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Heating and Cooling System and Method

Field of the invention

The present invention relates to a building, and its components and to methods of
heating and/or cooling a building. It will be convenient to describe the preferred
embodiment in connection with heating and cooling high rise buildings, of the type that
include a plurality of buildings units in their construction, but the present invention

should not be considered to be limited to that exemplary application.

Background of the invention

Most modern buildings employ some form of heating or cooling to keep the interibr
spaées of the building at a temperature that is suitable for the building's use. Typically
this involves Ykeeping the building’s occupants comfortable. However, heating and
cooli'ng of buildings, especially high rise buildings, can use large amounts of energy and

requires complex equipment.

One of the first central heating schemes was the ancient Roman system termed a
“hypocaﬁst”. which involved burning a fire to generate heat and passing the combustion
products (e.g. flue gasses and smoke) of the fire underneath a floor of a room and then
up a series of chimneys built into the walls of the rogﬁm, thereby heating the walls of the
room. These systems requires specialised floor structures and wall configurations, had |
no ability to vary the temperature of the heating achieved, and could not additionally
perform cooling. '

Modern buildings often use forced air heating and cooling which have ventilation ducts
that are coupled to heating and/or cooling systems, to force air of a desired temperature
into a room. Such systems are typically referred to as heating, ventilation and air
conditioning systems (HVAC systems). | _

Other heating solutions also exist, for example, water based systems such as hydronic
or steam heating systems that circulate heated water through a network of pipes

through one or more radiators located at selected positions in the building. As the hot
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fluid is circulated around the system, heat radiates into the room being heated via the

radiators thereby warming them.

In some instances, typically residential, underfioor or in-floor heating can be used.
These systems typically include a mesh or grid of either pipes circulating water or
electrical heating elements within or under a floor. These systems are typically quite
energy efficient and operate at low temperatures. However, they have significant
disadvantage in the case that maintenance needs to be carried out on some part of the
heating system which is embedded in the floor. |

As an alternative to these systems, particularly in residential applications where
individual dwellings may require full control over their own heating and cooling
requirements, heating and cooling 'ma'y be performed on a residence by residence
basis. .For example, reverse cycle air conditioning may be fitted to each individual unit
or residence in a residential high rise building. This allows the occupants to control their
own heating and cooling. However, each individual residence has the burden of
maintaining their system, and high energy efficiency of. each system in a building may

not be attained.

Accordingly, it would be advantageous to provide an alternative heating and cooling

arrangement for use in buildings.

Reference to any prior art in the speciﬁcatic;n is not, and should not bé taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common
general knowledge in Australia or any other jurisdiction or that this prior art could
reasonably be expected to be ascertained, understood and regarded as relevant by a

person skilled in the art.

Summary of the invention

The present disclosure describes a building including: an interior volume defined by a
floor, ceiling and at least one wall, an air circulation zone, outside the interior volume;

and means to conduct heat between the interior volume and the air circulation zone.
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In one aspect there is provided a building including two or more building units, the
building units including structure defining at least one room having an interior volume;
an external envelope defining an outside of the building, and an air circulation zone,
within the envelope, that is separate from the interior volume. At least part of the
structure defining at least one room is configured to transmit heat between the room'’s
interior volume and the air circulation zone. The building also includes a mechanism
configured to heat and/or cool the air circulation zone to control the temperature in the

internal volume by heating and/or cooling the structure defining the rooms.

. Preferably at least part of one of the floor, ceiling or wall has a relatively high heat

conductivity to enhance heat conduction between the interior volume and the air

cifculation zone.

Most preferably the building additionally includes means for controlling the temperature
of air in the air circulation zone. The mechanism for heating and/or cooling the air
circulation zone can be an air heater or air cooler. Heating and codling can be
performed by any practical means, these can be active heating, such as: electrical;
combustion based heating; passive heating such as solar, geothermal heating or the
like. Similarly cooling can be active; (refrigeration); or passive (e.g. circulation of a

cooling fluid through a cool body of water etc.)

