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(54) Air supply of a manufacturing site

(57) The present invention relates to supplying air to
a manufacturing site. In order to provide an air supply for
a manufacturing site with improved energy efficiency,
where contaminated air can also be handled, an air sup-
ply system (10) for a manufacturing site is provided that
comprises a desiccant and evaporative cooling arrange-
ment (12) and an exhaust air scrubber (14). Further, first
air supply conduits (16) from the desiccant and evapo-
rative cooling arrangement to at least one contaminated
air generating indoor space (18) are provided, and sec-
ondary disposal conduits (20) from the at least one con-
taminated air generating indoor space to the exhaust air
scrubber and to the desiccant and evaporative cooling
arrangement. The desiccant and evaporative cooling ar-
rangement is configured to condition fresh outdoor air
(22) as input air for the use in the contaminated air gen-
erating indoor space. The first air supply conduits are
configured to provide the conditioned air as supply air
(24) to the at least one contaminated air generating in-
door space. The secondary disposal conduits are con-
figured to conduct contaminated exhaust air (26) from
the at least one contaminated air generating indoor space
to the exhaust air scrubber, and to provide the scrubbed
air to the desiccant and evaporative cooling arrange-
ment. The exhaust air scrubber is configured to remove
air contamination (30) to a predefined amount, wherein
the predefined amount is set such that the air can be
used further in the desiccant and evaporative cooling ar-
rangement. Further, the scrubbed air is used for at least
one of the group of cooling the input air by heat recovery,
and desiccating a drying agent of the desiccant and evap-

orative cooling arrangement.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to supplying air
to a manufacturing site, and relates in particular to an air
supply system for a manufacturing site, and a method
for air supply of a manufacturing site.

BACKGROUND OF THE INVENTION

[0002] In manufacturing sites, for example for the man-
ufacture of aircrafts or vehicles, the supply of air with
predetermined parameters may be requested, such as
the supply of air within a certain temperature range, and
air having a relative humidity within a predefined range.
Further, air supply may also be used to remove used air,
or even to remove contaminated air, that has been con-
taminated during certain manufacturing steps, for exam-
ple during painting processes or certain machining proc-
esses, such as grinding steps. Due to the energy aware-
ness becoming increasingly important over the last
years, exhaust air may be used for the recovery of ther-
mal energy to improve the energy efficiency. However,
it has been shown that contaminated air, e.g. contami-
nated with volatile organic compounds (VOC) may have
a negative effect on the efficiency of an air supply for a
manufacturing site, i.e. on the energy efficiency of the
system, since the use of the exhaust air is limited due to
the contamination.

SUMMARY OF THE INVENTION

[0003] Thus, there is a need to provide an air supply
for a manufacturing site with improved energy efficiency,
where contaminated air can also be handled.
[0004] The object of the present invention is solved by
the subject-matter of the independent claims, wherein
further embodiments are incorporated in the dependent
claims. It should be noted that the following described
aspects of the invention apply also for the air supply sys-
tem for a manufacturing site, as well as for the method
for air supply of a manufacturing site.
[0005] According to a first aspect, an air supply system
for a manufacturing site is provided that comprises a des-
iccant and evaporative cooling arrangement, an exhaust
air scrubber, and first supply air conduits from the des-
iccant and evaporative cooling arrangement to at least
one contaminated air generating indoor space, as well
as secondary disposal conduits from the at least one con-
taminated air generating indoor space to the exhaust air
scrubber and to the desiccant and evaporative cooling
arrangement. The desiccant and evaporative cooling ar-
rangement is configured to condition fresh outdoor air as
input air for the use in the contaminated air generating
indoor space. The first air supply conduits are configured
to provide the conditioned air as supply air to the at least
one contaminated air generating indoor space, and the

secondary disposal conduits are configured to conduct
contaminated exhaust air from the at least one contam-
inated air generating indoor space to the exhaust air
scrubber. The secondary disposal conduits are also con-
figured to provide the scrubbed air to the desiccant and
evaporative cooling arrangement. The exhaust air scrub-
ber is configured to remove air contamination to a pre-
defined amount, wherein the predefined amount is set
such that the air can be used further in the desiccant and
evaporative cooling arrangement. The scrubbed air is
used for at least one of the group of: cooling the input air
by heat recovery, and desiccating a drying agent of the
desiccant and evaporative cooling arrangement.
[0006] As an advantage, a combined air conditioning
and venting system is provided, where the contamination
in the exhaust air is removed. For example, the exhaust
air can be generated in a paint shop. Providing the ex-
haust air scrubber makes it possible to use a desiccant
evaporative cooling, which is a highly efficient concept
for providing cooling thermal energy, for example for use
in air conditioning systems. Providing the exhaust air
scrubber also results in that the exhaust air that is leaving
the system has very low emissions.
[0007] For example, the air contamination is removed
by at least a factor of 80 %, or even 95 %. For example,
the air leaving de-contamination is suitable to be provided
for further purposes, such as transfer of thermal energy
in a heat recovery arrangement or the like.
[0008] According to an exemplary embodiment, differ-
ent zones with different air conditioning requirements are
provided, wherein, in addition to the at least one contam-
inated air generating indoor space, at least one air-con-
ditioned indoor space is provided. The first air supply
conduits are provided from the desiccant and evaporative
cooling arrangement to the at least one air-conditioned
indoor space. Secondary air supply conduits are provid-
ed from the at least one air-conditioned indoor space to
an air supply arrangement, and from the air supply ar-
rangement to the at least one contaminated air generat-
ing indoor space. The desiccant and evaporative cooling
arrangement is configured to condition fresh outdoor air
as input air for the use in the air-conditioned indoor spac-
es. The air supply arrangement is configured to condition
exhaust from the at least one air-conditioned indoor
space for the use in the contaminated air generating
space. The first air supply conduits are configured to pro-
vide the conditioned air as supply air to the at least one
air-conditioned indoor space, and the secondary air dis-
posal conduits are configured to conduct exhaust air from
the at least one air-conditioned indoor space to the air
supply arrangement, and to provide the conditioned air
as supply air to the at least one contaminated air gener-
ating indoor space. The different zones may relate to a
first and second type of room. The latter referring to
rooms in which air is generated that shows contamination
making it unsuitable for further use; the first type relating
to rooms in which air is used such that the exhaust air
can be used for purposes such as re-use of thermal-en-
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ergy
[0009] As an advantage, the prepared and precondi-
tioned supply air is first supplied to the air-conditioned
indoor spaces, in which the air is not contaminated, or at
least not essentially contaminated. The exhaust air from
the air-conditioned indoor space is then supplied to those
spaces, in which contaminated air is generated, so-to-
speak as a second use. For example, the air-conditioned
indoor spaces may require cooler air, than the contami-
nated air generating indoor spaces.
[0010] This is in contrast to conventional cooling,
where air is cooled in a first step, whereby the relative
humidity reaches nearly the absorption point of 100 %
relative humidity; the air is then heated up in a second
step to a certain amount to achieve the desired temper-
ature and an acceptable relative humidity.
[0011] The air-conditioned indoor space may also be
referred to as primary air-conditioned indoor space, and
the contaminated air generating space may be referred
to as contaminated air generating secondary indoor
space. The desiccant and evaporative cooling arrange-
ment may then be referred to as primary desiccant and
evaporative cooling arrangement, and the air supply ar-
rangement as secondary air supply arrangement.
[0012] The desiccant and evaporative cooling arrange-
ment may also be referred to as DEC arrangement. Fur-
ther, also the term DCS (desiccant cooling system) may
be used. The basic principle is cooling by drying and
evaporation, i.e. evaporative cooling. Warm input air is
dehumidified or dried in, for example, a rotational dryer
or sorption-wheel. Thereby, the enthalpy is increasing,
and thus the temperature, and the humidity ratio (or water
concentration) is decreasing. The air is then cooled, for
example in a cross-stream heat exchanger. The input air
(to be cooled) transfers thermal energy to the exhaust
air of the system. Further, the air is humidified, by which
the air temperature decreases. The air can then be sup-
plied. For a regeneration of the rotational dryer or sorp-
tion-wheel, exhaust air is heated such that the exhaust
air can absorb humidity from the drying agent provided
in the rotational dryer/sorption-wheel.
[0013] The DEC arrangement may comprise a plurality
of DEC units, which may be connected via a common
supply duct of the air conditioned space to a plurality of
supply openings of the contaminated air generating
space. Further, a common exhaust discharge duct is pro-
vided to collect the contaminated air and to and supply
the exhaust air. The air supply arrangement may com-
prise a plurality of units connected to a common second-
ary air supply conduit. The plurality of units may also be
provided with connections to a respective space unit. The
cooling with a DEC system comprises the basic steps: i)
drying the air in the rotational dryer or sorption-wheel,
which leads to dryer, but warmer air; ii) heat recovery for
cooling the air, by basically maintaining the humidity, i.e.
increasing the relative humidity; iii) humidifying and cool-
ing the air by a rather small degree to arrive at optimized
air condition parameters.

