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(54) Ventilation control

(57) A method and a controller for a ventilation ar-
rangement, including a sensor associated with a photo-
voltaic arrangement to determine an optimum I-�V value
as an indicator of available electrical power at the pho-
tovoltaic arrangement due to current irridescent level pre-
sented to the photovoltaic arrangement, the sensor de-

vice providing a signal indicative of optimum I-�V value to
an adjustor for a fan, the adjustor coupled to the fan to
enable adjustment of the fan normally in terms of elec-
trical load to limit demand to no more than the optimum
I-�V value of the photovoltaic arrangement determined by
the sensor.
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Description

�[0001] The present invention relates to ventilation con-
trol and more particularly to ventilation control where a
fan is utilised to provide forced air within a ventilation
system and the fan is driven by a power source of variable
optimised capacity.
�[0002] Ventilation within buildings is important not only
for occupant comfort but also to ensure a safe environ-
ment is maintained. Ventilation can be generally passive
in which appropriate ducts are provided with external
grilles and internal vents to allow natural ingress and
egress of air flows dependent upon temperature differ-
entials and natural air stimulation through incident wind
external to a building, occupant movements or natural
stratification within a building.
�[0003] Such passive ventilation systems have advan-
tages with respect to energy conservation and carbon
emission environmental considerations. However, pas-
sive ventilation systems are limited in terms of their ad-
justability and capacity so more recently wind- �catcher
roof mounted ventilation turrets have been utilised in or-
der to make best use of external wind flows to stimulate
air movements through the ventilation system and, there-
fore, improve ventilation within a building. Nevertheless,
such enhanced passive ventilation systems are still de-
pendent upon unpredictable natural wind movements to
enhance the ventilation capacity.
�[0004] It is known to incorporate electric motor driven
fans to create forced air movements within a ventilation
system. It is proposed to combine such electric motor
powered fans with a photovoltaic arrangement in order
to provide electrical power to drive a fan within a venti-
lation system which, in accordance with the desired ap-
proach, will be substantially effective in enhancing pas-
sive or wind- �catcher ventilation mode. The fan will most
advantageously be used as a means of supplementing
forced air flow through the ventilation system to increase
the range of operability for different building sizes, tem-
perature differentials and other variables.
�[0005] The electrical characteristics of photovoltaic ar-
rangements generally vary in terms of the current and
voltage available (I and V) dependent upon irradiance
and the applied load. Therefore, the potential electrical
energy to be utilised by an electric motor in order to drive
a fan will also vary. This arrangement is considered to
be non-�optimised. An I- �V curve can be drawn for a pho-
tovoltaic arrangement at a given level of irradiance, on
which a value point can be found which gives the highest
product of amperage and voltage. This is the optimum
point of operation for the photovoltaic arrangement at
that given irradiance level, from which any deviation will
result in non-�optimised operation.
�[0006] It will be understood that operating ventilation
systems in optimised conditions is desirable in order to
maximise the level of energy conservation as well as en-
vironmental impact considerations.
�[0007] Additionally it may be desirable to operate a fan

at a different voltage level than that produced by the pho-
tovoltaic arrangement. In this case a power converter
can be used to boost the voltage. A power converter usu-
ally requires a threshold of power to be available before
it is activated. If the fan is already running this will create
a sudden increase in voltage which will cause more cur-
rent to be drawn and an excess of current will be drawn
from the photovoltaic array, causing the voltage to drop.
This will cause the optimum power point to be lost, re-
ducing the available power and possibly causing damage
to equipment.
�[0008] In accordance with certain aspects of the
present invention, there is provided a method of control-
ling a ventilation arrangement having a fan and a photo-
voltaic arrangement, the method comprising

(a) determining an optimum I-�V value as an indicator
of available electrical power at the photovoltaic ar-
rangement with a present level of irradiance to the
photovoltaic arrangement; and
(b) adjusting the fan to limit the optimum I- �V value
which is represented as an electrical load deter-
mined for the photovoltaic arrangement, normally in
terms of electrical load characteristics of the fan.

