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Tiivistelmd - Sammandrag - Abstract

An apparatus, method and computer program
product for preventing microbial growth in a
building (B). The apparatus (A) is config-
ured to sense indoor and outdoor tempera-
tures (Tour,Tix) as well as outdoor relative
humidity (RHopr) outside the building enve-
lope (BE). The apparatus comprises a control
unit (CU) by means of which at least one
heating device (HD) is controlled for heat-
ing the building in response to the received
sensing data. Outdoor conditions (Coyr) are
monitored in response to the received out-
door temperature and relative humidity.
Thereby outdoor instants favourable for mi-
crobial growth are detected. The heating of
the building is controlled in response to
the detected outdoor conditions for prevent-
ing microbial growth inside a structure of
the building envelope (BE).
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Control principles

Protect envelope Minimize energy
structures consumption

Laite, menetelmad ja tietokonechjelmatuote mikrobi-

kasvun estamiseksi rakennuksessa (B). Laite (A) on konfi-

guroitu mittaamaan sis&- Jja ulkolampdtilat (Toyr, Tin)

sa-

moin kuin ulkopuolen suhteellisen kosteuden (RHeyr) raken-

nuksen vaipan (BE) ulkopuolella. Laite kasittaid ohjausyk-

sikén (CU), jonka avulla ohjataan ainakin yhta lammityslai-

tetta (HD) rakennuksen lammitt&miseksi vasteena saadulle

mittausdatalle. Ulko-olosuhteita (Coyr) tarkkaillaan vas-

taanotettujen ulkolidmpdtilan ja suhteellisen kosteuden ar-

vojen avulla. Siten havaitaan ulkopuolen hetket, jotka ovat

suotuisia mikrobien kasvulle. Rakennuksen lammitystd ohja-

taan vasteena havaituille ulkc-olosuhteille rakennuksen

vaipan (BE) sis&lla tapahtuvan mikrobien kasvun estd-

miseksi.
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Apparatus, method and computer program product
for controlling conditions in a building

Background of the invention

The invention relates to an apparatus configured to
control conditions in a building so that microbial growth
is prevented.

The invention further relates to a method and com-
puter program product for controlling conditions in a build-
ing.

The field of the invention is defined more specif-
ically in the preambles of the independent claims.

Unsuitable combinations of temperature and relative
humidity are risks for microbial growth. Microbial growth
may influence reliability and lifespan of a structure of a
building. Risks for microbial growth are increased in build-
ings, which are used only temporarily or heating and ven-
tilation are not set to the level for a typical use. Some
arrangements have been designed for the incompletely heated
buildings. In typical solutions indoor temperature is set
to a constant level below a typlical operating level. How-
ever, these solutions have shown to be inadequate to protect
the envelope structures of the buildings in all cases, and

further, their energy consumption is often too high.

Brief description of the invention

An object of the invention is to provide a novel
and 1mproved apparatus, method and computer program for
controlling conditions inside an envelope structure of an
incompletely heated building.

The apparatus according to the invention is charac-
terized by the characterizing features of the first inde-
pendent apparatus claim.

The method according to the invention is character-
ized by the characterizing features of the independent

method claim.
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The computer program product according to the in-
vention is characterized by the characterizing features of
the second independent apparatus claim.

An idea of the disclosed solution is that an appa-
ratus is provided for controlling conditions of an incom-
pletely heated building which comprises an 1indoor space
limited by a building envelope. The apparatus comprises one
or more indoor temperature sensors for sensing indoor tem-
perature in the indoor space and one or more outdoor tem-
perature sensors for sensing outdoor temperature outside
the building envelope. There are also one or more outdoor
humidity sensors for sensing outdoor relative humidity out-
side the building envelope. The apparatus further comprises
one or more control units provided with processors and com-
puter programs executable 1in the processors. The control
unit receives sensing or measuring data from the mentioned
sensors and generates control commands for one or more heat-
ing devices for heating the building. The apparatus monitors
outdoor conditions in response to the received outdoor tem-
perature and relative humidity data and detects outdoor
instants favourable for microbial growth. Further, the ap-
paratus controls the heating device in response to the de-
tected outdoor conditions for preventing microbial growth
inside a structure of the envelope of the building.

In other words, favourable outdoor conditions for
microbial growth are taken into account when controlling
the heating. Further, the monitoring includes a time factor,
i.e. how long the favourable outdoor conditions for moisture
damages last and how often such situations occur. Thereby,
the apparatus can detect when and how much is the indoor
heating needed to protect the envelope structure against
the microbial growth.

An advantage of the disclosed solution is that con-
ditions of inner structures of a building envelope can be
monitored and risks for microbial growth can be eliminated

or decreased. Thereby extensive and expensive repalr can be
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avoided, and health problems caused by the microbes can be
avoided.

A further advantage of the disclosed solution is
that the apparatus is inexpensive and easy to mount and use.
There is no need to make any modifications to the building
and its systems and installations.

Since the disclosed control system is based on the
indoor and outdoor mounted sensors or measuring devices,
there is no need to mount sensors and other instrumentation
inside a structure of the building envelope.

The same apparatus may control one or more compart-
ments of the same building and may implement the same or
somewhat different control principles and parameters in
different compartments. Structures and building materials
of the compartments may be different wherefore the control
may also differ. Further, two or more separate buildings
may have one common apparatus for implementing the disclosed
heating control. In other words, the apparatus is capable
of managing several different buildings and several com-
partments of the same building.

In this document the building envelope includes
roof, external wall, and floor structures.

In this document the microbial growth or microbe
growth includes growth of bacteria and mould as well as
growth of other microbes. In other words, moulds and bac-
teria are microbes which may damage structures of the build-
ings and may cause health problems.

According to an embodiment, the indoor temperature
is sensed for sensing the current state in the indoor space.
This data is needed as a feedback data for the control unit.

According to an embodiment, the apparatus is de-
signed for buildings with at least partly insulated envelope
structure. There may occur critical points for microbial
growth inside the insulated envelope structure.