[0014] According to an exemplary embodiment, it is
provided at least one air-conditioned indoor space,
and/or at least one contaminated air generating indoor
space.
[0015] For example, the air-conditioned indoor spaces
comprise manufacturing halls, and the contaminated air
generating indoor spaces comprise painting cabins or
painting rooms.
[0016] According to an exemplary embodiment, the
desiccant and evaporative cooling arrangement compris-
ing a drying agent provided in a sorption-generator. At
least a part of the heat for the cyclic recovery of the drying
agent is provided by low thermal energy from a combined
heat and power plant.
[0017] For example, a part of the heat for the cyclic
recovery of the drying agent is provided by one or more
heat pumps. In another example, solar energy provides
thermal energy for the cyclic recovery.
[0018] According to an exemplary embodiment, the
desiccant and evaporative cooling arrangement compris-
es at least one dry wheel with a drying agent, which dry
wheel is arranged within the first air supply duct with a
first portion and within the secondary disposal conduit
with a second portion. Further, at least one heat recovery
wheel is provided, which is arranged within the first air
supply duct with a first portion and within the secondary
disposal conduit with a second portion.
[0019] According to an exemplary embodiment, at
least one air heater is provided between the heat recov-
ery wheel and the dry wheel in the secondary disposal
conduit.
[0020] According to an exemplary embodiment, the ex-
haust air scrubber is an integrated unit of the desiccant
and evaporative cooling arrangement.
[0021] According to a second aspect, a method for air
supply of a manufacturing site is provided, comprising
the following steps:

a) conditioning of fresh outdoor air in a desiccant and
evaporative cooling arrangement as input air for the
use in contaminated air generating indoor spaces;
and providing the conditioned air as supply air to at
least one contaminated air generating indoor space;
b) conducting of contaminated exhaust air from the
at least one contaminated air generating indoor
space to an exhaust air scrubber where water is
sprayed to i) humidify and cool the air, and to ii) re-
move air contamination to a predefined amount,
wherein the predefined amount is set such that the
air can be used further in the desiccant and evapo-
rative cooling arrangement; and
c) providing the scrubbed air to the desiccant and
evaporative cooling arrangement, wherein the
scrubbed air is used for at least one of the group of:
cooling the input air by heat recovery, and desiccat-
ing a drying agent of the desiccant and evaporative
cooling arrangement.
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[0022] According to an exemplary embodiment, the
manufacturing site comprises different zones with differ-
ent air conditioning requirements, wherein in step a) the
fresh outdoor air is conditioned for the use in air-condi-
tioned indoor spaces, and the conditioned air is provided
as supply air to at least one air-conditioned indoor space.
Between step a) and step b), the following steps are pro-
vided:

ab1) conducting of exhaust air from the at least one
air-conditioned indoor space to an air supply ar-
rangement of contaminated air generating spaces;
and
ab2) conditioning of the exhaust air in the air supply
arrangement for the use in contaminated air gener-
ating spaces, and providing the conditioned air as
the supply air to the at least one contaminated air
generating indoor space.

[0023] In step b), contaminated exhaust air from the at
least one contaminated air generating indoor space is
conducted to the exhaust air scrubber.
[0024] In one example, step ab1) is referred to as step
b), and step ab2) as step c), and step b) as step d), and
step c) as step e).
[0025] The water used for the spraying in the scrubber
may be non-treated drinking water to which a pH-stabi-
lizer (Härtestabilisator) has been added, and which has
been sterilized with a UV light arrangement, e.g. a UV
tube lamp. In another example, clean and treated water
is provided.
[0026] The different zones may comprise a first type
of zone and a second type of zone. The first type may
relate to rooms or other enclosed spaces where air supply
has to be provided within predetermined values, i.e. with
requirements for air conditioning, e.g. air with a temper-
ature and relative humidity predefined, and may be also
air purity, within a respective predetermined range and
where no substantial contamination occurs that might re-
strict the further use of the respective exhaust air. The
second type may relate to rooms or other enclosed spac-
es, where air is polluted or contaminated and needs to
be replaced or refreshed in a predetermined range of air
exchange rate, and which air is contaminated such that
a direct further use in an air supply system is not possible
without further measurements. In another example, of-
fice spaces, or laboratory spaces, are provided as air-
conditioned indoor spaces. The first type comprises man-
ufacturing halls, office spaces and the like. The manu-
facturing sites may be provided for mounting and assem-
bly of vehicles, aircrafts, coaches, trains, or production
of parts thereof. The second type may also have certain
requirements relating to air temperature and relative hu-
midity, and may be also air purity. The second type com-
prises paint-shops, machining and production arrange-
ments and the like. The contaminated air generating in-
door spaces comprise painting cabins or paint shops,
cleaning cabins, or mounting spaces using solvent sub-