�[0009] Also in accordance with certain aspects of the
present invention there is provided a controller for a ven-
tilation arrangement, the controller including a sensor as-
sociated with a photovoltaic arrangement to determine
an optimum I-�V value as an indicator of available electri-
cal power at the photovoltaic arrangement due to current
irridescent level presented to the photovoltaic arrange-
ment, the sensor device providing a signal indicative of
optimum I-�V value to an adjustor for a fan, the adjustor
coupled to the fan to enable adjustment of the fan nor-
mally in terms of electrical load to limit demand to no
more than the optimum I-�V value of the photovoltaic ar-
rangement determined by the sensor.
�[0010] Generally, there is a power conversion or con-
verter to convert the electrical voltage of the electrical
power from the photovoltaic arrangement.
�[0011] Typically, the optimum I- �V value of the fan is
matched with the optimum I-�V value of the photovoltaic
arrangement.
�[0012] Typically, the optimum I-�V value is determined
using a maximum power point tracking (MPPT) device.
�[0013] Typically, the controller or the method will alter
the electrical load characteristics of the fan by causing a
commutation pattern of a motor to drive the fan to be
changed.
�[0014] Generally, the controller or the method is ar-
ranged to define an operational threshold and a power
conversion threshold for the available electrical power at
the photovoltaic arrangement.
�[0015] Typically, when the available electrical power
at the photovoltaic arrangement is above the operational
threshold defined by the controller but below the power
conversion threshold, the fan is connected directly to the
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photovoltaic arrangement without adjusting the fan to
match the optimum I-�V value.
�[0016] Optionally, the controller or the method may al-
so adjust the electrical characteristics of the fan using
the methods described below in order to prevent the pho-
tovoltaic arrangement from deviating from its optimum I-
V value.
�[0017] Typically, when the available electrical power
increases to above the power conversion threshold, the
power converter is engaged to adjust the voltage pre-
sented to the fan. Advantageously, to prevent the fan
from suddenly drawing excess electrical current which
may cause the photovoltaic array to deviate from its op-
timum I-�V point, the controller causes the electrical load
of the fan to be adjusted using the methods described
below. This adjustment of the electrical load is continued
for as long as the power conversion threshold is exceed-
ed.
�[0018] Typically, the power converter is only active
when the power conversion threshold is above the oper-
ational threshold.
�[0019] If the available electrical power Is below the op-
erational threshold then the fan is rendered non-�opera-
tive and the controller or the method continues to monitor
the available electrical power in term of the I-�V value at
the photovoltaic arrangement.
�[0020] Typically, the controller or the method is ar-
ranged to periodically determine of the optimum I-�V point
at the photovoltaic arrangement.
�[0021] Typically, the method or the controller operates
whereby the fan is adjusted in terms of electrical load.
Power transmitted to the fan is determined prior to fan
adjustment and after fan adjustment so that if a higher
value of transmitted electrical power is determined after
the fan is adjusted then the fan’s electrical load is adjust-
ed again in the same direction whilst if a lower value of
transmitted electrical power is determined after the fan
is adjusted then the fan’s electrical load is adjusted in the
opposite direction. Typically the method involves incre-
mental adjustments in the electrical load which will iter-
atively arrive at the optimum point on the I-�V curve, and
hence enable the fan to rotate at a higher speed than in
a non-�optimised condition.
�[0022] Alternatively, the controller or the method op-
erates by periodically open-�circuiting the photovoltaic ar-
rangement to allow the tracker device to determine open
circuit voltage at the photovoltaic arrangement. Normally,
the controller or the method assumes a proportional quo-
tient of open circuit voltage is the voltage of the photo-
voltaic arrangement at which the maximum available
electrical power will be available to the fan (the optimised
I- �V value). Generally, the proportional quotient is in the
range of 50-100%, more specifically in the range 60-90%,
even more specifically in the range 70-80% and most
advantageously about 75% of the open maximum avail-
able electrical power.
�[0023] Possibly, the controller is also associated with
a temperature sensor or air quality sensor to adjust the

fan dependent upon temperature or air pollutants.
�[0024] In accordance with further aspects of the
present invention, there is provided a ventilation arrange-
ment comprising a ventilation controller as described
above and a ventilation arrangement, the ventilation ar-
rangement comprising:�

a first air duct arrangement and second air duct ar-
rangement which extend in use from roof level into
an interior of a building to be ventilated to convey air
between the exterior and the interior of the building;
and ventilation openings which are arranged to direct
moving air caused by wind movement through the
first air duct arrangement into the building.

