinal direction of

the first part in heat exchanging contact with the unit tube 3 in the first part.
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[0010] In a second aspect there is provided a chemical heat pump comprising
an active substance and a volatile liquid, with the ability to be absorbed by the
substance at a first temperature and be desorbed by the substance at a second
higher temperature, whereby the active substance at the first temperature has a
solid state, from which the active substance during absorbing of the volatile
liquid and its gas phase immediately transforms partially to a liquid state or a
solution and at the second temperature has a liquid state or exists as a solution,
from which the active substance at emitting of the volatile liquid, in particular its

gas phase, immediately transforms partially to solid state, comprising:

-a reactor part adapted to be heated and cooled by an external medium and
comprising a matrix for the active substance, so that the active substance both in
solid state and in liquid state or in a solution phase is retained in and/or bound

to the matrix,

-an evaporator/condenser part adapted to be heated and cooled by an external
medium and comprising the part of the volatile liquid, which is present in
condensed form, whereby the evaporator/condenser part comprises a porous

material, permeable fo the volatile liquid,

-a passage for the volatile liquid in gas phase, connecting the reactor part and

the evaporator/condenser part with each other,

characterized in that the reactor part is positioned in a first part of a tube and
the evaporator/condenser part in a second part of a tube, whereby the matrix
and the permeable material are placed as sirips at the wall in each part of the

tube, so that a central through passage exists in each tube.

[0011] Further embodiments and aspects are provided in the dependent claims

which are incorporated herein.
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[0012] A chemical heat pump is accommodated in a thermal solar panel. The
thermal solar panel and the chemical heat pump are not necessarily integrated
with each other. The fields of use for such a thermal solar panel are thereby

extended compared to earlier known thermal solar panels.

[0013] The chemical heat pump is designed as a closed tube of the type unity
tube, which may be relatively elongated. One half of the unity tube or more
general a part at a first end is or comprises the reactor part of the heat pump,
also called the accumulator part and the other half of the unity tube or more
general a part at a second end is or comprises the evaporator/condenser part
of the heat pump. Each of the halves of the unity tube or both ends can if
required be positioned in a heat insulating part each, whereby at least the heat
insulating part positioned at the reactor part of the chemical heat pump is
transparent fo light. The heat insulating parts can for instance be of the vacuum

jug type and may for instance comprise an evacuated space.

[0014] The unity tube is a completely closed device and no pipes pass through
its wall, especially no channels for any fuid such as a heat carrying medium and
also no electrical wires. The reactor part and the evaporator/condenser part are
in the same completely closed space, which is made up of the inner of the unity
tube. Cooling and heating of the reactor part and the evaporator/condenser
part respectively is performed through the different wall-parts in the closed tube.
The unity tube does not comprise any movable parts. The unity tube comprises in
its inner space only a first space in which the reactor part is, a second space in
which the evaporator/condenser part is and a third space which constitutes a

channel connecting the two mentioned spaces.

[0015] The first part of the unity tube containing the reactor part and the
second part of the unity tube containing the evaporator/condenser tube are also

surrounded by a heat exchanger or heat transferring part each, for cooling or



WO 2011/071448 PCT/SE2010/051353

heating of a heat carrying medium such as water. At the first part of the unity
tube a solar panel surface is optionally arranged, which is a part of a radiation-
receiving part and is adapted to transform incoming radiation from the sun fo
heat. The solar panel surface can be arranged for instance in or on the heat
insulating part of on the heat transferring part. At the second part of the unity
tube, which constitutes or contains the evaporator/condenser part, there is no
such solar radiation-receiving part. Because of the absence of a solar radiation-
receiving surface and because of the heat insulating part surrounding the second
part of the unity tube, if such a part is arranged, the heating of the second part
may be smaller, especially much smaller, than the heating of the first part, so
that the first part will hold a temperature which is lower than the temperature in
the first part when radiation from the sun are directed at the solar panel. This
applies even though the second part is positioned directly next fo the first part
such as at or inside the solar panel and for instance also is radiated by rays

from the sun.