stances, such as organic solvents. The contaminated air
generating spaces may also comprise spaces or cabins
where aerosols are used and/or generated in production
or treatment processes. The contaminated air generating
spaces may also comprise spaces or cabins where small
particles, such as nano-particles, are used and/or gen-
erated in respective processes, and which particles then
contaminate the air, which thus requires to be replaced
rather frequently. The particles may also comprise dust
particles.
[0027] The input air is blown into the at least one air-
conditioned indoor space, for example, via large-dis-
tance throwing air nozzles provided in, for example, ap-
proximately 4 m height. In step d), the exhaust air may
be discharged via air suction openings arranged in the
floor area, for example by floor grids or floor gratings.
[0028] For example, in step a), the air is first dried and
thereby heated up to approximately 45 °C. By heat ex-
change, the air is then cooled to approximately 10 to 22
°C. A further cooling is provided by, for example, a cooling
register, leading to an air temperature of approximately
18 °C, which is blown into the air-conditioned indoor
space. In the latter, the air may be heated up to approx-
imately 21 °C.
[0029] If the air-conditioned indoor space is an assem-
bly hall, also other values can be predefined, according
to the assembly steps performed inside the assembly
hall. For example in step c), the air is conditioned to a
range suitable for painting processes, e.g. a temperature
range of approximately 20 to 25 °C, and a relative hu-
midity range of approximately 40 to 70 %.
[0030] The amount of preconditioning by the air supply
arrangement may depend on a state of the exhaust air
from the air condition indoor space.
[0031] According to an exemplary embodiment, the ex-
haust air from the air-conditioned indoor spaces is used
as air source for contaminated air generating indoor
spaces. The exhaust air from the contaminated air gen-
erating indoor spaces and/or from the air-conditioned in-
door spaces is used for operating the desiccant and evap-
orative cooling arrangement for conditioning the supply
air for the contaminated air generating indoor space
and/or for the air-conditioned indoor spaces.
[0032] According to an exemplary embodiment, the
desiccant and evaporative cooling arrangement compris-
es a drying agent provided in a sorption-generator. The
cyclic recovery of the drying agent is supported by low
thermal energy from a combined heat and power plant.
[0033] The drying agent may be provided in a sorption-
wheel or sorption-rotor as sorption-generator.
[0034] Following step c), the scrubbed air may be dis-
charged as exit air from the DEC arrangement.
[0035] According to an exemplary embodiment, the air
contamination is provided by:

i) particles, wherein the amount of sprayed water that
is not solved in the air is at least partly collected and
supplied to a filter arrangement, and may then be
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reintroduced to the above described air treatment
steps; and/or
ii) volatile organic compounds, wherein the amount
of sprayed water that is not solved in the air is at
least partly collected and supplied to a biological re-
actor, where bacteria provide degrading of the vol-
atile organic compounds into CO2, and may then be
reintroduced to the above described air treatment
steps.

[0036] For example, the volatile organic compounds,
also known as VOC, are removed by a degree of at least
approximately 70 %, for example 90 % or even 98 %.
The cleaned waste water can be provided, for example,
to the DEC arrangement for cooling and/or scrubbing pur-
poses.
[0037] According to an exemplary embodiment, step
a) comprises drying of the input air and simultaneous
heating of the input air, cooling of the heated input air by
a heat recovery wheel and humidifying of the input air,
optionally additional heating. Step ab2) comprises op-
tionally humidifying, and optionally additional heating.
Further, step b) comprises humidifying and simultaneous
scrubbing by high speed spraying of water onto a surface
where the water drops are atomized into smaller droplets
generating negative charges, and absorbing the thermal
energy from the heat recovery wheel by the air cooled
by the humidification, and thereby heating up the air, and
optionally heating of the air by low temperature moisture
expeller, optionally heating of the air by high temperature
moisture expeller for disinfection, and drying of the drying
agent by hot air. The generation of negative charges is
also known as water fall effect or Lenard effect.
[0038] For example, the following steps are provided
for a warm summer day, with an air outdoor temperature
of approximately 35 °C and 13 gram water per kilogram
of dry air, i.e. 30 g/kg. The input air enters the desiccant
and evaporative cooling arrangement with 35 °C and 13
g water, i.e. 40 % relative humidity (state 1). By the drying
step, for example in an absorption wheel, the air is heated
up to approximately 55 °C (state 2). In the following step,
the air is cooled to 23 °C (state 3), for example by a heat
recovery wheel. By humidifying, the air is further cooled
down to 19 °C. Then, a ventilator provides heating of less
than 1 °C (state 4). In the air-conditioned indoor space,
the air is heated and humidified to 24 °C and 8 g/kg (state
5). After suction of this exhaust air, the air supply arrange-
ment provides humidifying, which cools the air to 20 °C
and a humidity of 9.7 g/kg (state 6). The air is supplied
to the contaminated air generating indoor space and
leaves as (contaminated) exhaust air heated to 25 °C
and humidified to 10.5 g/kg (sate 7). The exhaust air is
then supplied to exhaust cleaning and heat recovery in
the desiccant and evaporative cooling arrangement.
Leaving an exhaust humidifier, i.e. the scrubber, the air
has as temperature of 19 °C and 13 g/kg (state 8). Si-
multaneously, negative ions, which are generated in this
state, are used for cleaning the exhaust air. Following