In preferred embodiments heating and/or cooling is not performed by air exchange

between the air circulation zone and the interior volume of the room.

The air circulation zone can have air flow control means, for example, one or more fans,
blowers, louvers, diffusers, diverters, baffles, seals, or other active or passive flow

control devices etc, to control circulation of air in the zone.

In some embodiments the means to conduct heat between the interior volume and the
air circulation zone will simply be a portion of a wall, floor or ceiling separating the
interior volume and the air circulation zone. In this case the portion of a wall can have
heat conduction properties chosen to conduct heat at a predetermined rate or to store

heat. For example the heat conduction region can include a phase change material or
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other heat storage device. Such embodiments can be advantageous in stabilising the

internal temperature of the interior of the room.

The building units may be assembled from pre-fabricated sub-assemblies or preferably
are prefabricated. Prefabricated units may, or may not require on-site finishing, fit-out,
or like processes to complete the building.

The building preferably includes an insulating structure located outwardly from the air
circulation zone and adapted to thermally insulate the air in the air circulation zone. The
insulating structure or envelope can be formed at least in part by an external wall of the
building.

The structure defining the external envelope of the building can be spaced from the
structure defining at least one room to define a part of an air circulation zone of the

building.

Preferably the building can be constructed from a plurality of building units, wherein
each building unit defines a respective portion of the interior volume of the building.
One or more building units can include an external wall structure spaced apart from an
internal wall thereof to thereby define a portion of building’'s envelope and air circulation
zone. The building units can be located within the building such that gaps between

each building unit exist, and which can form part of the circulation zone.

The, air circulation zone can be coupled to one or more ducts, pipes or other air flow

control devices that are outside the envelope of the building,

In another aspect there is provided, a building including: an external envelope; at least
one room having by a ﬂpor, ceiling and at least one wall defining an interior volume. At
least part of the floor, ceiling and/or wall is spaced apart from the external envelope of
the building and defines a gap therebetween in which air can circulate. The building
includes a heat conducting structure adapted to conduct heat between air in a gap and
the interior volume of the room. Preferably the building is constructed from a plurality of
building units positioned in a predetermined manner. The building units can be arranged
such that a gap is provided between adjacent building units. The gaps can extend such
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that it forms a contiguous air circulation zone comprising similar gaps between adjacent

building units and/or the external envelope of the building.

The external envelope of the building can be formed by the fagade of the building.
Preferably the envelope is largely sealed to minimise or prevent air leakage from the air

circulation zone. Most preferably air is recirculated through said air circulation zone.

Most preferably the building additionally includes means for controlling the temperature

of air in the air circulation zone. The means for controlling the temperature of air can be

- an air heater or air cooler. Heating and cooling can be performed by any practical

means as discussed above.

It is also preferable that no air is exchanged between the air circulation zone and the

interior volume of the room.

In some embodiments the heat conducting structure can be at least a portion of a wall,
floor or ceiling separating the interior volume and said gap. In this case the portion of a

wall, floor or ceiling can have heat conduction properties chosen to conduct heat at a

‘predetermined rate or to store heat. For example the heat conducting structure can

include a phase change material or other heat storage device. Such embodiments can
be advantageous in stabilising the internal temperature of the interior of the room. The

structure can be a wall of the room or building unit.

The buildings can be formed by a self supporting building unit. The building can include
a plurality of interconnected building units.

In another aspect there is provided a method of adjusting the temperature of a room
including: circulating air through a zone abutting the room such that heat is transferred
between air within the room and the circulating air. The method can include: heating
and/or cooling the circulating air. In some embodiments the method includes
recirculating the air through a heating and/or cooling system to control the temperature

of the circulated air.
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Preferably the method includes maintaining separation between air within the room and

the circulating air.