[001¢] A more effective thermal solar panel with extended functionality, such
that it may be used for cooling with energy form the sun, can thereby be

realized.

[0017] Further the chemical heat pump may work according to the hybrid

principle and have a particular efficient design.

[0018] Thus a chemical heat pump designed as a unity tube comprise for
instance a vacuum sealed tube so that a part at a first end of the unity tube is
utilized as an evaporator/condenser and a part at the second end of the unity
tube is ufilized as a reactor and the space between the two tube parts is utilized
for vapor transport. The process in the chemical heat pump may be carried out
according to the so called hybrid principle; se for instance the above mentioned

published international patent applications WO 00/37864 and WO
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2007/139476. The hybrid process comprises two phases, a charging phase
and a discharging phase. During the charging phase a salt which is in the
reactor part is dried, so that a ligand or an absorbed medium, for instance
water is released from the salt and transported in gas phase over fo the
evaporator/condenser where it is condensed. When a majority of the previously
in the salt bound ligand or absorbed medium is transferred to the
evaporator/condenser, the chemical heat pump is charged. In the discharge
phase the ligand is moved in the opposite direction and is again bound to the
salt. The advantage of this process is that heating and cooling can be achieved

as in other heat pumps.

[0019] Further a matrix may be used in the chemical heat pump for carrying
and holding of the salt, the salt is generally denoted a active substance, both its
solid state and its liquid state and its solution, see the published infernational
patent application WO 2007/139476. Such a matrix is typically an inert
material such as aluminum oxide and it has pores, which are permeable to the
gas phase of the ligand. At the pores of the walls the active substance is bound.
The matrix may be of a material that in general comprises separate particles and

may be in the form of a powder of a compressed fiber material.

[0020] The chemical heat pump can in general be designed so that it easily
can be integrated with or be a part of a solar panel. The chemical heat pump
can also be designed so that it may be produced in a continuous process and
thereby facilitate mass production and at the same time achieve low production

costs.

[0021] A thermal solar panel with integrated chemical heat pump can at least
in certain cases with suitable design have one or several of the following

advantages:
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[0022] The radiation from the sun shines at the reactor part of the chemical
heat pump almost direct so that a hydraulic energy transfer in between can be
completely eliminated and the thereby associated exchanges of heat. Thereby
heat loss is avoided, which may otherwise be about 15-40% of all energy,
which means that the thermal solar panel will achieve a higher yield of the
energy from the sun. With a higher yield at each solar panel a solar panel
assembly comprising solar panels of the claimed type can be reduced in size
compared to a solar panel assembly comprising traditional solar panels in
combination with a absorption heat pump. This reduces the cost for the solar

power plant and the repayment for the end user is reduced.

[0023] A higher temperature in the reactor part of the chemical heat pump can
be obtained by irradiation so that other salts may be used, which have a greater
temperature difference AT, whereby the chemical heat pump can produce useful

high exergy) heat energy from a relatively cold by free energy source or
(high exergy ) y y )7
produce useful cooling from ma warm, free source, for instance air at 35°C. This

means that the cost to obtain a heat sink can be lowered.

[0024] The distributing hydraulic system for the heat carrying medium can be

designed simpler and at a lower cost.

[0025] Further objects and advantages of the invention are given in the
description and partially be apparent from the description or can be
experienced by working the invention. The purposes and advantages of the
invention can be understood and be obtained by the methods, processes, organ

and combinations given in the appended claims.