the humidifier/scrubber, the air provides the cold thermal
energy to the heat recovery wheel, i.e. the cold air ab-
sorbs thermal energy in the heat recovery wheel, by
which is air is heated to 40 °C and 13 g/kg (state 9). A
low temperature expeller further heats the air to 55 °C
and 13 g/kg (state 10). If necessary, for example for dis-
infection, by a high temperature expeller the air can be
heated up to 100 °C. The hot air with very low relative
humidity (approximately 12 %) is then used for drying the
absorption agent in the absorption wheel and leaves the
system in state 11.
[0039] According to an exemplary embodiment, step
a) comprises first humidifying and pre-heating of the input
air with an absorption wheel, heating with a high temper-
ature heater, and optionally heating with a cooler that
also works as a low temperature heater, in relation with
the scrubber. Step ab2) comprises increasing of the air
temperature by recirculation cooler/heater heating, and
second humidifying.
[0040] For example, the following steps are provided
for a cold winter day, with an air outdoor temperature of
approximately -12 °C and 1 gram water per kilogram of
dry air. The input air enters the desiccant and evaporative
cooling arrangement with -12 °C and 1 g/kg, i.e. approx-
imately 40 % relative humidity (state 1). The air is then
humidified and pre-heated by the absorption wheel to
approximately 13 °C and 8 g/kg (state 2). The high tem-
perature heater then heats the air to 20 °C (state 3). The
cooler can optionally work as a low temperature heater
and can heat the air. In the air-conditioned indoor space,
the air is heated and humidified to 23 °C and 7 g/kg (state
4), wherein the increased temperature is provided by the
circulating air cooler/heater. After suction of this exhaust
air, the air supply arrangement provides humidifying to
8 g/kg (state 5). The air is supplied to a contaminated air
generating indoor space, and leaves as (contaminated)
exhaust air heated to 24 °C and 9 g/kg (state 6). The
exhaust air is then supplied to exhaust cleaning and heat
recovery in the desiccant and evaporative cooling ar-
rangement. Leaving the exhaust humidifier/scrubber, the
air has a temperature of 17 °C and 12 g/kg (state 7).
Simultaneously, negative ions that are generated in this
stage are used for cleaning the exhaust air. Following
the humidifier, the air leaves the system with 2 °C and 4
g/kg (state 8).
[0041] According to an exemplary embodiment, step
a) comprises first humidifying and pre-heating of the input
air with an absorption wheel, heating with a high temper-
ature heater, optionally heating with a cooler that also
works as a low temperature heater, in relation with scrub-
ber, humidifying and cooling with input humidifier, and
heating with cooler that also works as low temperature
heater. Step ab2) comprises increasing of the air tem-
perature by recirculation cooler/heater heating, and sec-
ond humidifying.
[0042] According to an aspect, desiccant and evapo-
rative cooling is combined with an air scrubber such that
spaces can be integrated into the air supply system, in
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which spaces air is contaminated. Energy in form of ther-
mal energy necessary for the desiccant and evaporative
cooling arrangement, for drying the drying agent, may be
provided by exhaust heat from other plants on the man-
ufacturing site. The thermal energy could also be provid-
ed by solar energy. The air scrubber so-to-speak washes
the contaminated air and as a result comprises the par-
ticles and/or volatile organic compounds. In case of par-
ticles, these can be removed easily via filter technology,
whereas for removing the volatile organic compounds
from the water leaving the air scrubber, bacteria can be
provided such that, as a result, decontaminated and
cleaned water is provided that may then be used further
in the process of the air supply, or for other purposes.
[0043] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Exemplary embodiments of the invention will be
described in the following with reference to the following
drawings:

Fig. 1 shows a schematic setup of an air sup-
ply system for a manufacturing site ac-
cording to a first example;

Fig. 2 shows a schematic setup of an air sup-
ply system for a manufacturing site ac-
cording to a further example;

Fig. 3 shows a flow diagram of the air supply
concept for the example of Fig. 2;

Fig. 4 shows a schematic setup for a desic-
cant and evaporative cooling arrange-
ment in Fig. 4A, and a schematic setup
of an air supply arrangement in Fig. 4B;

Fig. 5 shows a further example of a desiccant
and evaporative cooling arrangement
in a schematic setup;

Fig. 6 shows a further example of a desiccant
and evaporative cooling arrangement;

Fig. 7 shows a still further example of a des-
iccant and evaporative cooling ar-
rangement;

Fig. 8 shows an example of a bioreactor in a
schematic setup;

Fig. 9 shows basic steps of an example for a
method for air supply of a manufactur-
ing site;

Figs. 10 to 13 show further examples for methods for
air supply of a manufacturing site;

Fig. 14 shows a functional diagram of an ex-
ample of an air supply system for a
manufacturing site; and

Fig. 15 shows steps of a conventional cooling
in a Mollier-diagram in Fig. 15A, and
the steps of cooling in a desiccant and
evaporative cooling arrangement in a

Mollier-diagram in Fig. 15B.

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] Fig. 1 shows an air supply system 10 for a man-
ufacturing site, comprising a desiccant and evaporative
cooling arrangement 12 and an exhaust air scrubber 14.
Further, first air supply conduits 16 from the desiccant
and evaporative cooling arrangement 12 to at least one
contaminated air generating indoor space 18, indicated
with a dotted line, are provided, and secondary disposal
conduits 20 from the at least one contaminated air gen-
erating indoor space 18 to the exhaust air scrubber 14
and to the desiccant and evaporative cooling arrange-
ment 12. The desiccant and evaporative cooling arrange-
ment 12 is configured to condition fresh outdoor air, in-
dicated by arrow 22, as input air for the use in the con-
taminated air generating indoor space 18. The first air
supply conduits 16 are configured to provide the condi-
tioned air as supply air 24 to the at least one contaminated
air generating indoor space 18. The secondary disposal
conduits 20 are configured to conduct contaminated ex-
haust air, indicated with reference numeral 26, from the
at least one contaminated air generating indoor space
18 to the exhaust air scrubber 14.
[0046] The second disposal conduits are further con-
figured to provide the scrubbed air, indicated with arrow
28, to the desiccant and evaporative cooling arrange-
ment 12. The exhaust air scrubber 14 is configured to
remove air contamination, indicated with a dotted arrow
30, to a predefined amount, wherein the predefined
amount is set such that the air can be used further in the
desiccant and evaporative cooling arrangement 12. The
scrubbed air is used for at least one of the group of cooling
the input air by heat recovery, and desiccating a drying
agent of the desiccant and evaporative cooling arrange-
ment 12. An arrow 32 indicates the discharge of air, for
example after passing a heat exchange device.
[0047] The function of the exhaust cleaning from con-
tamination is based on the waterfall effect, according to
which the water drops are polarized by molecular inter-
relation with the surrounding air; negative charges accu-
mulate on the surface, and positive charge of the drop
accumulate in the inside of the drop. Upon hitting a sur-
face, the surface of the drop is destroyed and atomized
as small droplets that are sprayed to the air, while the
positive charged main drop is floating on the surface.
Thus, negative ions are generated which can then be
used for cleaning of the exhaust, whereas the water treat-
ment process works according to a biological principle.
For example, ceramic structures are used for growing a
bio film in which the carriers degrade the volatile organic
compounds solved in the water to carbon dioxide. In case
the paint shops or the like are not used for a certain pe-
riod, the bio film can be kept alive via a nutrition solution.
[0048] Fig. 2 shows an example of the air supply sys-
tem 10 for a manufacturing site, comprising different
zones for different air conditioning requirements. In ad-
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dition to the at least one contaminated air generating in-
door space 18, at least one air-conditioned indoor space
34 is provided, which is indicated with a dotted line. The
first air supply conduits 16 are provided from the desic-
cant and evaporative cooling arrangement 12 to the at
least one air-conditioned indoor space 34. Further, sec-
ondary air supply conduits 36 are provided from the at
least one air-conditioned indoor space 34 to an air supply
arrangement 38, and from the air supply arrangement 38
to the at least one contaminated air generating indoor
space 18. The desiccant and evaporative cooling ar-
rangement 12 is configured to condition fresh outdoor air
22 as input air for the use in the air-conditioned indoor
space 34. The air supply arrangement 38 is configured
to condition exhaust 40 from the at least one air-condi-
tioned indoor space 34 for use in the contaminated air
generating space 18. The first air supply conduits 16 are
configured to provide the conditioned air as supply air 42
to the at least one air-conditioned indoor space 34, and
the secondary air supply conduits 36 are configured to
conduct exhaust air 40 from the at least one air-condi-
tioned indoor space 34 to the air supply arrangement 38,
and to provide the conditioned air as supply air 44 to the
at least one contaminated air generating indoor space 18.
[0049] The air-conditioned indoor space 34 may be a
fabrication or manufacturing hall, for example for the
manufacture of aircrafts, vehicles, trains, coaches, etc.
or parts thereof. The contaminated air generating indoor
space 18 comprises facilities within manufacturing sites,
such as rooms for painting robots, rooms for ovens for
curing of paint or other substances, rooms for grinding,
filling and polishing, laser welding, or other purposes that
generate air contamination.
[0050] Fig. 3 shows a schematic flow diagram 50.
Fresh outdoor air is supplied via air supply 52 and is then
conditioned as input air in a supply part 54 of the desic-
cant and evaporative cooling arrangement 12. The sup-
ply part 54 comprises a ventilation device 56 for trans-
porting the air. Below the supply part 54, a discharge part
58 of the desiccant and evaporative cooling arrangement
12 is shown. The discharge part 58 also comprises ven-
tilation means 60. Further, the respective rectangular
frame 62 on the left side of the supply part 54 and the
discharge part 58 indicates, together with an arrow 64
indicating the transfer of cold from the supply part 54 to
the discharge part 58, a desiccant component of the des-
iccant and evaporative cooling arrangement 12 that, at
the same time, also provides a heat exchange. A respec-
tive further rectangular frame 66 in the right half of the
supply part 54 and the discharge part 58 indicates, once
again together with an arrow 68, indicating the transfer
of thermal energy, the heat recovery, for example by a
heat recovery wheel. An air conduit 70 leaves the supply
part 54 to supply air, indicated with arrows 72 to an air-
conditioned part of a manufacturing site. Further, a dis-
charge or suction device 74, for example a suction grid
arranged in the floor area, is provided for the suction of
the exhaust air from the air-conditioned space 34. Arrows