Ina further aspect the present invention provides a panel structure for a building unit.
The panel structure has first and second surfaces and includes; at least one structural

layer; at least one sound insulating layer; and at least one heat transmission path
between the first and second surfaces.

Preferably the sound insulating layer has a high thermal conductivity. Preferably the

sound insulating layer provides an insulating effect using constrained layer damping.

A structural layer and sound insulating layer can form adjacent layers in the structure.
Alternatively one or more additional layers can lie between the structural layer and

sound insulating layer.

The structural layer can include a metal or other rigid sheet-like skin. It can also include

structural bracing elements, e.g. purlins or the like.

Preferably the metal skin is sheet like and structurally self supporting. It can additionally
be formed with corrugations, ridges or other forms to increase rigidity. Preferably the

structural layer is the outermost layer of the structure.

Preferably the layers of the panel structure are bonded together, e.g. using an adhesive,
welding or the like. Some layers can be mechanically attached to other layers, e.g.

using screws, rivets etc.

The panel structure can include an internal lining Iayér having one surface that defines

one of the first or second surfaces of the panel structure.

Preferably the structural layer is highly thermally conductive. To achieve this it can be
made from metal. The sound insulating layer can be a polymer layer, e.g a visco-elastic
membrane. The internal lining can be, for example, formed of plaster board, plywood or

other suitable sheet like material for lining an interior surface of a building.
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The panel structure can additionally include a heat absorption layer. For example a

layer capable of storing heat, such as a layer including a phase change material.

'The panel structure can be formed in discrete panel segments, or aiternatively formed

continuously.

The panel structure can comprise a portion of any one or more of a floor, ceiling or wall

of a building unit.

The heat transmission path between the first and second surfaces can be provided by
transferring heat through the layers of the panel structure. Alternatively one or more
thermal transmissive elements can be included in the panel structure to transfer heat
from one surface (or adjacent one surface) thereof to the other. The thermally
transmissive elements can be conductive elements that substantially traverse the

thickness of the panel structure.

The invention also provides a building unit including any one or a wall, floor or roof that

includes a portion formed from a panel structure as described herein.

The invention aiso provides a building inclu‘ding: at least one room, said room being
defined by at least a floor and one or more surfaces, wherein at least part of said floor

and one or more surfaces being formed from a panel structure as described herein.

The building can further include an air circulation zone air outside the room, but inside
the building in which air is circulated such that is transferred through the panel structure
between air in the room and the circulating air to thereby regulate the temperature of the

air in the room.

As used herein, except where the context requires otherwise, the term "comprise" and

variations of the term, such as "comprising”, "comprises" and "comprised"”, are not

intended to exclude further additives, components, integers or steps.
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Brief description of the drawings / figures

Itustrative embodiments of the present invention will now be described by way of non-
"limiting example only, with reference to the accompanying drawings, in which:

Figure 1 shows a simplified embodiment of the present invention, implemented in

5 a one room building;

Figure 2 shows a schematic illustration of a second building made in accordance

with an embodiment of the present invention;

~ Figure 3 shows a further embodiment of the present invention in a three storey
building;

10 Figure 4 illustrates an exemplary wall construction usable in a building unit
assembly in an embodiment of the present invention;

Figure § illustrates cut-away view through a junction between four units of the
type illustrated in Figure 4,

Figure 6A shows a schematic side view of further embodiment of the present

15 ~invention in a three storey building; and

Figure 6B shows a schematic top view of the building of figure 6A.