Brief description of the drawings

[0026] While the novel features of the invention are specified particularly in

the appended claims, a full understanding of the invention, both regarding
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organization and content and of the above given and other features be obtained
and the invention be better understood by studying the following detailed
description of non limiting embodiments described below with reference to the

appended drawings in which:

fig 1 shows a perspective drawing of a thermal solar panel comprising a

chemical heat pump designed as a straight unit tube,
fig 2a shows similar fo fig 1, but a bent unit tube,

fig 2b shows a perspective drawing of a first embodiment of the internal design

of the chemical heat pump,

fig 2c shows a perspective drawing of a second embodiment of the internal

design of the chemical heat pump,

fig 2d shows a perspective drawing of a third embodiment of the internal design

of the chemical heat pump,

fig 3 shows a sectional drawing of thermal solar panel of the vacuum solar
panel type comprising a chemical heat pump, designed as a unit tube, and a

heat exchanger,
fig 4 shows a sectional drawing of the heat exchanger in fig 3,

fig 5a shows a perspective view of several solar panels assembled to a solar

panel module,

fig 5b shows a perspective view of several solar modules assembled to a solar

panel plant,

fig 6 shows a schematic diagram of a solar panel module for heating and

caoling of a building,
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fig 7a and 7b show schematic diagrams similar to fig 6 showing the function of

the solar panel system during the day and the night respectively in the Winter,

and

fig 7c and 7d show schematic diagrams similar to fig 6 showing the function of

the solar panel system during the day and the night respectively in the Summer.

Detailed description

[0027] In a first aspect there is provided a solar panel comprising a first
conduit 17 adapted to comprise a heat carrying medium for heat transfer
between the solar panel and a surrounding environment, whereby the solar
panel comprises a chemical heat pump 3 comprising an active substance and a
volatile liquid, which can be absorbed by the substance at a first temperature
and be desorbed by the substance at a second higher temperature, and the

chemical heat pump comprises:

a first part 3a having a longitudinal direction and comprising a reactor part,
which comprises the active substance and is adapted to be heated and be
cooled by an external medium, whereby the first part is positioned to be heated
by sunlight, when radiation from the sun shines at the solar panel for charging of

the chemical heat pump,

an evaporator/condenser part comprising volatile liquid in condensed form and

being adapted to be heated and cooled by an external medium, and

a passage for the gas phase of the volatile liquid, connecting the reactor part

and the evaporator/condenser part with each other,
wherein

the chemical heat pump 3 is designed as a hermitically sealed unit tube and
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the first conduit 17 over the first part 3a extends in the longitudinal direction of

the first part in heat conducting contact with the unity tube 3 in the first part.

[0028] In one embodiment there is a radiation receiving part 13a, which is
designed with a surface for transformation of solar radiation to heat and which
is in heat conducting contact with the first part 3q, in particular also with the first

conduit 17.

[0029] In one embodiment the unity tube 3 is surrounded by a heat insulating
part 5a, Se, in particular by a heat insulating part of the vacuum jug type
comprising an evacuated space. In one embodiment the heat insulating part 5q,
5e of the vacuum jug type comprising an evacuated space is positioned
between an outer and an inner wall, whereby the inner wall at the first part 3a
at its outwards directed surface comprises a radiation receiving part, which is or
has a surface 11 adapted for transformation of solar radiation fo heat and
which is in heat conducting contact with the first part 3a, in particular also with

the first conduit 17.

[0030] In one embodiment there is a second part 3e of the unity tube 3, which
comprises the evaporator/condenser part of the chemical heat pump and is
designed and/or positioned so that when radiation from the sun shines at the
solar panel, the second part is heated less than the first part 3e, in particular so

that the second part is heated considerably less than the first part.

0031 In one embodiment a second part 3e of the unit tube comprising the
p prising
evaporator/condenser part of the chemical heat pump, is placed in direct
proximity to the first part 3q, in particular so that it is placed behind the first part

3a as seen in the direction of the rays from the sun.

[0032] In one embodiment a first heat transferring part 13a is positioned in

direct heat conducting contact with the first part 3a and with the first conduit 17.
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[0033] In one embodiment the first heat transferring part 13a comprises an
inner part 15i in contact with the first part 3a and having the shape of a sheet or

a bent panel, surrounding a part of or essentially the entire first part.