76 indicate the entry of the exhaust air into a supply con-
duit 78, leading to a supply part 80 of the air supply ar-
rangement 38. The supply part 80 comprises ventilation
means 82. The further supply duct 84 leaves the supply
part 80 and enters the contaminated air generating indoor
space 18, for example a paint cabin. An exhaust dis-
charge duct 86 leaves the contaminated air generating
indoor space 18 leading to a discharge part 88 of the
supply arrangement 38, also comprising ventilation
means 90. A discharge duct 92 leaves the discharge part
88 and leads to the discharge part 58 of the desiccant
and evaporative cooling arrangement 12. A discharge or
exhaust conduit 94 leaves the discharge part 58 and
leads to a discharge opening 96, for example arranged
on top of a building. Arrows 98 indicate the discharge of
exhaust air. Thus, the desiccant and evaporative cooling
arrangement 12 is shown without further indicating the
exhaust air scrubber 14, which has been mentioned
above.
[0051] Further, a pressure-maintaining arrangement
100 is shown in the right half as an option. The pressure-
maintaining arrangement 100 comprises a supply duct
102, leading to a first part 104 of a pressure regulation
device 106. The first part 104 is connected via a conduit
108 to the supply conduit 70, thus being able to supply
air to the indoor space to be air-conditioned in order to
increase the air pressure inside the space. Further, a
second part 108 of the pressure regulation device 106 is
provided, that is connected to a discharge conduit 110
having suction openings 112 arranged in the air-condi-
tioned indoor space 34, and on the other side connected
to a discharge conduit 112 leading to a disposal opening
114 to discharge exhaust air 116 in order to decrease
the pressure inside the air-conditioned indoor space 34.
[0052] A first double arrow 109 indicates an area or
part of a building with the function of a gate or lock; a
second double arrow 111 indicates an area comprising
the hall with a climatic sector, indicated with a third double
arrow 113, and an autoclave sector, indicated with a
fourth double arrow 115.
[0053] Fig. 4A shows a functional diagram of the des-
iccant and evaporative cooling arrangement 12. It must
be noted that Fig. 4A shows a possible unit, wherein sev-
eral units can be provided. For example, fresh outdoor
air is supplied as indicated with arrow 200, being trans-
ported as indicated with arrow 202, and subject to heat/
humidity exchange 204, and then further transported, as
indicated with arrow 206, to be supplied as supply air
208, for example to the air-conditioned indoor space 34.
An arrow 210 indicates the supply of exhaust air from a
contaminated air generating indoor space 18, which air
is also transported 212 and also subject to the heat/hu-
midity exchange 204, and further transported 214 to
leave the system as exhaust air 216.
[0054] Fig. 4B shows a functional diagram of the air
supply arrangement 38 with the supply part 82 and the
discharge part 88. The contaminated air generating in-
door space 18 is indicated with a dotted frame. An arrow
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218 indicates the entry or supply of exhaust air from the
air-conditioned indoor space 34. The air is then treated
to have predefined conditions to be supplied to the con-
taminated air generating indoor space 18 as input air,
indicated by arrow 220. An arrow 222 indicates the ex-
haust air from the contaminated air generating indoor
space 18 that is supplied to the desiccant and evaporative
cooling arrangement 12, which supply is indicated with
further arrow 224.
[0055] Fig. 5 shows an example where a drying agent
118 is provided in a sorption wheel 120. For example, at
least a part of the heat for the cyclic recovery of the drying
agent 118 is provided by low thermal energy 122 from a
combined heat and power plant (not further shown).
[0056] Fig. 6 shows an example of the desiccant and
evaporative cooling arrangement 12, comprising at least
one dry wheel 124 with a drying agent. The dry wheel
124 is partially arranged within the first air supply duct,
indicated with through-going arrow 126, with a first por-
tion 128, and partially arranged within the secondary dis-
posal conduit, indicated with a second through-going ar-
row 130, with a second portion 132. Further, at least one
heat recovery wheel 134 is provided, which is partially
arranged within the first air supply duct with a first portion
136, and partially arranged within the secondary disposal
conduit with a second portion 138.
[0057] According to the example shown in Fig. 7, at
least one air heater 140 is provided between the heat
recovery wheel 134 and the dry wheel 124 in the sec-
ondary disposal conduit.
[0058] The exhaust air scrubber 14 provides at least
one chamber, in which the air conducted through the
chamber is subject to spraying of small water droplets
with high kinetic energy, which results in the generation
of negative ions that are used for cleaning the exhaust
air. Thereby, contaminated water is provided that is then
supplied to a water treatment arrangement 142 shown
in Fig. 8.
[0059] As can be seen in Fig. 8, the water treatment
arrangement 142 comprises a biological reactor 144,
where bacteria provide degrading of the volatile organic
compounds into CO2, for example. Once the volatile or-
ganic compounds are removed, for example by a degree
of at least 70 %, or for example 90 or even 98 %, the
clean waste water can be provided to the desiccant and
evaporative cooling arrangement 12, for example for
cooling and/or scrubbing purposes in the exhaust air
scrubber 14.
[0060] Waste water containing contamination such as
volatile organic compounds is supplied vie supply line
146. A pump 148 may be provided to provide the trans-
port inside the supply line. The waste water is then
passed on to a bio filter unit 150 inside a housing 152 of
the biological reactor 144. Below, a base or filler body
154 is provided, followed by a further bio filter layer on a
further base or filler body. A ventilation line with a venti-
lator discharges air, for example above roof level. A res-
ervoir 156 is provided for collecting the cleaned waste