Detailed description of the embodiments

The applicant's earlier filed International patent application PCT/AU2009/001236
describes a system and method for constructing a building made from a plurality of
20 building unit assemblies. These building unit assemblies essentially comprise a self
supporting pre-fabricated building unit which comprises a floor, walls and roof which
together define an interior space of the building. Each building unit has one or more
structural support frame segments attached to it. These building unit assemblies can be
joined together in various different ways to form a building, for example, high rise

25 buildings can be constructed by stacking a plurality of building unit assemblies on top of
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one another such that vertically aligned structural frame segments are aligned and
connected the structural frame segments of an adjacent assembly to form the structural
frame of the building. Typically, when a building is constructed in accordance with our
earlier patent application a column zone is defined around each of the building units.
This column zone typically extends throughout the whole building to provide a network
of interconnected voids. For example, column zones occur horizontally between storeys
and vertically between horizontally neighbouring aligned building units. The present
inventor has identified that these column zones can be used to provide central heating
and or cooling to the interior of the building units within the building by circulating
temperature controlled air through them. Heat can be transferred into and/or out of the
interior of the building units through part (or all) of the walls, floor and/or ceiling of the
building units. Such a system can thus heat and/or cool the occupied space of the

building through its structure simply and comfortably.

Figure 1 illustrates a simplified building that illustrates this principle of operation. Figure
1 illustrates a building 100 having in'it a first wall 102 which defines an interior volume
104 of the building 100. A second wall 106 is also provided to define an exterior
envelope of the building. Between the interior wall 102 énd the exterior wall 106 a
cavity or gap 108 is defined which forms an air circulation zone. The building 100 is
also provided with a heating and/or cooling system 110 which is used to heat or cool air
which is passed through the cavity 108. Optionally, an air circulation fan 112 can be
provided in the cavity 108 to re-circulate the heating or cooling air around the cavity
108.

Prefefably, the internal wall and external wall are of different construction and the
internal wall 102 of the building 100 is constructed such that it has a high thermal
conductivity or high ability to store heat (such as can be achieved with a phase change
material) to thereby efficiently exchange heat between the internal volume 104 of the
building and the air circulating in the cavity 108. It is also preferable that the external
wall 106 is well insulated to prevent heat exchange between the environment and the
air in the cavity. In the embodiment illustrated in Figure 1, the air in the cavity 108 is
recirculated through the heating and cooling system 110 to rhaintain temperature of the

heating and cooling air.
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Heating and cooling of the air can be performed in any practical manner. For example
cooling can be performed using mechanisms including, but not limited to, refrigeration,
evaporative cooling, heat exchange with a passively cooled fluid, thermoelectric cooling
etc.. Heating can also be performed using a wide variety of mechanisms including, but
not limited to, combustion of a fuel such as gas, oil, coal, wood; solar heating;

geothermal heating etc.

In an example residential implementation, in winter (or in areas with low external
temperature) the interior of the building units will have a desired temperature of between
16 and 20 degrees Celsius. To achieve this, air circulating in the cavity will typically
need to be heated to a temperature between 30 and 60 degrees Celsius. In summer (or
in areas with high external temperature) the interior of the building units will have a
desired temperature between 21 and 26 degrees Celsius. To achieve this air circulating
in the cavity will typically need to be cooled to a temperature between 7 and 11 degrees
Celsius. Some local heating or cooling can additionally be used byA occupants to further
adjust the temperature of the unit to their requirements. Other temperature ranges can
also be used depending on the implementation, external temperature, heat storage

properties of materials, heat conduction properties and other factors.

In this embodiment, by circulating air around the cavity and transferring heat through the
surfaces of the building unit, the entire interior surface effectively becomes a radiator for

the heat (either into or out of the interior of the building unit).

Figure 2 illustrates a more pomplex embodiment of the present invention. In this
embodiment, the building 200 includes a plurality of building units 202,204,206 through
to 218. The building units 202 through to 218 are arranged in three levels 220 to 224.
Between horizontally adjacent building units e.g. 202 and 204, 208 and 210, 214 and
216 there is a vertically extending column zone e.g. 230. Between vertically adjacent
building units e.g. building unit 202 and building unit 208, unit 204 and unit 210, unit 206
and unit 212 there is a horizontally extending zone 232. As in the previous
embodiment, a heating and/or cooling device 234 is provided. Flow control devices are
also provided within the column zones, e.g. air circulation means, e.g. in the form of
fans 242, 244, 246 and 248.
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In this embodiment, the outer envelope of the building e.g. 250, which will generally
comprise the fagade of the building, its foundations or lower floor and its roof, is
substantially sealed and defines a volume within the building. The inhabitable interior
volume of the building units 202 through to 218 are defined by their respective walls,
floor and ceiling. Thus defining an air circulation zone through the network of column
zones 230, 232 into which heating and/or cooling air can be provided in the manner
described above.