[0034] In one embodiment the first heat transferring part 13a comprises an

outer part 150 surrounding essentially the entire inner part 15i.

[0035] In one embodiment the inner and outer parts 15i, 150 of the first heat
fransferring part 13a are connected by an intermediate part 15b positioned

directly against the surface of the first conduit 17.

[003¢] In one embodiment the first part 3a of the unity tube is surrounded by a
heat insulating porf Sa of the type vacuum jug, comprising an evacuated space
situated between an outer and an inner wall and the first heat transferring part
13a is positioned against the inner wall of the heat insulating part 5a, against

the first part 3a and against the first conduit 17.

[0037] In one embodiment the first heat transferring part 13a comprises an
inner part 151 and an outer part 150, whereby the outer part essentially
surrounds the entire inner part and is positioned against the inner wall of the

heat insulating part 5a.

[0038] In one embodiment there is a second heat transferring part 13e,
positioned in direct heat conducting contact with a second part 3e of the unity
tube, comprising the evaporator/condenser part of the chemical heat pump and
with a second conduit designed to comprise a heat carrying medium for heat
exchange between the solar panel and a surrounding environment, in particular
so that the second conduit is adapted for connection to a distribution system for

the heat carrying medium.
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[0039] - In one embodiment the second heat transferring part 13a comprises an
inner part positioned against the second part 3e, whereby the inner part in
particular has the shape of a sheet or a bent panel, surrounding a part of or

essentially the entire second part 3e.

[0040] In one embodiment the second heat fransferring part 13e comprises an

outer part surrounding essentfially the entire inner part.

0041 In one embodiment the inner and outer parts of the heat transferrin
P g
part 13a are connected by an intermediate part positioned directly against the

surface of the second conduit.

[0042] In one embodiment there is a reflector 7 for sunlight, positioned to

reflect sunlight for heating of the first part 3a.

[0043] In one embodiment the reflector 7 is a part of a reflector panel 7
comprising first parts for reflection of sunlight for a plurality of adjacent

positioned first unity tubes 3 and associated first conduits 17.

[0044] In one embodiment the reflector panel 7’ comprises second parts 7”7,
positioned between the first parts 7 and are positioned for uptake of a second
part 3e of second unity tubes 3, comprising evaporator/condenser parts of the
chemical heat pump and which are positioned between the first unity tubes and

associated first conduits 17.

[0045] In a second aspect there is provided a chemical heat pump comprising
an active substance and a volatile liquid, which can be absorbed by the
substance at a first temperature and be desorbed by the substance at a second
higher temperature, whereby the active substance at the first temperature has a
solid state, from which the active substance during uptake of the volatile liquid

and its gas phase immediately transforms partially into liquid state or solution
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phase and at the second temperature has a liquid state or is in solution, from
which the active substance during emission of the volatile liquid, in particular its

gas phase, immediately partially transforms into solid state comprising:

a reactor part designed to be heated and cooled by an external medium and
comprising a matrix for the active substance so that the active substance both in
solid state and in liquid state or in solution is retained in and/or bound to the

matrix,

an evaporator/condenser designed to be heated and cooled by the external
medium and comprising the part of the volatile liquid present in condensed form,

whereby the evaporator/condenser part comprises a porous material permeable

for the volatile liquid,

a passage for the gas phase of the volatile liquid, connecting the reactor part

and the evaporator/condenser part with each other,

whereby the reactor part is positioned in a first part of a tube and the
evaporator/condenser part in a second part of a tube, whereby the matrix and
the permeable material are positioned in the form of ribbons at the wall in each
part of the tube, so that there is a central through passage in each part of the

tube.

[0046] In one embodiment the matrix and the permeable material are restricted
or held in place by a heat conducting material af least partially provided with
openings to facilitate transport of gas to and from the matrix and the permeable

material respectively.