According to an embodiment, the apparatus may al-

ternatively be designed for buildings which comprise a
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multi-layered envelope structure. The multi-layered enve-
lope structures may comprise critical points inside them.

According to an embodiment, the apparatus is de-
signed for fully or partly non-heated buildings intended
only for occasional or temporary residency. In such build-
ings which are incompletely heated, a greater risk for mi-
crobial growth occurs compared to buildings having stable
and relatively high inner temperature. The building is a
summerhouse, summer cottage, holiday home, hut, barrack,
warehouse, shed or corresponding building intended for oc-
casional or temporary residency or non-residency.

According to an embodiment, the apparatus is pro-
vided with a measuring cycle or procedure for executing
series of measurements of the outdoor temperature and rel-
ative humidity. The control unit is configured to accumulate
the received outdoor sensing data for a determined period
whereby the control unit is configured to generate accumu-
lated data on the outdoor conditions. Further, the control
unit is configured to take into account the accumulated data
of the outdoor conditions when controlling the indoor heat-
ing. In other words, the control unit provides the indoor
heating control with delays so that the heating control does
not directly follow the currently sensed outdoor conditions
but instead operates with lower rate of change. This way,
delays in conditions of the envelope structures can be taken
into account. The envelope structure may store heat and
moisture, and further, the structure may delay release of
the stored heat and moisture.

In other words, the apparatus may be considered to
detect and record number of instances and their magnitudes
when the favourable situations for microbial growth occur
and can compensate the accumulated data when unfavourable
conditions for the microbial growth exist. This way, the
system may serve as a kind of counter for the favourable
conditions. Then fluctuation of the recorded favourable and

unfavourable sensing data can cause delays to the control
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of the heating. Due to the delays in both control direc-
tions, the overall heating control can be stable and can
still follow the changing outdoor conditions. For example,
sensing several successive and substantial unfavourable in-
stances may reset the counter.

According to an embodiment, the apparatus is pro-
vided with at least memory device for storing the accumu-
lated sensing data.

According to an embodiment, the apparatus allows
conditions inside the envelope structure to meet conditions
favourable for microbial growth for a limited period. In
other words, relatively short visits at the microbial growth
range are not considered harmful since the conditions needs
to be at the microbial growth range for a certain time until
actual microbial growth occurs.

According to an embodiment, the apparatus is con-
figured to take into account accumulated data of an adjust-
able time period. The accumulated data can be considered
back to one week period, for example.

According to an embodiment, the apparatus is con-
figured to shorten the time period for the considered ac-
cumulated data when the outdoor conditions change rapidly.
Then, the stored sensing data can be analyzed by the moni-
toring program and taken into account only the most recent
sensed values. In that way it is possible to detect trends
in conditions and to shorten response delay of the indoor
heating control. It is also possible to implement machine
learning techniques to the monitoring program for that pur-
pose.

According to an embodiment, the produced outdoor
sensing data is input to the control unit and frequency of
input rate is adjustable.

According to an embodiment, the apparatus is con-
figured to monitor rate of change in outdoor conditions and
is configured to automatically adjust frequency of the input

rate in response to the detected rate of change. In other
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words, when the apparatus notifies that outdoor conditions,
i.e. outdoor temperature and humidity, change rapidly, the
apparatus can then increase the frequency of input rate.

According to an embodiment, the apparatus is con-
figured to execute filtering measures for the produced out-
door sensing data, and the apparatus is configured to take
into account filtered sensing data in the control.

According to an embodiment, at least one outdoor
Lemperature sensor and at least one outdoor humidity sensor
are provided with a filtering feature for filtering the
sensed data before transmitting the data to the control
unit. This way sampling rates of the sensors may be high
and only the filtered data is input to the control unit for
further consideration.

According to an embodiment, the apparatus 1is con-
figured to execute sampling action with several sensing
values and is configured to calculate average value for the
produced sensing values, wherein the calculated average
value per predetermined number of sensing data or sensing
period, i.e. floating average value is taken into consid-
eration in the control.

For example, the outdoor temperature and relative
humidity conditions may change rapidly. Then measuring sens-
ing rate may be high, once per two minutes, and the control
unit may be provided with an average of the sensed values
at predetermined intervals, like once per every hour. This
way short-term incidents do not cause undesired fluctuations
to the heating control.

According to an embodiment, the apparatus is pro-
vided with input data on critical outdoor relative humidity
values RHeriticalout defined for conditions being favourable
for microbial growth at different outdoor temperatures. Then
the apparatus may detect instants when the sensed outdoor
relative humidity values exceed the critical outdoor rela-

tive humidity values at a certain outdoor temperature and
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in response to the detected instants.

According to an embodiment, the mentioned critical
outdoor relative humidity values are defined for conditions
being favourable for mould growth or bacteria growth.

According to an embodiment, the mentioned critical
outdoor relative humidity value changes in function of out-
door temperature.

According to an embodiment, the mentioned critical
outdoor relative humidity wvalues are based on a Microbial
Growth Model MGM designed to determine critical relative
humidity values at different temperatures where mould and
bacteria growth occurs. There are several different micro-
bial and mould growth models based on scientific researches
and defining temperature and relative humidity values where
microbial growth occurs.

According to an embodiment, the mentioned critical
outdoor relative humidity wvalues are based on a Finnish
Mould Growth Model FMGM based on scientific researches on
mould growth on the surfaces of building materials. This
model takes into account also time, i.e. how long favourable
conditions for mould growth may last without causing prob-
lems to the envelope structures and cause indoor health
problems.

According to an embodiment, the apparatus is con-
figured to take into account in the heating control struc-
tural features of the building envelope.

According to an embodiment, the structural wvalues
may be indicative of the following features of the building
envelope: thermal insulation level; used materials and their
sensitivity to mould growth; airtightness.