As described in the previous embodiment, the thermal properties of the walls of the
individual building units e.g. 202 are chosen carefully to provide the desired level of heat
exchange of between the interior of the building units and the heating or cooling air
circulating within the spaces 230,232, without mixing of air between them.

" Figure 3 shows a more detailed embodiment of a multistorey building made in

accordance with the present inveqtion. In this example, the building illustrated 300 is
conétructed in accordance with our earlier filed PCT application (PCT/AU2009/001236).
In this regard, the building 300 is comprised of a plurality of building unit assemblies e.g.
302. Building unit assemblies 302 include a building unit 304 and a plurality of
associated structural frame segments 306 and 308. Building unit assemblies which are
on the outside of the building have fagade elements e.g. fagade segment 310, mounted
to them. The top side of the building 300 is also provided with a roof which may
additionally be formed in segments attached to the building units or formed separately
to the building unit assemblies. As is illustrated,‘ a building unit assembly which is on a

corner of a building will include facade ségments on two or more sides. An example of

-this is shown in building unit 312 which has a forward facing fagade e.g. 314 which has

three windows and a sidewards fagade element 316 which is shown only in side view.

The building unit assemblies 304 to 304D are stacked on top of one another such that
their- structural frame segments are aligned and support the building. Using this
construction technique, column zones e.g. zone 320, are provided between
neighbouring building units (e.g. 304 and building unit 304a). Similarly, horizontally
extending column zones e.g. 322 exist between vertically adjacent building units such
as building unit 304 and building unit 304b. In practice, the facade segments of the
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building will be produced with a small gap e.g. 10mm between them to allow for
manufacturing tolerances. These gaps are sealed e.g. with a flexible and/or
compressible seal attached to the fagade segments or by sealing with a sealing
compound after positioning of the building unit units. These seals e.g. 324 prevent air
leakage through the gaps between neighbouring fagade elements 310,310a to provide a
sealed outer perimeter of the building 300. In this preferred en‘wbodiment,‘the fagade
units 310 are preferably made using an insulated system, for example, aluminium
framed and glazed assemblies, composite aluminium, glass reinforced concrete or fibre

cement panels, precast concrete, timber or folded metal cladding.

To better control air flow paths around the column zones 320 and 322 seals can also be
located within the column zones between neighbouring building units. In this example,
seals 326 and 328 are provided between pairs of vertically adjacent building units 304a
and 304b, 304c and 304d. Similar seals e.g. 334 and respectively, can be provided
between the outer ceiling of building unit 304a and its corresponding roof segment 330
and between the outer floor of building unit 304d and a corresponding section of either
floor or foundafion of the building 332. Seals 334 and 336 also control air flow around

the column zones of the building.

The building 300 is additionally provided with a heating or cooling system 340 to provide
hot and/or cold air into the column zones 320,322 and air circulating fans 342 to
circulate the air through the column zones. In use, the fan 342 will circulate air around
the column zones as defined by arrows 344a, b and c. Air does not flow into the coll.imn
zones between vertically adjacent building units 304a, 304c and 304d or above and
below building units 304a and 304b respectively due to the position of seals

| 326,328,334 and 336. Thus it can be considered that building units 304,304b and 304e

are predominately heated and/or cooled by active circulation around its outside whereas
other than the sidewalls of building units 304a,304c and 304d, paésive heating and
cooling needs to take place as no air is circulated past their ceilings or floors. Of
course, different air flow patterns can be implemented with or without the use of seals.
It ié also possible to put active ventilation controls such as a controllable louvers,
additional fans or other airflow control devices at any point within the column zones to