[0047] In one embodiment the matrix and the permeable material are

arranged as layers placed between washers comprising a hole in the middle.
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[0048] In one embodiment the matrix is arranged as a spiral, restricted by the

permeable material

[0049] A thermal solar panel comprising a chemical heat pump 3 of the type
unit tube, see the above mentioned international patent applications WO
2007/139476 and WO 2009/070090, which unity tube is designed as a
completely hermitically sealed tube, which has an axis and can be relatively
elongated, i.e. having a relation between diameter and length of at least 1:10,
more common at least 1:20, see fig 1. A first part 3a at one end of the tube,
with a length corresponding for instance to about half the tube, of slightly less
than the total length of the tube, constitutes or comprises the reactor part of the
chemical heat pump and a second part 3e at the other end of the tube, also with
a length corresponding for instance to half of or slightly less than the total length
of the tube, constitutes of comprises the evaporator/condenser part of the
chemical heat pump. Also chemical heat pumps with a different internal design
than what is shown in the above mentioned internationdl patent applications can
of course be used as chemical heat pumps with solid or liquid active substance

or absorber.

[0050] The unit tube 3 comprises a first and a second part 3a, 3e, which are
connected to each other by an intermediate part 3c. These different parts of the
unity tube are tubes, which each comprise and enclose a corresponding inner
volume. The inner volume of the intermediate part 3¢ constitutes a conduit for
passage of the gas phase of a volatile liquid between the inner volumes in the
first and second part 3q, 3e, i.e. between the reactor part and
evaporator/condenser part of the chemical heat pump. The tube in the
intermediate part 3¢ is in one embodiment narrower than the tubes at the ends
of the unity tube 3. As shown in fig 1 the unity tube has in one embodiment an

essentially straight design, so that its different parts 3a, 3e, 3¢ have the same
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longitudinal axis. The different parts are in one embodiment cylindrical such as
circular cylindrical and then they are suitably also concentrically, i.e. share the
same symmelry axis. Other embodiments are possible and for instance the first
and second parts 3a, 3e may have an essentially straight design with straight
longitudinal axis, whereas the intermediate part 3¢ is bent, see fig 2a. The first
and second part 3a, 3e can the be parallel to each other, i.e. so that their
longitudinal axis are parallel and they can for instance be next fo each other o
inside each other. The intermediate part 3¢ is thereby shaped as an U, i.e. it
gives a 180° change of the direction of the flow of a fluid flowing through the

intermediate part 3c.

[0051] The first and the second area 3q, 3e of the unity tube 3 may be
enclosed of may be positioned in a heat insulating part 5a, 5e each, which may
be a heat insulating layer, heat insulating shell or heat insulating panels. The
heat insulating parts 5a, 5e prevent conduction of heat from and fo the unity
tube 3, i.e. it prevents heat exchange of the unity tube with the surrounding
outside the heat insulated parts and they may be of a vacuum jug type and for
instance comprise an evacuated space. At least the heat insulating part 5a at the
part of the unity tube which comprises the reactor part, may be at least partly
fransparent to light, i.e. it is able to transmit light, in particular sunlight. Such a
heat insulating part 5a may be a double walled glass tube, where the space
between both its walls, its inner wall and its outer wall, is sealed and evacuated,

i.e. comprises essentially vacuum or a gas for instance at low pressure, such as

a gas at very low pressure, see fig 3. The heat insulating parts 5a, 5e of this

embodiment may be used at both parts 3a, 3e of the unity tube 3.

[0052] Further at the first part 3a of the unity tube 3, comprising the reactor
part, a reflector 7 can be positioned, see fig 5a. Such a reflector 7 has a light-

reflecting surface, reflecting light, which falls in one or several pre-defermined
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directions at the first part of the unity tube and in particular at a sunlight
absorbing surface in this part, se below. A unity tube 3 with associated heat
insulating parts 5a, 5e and a reflector 7 may constitute a solar panel or a solar
panel unit or a solar panel element 9. The reflector 7 may comprise a svitably
bent metal panel 7' and the same metal panel 7’ can as shown comprise bent
parts, which constitute reflectors for several solar panels next to each other 9. A

solar panel module 9’ may comprise a number of solar panels 9, which have

reflectors 7 made of the same metal panel.