According to an embodiment, especially thermal re-
sistance and other building physical properties of a sheath-

ing may also be important issues to be taken into consid-
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eration as structural values as well as a type of an exter-
nal wall cladding and its capability to protect the wall
structure from wetting caused by rains (see Fig. 5).

According to an embodiment, the apparatus is pro-
vided with selectable heating control levels for control-
ling the indoor heating. The heating control level may be
selected in accordance with the mentioned structural fea-
tures of the building envelope. The apparatus may be pro-
vided for example with three heating control levels having
dedicated principles and or parameters to different struc-
tures having different sensitivity to moisture damages. When
the heating control level is set at higher level, then
indoor temperature 1is increased with higher rate and to
higher level. Then temperature inside the structure in-
creases and relative humidity decreases, as i1t is shown in
Figure 5, whereby occurrence of favourable conditions for
moisture condensation and microbial growth decreases.

According to an embodiment, the apparatus is pro-
vided with an algorithm or formula wherein different param-
eters of the envelope are considered.

According to an embodiment, the control unit is
configured to control the heating device to heat the indoor
space only when the outdoor temperature is over 0°C or close
to 1t since almost no microbial growth exists when the
temperature is below 0°C.

In other words, the control unit is configured to
allow the indoor temperature to follow the outdoor temper-
ature when the sensed outdoor temperature is below a level
where microbial growth no longer exists. Thus, the indoor
temperature may be allowed to fall during cold winter days
so low that conditions indoor and inside structure of the
envelope are safe regarding the microbial growth. Once the
outdoor temperature rises to temperatures where microbial
growth 1s again possible, the control unit monitors the
outdoor relative humidity and activates selectively the

heating.
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According to an embodiment, the apparatus is con-
figured also to detect conditions when the outdoor temper-
ature (Tour) 1s below 0°C and outdoor relative humidity
(RHoyr) fluctuates between 20 - 100 % RH, or approaches 100
% RH. Further, the apparatus is configured to control the
heating in order to mitigate moisture condensation inside
envelope structures. Purpose of this control principle 1is
to prevent structural damages of the building envelope due
to the condensated moisture.

According to an embodiment, the disclosed solution
relates to a method of preventing microbial growth inside
a building envelope. The method comprises: sensing indoor
and outdoor temperatures and outdoor relative humidity out-
side the building envelope. Sensing data is transmitted to
at least one control unit, which controls one or more heat-
ing devices for heating the building in response to the
received sensing data. The method further comprises moni-
toring outdoor conditions in response to the received out-
door temperature and relative humidity and detecting out-
door instants favourable for microbial growth. The heating
of the building i1s controlled in response to the detected
outdoor conditions in order to prevent microbial growth
inside the envelope structures of the building.

According to an embodiment, the disclosed solution
relates to a computer program product. The computer program
product comprises program code means configured to execute
the steps and procedures disclosed in this document when
being run on a computer or a data processing device.

According to an embodiment, the apparatus and its
control unit may communicate with one or more external de-
vices such as computers, smart phones via Internet connec-
tion or telecommunication systems, for example. Then it is
possible to modify and communicate to the apparatus control
status on/off, control parameters, and control set points.
In other words, the apparatus may comprise remote control

and update features.
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According to an embodiment the heating device con-
trolled by means of the disclosed apparatus is an electrical
heating device. Alternatively, gas heating, o0il heating,
pellet heating or any other suitable heating is utilized.
However, controlling the electrical heating is simple and
accurate. The mentioned other heating systems require con-
trol devices for controlling their operation under command
of the disclosed apparatus and its control unit.

According to an embodiment the heating device con-
trolled by means of the disclosed apparatus is a device
separate from envelope structures of the building. Then the
heating device is arranged inside the indoor space and may
be a stand-alone heating device or it may be mounted to
inner surfaces of the indoor space. Alternatively, the heat-
ing device may be integrated to the building structure and
may be a floor heating device or ceiling heating device.

According to an embodiment, the control unit is
provided with an abnormal control mode wherein energy con-
sumption is temporarily prioritized over the above disclosed
normal control intended for preventing inner conditions of
the envelope to meet critical conditions regarding micro-
bial growth. However, duration of such anomaly control sit-
uation is relatively short so that microbial growth is not
initiated even though the sensed relative humidity becomes
favourable for it. An advantage of this embodiment is that
the apparatus may take into consideration peak hours of
energy consumption and hours when energy prize is at its
highest, whereby avoiding effective use of at least one
heating device during these certain time instances may pro-
vide considerable savings. As it is disclosed above, the
indoor heating and changing outdoor conditions both affect
to the inner structure of the envelope with a delay, whereby
it is safe to postpone the indoor heating somewhat in order
to save energy costs. The disclosed apparatus may store data
on the determined need for the indoor heating and may au-

tomatically control the heating device on when energy with
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lower prizes is available. Thus, the apparatus may monitor
the energy prizes and the cumulated need for the indoor
heating and may be configured to automatically execute the
required heating with reasonable energy costs.

According to an embodiment, the apparatus may be
provided with data on hourly energy tariffs for at least
next 24 hours and the control unit is configured to activate
the operation of the at least one heating device for the
duration of lower tariffs and is configured to avoid their
use when high tariffs occur. In other words, the heating is
smartly activated only at moments when the energy price is
low. Thus, the control unit monitors hourly energy prices
and avoids drying of the inner air during peak prices. The
control unit may also predict the needed energy consumption
and may activate the heating in advance so that the heating
is executed during the low price hours and is terminated
for the duration of the high price hours.

According to an embodiment, the control unit is
provided with local weather forecast data and is configured
to take into account the data when estimating oncoming rapid
changes in the outdoor conditions.