achieve a desired air flow pattern.
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Figure 4 shows a cross-sectional view through one side of a building unit which can
advantageously be used in an embodiment of the present invention. As will be
appreciated the other side of the building unit will be of the same construction. The

construction of the building unit illustrated in Figure 4 can provide good thermal contact

between air circulation zone in which heating or cooling air is circulated, and the interior

of the building unit. Moreover, the construction illustrated in Figure 4 provides good
acoustic isolation between the outside of the building uni't and its inside, thus facilitating
good sound isolation between units in buildings constructed of muitiple building units.
High fire ratings for these building units may additionally be achieved.

In Figure 4 there is shown cross sectional view through a portion of the side wall, floor
and ceiling of a building unit. The building unit 400 includes three main sub-assemblies
namely, a wall assembly 402, a roof assembly 404 and flor assembly 406. These

assemblies are generally of a layered construction and include a structural layer (e.g. a

_layer including an relatively strong skin and possibly also separate structural supporting

elements), and one or more lining layers. The structural layer is typically on the external
side of the panel, but need not be.

The wall assembly 402 is formed from a panel structure that includes:

A top and bottom angle section 408 and 410, which extend longitudinally for
substantially the whole length of the building unit 400. The angle sections 408 and 410
can be made from 3mm or 4mm steel.

An outer metal skin 412, which can be made from, e.g. 1.8mm sheet steel, and is
welded along its top and bottom edges to the angles 408 and 410.

A plurality of ribs 414 spaced along the length of the building unit 400. These ribs can
be e.g. 75mm Z-purlins set at 400mm centres along the length of the building unit 400
and welded to the sheet 412 and angles 408 and 410. ‘

An inner wall lining 41‘6, which can be made from 13 or 16 mm plasterboard or like
material that is glued to the inner wall of the outer skin 412. Advantageously the wall

lining 416 is fire rated and bonded to the skin 412. A sound insulating material is
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applied between the wall lining and skin to achieve the acoustic requirements, e.g.
through a system of constrained layer damping. Most preferably, this layer is also
thermally conductive to assist in heat transfer through the structure. Additionally, phase
change material can be incorporated into the panel structure, e.g. as an additional layer
or incorporated into the plaster board etc. to store heat for later dissipation either into
the interior of the unit or circulating air.

The roof assembly 404 is a similar panel structure to the wall and includes:

A longitudinally extending angle section 418, which extend longitudinally 'for
substantially the whole length of the roof assembly 404. The angle section 418 can be
made from 3mm or 4mm steel.

An outer metal skin 420, which can be made from, e.g. 1.6mm sheet steel, and is
welded along its longitudinal edges to the angles 418.

A plurality of ribs 422 spaced along the length of the building unit 400. These ribs can

be e.g. 100mm Z-purlins set at 600mm centres along the length of the building unit 400
that are welded to the sheet 420 and angle 418.

The ceiling of the roof structure, is lined on its inside e.g. with one or more layers of 13
or 16mm plasterboard 424. The Iihing can be mechanically fastened to the inside of the

ceiling with fasteners, e.g. screws or the like. Typically these will need to be attached
after assembly of the building unit.

The floor assembly 406 is of similar construction to the roof assembly 404, and
includes:

A longitudinally extending angle section 426, which extends for substantially the whole
length of the floor assembly 406. The angle section 426 can be made from 3mm or

4mm steel.

An outer metal skin 428, which, for example, can be made from 1.6mm sheet steel, and

is welded along its longitudinal edges to the angles 246.
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A plurality of ribs 430 spaced along the length of the building unit 400. These ribs 430
can be e.g. 200mm Z-purlins set at 600mm centres along the length of the building unit

- 400 and welded to the sheet 428 and angle 426.