�[0025] Also, in accordance with some aspects of the
present invention, there is provided a ventilation arrange-
ment comprising a ventilation conduit and a ventilation
control as described above.
�[0026] In accordance with certain aspects of the
present invention there is provided an arrangement
which includes a fan and a photovoltaic arrangement to
provide electrical power to the fan.
�[0027] The fan may be operable to convey air from an
exterior of a building to an interior of a building. Alterna-
tively, the fan may be operable to convey air from an
interior of a building to an exterior of a building.
�[0028] The ventilation arrangement may include an
outer wall and ventilation openings may extend continu-
ously around the outer wall.
�[0029] The ventilation arrangement may include upper
and lower ends. The first air duct arrangement may in-
clude a plurality of duct sections which may extend in a
direction between the upper and lower ends of the ven-
tilation arrangement. The first air duct arrangement pos-
sibly comprises four duct sections.
�[0030] The second air duct arrangement may extend
through the first air duct arrangement and may extend in
a direction between the upper and lower ends of the ven-
tilation arrangement. The second air duct arrangement
may communicate with the ventilation openings to enable
the fan to convey air between an exterior and an interior
of a building.
�[0031] The photovoltaic arrangement may include a
photovoltaic panel, and the ventilation arrangement may
include a photovoltaic panel mounting arrangement
which may be arranged to mount the photovoltaic panel
at an angle to the horizontal.
�[0032] The ventilation arrangement may include an air-
flow control arrangement for controlling the flow of air in
use between an exterior and an interior of a building. The
airflow control arrangement may-�be situated at the lower
end of the ventilation arrangement. The airflow control
arrangement may comprise a plurality of louvered mem-
bers which may be rotatable between a closed position
and an open position. In the closed position, the louvered
members may prevent the flow of air between an exterior
and an interior of the building through the first and second
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air duct arrangements, and in the open position, the slats
may permit the flow of air between an exterior and an
interior of the building through the first and second air
duct arrangements.
�[0033] The airflow control arrangement may include
an electric motor for rotating the louvered members be-
tween the closed and open positions and the ventilation
arrangement may include a rechargeable battery for pro-
viding power to the electric motor. The rechargeable bat-
tery may be arranged to receive electrical energy from
the photovoltaic arrangement to effect recharging. The
control may be arranged to control the supply of electrical
energy from the photovoltaic arrangement to the re-
chargeable battery and may be arranged to permit the
supply of electrical energy from the photovoltaic arrange-
ment to the rechargeable battery only when the fan is
inoperative or when the amount of electrical energy pro-
duced by the photovoltaic arrangement is greater than
the amount of electrical energy to operate the fan.
�[0034] The ventilation arrangement may include a
manual control arrangement which may permit the oper-
ation of the fan and/or the airflow control means to be
controlled by a user.
�[0035] Embodiments in accordance with certain as-
pects of the present invention will now be described by
way of example only and with reference to the accom-
panying drawings, in which:-

Fig. 1 is a diagrammatic cross-�sectional side view of
a ventilation arrangement;

Fig. 2 is a more schematic illustration of a ventilation
arrangement in which a ventilation control in accord-
ance with the present invention may be incorporated;

Fig. 3 is a schematic illustration of a ventilation con-
trol arrangement in accordance with the present in-
vention; and,

Fig. 4 is a flow diagram illustrating a ventilation con-
trol method in accordance with certain aspects of the
present invention.

�[0036] Fig. 1 shows a ventilation arrangement 10 for
ventilating an interior 12 of a building (not shown). The
ventilation arrangement 10 is mounted on a roof 14 of
the building and extends through the roof space 15 into
the building interior 12.
�[0037] The ventilation arrangement 10 comprises a
first air duct arrangement 16 which extends from roof
level through the roof space 15 into the building interior
12. The ventilation arrangement 10 comprises an outer
wall 17 which is of generally square cross-�section in the
illustrated example and includes upper and lower ends
18, 20.
�[0038] The first air duct arrangement 16 is divided into
four duct sections which are arranged to convey air be-
tween the exterior and interior 12 of the building. The