[0053] Several solar panel modules 9 may be connected in relation to the
energy need, see fig 5b. As shown for the case with straight unity tubes 3, the
reflector panel 7’ in each module 9’ may have parts 7' which are svitable to
hold the other parts 3e of unity tubes of another solar panel module. These parts
may be designed so that they do not reflect sunlight towards the other areas. The
profile of the reflector panel 7* then comprises, as seen at a passage over the
cross section of panel, first for instance a part 7 adapted for reflection of sunlight
towards a first part 3a of a unity tube, thereafter a part 7*" adapted for receiving
the second part 3e of another unity tube, thereafter a part 7 for reflection of

sulight towards the first part of a unity tube etc.

[0054] At the part 3a of the unity tube 3, which comprises the reactor part, a
radiation-absorbing part may be positioned with g sunlight absorbing surface
designed o transform solar energy info heat. Such a solar absorbing surface
may be designed as a light absorbing layer 11 of a suitable light absorbing
material. The light absorbing layer may be applied on the outer surface of a
heat exchanger or a heat conducting part, see fig 3. Alternatively such a layer
may be applied fo or be a part of the heat insulating part 5a. Thus the layer
may be applied at or on an inner surface of the heat insulating part 5a, such as

on the inner surface directed against the axis of the inner glass wall in a double
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walled evacuated tube, or such a layer may also be on the outer surface of the
inner glass wall directed away from the axis. The radiation absorbing part is
constituted of parts of the heat transferring part, of the heat insulating part or of

the inner wall of the evacuated tube.

[0055] The heat produced by the sunlight absorbing surface can if desired be
transferred to the reactor part of the unity tube 3 by a heat transferring part 13q,
here also called heat exchanger, for instance designed as shown in fig 3 and 4.
This heat transferring part 13a has three heat transferring surfaces adjacent to:
A) the unity tube 3, B) -the metal tube 17, which are connected to a disiribution

system for heat and/or cooling, and C) the heat insulating part 5a.

[005¢] Each of the first and second areas 3a, 3e of the unity tube 3 are thus in
this embodiment surrounded by a heat conducting part 13, 13e for cooling or
heating of a heat carrying medium such as water, or reverse so that the first and
second parts of the unity tube shall be cooled or heated of the heat carrying
medium, see fig 3 and 4. Such a heat iransferring part 13a, 13e, may be
designed as a bent metal panel 15, for instance of aluminum or copper, which
comprises an outer part 150 for contacting and being adjacent to the outer
surface of areas 3a and 3e respectively of the unity tube 3. The bent panel then
has at least one longitudinal bending 15b or bending of 180°, which imposes
that its inner part 15i and outer part 150 may be segments of concentrically
cylinders so that these parts are parallel to each other. At the bent part 15b,
longitudinal metal conduits 17 in which the heat carrying medium flows, be
positioned and then the metal conduits may be within the bent part to achieve
good heat conducting contact between the metal panel 15 and the metal
conduits 17. The metal conduits 17 have thus the same longitudinal direction o
longitudinal axis as the part 3a or 3b or the unity tube 3 at which they are

positioned.
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[0057] In fig 4 there is shown an embodiment of the heat transferring part
13a, 13e designed as a bent panel 15 with two bendings 15b of 180°,
extending parallel to each other and which when the panel 15 is positioned
around a unity tube 3 are positioned relatively close to each other. In order to
hold the two metal tubes 17 in position within the bent parts 15b, hooks 23 may
be used which are positioned at a certain distance from each other in the
longitudinal direction of the panel 15 and the metal conduits 17 and pass
through a hole in the panel. In each bend 15b there is a metal conduit 17 for g
heat carrying medium so that two metal tubes are used, which as shown are
parallel to each other and with a relatively short distance from each other, for
instance within an angular sector of at most 90°, measured from the longitudinal

axis at the relevant part of the unity tube, or better within an angular sector of at

most 45°, or at most 30°.