The inside floor of the assembly can be formed from a suitable sheet material 432,
which can be a sheet of 22mm particleboard, and attached in a suitable manner, e.g. by
gluing to the purlins with adhesive or mechanical fastening.

The panel structures described herein can either be formed in discrete panels
segments and assembled to form the respective wall, floor or roof assembly, or formed
continuously. Moreover the floor and roof panel structure can also include an acoustic

isolation layer to further reduce transmission of sound through these panels.

As previously discussed, the building units form part of a building unit assembly and
also include structural support segments in the form of externally mounted columns (not
shown on this diagram) which structurally support the building unit.

Figure 5 shows a partial cross-sectional view through the neighbouring corners of four
building units of the type illustrated in Figure 4. On the right hand side of figure 5 there
is illustrated a vertically aligned pair of building units “Unit 1" and “Unit 2" which are
shown in solid lines. A laterally adjacent pair of vertically aligned building units “Unit 3"
and “Unit 4" are illustrated in dotted lines. The structural frame segments of the building -
unit assemblies are not illustrated for clarity.

In this arrangement the building unit assemblies, Units 1 to 4, are positioned such that -
there is a column zone entirely surrounding them from each of their neighbours. This
gap is assured in construction using the techniques described in our earlier PCT patent
application. In this example a 25mm zone 501 extends laterally between the building
unit assemblies forming neighbouring storeys of the building. A vertically extending
column zone 502 is provided between horizontally neighbouring building unit
assemblies. This gap is 20mm when measured between the external wall purlins (414
from figure 4) of neighbouring building unit assemblies, but is larger (170mm) when the
purlin depth is considered.
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Flow control structures, in the form of seals can be placed between adjacent building
units to define the air circulation zone. For example a vertically extending seal can be
placed between the columns of neighbouring units, or directly between its walls.
Similarly, a horizontally extending seals can be positioned between vertically adjacent

units.

Figure 6A and 6B illustrate another embodiment of the present invention, in side and top
view respectively. In this embodiment, the building 600 includes a plurality of building
units 602 and 602.1 to 618 and 618.1. The building units are arranged vertically in

three levels, and horizontally in two rows.

Between horizontally adjacent building units e.g. 602 and 604, 608 and 610, 614 and
616 there is a vertically extending column zone e.g. 630. Between vertically adjacent
building units e.g. building unit 602 and building unit 608, unit 604 and unit 610, unit 606
and unit 612 there is a horizontally extending zone 632. As in the previous
embodiment, a heating and/or cooling device 634 is provided. Flow control devices are
also provided within the column zones, e.g. air circulation means, e.g. in the form of
fans 644 and 648.

In this embodiment, the outer envelope of the building e.g. 648, which is generally
defined by its fagade does not define part of the air circulation zone. Instead the building
contains a series of seals 660 to 670 extending vertically between horizontally adjacent
units that assist in defining the air circulation zone, and a series of horizontally
extending seals 650 between the building units of neighbouring storeys. In effect the
seals 650 and 660 to 670 restrict the air circulation zone to the network of column zones
630, 632 between building units. means that only the internal walls of the units 602,
602.1 to 616 to 616.1 are used for heating and/or cooling the internal volume of the

units.

As described in the previous paragraphs, as heating or cooling air circulates through the
column zones heat will be transferred to, or from, the interior of the building unit through
its walls, floor and ceiling. The interior of the room is thus heated by either connection

or radiating heat into the room. Or alternatively, heat is transferred out to the column
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zones by conversion or radiation to cool the roo‘m. As noted above, the construction of
the building units illustrated in Figure 4 can provide good thermal contact between
heating and cooling air circulating in the column zones in and the interior of the building
units. Moreover, the construction illustrated in Figure 4 and air gap provided by the
column zones between neighbouring building units provides good acoustic isolation
between neighbouring building units. High fire ra{ings for these building units may
additionally be achieved.