outer wall 17 includes ventilation openings 22 which ex-
tend continuously around the outer wall 17. Each of the
duct sections, which is closed at its respective upper end,
is in communication with a ventilation opening 22 so that
air can pass along the duct sections between the exterior
and the interior 12 of the building. The ventilation open-
ings 22 define a portion of the side wall of each duct
section. Air can flow in either direction, into or out of the
building, through the ventilation openings 22 and along
the duct sections, as will now be described.
�[0039] The ventilation openings 22 capture moving air
caused by the prevailing wind and direct the moving air
into the duct sections. The direction of the prevailing wind
will determine into which of the duct sections the moving
air is directed. As will be clearly understood, the duct
sections which are on the windward side of the ventilation
arrangement will receive air from the ventilation openings
22.
�[0040] The ventilation arrangement 10 includes a fan
30 which is driven by an electric motor. A photovoltaic
panel 32, converts solar energy into electrical energy,
supplying electrical energy to the fan 30 to operate it.
�[0041] In the example illustrated in Fig. 1, the fan 30
is operable to convey air from the exterior of the building
through the ventilation openings 22 and into the second
air duct arrangement 24, as shown by the arrows F. Fresh
air is thus conveyed into the building interior 12 along the
second air duct arrangement 24 by the fan 30.
�[0042] On days of the year when it is sufficiently windy,
there will be a sufficient natural flow of cooling air into
the building along the duct sections which are on the
windward side of the ventilation arrangement 10 and of
warm air from the building along the duct sections which
are on the leeward side of the ventilation arrangement
10, and the ventilation arrangement 10 will thus be ca-
pable of adequately cooling the building interior 12 with-
out the operation of the fan 30.
�[0043] During summer months when there is strong
sunlight and the external temperature may be high, the
temperature of the building interior 12 will also be greater
than during cooler months of the year. During these pe-
riods, there may also be very little or no wind movement
and hence little or no airflow along the duct sections. The
fan 30 can therefore be operated during such periods to
provide additional, boosted, forced air ventilation to the
building interior 12. As the fan 30 will only be required to
operate during hot periods when there is strong sunlight,
the photovoltaic panel 32 will be able to provide the fan
30 with sufficient electrical energy to operate it.
�[0044] The ventilation arrangement 10 includes a pho-
tovoltaic panel mounting arrangement 34 having a slop-
ing mounting surface 36. When the photovoltaic panel
32 is mounted on the sloping mounting surface 36, it thus
defines an angle with the horizontal plane enabling it to
maximise the capture of solar energy. The ventilation ar-
rangement 10 is mounted such that the sloping surface
36 faces in a direction due south or in a direction within
a range between south east and south west.
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�[0045] In order to control the operation of the fan 30,
the ventilation arrangement 10 includes an automatic
control arrangement 38 in the form of an electronic con-
troller. In embodiments of the invention, the automatic
control arrangement 38 is operable to vary the rotational
speed of the fan 30, dependent upon the intensity of light
incident upon the photovoltaic panel 32, by adjusting the
electrical load characteristics of the fan. ’
�[0046] When the air temperature in the building is
greater than a predetermined temperature, for example
approximately 20°C, the automatic control arrangement
38 is desirably operable to vary the rotational speed of
the fan 30 up to its maximum rotational speed according
to the intensity of light incident upon the photovoltaic pan-
el 32. However, when the air temperature in the building
is in a range below the predetermined temperature, for
example a range between approximately 17°C and 20°C,
the automatic control arrangement 38 is desirably oper-
able to limit the rotational speed of the fan 30, for example
by removing the fan from within the power conversion
threshold to operational threshold.
�[0047] The ventilation arrangement 10 also includes
an airflow control arrangement 40 for controlling the flow
of air between the exterior and the interior 12 of the build-
ing, along the duct sections and along the second air duct
arrangement 24. The airflow control arrangement 40
comprises a plurality of slats 42 which are rotatable be-
tween an open position, shown in Fig. 1, and a closed
position. In the open position, the slats 42 permit the flow
of air from the duct sections 16a-�d into or out of the build-
ing interior 12, and permit the flow of air from the second
air duct arrangement 24 into the building interior 12 during
operation of the fan 30. When the slats 42 are in the
closed position (rotated through 90 degrees from the po-
sition shown in Fig. 1), they co-�operate to prevent the
flow of air into or out of the building interior 12.
�[0048] In some embodiments of the invention, a re-
chargeable battery 46 provides power to the electric mo-
tor 46 and receives electrical energy from the photovolta-
ic panel 32 to maintain its charge. In order to ensure that
maximum electrical energy is provided to the fan 30 dur-
ing its operation, the automatic control arrangement 38
is configured such that it permits the supply of electrical
energy from the photovoltaic panel 32 to the rechargea-
ble battery 46 only when the fan 30 is inoperative.
�[0049] The ventilation arrangement 10 can also be pro-
vided with a manual control arrangement (not shown) to
enable a user to directly control the operation of the fan
30 and/or the airflow control arrangement 40. Where the
fan 30 is a variable speed fan, the fan speed may be
controlled using the manual control arrangement.
�[0050] It will be appreciated from above that fans with
associated electrical motors act within ventilation sys-
tems in order to force air flow. As illustrated with regard
to Fig. 1 by appropriate configuration of a ventilation ar-
rangement advantage can be taken of external wind stim-
ulated air flows in order to create adequate ventilation
and, where necessary, cooling effects within a building.