[0058] The reactor part of the unity tube 3 may be built for instance as shown
in the above mentioned international patent application WO 2007/139476.

The matrix is then applied as a mat.

matrix mat

[0059] The matrix 31 is held between a heat conducting metal net 39 and the
inner wall of the unity tube 3, see fig 2d. The metal in the net 39 may for
instance be copper or stainless steel. The matrix is thereby positioned as a
matrix mat against the inner wall of a conduit 3a, 3e in the unity tube 3 and
comprises holes 40 designed for efficient gas transport within the matrix 31. A
channel 35 is created along the axis of the tube part, in which channel 35 steam
or gas may pass. Also transport of steam or gas to and from the matrix may

occur through the holes 40 in the matrix mat and through the metal net 39.
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[0060] Two other possible embodiments of the reactor part and
evaporator/condenser part of the unity tube 3 will now be described, in which
the absorbing material, i.e. the matrix material is applied as strips along the
inner wall surface of the parts 3a and 3e respectively of the unity tube. Between
the axially directed surfaces of the sirips there is free space for passage of steam
and gas to and from the material and to and from respectively and central

through channel 35.

Matrix between metal washers

[0061] Each of the two areas 3a, 3e of the unity tube 3 are filled with washers
of matrix material with a hole in the center 31 put in layers with heat conducting
metal washers 33, 34 with a hole in the center, for instance of copper or
stainless steel, se fig 2b. A first metal washer with a hole in the center 33 is
placed down in a at one end sealed tube part 3a, 3e followed by a thereon
applied matrix washer with a hole in the center and a thereon applied second
metal washer 34 with a hole in the center. The other metal washer 34 comprises
more holes 37 in addition to a hole in the center 35, see fig 2b. These three
washers 33, 31, 34 constitute a unit. Between each such unit a distance tube,
not shown, is positioned to separate the units from each other and fo allow
passage of gas between the units. The center holes 35 in each unit constitute the
through channel 35, which extends along the axis of the conduit 3a, 3e and in
which steam or gas can pass. Steam or gas may also pass through the further

holes 37, which are in the second metal washer 34 in each unit.

Matrix shaped as a spiral

[0062] The matrix 31 is held between a heat conducting metal net 38 and the
inner wall of the unity tube 3, see fig 2c. The metal in the net 38 may for

instance be copper or stainless steel. The matrix 31 and the metal net 38 extend
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in the form of a spiral or a helix along the inner wall of a conduit 3a, 3e in the
unity tube 3, so that a channel 35 is created along the axis of the conduit, in
which channel 35 steam or gas may pass. The pitch of the spiral or helix is
adapted so that a space is created for each turn, whereby passage of steam or
gas can occur through the spiral or helix. Steam or gas may also be transported

to and from the matrix 31 through the metal net 38.

[0063] The methods for charging and discharging of the chemical heat pump
component are the same as for previously described heat pumps according to

the hybrid principle with a matrix construction.

[0064] An example of use of the solar panel is described:

Solar driven system for delivery of heat and cooling to a building

[0065] The system comprises the present thermal solar panel 51 comprising a
chemical heat pump 3 as described above, the regular heating/cooling system
53 of the building, a heat sink and an ice storage in a tank 55, see fig 6.Further
the system may comprise a system 57 for distribution of hot tap water and a

swimming pool 59.

[0066] In addition to everything a traditional solar panel is capable to, the
present thermal solar panel comprising a chemical heat pump is able fo deliver

heat all night and day and in addition deliver cooling, see fig 7a-7d.

