Universal infrastructure for chemical processes The invention relates to a plant for carrying out

chemical processes according to the preamble of claim 5 1. An analogous plant is shown in EP 0 754

" 084 BI. Prior art The provision of individual modules of production 10 plants in the form of mobile,

. site-independent units is known in principle from vialrigus fields of industry, for example the chemical
--and pharmaceutical industry, biotechnology or the'like. 15 For example, a modular ethanol production

plant made up of a plurality of modules of identical size is known from US 2008/0029447 Al. The

individual modules are in each case configured as shipping containers. 20 A modular production plant

known from US 5,656,491. The plant
) Lc?a groces§eé .
comprises at led : to form a functional

unit. 25 A transportable, modular plant for producing and utilizing biogas is known, for example, from
DE 199 58 142 Bh<The individual-conmparents of this plant ferrexanple fermenters andenergy part,
are 30 providedJn ahleast twa.separale.stulciuakelements which geeaghaccammoriated in

ibe

standard transport container frames. Since the biochémical processes descr in the
abovementioned doclnfifts BREEER RGN preéssite anttefmpelattipds, 15¢ pithts described for
these do not have to meet any stringent safety requirements. - 2 - Modular systems by means of
which plants forggagasng edt chemical processes can be configured on a microsnace scale are known
in the field of 5 microreactions technology. Thus, the generic document EP 0 754 084 B1 describes a

for the production, gt Ripteehnelogy brodycts is. Jog example, |

The provision of individual modules of production
10 plants in the form of mobile, site-independent units is
known in principle from various fields of industry, for
example the chemical and pharmaceutical industry,

biotechnology or the like.

15 For example, a modular ethanol production plant made up
of a plurality of modules of identical gize is known
from US 2008/0029447 Al. The individual modules are in

each case configured as shipping containers.

20 A modular production plant for the production of
biotechnology products is, for example, known £rom
US 5,656,491, The plant comprises at least two mobile
modules which can be connected to one another to form a
functional unit.

25
A transportable, modular plant for preoducing and
utilizing biogas is known, for example, from

DE 189 58 142 Al. The individual components of this
plant, for example fermenters and energy part, are
30 provided in at least twe separate structural elements
which are each accommodated in standard transport

contalner frames.

Since the biochemical processes described in the
35 abovementioned documents proceed at low pressures and
temperatures, the plants described for these do not

have to meet any stringent safety requirements.



modular chemical reaction system built up on the basis of an assembly slab serving as infrastructure.
All 10 plant parts are configured as functional modules which can be combined with one another; for

- mass transfer between the units, the assembly slab provides integrated flow paths. 15 WO 01/89681
A2 likewise describes a modular system for configuring microreaction plants. The apparatuses

- connected to form the plant are designed as unitized functional modules which have standardized
dimensions and are inserted into a mounting frame. The mounting 20 frame has no integrated flow
paths; rather, the interfaces of the apparatus are o‘rg&niied so that the respective inlets and/ outlets of
the modules located next to one another in the mounting frame adjoin one another so as to allow direct
mass transfer between the 25 modules. Both the abovementioned modular systems are designed only
for a plant capacity on the micro scale. Owing to the small throughputs and large wall thicknesses, 30

microreaction taghaalogy makes it possible (o gantrokdangerous reactions.of hazardoys materials at

high temperatures and pressures. In practice, such microreaction plants have the diménsions of a

piece of furnitur8'$b thaf 8y B4t be BRECESE RS labbRftory 255 THeRafcigiaeRifiesréguired, forexample
extinguishing unit;, aircextraction orqxdtectionof -3-kground water andiadso efnekgysupphrare

provided by; the gverall systems,of the.laboratory, building. Owing to the low risk posed by reactions on
the microspace scale, the capability of the safety infrastructure 5 usually provided in laboratories is

sufficient. For this reason, modular systems are used for microreaction plants without dedicated safety
facilities. Anin-pHngipledisaelvastagesfmicoreaction T0Ete@hdlégy iithellowguroduttion capacity of

the microplant cesapared te adraditional large-scaleghemicaliplant Proble the pasis
of an assembly slab serving as infrastructure. All

10  plant parts are configured as functional moduleg which

can be combined with one another; for mass transfer

between the units, the assembly slab provides

integrated flow paths.

15 WO 01/8%8681 A2 likewise describes a modular system for
configuring microreaction plants. The apparatuses
connected to form the plant are designed as unitized
functional modules which have standardized dimensions
and are inserted into a mounting frame. The mounting

20 frame has no integrated flow paths; rather, the
interfaces of the apparatus are organized so that the’
respective inlete and/ ocutlets of the modules located
next to one another in the mounting frame adioin one
another so as to allow direct mass transfer between the

25 modules.