According to an embodiment, when a building has a
crawl space, another outdoor sensor that measures tempera-
ture (Tocs) and relative humidity (RHocs) can be installed
there. This sensor has 1its own control algorithm, which
differs from the usual one related to outdoor conditions.
This is because in crawl spaces, conditions are usually even
more critical for mould growth and moisture condensation
than in outdoor air. This is especially the case in older
buildings, where the ground floor lacks a capillary break
layer and thermal insulation, whereby moisture flows from
the ground into the crawl space as a result of diffusion
and capillary flow. In addition, the most critical condi-
tions occur in the crawl space typically at different times
than in the outdoor air. In the outdoor air, the most crit-

ical period for mould growth is typically in the autumn,
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but in crawl space it is often in the spring and summer. In
this case, adding heating inside during the autumn does not
protect the crawl space in the best way. When the indoor
air is heated in this case, the control program checks the
need for heating in relation to the indoor air conditions,
the crawl space conditions and the other envelope structures
conditions and selects the need for heating according to
which of them requires the greatest heating. The solution
described in this embodiment can be implemented in some
cases also by utilizing only sensing data received from the
crawl space, i.e. using temperature (Tocs) and relative hu-
midity (RHecs) values. Otherwise the control principles are
as 1s disclosed in this document.

The above disclosed embodiments may be combined in
order to form suitable solutions having those of the above

features that are needed.

Brief description of the figures

Some embodiments are described in more detail in
the accompanying drawings, in which

Figure 1 is a schematic view of a building provided
with an apparatus for controlling indoor heating,

Figure 2 is a schematic diagram of detrimental phe-
nomenon caused by high level of relative humidity to an
inner structure of a building,

Figure 3 is a schematic diagram of critical factors
for different types of microbial growth,

Figure 4 is a schematic graph illustrating control
principles implemented by means of the disclosed apparatus,

Figure 5 is a schematic view of a wall structure of
a building envelope and the Figure further illustrates how
indoor heating influences on temperature and relative hu-
midity on a critical interface between structural layers of
the envelope structure,

Figure 6 1s a schematic diagram of some features

relating to a control unit of the apparatus, and
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Figure 7 is a schematic graph illustrating features
relating to selectable control settings of the disclosed
apparatus.

For the sake of clarity, the figures show some em-
bodiments of the disclosed solution in a simplified manner.
In the figures, like reference numerals identify like ele-

ments.

Detailed description of some embodiments

Figure 1 discloses a building B provided with an
inner space IS limited by a building envelope BE which may
be at least partly insulated I. The inner space IS is heated
by means of one or more heating devices HD in order to
increase indoor temperature Tiy. The heating device HD may
be an electrically operable device, or it may alternatively
be any other kind of heating device. The heating device HD
may be controlled by means of a control apparatus A. The
apparatus A monitors outdoor conditions Ceoyr and generates
control commands CC for controlling the heating device HD.
The apparatus A is provided with one or more outdoor tem-
perature sensors OTS or corresponding measuring devices and
one or more outdoor relative humidity sensors OHS or cor-
responding measuring devices for determining the outdoor
conditions Ceuyr. The outdoor conditions Cgyr are determined
on the basis of received outdoor temperature Toyr and rela-
tive humidity RHeuyr. The apparatus A may also comprise one
or more indoor temperature sensors ITS or corresponding
measuring devices for providing the apparatus A with feed-
back data for the executed temperature control. The sensors
OTS, OHS and ITS may transmit the sensing data to the ap-
paratus A through wired or wireless data communication
paths. The apparatus A may be mounted to the building B, or
alternatively, it may be located external to the building
B. Further, the apparatus A may communicate with one or more
external electrical devices via data communication connec-
tions. Thus, the apparatus A may communicate with one or

more servers S, cloud services CS and portable electrical
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terminal devices TD, such as smart phones. Thus, the appa-
ratus A may implement external computation and data storage
features, and further, control parameters and instructions
may be adjusted by means of the external electrical devices.
The apparatus A may also provide an operator O with infor-
mation on status, sensing data, mould growth risk, energy
consumption and other issues. The building B is an incom-
pletely heated piece of real estate, which means that the
indoor temperature Tiy 1s allowed to decrease below typical
indoor temperatures during the wintertime and cold seasons.
The apparatus A is provided with one or more control units
CU for generating the control commands. The control unit CU
is configured to execute a computer program product in a
processor. The program comprises an algorithm for control-
ling the heating so that set control principles are
achieved. In this solution the control aims to protect
structures of the building envelope BE not to be damaged
due to too high level of relative humidity. However, at the
same time, the control system aims to minimize energy con-
sumption of the heating.

When adverse outer conditions Ceyr trigger the indoor
heating, temperature inside the envelope BE will rise with
a delay. Increased temperature inside the envelope decreases
level of relative humidity inside the envelope and may
thereby mitigate microbial growth and condensation (see also
Fig. 5).

Figure 2 discloses two adverse phenomenon which
may cause serious problems to the structures of the building
envelope. Microbial growth and moisture condensation inside
the envelope may damage materials of the envelope when ex-
posure tTime is long enough. Short term exposures are not
necessarily hazardous for the structures. Conditions inside
the envelope structure may visit conditions favourable for
microbial growth for short durations since it takes tTime
before the microbial growth begins. Further, slight wetting

of the inner structure of the envelope can be allowed in
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structures being correctly designed. Thus, the disclosed
apparatus takes into account time factor and determines an
overall situation. When adverse conditions are detected
these instances are registered. On the other hand, when safe
conditions occur, they are also detected and registered.
The need for heating may be determined on the basis of the
detected adverse and safe conditions. The time factor and
magnitude of the exposure are also considered because the
structure and different material layers cause delays and
influence to rate of change inside the structure in relation
to the sensed outdoor conditions.

Figure 3 discloses that moulds and bacteria are
possible microbes which may growth inside the structures of
building envelope if suitable relative humidity and temper-
ature conditions occur for sufficient time of exposure. The
microbial growth requires also suitable substrate. Micro-
bial growth occurs on the surface of almost all building
materials after a sufficiently long period. Glass and metals
are main exceptions. Finnish Mould Growth Model, on which
this apparatus is based, takes into account also different
mould proof properties of materials because structural ma-
terials are divided in four different mould growth sensi-
tivity classes in this model.