It will be understood that the invention disclosed and defined in this specification
extends to all alternative combinations of two or more of the individual features
mentioned or evident from the text or drawings. All of these different combinations

constitute various alternative aspects of the invention.
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The claims defining the invention are as follows:
1. A building including:

two or more building units, the building units including structure defining at least

one room having an interior volume;

an external envelope defining an outside of the building; and an air circulation
zone, within the envelope, that is separate from the interior. volume, wherein at least
part of the structure defining at least one room is configured to transmit heat between

the room'’s interior volume and the air circulation zone; and

a nﬁechanism configured to heat and/or cool the air circulation zone to control the

temperature in the internal volume by heating and/or cooling the structure defining the

rooms.

2. A buildihg as claimed in claim 1 which further includes heating or cooling means
to control the temperature of air in the air circulation zone.

3. A building as claimed in any one of the preceding claims wherein there is no
exchange of air between the interior volume and the air circulation zone.

4. A building as claimed in any one of the preceding claims wherein at least one of
said building units includes a fagade structure carried on an outside thereof, said fagade

structure forming a portion of the external envelope of the building in use.

5. A building as claimed in any one of the preceding claims wherein the external
envelope is insulated to minimise heat exchange between air in the air circulation zone

and an external environment.

6. A building as claimed in any one of the preceding claims, which further includes a

flow control system to control the air flow within the air circulation zone.
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7. A panel structure for a modular building unit, said panel structure having first and

second surfaces and including;

at least one structural layer,;

at least one sound insulating layer; and

at least one heat transmiss‘ion péth between the first and second surfaces.

8. A panel structure as claimed in claim 7 wherein either or both of the sound

insulating layer and structural layer has a high thermal conductivity.

9. A panel structure as claimed: in either of claims 7 or 8wherein the sound

insulating layer provides a sound insulating effect using constrained layer damping.

10. . A panel structure as claimed in any one of claims 7 to 9 wherein the structural

layer and sound insulating layer form adjacent layers in the panel structure.

11. A panel structure as claimed in any one of claims 7 to 10 wherein one or more

additional layers lie between the structural layer and sound insulating layer.

12. A panel structure as claimed in any one of claims 7 to 11wherein the structural
layer includes a metal skin.

13. A panel structure as claimed in any one of claims 7 to 12wherein the structural
layer includes structural bracing elements.

14. A panel structure as claimed in either one of claims 12 or 13wherein the metal

skin is sheet-like and structurally self supporting.

15. A panel structure as claimed in either one of claims 12 or 14 wherein the metal

skin includes corrugations, ridges or other forms to provide rigidity to the metal skin.
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16. A panel structure as claimed in any one of claims 7 to 15 wherein the layers of

the panel structure are bonded or mechanically fixed to other layers.

17. A panel structure as claimed in any one of claims 7 to 16 wherein the panel

structure additionally includes a heat absorption layer.

18. A panel structure as claimed in claim 17 wherein the heat absorption layer

includes a phase-change material.

19. A panel structure as claimed in-any one of claims 7 to 18 wherein the panel

“structure comprises a portion of any one or more of a floor, ceiling or wall of a pre-

fabricated building unit.

20. A building as claimed in any one of claims 1 to 6 wherein at least a portion of the
structure defining at least one room is formed from a panel structure as claimed in any

one of claims 7 to 19.

21. A method of adjusting the temperature of a room forming part of a building as

claimed in any one of claims 1 to 7, the method including:

circulating air through an air circulation zone abutting the room such that heat is

transferred between air within the room and the circulating air.

22. A method as claimed in claim 21 wherein the method includes:
heating and/or cooling the circulating air.

23. A method as claimed in either of claims 21 or 22 which includes:

recirculating the air through a heating and/or cooling system to control the temperature

of the circulated air.
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24. A building as claimed in any one of claims 1 to 6 wherein a structure defining the
external envelope of the building is spaced from the structure defining at least one room

to at least partially define the air circulation zone of the building.
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