Ventilation control in accordance with certain aspects of
the present invention may be applied to more generic
ventilation arrangements which are not particularly con-
figured to take advantage of external wind or other ven-
tilation flow stimulating processes. It will be understood
that within buildings it is possible to provide simple duct-
ing which has an external grill and an internal grill con-
nected by a duct conduit. These ventilation arrangements
will generally simply pass through a wall in order to allow
some air exchange when windows and other closures
are closed. It is possible that an electric fan may be lo-
cated within the ducting, particularly where there is a long
duct path in order to force air flow.
�[0051] Fig. 2 provides a generic schematic illustration
of a vent arrangement 100 in which a conduit duct 101
connects an external vent or grill 102 mounted on an
external wall with an internal vent or grill 103 secured to
an internal wall. A fan 104 is located within the conduit
duct 101 and this fan 104 is driven by an electrical motor
105. Electrical power for the motor 105 is derived from a
photovoltaic arrangement 106 which generates electrical
power from incident sunlight/�radiation. A ventilation con-
trol 107 is provided in order to condition and appropriately
present electrical power to the motor 105 for rotation of
the fan 104. Electrical power is delivered through cabling
108 and it will be understood that generally the photo-
voltaic arrangement 106 will take the form of a solar panel
mounted externally and probably upon a roof of a building
incorporating the ventilation arrangement 100.
�[0052] It will be understood that the arrangements de-
picted in Figs. 1 and 2 are generally stand-�alone and do
not utilise mains electricity. In such circumstances the
energy requirements of the arrangements depicted in
Figs. 1 and 2 are self-�contained and, therefore, generally
environmentally friendly and energy efficient. Certain as-
pects of the present invention are directed towards ven-
tilation controls such as control 107 depicted in Fig. 2 in
order to best condition and present the electrical power
provided by a photovoltaic arrangement to achieve more
efficient operation of ventilation arrangements.
�[0053] Fig. 3 provides a schematic illustration of a ven-
tilation control in accordance with certain aspects of the
present invention. In such circumstances, as can be
seen, a photovoltaic arrangement 206 is associated with
a fan 204 so that electrical power generated by the ar-
rangement 206 is utilised in order to drive rotation of the
fan 204. It will be understood that the fan 204 is driven
by an electrical motor (not shown) and this electrical mo-
tor presents an electrical load to the arrangement 206.
In such circumstances, matching of the maximum avail-
able electrical power at the arrangement 206 with the
electrical load of the fan 204 and, in particular, its elec-
trical motor is important with respect to achieving efficient
operation. Unfortunately, the available power at the ar-
rangement 206 is dependent upon a number of factors,
including incident sunlight/�radiation, component temper-
ature along with general component aging and degrada-
tion through adhered dirt, friction, etc. It will also be un-
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derstood that the electrical load requirements for the fan
204 can be varied electively at a user’s discretion and
also based upon the availability of electrical power from
the photovoltaic arrangement 206. It will be understood
that the need for forced air movement generated by the
fan 204 will be dependent upon prevailing conditions in
terms of building temperature and in situations as de-
scribed with regard to Fig. 1 the availability of other air
flow stimulated mechanisms such as wind-�catching, that
is to say where there is already adequate air flow the
need for air-�forcing provided by the fan 204 will not be
necessary. In such circumstances it will be understood
it is desirable to know the constraints upon the ventilation
arrangement as indicated. This will principally be de-
pendent upon the available electrical power from the ar-
rangement 206.
�[0054] In terms of operation of a ventilation control, it
will be understood the methodology will typically require
an initial determination of available electrical power and
optimum I-�V point from the panel 206 along with setting
an operational threshold and a power conversion thresh-
old such that if there is insufficient electrical power, i.e.
below the operational threshold, the fan 204 is rendered
inoperative but above the operational threshold the fan
204 is operated in an efficient manner. This operation is
simply open-�loop to act proportionately to the available
electrical power. However, more normally, and generally
as a necessity, within the power conversion threshold, a
power converter 201 will be provided in order to adjust
the electrical voltage of the electrical power generated
by the photovoltaic arrangement 206 to a voltage accept-
able by an electric motor (not shown) to turn the fan 204.
Generally present photovoltaic arrangements 206 will
provide a notional operational voltage under load of 17
volts whilst electric motors for a fan 204 will be specified
at 25 volts and, therefore, the converter 201 will make
this step up. The power converter is effectively an elec-
tronic power transformer.
�[0055] As indicated above, a ventilation control as de-
picted by box 207 in Fig. 3 is provided in order to make
the initial threshold determination as to the acceptability
for operation of the fan 204. This control 207 will generally
comprise an optimum I-�V point tracker device and ap-
propriate processor control methods to control and de-
termine efficient ventilation control operation. These de-
vices are commonly referred to as MPPT devices and
are described in a number of text books including Prac-
tical Handbook of Photovoltaics (Fundamentals and Ap-
plication) - Tom Markvart et al, page 578. These maxi-
mum power point tracker devices act to determine by an
appropriate sampling regime the available electrical pow-
er and are utilised with regard to a number of applications.
�[0056] Maximum power tracker devices can imple-
ment a number of interrogation strategies including so-
called "perturb and observe" regimes in which in the
present case the electrical load presented by the fan 204
will be increased and then the tracker device 208 utilised
in order to determine the available power through a sam-