Figure 4 discloses outdoor relative humidity values
RH in function of outdoor temperature T. There is a curve
C in Figure 4 indicating critical outdoor relative humidity
values RHcriticalout wWhich wvalues are defined in scientific
studies and experiments and are known by microbial growth
models. As can be seen, there is a temperature wvalue T1
above which microbial growth MIG exists and below which
there may occur moisture condensation CON. The area D de-
scribes the temperature and relative humidity values occur-
ring inside the envelope structure during the year. As shown
in the figure, some of these relative humidity wvalues are
equal tTo or greater than the critical relative humidity

values, creating conditions favourable for microbial growth
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and moisture condensation. Therefore, the disclosed appa-
ratus is configured to heat the indoor space of the building
in such a way that the relative humidity wvalues do not
remain in this critical area for too long so that no mois-
ture damage occurs in the envelope structure.

It should be noted that different microbial growth
models and mould growth models may have different shape of
the curves C. Furthermore, the temperature value Tl may be
below zero, since some microbes may be active even between
0 and -5 °C, for example. Moisture condensation on surfaces
may occur also above the set temperature T1l, but in temper-
atures above the Tl the microbial growth protection is de-
cisive and lower critical RH values are implemented then.
Size and shape of the area D may be defined in the imple-
mented microbial growth model.

Figure 5 discloses an example of a wall structure
of a building envelope BE. The envelope BE may comprise a
first structural layer L1 facing towards indoor space IS
and an outermost structural layer L6 forming outer cladding
of the envelope BE. There may be several structural layers
L2 - L5 between the outermost layers L1 and L6.

Layers L1 - L6 of the structure s shown in Figure 5

are as follows:

L1 Interior board and finishing
L2 Air/vapour barrier

L3 Thermal insulation

L4 Sheathing

L5 Ventilation gap

L6 Cladding

Typically, the most critical interface for moisture
damage i1s between thermal insulation (layer L3) and sheath-
ing (layer L4) because the thermal insulation layer lowers
the temperature at this point, causing the relative humidity

to rise.
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Figure 5 comprises temperature curves E which show
that temperature on a critical surface CS can be increased
by means of indoor heating whereby relative humidity on the
critical surface CS can be decreased, as it is indicated by
means of relative humidity curves F.

Figure 5 further discloses curves G indicating that
yearly maximum value of Mould index M may be decreased below
a critical wvalue 1 by means of the above mentioned indoor
heating. The mentioned Mould index M can have values between
0 and 6, and mould growth begins when the Mould index M
reaches or exceeds value 1. The Mould index M and its limit
values are based on the Finnish Mould Growth Model.

Figure 6 shows basic components of the control sys-
tem of the disclosed apparatus. By means of an input device
parameters, models, data and settings may be input for a
control unit comprising a processor for executing a software
program or algorithm. The control unit may communicate with
different external apparatuses 1in a versatile manner by
means of a data communication device. The control unit gen-
erates control signals and controls operation of one or more
heating devices. The control unit may also produce addi-
tional signals such as alarms and messages and may also
receive and produce needed remote control data.

The features of Figure 6 have been discussed already
more detailed above in this document.

Figure 7 discloses outdoor relative humidity values
RH in function of outdoor temperature T. A curve C 1is a
summary curve indicating critical outdoor relative humidity
values for moisture condensation and microbial growth. The
curve C is based on the Finnish Mould Growth Model. An arrow
MIG above temperature Tl indicates relative humidity values
critical for microbial growth and an arrow CON below the
temperature Tl indicates relative humidity wvalues critical
for moisture condensation. Signs D1 — D4 indicate selectable
areas which describes the temperature and relative humidity

values occurring inside the envelope structure during the
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yvear. As shown in the figure, some of these relative humid-
ity values are equal to or greater than the critical rela-
tive humidity wvalues, creating conditions favourable for
microbial growth and moisture condensation. In this figure,
area D1 depicts the temperature and relative humidity values
that occur in an envelope structure in an unheated building.
Area D2 depicts the values of temperature and relative hu-
midity when there is low heating control level in use inside
the building. Area D3 describes an area with a medium heat-
ing control level and area D4 an area with a high heating
control level in use inside the building. Figure shows that
the higher the indoor heating control level, the fewer rel-
ative humidity wvalues that exceed the critical relative
humidity value during the year.

In Figure 7 the heating 1s controlled so that no
microbial growth and adverse moisture condensation occur
inside the building structures. Inside the building struc-
ture conditions may be occasionally above critical RH-val-
ues of the moisture condensation and microbial growth. How-
ever, the inner space 1is heated so that moisture 1is not
condensated too much inside the structure (selected limit
value is not exceeded) and no microbial growth exist inside
the structure (yearly maximum value of a Mould index M
calculated by the Finnish Mould Growth Model stays below
value 1). Envelope structures that are more sensitive to
moisture damage use a higher heating control level inside
the building.

The operator of the building selects the right heat-
ing control level from the apparatus based on the type of
envelope structures in the building. The heating control
levels required by the different envelope structures are
described in the apparatus manual.