water that is now free from volatile compounds. A dis-
charge line 158 is provided, for example in such a height
that a minimum amount of cleaned water remains in the
reservoir. This water can be used for re-supply to the
biological reactor via a supply connection. Further, a sec-
ond reservoir 162 with a culture medium or nutrition so-
lution is provided connected via supply line 164 to the
supply line 146. As a pump, drinking water may be pro-
vided via line 166 and a valve, such that drinking water
mixed with nutrition solution is supplied to supply line 146
and to the bio filter 150 in one scenario. In another sce-
nario, in addition or alternative to the one mentioned
above, a filling level monitoring device monitors the level
inside the reservoir 156; in case of sufficient water in the
reservoir 156, in addition to or instead of the drinking
water, the water in the reservoir 156 can be used together
with the nutrition solution from the second reservoir to
keep the bacteria of the biological reactor alive in periods
where no or only very little waste water accumulates.
[0061] Further, a method 300 for air supply of a man-
ufacturing site is shown in Fig. 9, comprising the following
steps: in a first step a), a first sub-step 310 is provided
in which fresh outdoor air is conditioned as input air in a
desiccant and evaporative cooling arrangement for the
use in contaminated air generating indoor spaces. As a
second sub-step 312, the conditioned air is provided as
supply air to at least one contaminated air generating
indoor space. In a step b), as a third sub-step 314, con-
taminated exhaust air is conducted from the at least one
contaminated air generating indoor space to an exhaust
air scrubber, where, in a fourth sub-step 316, water is
sprayed to humidify and cool 318 the air, and to remove
320 air contamination to a predefined amount, wherein
the predefined amount is set such that the air can be
used further in the desiccant and evaporative cooling ar-
rangement. Further, in a step c), as a fifth sub-step 322,
the scrubbed air is provided to the desiccant and evap-
orative cooling arrangement, wherein the scrubbed air is
used in a sixth sub-step 324 for at least one of the group
of cooling 326 the input air by heat recovery, and desic-
cating 328 a drying agent of the desiccant and evapora-
tive cooling arrangement.
[0062] According to the example shown in Fig. 10, the
manufacturing site is comprising different zones with dif-
ferent air-conditioned requirements, and in step a), the
fresh outdoor air is conditioned in a sub-step 330 for the
use in air-conditioned indoor spaces, and the conditioned
air is provided in a further sub-step 332 as supply air to
at least one air-conditioned indoor space. Further, be-
tween step a) and step b), a step ab1) is provided, in
which exhaust air is conducted in a sub-step 334 from
the at least one air-conditioned indoor space to an air
supply arrangement of contaminated air generating
spaces. In a further step ab2), exhaust air in the air supply
arrangement is conditioned in a further sub-step 336 for
the use in contaminated air generating spaces, and in a
still further sub-step 338, the conditioned exhaust air is
provided as the supply air to the at least one contaminat-
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ed air generating indoor space. Further, in step b), a sub-
step 340 is provided, in which contaminated exhaust air
from the at least one contaminated air generating indoor
space is conducted to the exhaust air scrubber. Further,
a dotted end of the bracket, indicated with reference nu-
meral 342, and a dotted end of the lines following frame
340, indicated with a dotted line 344, indicate that follow-
ing, further steps are provided, for example, as described
above.
[0063] Fig. 11 shows a further example, in which step
a) comprises as a sub-step 346 of drying of the input air
and simultaneous heating of the input air. As a still further
sub-step 348, cooling the heated input air by a heat re-
covery wheel and humidifying of the input air is provided.
Following, three optional sub-steps, indicated with dotted
frames, are provided. In an optional sub-step 350 of step
a) additional heating is provided. Further, step ab2) com-
prises a first optional sub-step 352 of optionally humidi-
fying, and a second optionally sub-step 352 of optionally
additional heating. It must be noted that two inclined par-
allel lines 356 indicate that further steps may be provided
in-between.
[0064] Still further, step b) comprises a first sub-step
358, in which humidifying and simultaneous scrubbing
by high speed spraying of water onto a surface is provid-
ed, where the water drops are atomized into smaller drop-
lets generating negative charges. In a still further sub-
step 360, absorption of thermal energy from the heat re-
covery wheel is provided by the air cooled by the humid-
ification. Thereby, as a still further sub-step 362, heating
up the air is provided. This is followed by two further op-
tional sub-steps. In an optional sub-step 364, optional
heating of the air by low temperature moisture expeller
is provided. As a further sub-step 366, optional heating
of the air by high temperature moisture expeller for dis-
infection is provided. Finally, a further sub-step 368 is
provided in which the drying agent is dried by hot air,
which hot air is indicated with an arrow 370, entering the
frame 368. Further, a downward pointing arrow 372 in-
dicates that further steps may be provided; an upper ar-
row 374 indicates the provision of fresh air as the supply
air.
[0065] Fig. 12 shows an example in which step a) com-
prises a sub-step 376 of first humidifying a pre-heating
of the input air with an absorption wheel. As a further
sub-step 378, a heating with a high temperature heater
is provided. As an optional sub-step 380, heating with a
cooler that also works as a low temperature heater, in
relation with the scrubber is provided. Further, a step
ab2) comprises a sub-step 382 of increasing of the air
temperature by recirculation cooler/heater heating, and
a further sub-step 384 of second humidifying.
[0066] Fig. 13 shows an example, according to which
step a) comprises as a sub-step 386 of first humidifying
and pre-heating of the input air with an absorption wheel.
As a further sub-step 388, heating with a high tempera-
ture heater is provided. This is followed by an optional
sub-step 390, of optionally heating (indicated with dotted