[0067] In fig 7a and 7b there is shown the function of the system a typical
winter day when the system delivers heat to the building during the day and
during the night respectively. During the day the solar panel 51 receives energy
from sunlight and thereby the chemical heat pump 3 is charged when its reactor
part is heated more that its evaporator/condenser part. During the charging

heat is formed in the evaporator/condenser part and this heat is transferred by
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its heat exchanger and the heat carrying medium to the heating system of the
building 53 and optionally also o its system 57 for hot tap water. When the
solar radiation has ceased the chemical heat pump 3 is discharged and then the
reactor part is heated. Heat from the reactor part is fransported by its heat

exchanger and the heat carrying medium fo the heating system of the building.

[0068] In fig 7c and 7d show the function a typical Summer day, when the
systems delivers cooling to the building during the day and night respectively.
During the day the solar panel 51 receives energy from sunlight and thereby the
chemical heat pump 3 is charged since its reactor part is heated more than its
evaporator/condenser part. During the charge heat is formed in the
evaporator/condenser part and this heat may be transferred by its heat
exchanger and the heat carrying medium fo the system 57 for hot tap water in
the building. When the solar radiation has ceased the chemical heat pump is
discharged and thereby the reactor part is heated, whereas the
evaporator/condenser part becomes colder. Cooled heat carrying medium from

the evaporator/condenser part is lead fo the cooling system 53 of the building.

[0069] Advantages of the herein described thermal solar panel comprising a
chemical heat pump compared to a separate solar panel and a separate

chemical heat pump include but is not limited to one or several of the following:
[0070] No heat pump is needed indoors.

[0071] The system is able to disiribute heat and cooling through air instead of

liquid. This leads to lower costs for the system and fewer interruptions.

[0072] The entire capacity of the chemical heat pump is utilized, when it in the
middle of the day is necessary to receive the peak effect from the sun, i.e. when
storage of energy is needed at most. When cooling is produced during the night

it is produced when it is easiest during the coldest time of the night and with the
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entire capacity of the chemical heat pump, which gives a better COP for cooling

and during charging and discharging a smaller device can be utilized.

[0073] A combined solar panel and chemical heat pump reduces the

consumption of expensive materials.

[0074) Heat losses are reduced to a minimum when the solar energy does not

have to be transported in a system of conduits.

[0075] With smaller heat losses the system can be run with a higher
temperature of the heat sink, which means: i) expensive parts of the system of
conduits can be removed since it is not necessary to pump the hot solar panel
water. ii} The heat sink can be infegrated in the solar panel, whereby the need
for installation of cooling towers and drilled holes is reduced. iii) Low cost for the
required electrical energy due to reduced need for pumps. iv) The extremely
small losses make it possible fo run the system at a higher temperature. v)
Quality cooling with production of ice during the summer. vi) Quality heat when
the condenser produces usable hot tap water. Instead of as today use pre-
heating of the hot tap water, the hot tap water can be directly heated, which
simplifies the system. vii) Quality heat during the winter when heat for the first
time can be produced during all hours even if the outdoor temperature is below

0°C. No other accumulation of heat is necessary.

[0076] The system can be freely dimensioned according to the need of the end
user, from one solar panel to thousands of solar panels for an apartment, a
detached house, a hotel, an office, an industry. The system is completely

modular and only one type of end product has to be manufactured.

[0077] While specific embodiments of the invention have been shown and
described, it must be realized that a plurality of other embodiments are

encompassed and that further advantages, modifications and changes are
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obvious for a skilled person without departing from the idea and scope of the
invention. Thus the invention it its wider aspects is not limited to the specific
details, representative devices and examples shown and described here. In
accordance therewith various modifications may be made without departing
from the idea or the scope of the general inventive concept defined by the
appended claims and equi\'/alents thereof. It must be realized that the appended
claims are meant to encompass all such modifications and changes falling within

the true idea and concept of the invention.
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