pling coupling 210 connected to the output from the pho-
tovoltaic arrangement 206. In such circumstances, if the
available electrical power from the arrangement 206 after
increase in the electrical load at the fan 204 is reduced
then that electrical load presented by the fan 204 through
its electric motor may be reduced or, if the available elec-
trical power at the arrangement 206 is increased then a
further increase in the electrical load presented by the
fan 204 may be provided until balance is achieved, that
is to say all available electrical power at the arrangement
206 is at a peak and the fan 204 is operating at required
to provide forced air flow through a ventilation arrange-
ment. It will be understood that the tracker 208 as indi-
cated will also make the initial assessment as to whether
the operation threshold has been achieved with respect
to the minimum necessary electrical power supply re-
quirements to operate the fan 204 and above that oper-
ational threshold will perform the tracking procedures as
described above.
�[0057] An alternative approach to determining the op-
timum I-�V point at the arrangement 206 is to periodically
open-�circuit the photovoltaic arrangement 206 such that
there is no electrical load. In such circumstances, the
tracker 208 will then determine the voltage at the photo-
voltaic arrangement 206 that will deliver maximum power
for the arrangement 2. In such circumstances, either the-
oretically or by electrical load testing, a projected propor-
tionality quotient may be applied to this open circuit volt-
age value from the arrangement 206 in order to then tailor
the fan 204 and its electrical motor in terms of electrical
load requirements to this determined situation. Typically,
the proportional quotient will be in the range 50-100%
but could be in the range 60-80% or more specifically
70-80% or generally about 75% of the open circuit voltage
from the arrangement 206.
�[0058] In view of the above it will be appreciated that
a control processor 209 is associated with a ventilation
arrangement and generally coupled between the tracker
device 208 and the fan 204 /motor in order to match the
maximum available electrical power with the electrical
load presented by the fan 204 /motor. The control device
209 may operate purely upon optimum I-�V value deter-
mined by the tracker 208 in order to set the electrical load
requirements of the electrical motor for the fan 204 in
order to generate forced air flow through a ventilation
arrangement. However, more typically, an external sen-
sor or user-�determined control 211 will be used in order
to set the desired operational performance parameters
for the ventilation arrangement. The external sensor or
user-�determined parameter
211 may take the form of a temperature sensor internally
located within a building or manual on- �off switch.
�[0059] It will be understood that the available electrical
power from the photovoltaic arrangement 206 may vary
during the course of a day as the availability of electrical
power will be dependent upon incident sunlight etc. In
such circumstances, the tracker 208, control 209 and oth-
er aspects of the present control will be arranged to pe-
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riodically re-�set in order to determine the available elec-
trical power and other requirements within a ventilation
arrangement to optimise or achieve specific desired per-
formance objectives.
�[0060] Fig. 4 is a schematic flow diagram illustrating
one potential way for operation of a control processor in
accordance with certain aspects of the present invention.
Thus, an activator 300 which, as indicated above, may
be in the form of a simple on- �off switch or sensor for
temperature. The available voltage will be compared with
an operational threshold in an comparison step 302 in
order that if the available electrical power is too low then
the fan is turned off at step 303 for a period of time whilst,
if acceptable, that is to say the operational threshold is
reached then the fan operated. Typically, in an initial
mode the fan speed will be limited in order to limit the
electrical load requirements. It will be understood that
normally the power conversion threshold will be the
threshold at which operation of a boost electrical power
converter (201 in Fig. 3) becomes operational in order to
adjust the electrical voltage received from a photovoltaic
arrangement and maximise the acceptable voltage for
an electrical motor to drive a fan. This power conversion
threshold is above the operational threshold.
�[0061] In view of the above it will be appreciated that
the ventilation control avoids tying the operation of the
fan to a single rotational speed which may adversely af-
fect the capability of the photovoltaic arrangement to pro-
vide sufficient electrical power to drive the fan at that
rotational speed resulting in the fan stalling with inade-
quate torque generated by the electrical power supply
from the power converter.
�[0062] As indicated above, the maximum power point
(or optimum I- �V point) from the photovoltaic arrangement
is important in determining the capability of the fan in
terms of its being able to force air through a ventilation
arrangement. The present ventilation control, as indicat-
ed, can adjust the electrical load requirements of the fan
by altering the electronic commutation pattern in order
to match those requirements to effectively make use of
all available electrical power. It will also be understood
that the present control could be associated with means
for adjusting the photovoltaic arrangement in terms of its
orientation to sun position during the day in order to max-
imise the capabilities of the photovoltaic arrangement.
Electrical power to drive this adjustment may be provided
by the photovoltaic arrangement itself and adjustment
achieved through interactive or iterative movements until
the maximum available electrical power reaches a peak.
�[0063] As indicated above, a further advantage of par-
ticular aspects of the present invention are that the ven-
tilation control can be associated with wind-�catcher type
ventilation arrangements where air flow may be stimu-
lated by means other than an electric motor-�driven fan.
In such circumstances, depending upon environmental
conditions, forced air flow by the fan may not be required
but the photovoltaic arrangement will generate electrical
power. In such circumstances as indicated above, this