frame) with a cooler that also works as a low temperature
heater, in relation with scrubber. Next, a sub-step 392 of
humidifying and cooling with input humidifier is provided.
This is followed by a sub-step 394 of heating with cooler
that also works as low temperature heater. Further, step
ab2) comprises a sub-step 396 of increasing of the air
temperature by recirculation cooler/heater heating; and
a further sub-step 398 of second humidifying.
[0067] Fig. 14 shows a flow diagram 400 with functional
components/units in an overview. Air enters at 402 as
fresh air from the outside of a building, and is supplied
to a dryer 404. For the air transport, compression or suc-
tion means, i.e. transporting means, are provided. Fur-
ther, a filter arrangement 406 may be provided. While
drying the input air in the dryer 404, the air is simultane-
ously heated, which is indicated with a change of the
colour or pattern of supply line 408 compared to supply
line 410 on the other side of the dryer 404. Further, a
heat recovery wheel 412 for cooling is provided. In the
following, a first optional additional conditioner 414 (func-
tioning as a heater in winter and as a cooler in summer)
414 is provided, followed an optional humidifying unit
416, and further followed by a second optional thermal
conditioner 418, i.e. additional cooler in the summer sce-
nario and an additional heating in the winter scenario.
The air is supplied to a usable space to be supplied with
air following the first additional heater 414. Following the
second additional heater 418, a ventilator unit 420 is pro-
vided. The air can then be discharged via a supply outlet
422 to the air-conditioned space, i.e. the climatic zone,
for example with the support of a further ventilation or
compression device 424. In the climatic zone the air is
contaminated, for example with VOCs, such as in con-
taminated air generating spaces. In the upper part of the
flow diagram, an exhaust discharge opening 426 for
sucking the exhaust air, for example contaminated with
volatile organic compounds, for example further followed
by further compression means. Still further, a second fil-
ter arrangement 428 is provided. Next, a scrubbing unit
430 is provided for humidifying and simultaneous scrub-
bing the air by high speed spraying of water; and the thus
scrubbed air is then supplied to the heat recovery wheel
412. Further, a first optional low thermal heater 432 may
be provided, and may also be followed by a high temper-
ature heater 434. The air is then further supplied to the
dryer 404, i.e. a dry wheel, before being discharged via
discharge opening 436 with the aid of, for example, two
parallel compression/ventilation units 438. Further, in-
stead of being supplied to the low thermal heater 432,
the high thermal heater 434, and the dryer 404 or dry
wheel, a bypass 440 is provided.
[0068] Fig. 15A and Fig. 15B show a Mollier-h-x-dia-
gram for air with rather large humidity and a pressure of
1.012 bar. In the diagram, a vertical left scale 502 indi-
cates the temperature, whereas a vertical scale on the
right, indicated with 504, shows the relative humidity. In
the upper horizontal scale, water in gram per kilogram is
indicated with a horizontal scale 506. A background grid
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508 is provided, together with first line structure 510, in-
dicating lines with similar enthalpy, and second type of
lines 512, indicating similar relative humidity. Further, a
first background pattern enclosed by dotted line 514 in-
dicates meteorological data of Hamburg. An area 516
filled with a second pattern indicates a range of accept-
able values for the temperature, the values for water in
gram per kilogram, and a relative humidity. In conven-
tional cooling, shown in Fig. 15A, for example summer
air having parameters at point 518 of approximately 32
°C with a relative humidity of approximately 35 % is sub-
ject to cooling in first step 520, whereby the relative hu-
midity may reach the absorption point of 100 % relative
humidity. In a second step 522, the air is then heated up
to reach a second point 524 that lies within the acceptable
range. Fig. 15B shows the respective situation for cooling
in a desiccant and evaporative cooling arrangement.
Starting from a first point 526, with, for example, a tem-
perature of 32 °C and a relative humidity of about 38 %,
the air is supplied to a drier in a first step 528, reaching
intermediate first point 530, for example an air tempera-
ture of 52 °C and a relative humidity of about 7.5 %. The
air is then subject to heat recovery, leading to a second
intermediate point or state 532, for example a tempera-
ture of 24 °C and a relative humidity of 32 %. The heat
recovery is thus a second step 534. In a third step 536,
the air is humidified and cooled simultaneously, leading
to a final state 538 lying within the acceptable range 516.
[0069] As indicated above, it is possible to reuse the
exhaust air from the air-conditioned indoor space in the
contaminated air generating indoor space(s). For exam-
ple, only a humidification may be necessary, thus omit-
ting additional energy costs for heating or cooling. After
decontaminating the exhaust air, the exhaust air is sup-
plied to the desiccant and evaporative cooling arrange-
ment for making use of the energy, i.e. the thermal energy
of the exhaust air. Further, the use of discharged heat of
a combined heat and power plant in a range of low tem-
perature further increases the energy efficiency of the
above-described air supply system for a manufacturing
site.
[0070] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features. While the invention has been illus-
trated and described in detail in the drawings and fore-
going description, such illustration and description are to
be considered illustrative or exemplary and not restric-

tive. The invention is not limited to the disclosed embod-
iments. Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing a claimed invention, from a study of the
drawings, the disclosure, and the dependent claims. In
the claims, the word "comprising" does not exclude other
elements or steps, and the indefinite article "a" or "an"
does not exclude a plurality. A single processor or other
unit may fulfil the functions of several items re-cited in
the claims. The mere fact that certain measures are re-
cited in mutually different dependent claims does not in-
dicate that a combination of these measures cannot be
used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. An air supply system (10) for a manufacturing site,
comprising:

- a desiccant and evaporative cooling arrange-
ment (12);
- an exhaust air scrubber (14);
- first air supply conduits (16) from the desiccant
and evaporative cooling arrangement to at least
one contaminated air generating indoor space
(18);
- secondary disposal conduits (20) from the at
least one contaminated air generating indoor
space to the exhaust air scrubber and to the des-
iccant and evaporative cooling arrangement;
wherein the desiccant and evaporative cooling
arrangement is configured to condition fresh
outdoor air (22) as input air for the use in the
contaminated air generating indoor space;
wherein the first air supply conduits are config-
ured to provide the conditioned air as supply air
(24) to the at least one contaminated air gener-
ating indoor space; and the secondary disposal
conduits are configured to conduct contaminat-
ed exhaust air (26) from the at least one con-
taminated air generating indoor space to the ex-
haust air scrubber; and to provide the scrubbed
air to the desiccant and evaporative cooling ar-
rangement; and
wherein the exhaust air scrubber is configured
to remove air contamination (30) to a predefined
amount, wherein the predefined amount is set
such that the air can be used further in the des-
iccant and evaporative cooling arrangement;
and
wherein the scrubbed air is used for at least one
of the group of:
- cooling the input air by heat recovery; and
- desiccating a drying agent of the desiccant and
evaporative cooling arrangement.
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2. System according to claim 1, wherein different zones
with different air conditioning requirements are pro-
vided, wherein, in addition to the at least one con-
taminated air generating indoor space, at least one
air-conditioned indoor space (34) is provided;
wherein the first air supply conduits are provided
from the desiccant and evaporative cooling arrange-
ment to the at least one air-conditioned indoor space;
wherein secondary air supply conduits (36) are pro-
vided from the at least one air-conditioned indoor
space to an air supply arrangement (38), and from
the air supply arrangement to the at least one con-
taminated air generating indoor space;
wherein the desiccant and evaporative cooling ar-
rangement is configured to condition fresh outdoor
air as input air for the use in the air-conditioned indoor
space;
wherein the air supply arrangement is configured to
condition exhaust (40) from the at least one air-con-
ditioned indoor space for the use in the contaminated
air generating space;
wherein the first air supply conduits are configured
to provide the conditioned air as supply air to the at
least one air-conditioned indoor space; and the sec-
ondary air supply conduits are configured to conduct
exhaust air (40) from the at least one air-conditioned
indoor space to the air supply arrangement; and to
provide the conditioned air as supply air (44) to the
at least one contaminated air generating indoor
space.