Both the abovementioned medular systems are designed
only for a plant capacity on the micro scale. Owing to
the small throughputs and large wall thicknesses,
30  microreaction technology makes i1t possible to control
dangerous reactions of hazardous materials at high
temperatures and pressures. In practice, such
microreaction plants have the dimensions of a piece of
furniture so that they can be erected in a laboratory.
35 The gafety facilities reguired, for example

extinguishing unit, air extraction or protection of



15 In the light of this prior art, the present invention addresses the problem of developing a plant of the
type mentioned at the outset so as to make it possible to carry out chemical reactions in a production
 quantity 20 going beyond the laboratory scale while maintaining strict safety precautions. Solution 25
This problem is solved by a plant as claimed in claim 1. Preferred developments of the invention are

- described in the dependent claims.  The invention accordingly provides a plant for carrying 30 out
chemical processes, a) having at least one device for receiving and/or providing starting materials, b)
having at least one device for receiving and/or proY/id%ng“ products, 35 c) having at least one reactor for
conversion of the starting materials into products; 4 d) and having at least one device for controlling
and/or regulating the conversion, e) where the plant is built on the basis of an infrastructure; 5 f)
wheretheinfrastristureprexdesintegeated onduits-by means16f whieh materialandigr energy and/or
information cande.exchanged pefween he devices andiar between the regctorand e devices, )
where the infrastructure is provided with at least 100ne m(‘)unt\{ng areain V\ﬁ'nch, devicés and/or
reactors and/or atiliahy Bppatditised Afsiiondd caifpe fikeas on the microspace

scale, the capability of the safety infrastructure
5 usually provided in laboratories is sufficient. For
this reason, modular systems are used for microreaction

plants without dedicated safety facilities.

An in-principle disadvantage of microreaction
10 technology 4is the low production capacity of the
microplant compared to a traditional large-scale

chemical plant.

Problem
15
In the light of this prior art, the present invention
addresses the problem of developing a plant of the type
mentioned at the ocutset so as to make it possible to
carry out chemical reactions in a production gquantity
20  going beyond the laboratory scale while maintaining

strict safety precautions.
Solution

25  This problem is solved by a plant as claimed in claim
1. Preferred developments of the invention are

described in the dependent claims.

The invention accordingly provides a plant for carrying
30 out chemical processes,
a) having at least one device for receiving and/or
providing starting materialg,
b) having at least one device for receiving and/or
providing products,
35  ¢) having at least one reactor for conversion of the

starting materials into products;



h) where the infrastructure is transportable, i) where the infrastructure confines at least one walk-in
space, 15 k) where the mounting area is arranged in said space, 1) and where the infrastructure has
" an extinguishing agent distribution. A basic concept of the present invention is to locate 20 the
infrastructure, on the basis of which the plant is built, physically within a volume into which a human
- being can walk but which still can be transported with a low logistical outlay and at the same time to
integrate the required safety devices such as an 25 extinguishing agent distribution into the
infrastructure. An infrastructure of the type provided bﬁ‘y the invention is therefore independent of a
superordinated safety system and therefore does not have to be installed in a laboratory environment.
30 Sincetheinfrastructurecanbestandardized independently of the processes carried out therein, the
same infrastructiire gan benaseichtpr aavariety of plants.el hig seduces capital costsandiatihe same
time 35 increasesthgquality. Fpé@lilslrg@%th&igfrggggggugq as such is also an object of the -5 -

invention. A parti?uIaLadvantgge of the plant according_to the inventionisthat,thankstoitsuniversal
= whie [

re plant is built on the basis of an
infrastructure;
5 f) where the infrastructure provides integrated

conduits by means of which material and/or energy
and/cr information can be exchanged between the
devices and/or between the reactor and the devices,
g} where the infrastructure is provided with at least
10 onne mounting area in which devices and/or reactors
and/or auxiliary apparatuses mentioned can be fixed,
h) where the infrastructure is transportable,
i) where the infrastructure confines at least one walk-
in space,
15 k) where the mounting area is arranged in said space,
1) and where the infrastructure has an extinguishing

agent distribution.

A basic concept of the present invention is to locate
20  the infrastructure, on the basis of which the plant is
built, physically within a volume into which a human
being can walk but which still can be transported with
a low logistical outlay and at the same time to
integrate the required safety devices gsuch as an
25  extinguishing agent distribution into the
infrastructure. An infrastructure of the type provided
by the invention is therefore independent of a
superordinated safety system and therefore does not

have to be installed in a laboratory environment.