The drawings and the related description are only
intended to illustrate the idea of the invention. In its
details, the invention may vary within the scope of the

claims.
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Claims

1. An apparatus (A) for controlling conditions in a
building, which building is an incompletely heated building
(B) comprising an indoor space (IS) limited by a building
envelope (BE);

wherein the apparatus (A) comprises:

at least one indoor temperature sensor (ITS) for
sensing indoor temperature (Tiy) 1in the indoor space (IS);

at least one outdoor temperature sensor (0OTS) for
sensing outdoor temperature (Teyr) outside the building en-
velope (BE);

at least one outdoor humidity sensor (OHS) for sens-
ing outdoor relative humidity (RHeyr) outside the building
envelope (BE);

at least one control unit (CU) provided with at
least processor and a computer program executable in the
processor;

and wherein the control unit (CU) is configured to
receive sensing data from the mentioned sensors (ITS, OTS,
OHS) and is configured to generate control commands (CC)
for at least one heating device (HD) for heating the build-
ing (B);

characterized in that

the apparatus (A) is configured to monitor outdoor
conditions (Coyr) 1in response to the received outdoor tem-
perature (Toyr) and relative humidity (RHeyr) and is config-
ured to detect outdoor instants favourable for microbial
growth;

the apparatus (A) 1s configured to generate heating
control commands (CC) for heating the building (B) in re-
sponse tTo the detected outdoor conditions (Ceuyr) for pre-
venting microbial growth inside structures of the building

envelope (BE);
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the apparatus (A) is provided with a measuring cycle
for executing series of measurements of the outdoor temper-
ature (Tour) and relative humidity (RHour) ;

the control unit (CU) is configured to accumulate
the received outdoor sensing data for a determined period
whereby the control unit (CU) is configured to generate
accumulated data on the outdoor conditions (Cgyr); and

the control unit (CU) is configured to take into
account the accumulated data of the outdoor conditions (Cour)

when controlling the indoor heating.

2. The apparatus as claimed in claim 1, charac-
terized in that

the produced outdoor sensing data is input to the
control unit (CU) and shorten the time period for the con-
sidered accumulated data of the outdoor conditions (Ceur)

when the outdoor conditions change rapidly.

3. The apparatus as claimed in claim 1 or 2, char-
acterized in that

the apparatus (A) 1is provided with input data on
critical outdoor relative humidity wvalues (RHeriticalour) de-
fined for conditions being favourable for microbial growth
at different outdoor temperatures (Teyr); and

the apparatus (A) 1s configured to detect instants
when the sensed outdoor relative humidity wvalues (RHgyr)
exceed the critical outdoor relative humidity values (RHcpiti-
calout) at a certain outdoor temperature (Teyr) and is config-
ured to control the heating of the indoor space in (IS)

response to the detected instants.

4. The apparatus as claimed in any one of the pre-
ceding claims 1 - 3, characterized in that

the apparatus (A) is configured to take into account
in the heating control structural features of the building

envelope (BE).



20205850 PrH 30 -11- 2021

10

15

20

25

30

35

21

5. The apparatus as claimed in any one of the pre-
ceding claims 1 - 4, characterized in that

the control unit (CU) is configured to control the
heating device (HD) to heat the indoor space (IS) only when
the outdoor temperature is over 0°C or close to it since
almost no microbial growth exists when the temperature is
below 0°C.

6. The apparatus as claimed in any one of the pre-
ceding claims 1 - 4, characterized in that

the apparatus (A) is configured to detect conditions
when the outdoor temperature (Teyr) is below 0°C and outdoor
relative humidity (RHour) is 90 - 100% RH;

and wherein the apparatus (A) is configured to con-
trol the heating in order to mitigate moisture condensation

inside structure of the envelope (BE).

7. A method for controlling conditions in a build-
ing, more specifically of preventing microbial growth in a
building (B),

wherein the method comprises:

sensing indoor and outdoor temperatures (Tour, Tin) s

sensing outdoor relative humidity (RHeyr) outside
the building envelope (BE);

transmitting sensing data to at least one control
unit (CU); and

controlling by means of the control unit (CU) at
least one heating device (HD) for heating the building (B)
in response to the received sensing data;

characterized by

monitoring outdoor conditions (Ceyr) 1in response to
the received outdoor temperature (Tou-) and relative humid-
ity and detecting outdoor instants favourable for microbial

growth;
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controlling the heating of the building (B) in re-
sponse tTo the detected outdoor conditions (Ceuyr) for pre-
venting microbial growth inside a structure of the envelope
(BE) of the building (B);

determining duration of the detected outdoor in-
stants favourable for microbial growth and accumulating data
on adverse outdoor conditions; and

controlling the heating in response to the accumu-
lated data.

8. The method as claimed in claim 7, character-
ized by

determining outdoor instants favourable for micro-
bial growth and accumulating data on adverse outdoor con-
ditions;

determining outdoor instants unfavourable for mi-
crobial growth and accumulating data on safe outdoor con-
ditions;

compensating the determined favourable instants
with the determined unfavourable instants and providing the
heating control with an accumulated data; and

controlling the heating in response to the accumu-
lated data.

9. The method as claimed in claim 7 or 8, char-
acterized by

providing the control unit with data on critical
outdoor relative humidity wvalues (RHeriticalour) based on a
scientific microbial growth model; and

determining present state of the outdoor conditions
(Cour) 1n response to the sensing data and the input critical
outdoor relative humidity values (RHcriticalout) as a function
of outdoor temperature (Toyr) and detecting whether the out-
door conditions (Cqur) are favourable or unfavourable for
the microbial growth in relation to the microbial growth

model.
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10. The method as claimed in any one of the preced-
ing claims 7 - 9, characterized by

filtering the generated sensing data by calculating
floating average values for them and inputting the floating

average values to the control unit (CU).

11. The method as claimed in any one of the preced-
ing claims 7 - 10, characterized by

monitoring rate of change in outdoor conditions
(Cour) ;s and

automatically adjust frequency of rate for input-
ting the sensing data to the control unit (CU) in response

to the detected rate of change.

12. The method as claimed in any one of the preced-
ing claims 7 - 11, characterized by

providing the control unit (CU) with several se-
lectable control settings for controlling magnitude of the
heating;

determining structural features of the building en-
velope (BE); and

selecting the control setting in accordance with
the determined structural features of the building envelope
(BE) .