3. System according to claim 2, wherein it is provided

- at least one air-conditioned indoor space;
and/or
- at least one contaminated air generating indoor
space.

4. System according to one of the preceding claims,
wherein the desiccant and evaporative cooling ar-
rangement comprises a drying agent (118) provided
in a sorption-generator (120); and at least a part of
the heat for the cyclic recovery of the drying agent
is provided by low thermal energy (122) from a com-
bined heat and power plant.

5. System according to one of the preceding claims,
wherein the desiccant and evaporative cooling ar-
rangement comprises:

- at least one dry wheel (124) with a drying agent,
which dry wheel is arranged within the first air
supply duct with a first portion (128) and within
the secondary disposal conduit with a second
portion (132); and
- at least one heat recovery wheel (134), which
is arranged within the first air supply duct with a
first portion (136) and within the secondary dis-

posal conduit with a second portion (138).

6. System according to one of the preceding claims,
wherein at least one air heater (140) is provided be-
tween the heat recovery wheel and the dry wheel in
the secondary disposal conduit.

7. System according to one of the preceding claims,
wherein the exhaust air scrubber is an integrated
unit of the desiccant and evaporative cooling ar-
rangement.

8. A method (300) for air supply of a manufacturing site,
comprising the following steps:

a) conditioning (310) of fresh outdoor air in a
desiccant and evaporative cooling arrangement
as input air for the use in the contaminated air
generating indoor space; and providing (312)
the conditioned air as supply air to at least one
contaminated air generating indoor space;
b) conducting (314) of contaminated exhaust air
from the at least one contaminated air generat-
ing indoor space to an exhaust air scrubber
where water is sprayed to i) humidify and cool
(318) the air, and to ii) remove (320) air contam-
ination to a predefined amount, wherein the pre-
defined amount is set such that the air can be
used further in the desiccant and evaporative
cooling arrangement; and
c) providing (322) the scrubbed air to the desic-
cant and evaporative cooling arrangement;
wherein the scrubbed air is used for at least one
of the group of:

- cooling (326) the input air by heat recovery;
and
- desiccating (328) a drying agent of the des-
iccant and evaporative cooling arrange-
ment.

9. Method according to claim 8, wherein the manufac-
turing site is comprising different zones with different
air conditioning requirements;
wherein in step a) the fresh outdoor air is conditioned
(330) for the use in air-conditioned indoor spaces,
and the conditioned air is provided (332) as supply
air to at least one air-conditioned indoor space;
wherein between step a) and step b) these steps are
provided:

ab1) conducting (334) of exhaust air from the at
least one air-conditioned indoor space to an air
supply arrangement of contaminated air gener-
ating spaces; and
ab2) conditioning (336) of the exhaust air in the
air supply arrangement for the use in contami-
nated air generating spaces; and providing
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(338) the conditioned air as the supply air to the
at least one contaminated air generating indoor
space;

wherein in step b) contaminated exhaust air from the
at least one contaminated air generating indoor
space is conducted (340) to the exhaust air scrubber.

10. Method according to claim 8 or 9, wherein the ex-
haust air from the air-conditioned indoor spaces is
used as air source for contaminated air generating
spaces; and
wherein the exhaust air from the contaminated air
generating indoor spaces and/or for the air-condi-
tioned indoor spaces is used for operating the des-
iccant and evaporative cooling arrangement for con-
ditioning the supply air for the contaminated air gen-
erating indoor space and/or air-conditioned indoor
spaces.

11. Method according to one of the claims 8 to 10, where-
in the desiccant and evaporative cooling arrange-
ment comprises a drying agent provided in a sorp-
tion-generator; and the cyclic recovery of the drying
agent is supported by low thermal energy from a
combined heat and power plant.

12. Method according to one of the claims 8 to 11, where-
in the air contamination is provided by:

i) particles, wherein the amount of sprayed water
that is not solved in the air is at least partly col-
lected and supplied to a filter arrangement;
and/or
ii) volatile organic compounds, wherein the
amount of sprayed water that is not solved in
the air is at least partly collected and supplied
to a biological reactor, where bacteria provide
degrading of the volatile organic compounds in-
to CO2.

13. Method according to one of the claims 9 to 12,
wherein step a) comprises:

- drying (346) of the input air and simultaneous
heating of the input air;
- cooling (348) of the heated input air by a heat
recovery wheel and humidifying of the input air;
- optionally additional heating (350);

wherein step ab2) comprises:

- optionally humidifying (352);
- optionally additional heating (354); and

wherein step b) comprises:

- humidifying and simultaneous scrubbing (358)

by high speed spraying of water onto a surface
where the water drops are atomized into smaller
droplets generating negative charges;
- absorption (360) of thermal energy from the
heat recovery wheel by the air cooled by the
humidification; and thereby heating (362) up the
air;
- optionally heating (364) of the air by low tem-
perature moisture expeller;
- optionally heating (366) of the air by high tem-
perature moisture expeller for disinfection; and
- drying (368) of the drying agent by hot air.

14. Method according to one of the claims 9 to 13,
wherein step a) comprises:

- first humidifying and pre-heating (376) of the
input air with an absorption wheel;
- heating (378) with a high temperature heater;
- optionally heating (380) with a cooler that also
works as a low temperature heater, in relation
with the scrubber; and

wherein step ab2) comprises:

- increasing (382) of the air temperature by re-
circulation cooler/heater heating; and
- second humidifying (384).

15. Method according to one of the claims 9 to 14,
wherein step a) comprises:

- first humidifying and pre-heating (386) of the
input air with an absorption wheel;
- heating (388) with a high temperature heater;
- optionally heating (390) with a cooler that also
works as a low temperature heater, in relation
with scrubber;
- humidifying and cooling (392) with input hu-
midifier;
- heating (394) with cooler that also works as
low temperature heater; and

wherein step ab2) comprises:

- increasing (396) of the air temperature by re-
circulation cooler/heater heating; and
- second humidifying (398).
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