electrical power may be stored in an appropriate battery
or other mechanism for use subsequently when electrical
power is not available through darkness or otherwise.
�[0064] It will be understood by those skilled in this tech-
nology that modifications and alterations to this present
invention may be performed. Thus, where desirable, a
single photovoltaic arrangement may drive two or more
electric motors and associated fans in differing ventilation
conduits either individually or in combination.
�[0065] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination of features here-
inbefore referred to and/or shown in the drawings wheth-
er or not particular emphasis has been placed thereon.

Claims

1. A method of controlling a ventilation arrangement
having a fan and a photovoltaic arrangement, the
method comprising

(a) determining an optimum I-�V value as an in-
dicator of available electrical power at the pho-
tovoltaic arrangement with a present level of ir-
radiance to the photovoltaic arrangement; and
(b) adjusting the fan to limit the optimum I- �V val-
ue which is represented as an electrical load de-
termined for the photovoltaic arrangement, nor-
mally in terms of electrical load characteristics
of the fan.

2. A method as claimed in claim 1 wherein the optimum
I-�V value of the fan is matched with the optimum I-
V value of the photovoltaic arrangement.

3. A method as claimed in claim 1, or claim 2 wherein
the optimum I-�V value is determined using a maxi-
mum power point tracking (MPPT) device.