13. A computer program product, for controlling con-
ditions in a building, more specifically of preventing mi-
crobial growth in a building (B),

where the computer program product comprises pro-
gram code means configured to execute the following steps
when being run on a computer or a data processing device:

receiving sensed 1indoor and outdoor temperatures
(Tour, T1n) 5

receiving sensed outdoor relative humidity (RHgyr)

outside the building envelope (RE);
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controlling at least one heating device (HD) for
heating the building (B) in response to the received sensing
data;

characterized in

monitoring outdoor conditions (Ceyr) 1in response to
the received outdoor temperature (Tou-) and relative humid-
ity and detecting outdoor instants favourable for microbial
growth;

controlling the heating of the building (B) in re-
sponse To the detected outdoor conditions (Ceouyr) for pre-
venting microbial growth inside a structure of the envelope
(BE) of the building (B);

determining duration of the detected outdoor in-
stants favourable for microbial growth and accumulating data
on adverse outdoor conditions; and

controlling the heating in response to the accumu-
lated data.
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Patenttivaatimukset

1. Laite (A) olosuhteiden ohjaamiseksi rakennuk-
sessa, Jjoka on epataydellisesti lammitetty rakennus (B),
joka kasittaa rakennuksen vaipan (BE) rajoittaman sisatilan
(IS);

jolloin laite (A) kasittaa

ainakin yhden sisalampotila-anturin (ITS) sisati-
lassa (IS) vallitsevan sisalampdtilan (Try) mittaamiseksi;

ainakin yhden ulkoléampétila-anturin (OTS) rakennuk-
sen vaipan (BE) ulkopuolella vallitsevan ulkolampdétilan
(Toyr) mittaamiseksi;

ainakin yhden ulkokosteusanturin (OHS) rakennuksen
vaipan (BE) ulkopuolella vallitsevan ulkopuolisen suhteel-
lisen kosteuden (RHeyr) mittaamiseksi;

ainakin yhden ohjausyksikoén (CU), Joka on varus-
tettu ainakin yhdella prosessorilla ja prosessorissa suo-
ritettavissa olevalla tietokoneohjelmalla;

ja jolloin ohjausyksikko (CU) on konfiguroitu vas-
taanottamaan mittausdataa mainituilta antureilta (ITS, OTS,
OHS) Jja on konfiguroitu generoimaan ohjauskomentoja (CC)
ainakin vyhdelle lammityslaitteelle (HD) rakennuksen (B)
lammittamiseksi;

tunnettu siita, etta

laite (A) on konfiguroitu tarkkailemaan ulko-olo-
suhteita (Cour) vastaanotettujen ulkolampotilan (Teyr) Ja
suhteellisen kosteuden (RHqyr) arvojen avulla ja on konfi-
guroitu havaitsemaan ulkopuolen hetket, jotka ovat mikro-
bien kasvulle otolliset;

laite (A) on konfiguroitu tuottamaan lammityksenoh-
jauskomentoja (CC) rakennuksen (B) lammittamiseksi vasteena
havaittuihin ulko-olosuhteisiin (Coyr) mikrobien kasvun es-
tamiseksi rakennuksen vaipan (BE) rakenteissa;

laitteessa (A) kaytetdan mittausjaksoa, Jjoka koos-
tuu sarjasta ulkolampotilan (Toyr) Ja suhteellisen kosteuden

(RHoyr) mittauksia;
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ohjausyksikkd (CU) on konfiguroitu kokoamaan vas-
taanotettu ulko-olosuhteiden mittausdata maaratylta Jjak-
solta, jolloin ohjausyksikkso (CU) on konfiguroitu generoi-
maan koontidata ulkopuolen olosuhteista (Cour): Ja

ohjausyksikkoé (CU) on konfiguroitu ottamaan huomi-
oon ulko-olosuhteiden (Ceoyr) koontidata ohjatessaan sisédpuo-

len lammitysta.

2. Patenttivaatimuksen 1 mukainen laite, tun-
nettu siita, etta

tuotettu ulko-olosuhteiden mittausdata sydtetaédn
ohjausyksikkdon (CU) ja lyhennetdan ulko-olosuhteiden (Coyr)
kyseisen koontidatan aikajaksoa ulko-olosuhteiden muuttu-

essa nopeasti.

3. Patenttivaatimuksen 1 tai 2 mukainen laite,
tunnettu siita, etta

laitteelle (A) sydtetddan dataa kriittisista ulko-
puolen suhteellisen kosteuden arvoista (RHeriticalout), JOTtka
on maaritetty eri ulkolampdtiloissa (Toyr) mikrobien kas-
vulle otollisille olosuhteille; ja

laite (A) on konfiguroitu havaitsemaan hetket,
joina mitatut ulkopuolen suhteellisen kosteuden arvot
(RHoyr) vlittavat kriittiset ulkopuolen suhteellisen kosteu-
den arvot (RHeriticalowt) tietyssa ulkolampdtilassa, ja on kon-
figuroitu ohjaamaan sisatilan (IS) lammitystd vasteena nai-

hin havaittuihin hetkiin.

4. Jonkin edeltavista patenttivaatimuksista 1 - 3
mukainen laite, tunnettu siita, etta

laite (A) on konfiguroitu ottamaan huomioon raken-
nuksen vaipan (BE) rakenteelliset piirteet lammityksen oh-

Jjauksessa.

5. Jonkin edeltavista patenttivaatimuksista 1 - 4

mukainen laite, tunnettu siita, etta
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ohjausyksikkd (CU) on konfiguroitu ohjaamaan l&ammi-
tyslaite (HD) lammittamédan sisatilaa (IS) vain silloin, kun
ulkolampdtila on yli 0°C tai ldhelld siti, silla lampotilan

ollessa alle 0°C mikrobien kasvua el esiinny juuri lainkaan.

6. Jonkin edeltavista patenttivaatimuksista 1 - 4
mukainen laite, tunnettu siita, etta

laite (A) on konfiguroitu havaitsemaan olosuhteet,
kun ulkolampodtila (Teym) on alle 0°C ja ulkopuolinen suh-
teellinen kosteus (RHour) on 90 - 100% RH;

Ja jolloin laite (A) on konfiguroitu ohjaamaan lam-
mitystd kosteuden kondensoitumisen vahentamiseksi rakennuk-

sen vaipan (BE) rakenteessa.