4. A method as claimed in any of claims 1 to 3 wherein
the method alters the electrical load characteristics
of the fan by causing a commutation pattern of a
motor to drive the fan to be changed.

5. A method as claimed in any preceding claim wherein
the method is arranged to define an operational
threshold and a power conversion threshold for the
available electrical power at the photovoltaic ar-
rangement.

6. A method as claimed in claim 5 wherein when the
available electrical power at the photovoltaic ar-
rangement is above the operational threshold de-
fined by the controller but below the power conver-
sion threshold, the fan is connected directly to the
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photovoltaic arrangement without adjusting the fan
to match the optimum I-�V value.

7. A method as claimed in any preceding claim wherein
there is adjustment of the electrical load continued
for as long as a power conversion threshold is ex-
ceeded.

8. A method as claimed in any preceding claim wherein
the method is arranged to periodically determine the
optimum I-�V point at the photovoltaic arrangement.

9. A method as claimed in any preceding claim wherein
power transmitted to the fan is determined prior to
fan adjustment and after fan adjustment so that if a
higher value of transmitted electrical power is deter-
mined after the fan is adjusted then the fan’s electri-
cal load is adjusted again in the same direction whilst
if a lower value of transmitted electrical power is de-
termined after the fan is adjusted then the fan’s elec-
trical load is adjusted in the opposite direction.

10. A method as claimed in claim 8 and any claim de-
pendent thereon wherein the method operates by
periodically open-�circuiting the photovoltaic ar-
rangement to allow a tracker device to determine
open circuit voltage at the photovoltaic arrangement.

11. A method as claimed in claim 10 wherein the method
assumes a proportional quotient of open circuit volt-
age is the voltage of the photovoltaic arrangement
at which the maximum available electrical power will
be available to the fan (the optimised I-�V value).

12. A controller for a ventilation arrangement, the con-
troller including a sensor associated with a photo-
voltaic arrangement to determine an optimum I-�V
value as an indicator of available electrical power at
the photovoltaic arrangement due to current irrides-
cent level presented to the photovoltaic arrange-
ment, the sensor device providing a signal indicative
of optimum I-�V value to an adjustor for a fan, the
adjustor coupled to the fan to enable adjustment of
the fan normally in terms of electrical load to limit
demand to no more than the optimum I-�V value of
the photovoltaic arrangement determined by the
sensor.

13. A controller as claimed in claim 12 wherein the op-
timum I- �V value is determined using a maximum
power point tracking (MPPT) device.

14. A controller as claimed in claim 12 or claim 13 where-
in the controller alters the electrical load character-
istics of the fan by causing a commutation pattern of
a motor to drive the fan to be changed.

15. A controller as claimed in any of claims 12 to 14

wherein when the available electrical power at the
photovoltaic arrangement is above the operational
threshold defined by the controller but below the
power conversion threshold, the fan is connected
directly to the photovoltaic arrangement without ad-
justing the fan to match the optimum I-�V value.

16. A controller as claimed in any of claims 21 to 15
wherein the controller is associated with a tempera-
ture sensor or air quality sensor to adjust the fan
dependent upon temperature or air pollutants.

17. A ventilation arrangement comprising a ventilation
controller as claimed in any of claims 12 to 16 and
a ventilation arrangement, the ventilation arrange-
ment comprising: �

a first air duct arrangement and second air duct
arrangement which extend in use from roof level
into an interior of a building to be ventilated to
convey air between the exterior and the interior
of the building;
and ventilation openings which are arranged to
direct moving air caused by wind movement
through the first air duct arrangement into the
building.

18. An arrangement as claimed in claim 17 wherein the
photovoltaic arrangement includes a photovoltaic
panel, and the ventilation arrangement includes a
photovoltaic panel mounting arrangement which
may be arranged to mount the photovoltaic panel at
an angle to the horizontal.

19. An arrangement as claimed in claim 17 1 or claim
18 wherein the controller is arranged to control the
supply of electrical energy from the photovoltaic ar-
rangement to the rechargeable battery and is ar-
ranged to permit the supply of electrical energy from
the photovoltaic arrangement to the rechargeable
battery only when the fan is inoperative or when the
amount of electrical energy produced by the photo-
voltaic arrangement is greater than the amount of
electrical energy to operate the fan.
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