7. Menetelm& olosuhteiden ohjaamiseksi rakennuk-
sessa, erityisesti mikrobien kasvun estamiseksi rakennuk-
sessa (B),

jolloin menetelma kasittaa:

mitataan sisd- ja ulkolampotiloja (Tour, Tin):

mitataan rakennuksen vaipan (BE) ulkopuolella val-
litseva ulkopuolinen suhteellinen kosteus (RHgyr) ;

lahetetddn mittausdata ainakin yhdelle ohjausyksi-
kélle (CU); Ja

ohjataan ohjausyksikdén (CU) avulla ainakin vyhta
lammityslaitetta (HD) rakennuksen lammittéamiseksi (B) wvas-
teena vastaanotettuun mittausdataan;

tunnettu siita, etta

tarkkaillaan ulko-olosuhteita (Cgqur) vastaanotettu-
Jen ulkolampdtilan (Tour) Jja suhteellisen kosteuden arvojen
avulla sekd havaitaan ulkopuolen hetket, jotka ovat mikro-
bien kasvulle otolliset;

ohjataan rakennuksen (B) lammitystad wvasteena ha-
vaittuihin ulko-olosuhteisiin (Cqoyr) mikrobien kasvun esta-

miseksi rakennuksen (B) vaipan (BE) rakenteessa;
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maadritetdan mikrobien kasvulle otollisten havaittu-
Jen ulkopuolen hetkien kesto ja kootaan dataa haitallisista
ulko-olosuhteista; ja

ohjataan lammitysta vasteena koontidataan.

8. Patenttivaatimuksen 7 mukainen menetelma, tun-
nettu siita, etta

maéadritetdan mikrobien kasvulle otolliset ulkopuolen
hetket ja kootaan dataa haitallisista ulko-olosuhteista;

maaritetaan mikrobien kasvulle epasuotuisat ulko-
puolen hetket ja kootaan dataa turvallisista ulko-olosuh-
teista;

kompensoidaan maaritetyt kasvulle suotuisat hetket
maaritetyilla epédsuotuisilla hetkilla ja annetaan koonti-
data lammityksen ohjaukselle; Jja

ohjataan lammitysta vasteena koontidataan.

9. Patenttivaatimuksen 7 tai 8 mukainen menetelmi,
tunnettu siita, etta

annetaan ohjausyksikoélle dataa kriittisista ulko-
puolen suhteellisen kosteuden arvoista (RHeriticalout), JOTka
perustuvat tieteelliseen mikrobien kasvun malliin; ja

maaritetaan ulko-olosuhteiden (Ceyr) nykyinen tila
mittausdatan ja ulkolampdtilan (Teyr) funktiona sydtettyjen
kriittisten ulkopuolen suhteellisen kosteuden arvojen
(RHeriticalout) avulla, Jja selvitetaan ovatko ulko-olosuhteet
(Cour) suotuisat vai epidsuotuisat mikrobien kasvulle verrat-

tuna mikrobien kasvun malliin.

10. Jonkin patenttivaatimuksista 7 - 9 mukainen me-
netelmda, tunnettu siita, etta

suodatetaan generoitu mittausdata laskemalla sille
liukuvat keskiarvot, ja syodotetdan liukuvat keskiarvot oh-

Jausyksikkoon (CU) .
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11. Jonkin patenttivaatimuksista 7 - 10 mukainen
menetelmd, tunnettu siita, etta

tarkkaillaan ulko-olosuhteiden (Cour) muutosno-
peutta; ja

saddetadan automaattisesti mittausdatan sydttotaa-
juutta ohjausyksikkodn (CU) havaitun muutosnopeuden perus-
teella.

12. Jonkin patenttivaatimuksista 7 - 11 mukainen
menetelmd, tunnettu siita, etta

annetaan ohjausyksikoélle (CU) useita valittavissa
olevia ohjausasetuksia lammityksen voimakkuuden ohjaa-
miseksi;

maaritetaan rakennuksen vaipan (BE) rakenteelliset
plirteet; Ja

valitaan ohjausasetus maaritettyjen rakennuksen

vaipan (BE) rakenteellisten piirteiden mukaan.

13. Tietokoneohjelmatuote olosuhteiden ohjaamiseksi
rakennuksessa, erityisesti mikrobien kasvun estamiseksi ra-
kennuksessa (B),

jolloin tietokoneohjelmatuote kasittda ohjelmakoo-
din, Jjoka on konfiguroitu ajettaessa se tietokoneessa tai
tietojenkdsittelylaitteessa suorittamaan seuraavat vaiheet:

vastaanottamaan mitatut sisd- Jja ulkolampdtilat
(Tour, Tin) s

vastaanottamaan mitattu rakennuksen vaipan (BE) ul-
kopuolella wvallitseva ulkopuolen suhteellinen kosteus
(RHour) 7

ohjaamaan ainakin vyvhta lammityslaitetta (HD) lam-
mittamédan rakennusta (B) vasteena vastaanotettuun mittaus-
dataan;

tunnettu siita, etta

tarkkaillaan ulko-olosuhteita (Cgqur) vastaanotettu-

Jen ulkolampdtilan (Toyr) Jja suhteellisen kosteuden arvojen
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avulla, ja havaitaan ulkopuolen hetket, jotka ovat suotui-
sia mikrobien kaswvulle;

ohjataan rakennuksen (B) lammitystad vasteena ha-
vaittuihin ulko-olosuhteisiin (Cqoyr) mikrobien kasvun esta-
miseksi rakennuksen (B) vaipan (BE) rakenteessa;

maadritetdan mikrobien kasvulle suotuisten havaittu-
jen ulkopuolen hetkien kesto ja kootaan dataa epaedullisista
ulko-olosuhteista; Jja

ohjataan lammitysta vasteena koontidataan.
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