30
Since the infrastructure can be standardized
independently o¢f the processes carried out therein, the
same infrastructure can be used for a variety of
plants. This reduces capital costs and at the same time
35 increasges the guality. For this reason, the

infrastructure as such 1s also an object of the



5 infrastructure, it can be used for several product development phases; thus, at the commencement
of development of any chemical process there is a laboratory phase in which process steps and

" parameters are evaluated for small throughputs in discontinuous 10 processes. Here, the chemistry of
the desired process is of central interest. The development then moves on the pilot plant phase in

- which engineering aspects are examined. At throughputs which have been increased compared to the
laboratory but are still small, a 15 continuous process using apparatuses which correspond in terms of
their function to those of a future full-scale plant isestablished. This is followed by the "scale--up" in
which the process developed in the pilot plant is brought to the production scale. Similarity 20
problems routinely have to be solved here. These three phases can be carried out on the basis of the
same infrastructurezcth serves initially as laboratory. The devices for receiving and/or providing 25
starting materials and products and the reactor are therefore configured on a laboratory scale. The
measurements from the laboratory reaction are collected in the device for measurement/control/

regulation. The ThirREFictGR fHen SBKAIRELiIloPplarit Fhé*36 Tdbofste Rrdevices e rdpfaced by
small apparatuseswenich correspand intesms of funetiorkto large=scald apparatuses<Thae device for

measurement/controliregiiation,is utilized further for this.purpose and.continues tgrcgg%ttdata which

35 correspond tg the Jearning process in the pilot plant. Finally, the infrastructure Serves as basis for a
-6-- large-scale pian Cf:%?ﬁ?f‘ﬁg puFptEESTie apparstused tan bE@nlafgEa FYEEHEE of tidir capacity,
but this leads tosiFRlaginsroblentst As anvalterdativecthe plantds simsply tiireered by=a sezond
infrastructure 5 pguippedda-angidenticat mapaewhigh ds provided-alengside. The.data acguired are
likewise mirroreEg SO ﬂé%ta ux?aé? e%graélglxisatsio% pne h%:} not to worry aboutdsimllarité/,problems. 10 The
invention therefore also provides a process for producing products usig & PRt as discissed here,
which hag the fEIRGiRG 2tps: BFprodudiig adirsmaimemt of prosliets @96t A #ifst pefieg oftime with
recording informationinecessary 1.5 fareontrallingf s eqiating the-reacton:in theyeactarin the device

forconno“ﬂregﬂgmgﬁf%g“%ﬁ%5§0$Mase in which engineering aspects are
examined. At throughputs which have been increased

compared to the laboratory but are still small, a

15 continuous process using apparatuses which correspond

in terms of their function to those of a future full-

scale plant is established. This is followed by the

"scale-up" in which the process developed in the pilot

plant is Dbrought to the production scale. Similarity

20 problems routinely have to be solved here.

These three phases can be carried out on the basis of
the game infrastructure: It serves initially as
laboratory. The devices for receiving and/or providing
25 starting materials and products and the reactor are
therefore configured on a laboratory scale. The
measurenents from the laboratory reaction are collected
in the device for measurement/control/ regulation. The
infrastructure then serves as pilot plant. The
30 laboratory devices are zreplaced by small apparatuses
which correspond in terms of functicn to large-scale
apparatuses. The device for
measurement/control/regulation is utilized further for
this purpose and continues to collect data which
35 correspond to the learning process in the pilot plant.

Finally, the infrastructure serves as basis for a



b) increasing the capacity of the plant while retaining the infrastructure and the device for control or
20regulation of the reaction; c) producing a second amount of products over a second period of time
* with reading out information necessary for controlling or regulating the reaction in the reactor from the
device for control or 25regulation of the reaction; where the second amount is greater than the first
--amount and the second period of time is after the first period of time. 30 The infrastructure is thus an
integrated solution both for the development and continuous production of chemical products including
the functions of supply and disposal of starting ma‘teﬁal& by-products and end products,
control/regulation/air conditioning. 35 the distribution which also has components. If extinguished by 5
distribution. of extinguishing the mounting a fire occurs means of the extinguishing agent T_he
extinguishing agentdlistribafien gah=camprisea ring tonduitqitstknferential infrastraeture:which has a
plurality of can be enlarged in respect of their capacity, but this

leads to similarity problems. As an alternative, the

plant is simply mirrored by a second infrastructure

5 eqguipped in an identical manner which is provided
alongside. The data acguired are likewise mirrored so
that due to parallelisation one has not to worry about

similarity problems.

10 The invention therefore also provides a process for
producing products using a plant as discussed here,
which has the following steps:

a) producing a first amount of products over a first
period of time with recording information necessary

15 for controlling or regulating the reaction in the

reactor in .the device for control or regulation of
the reaction;

b) increasing the capacity of the plant while retaining
the infrastructure and the device for control or

20 ragulaticn of the reaction;

c) producing a second amount of products over a second
period of time with reading out information
necessary for controlling or regulating the reaction
in the reactor from the device for control or

25 regulation of the reaction;
where the second amount 1is greater than the first
amount and the second period of time is after the first

period of time.

30 The infrastructure ig thus an integrated solution both
for the development and continuous production of
chemical products including the functions of supply and
disposal of starting materials, by-products and end
products, control/regulation/air conditioning.

35
The extinguishing agent distribution preferably allows



10 arranged at a distance from one another for the plant with liquid. If the fire bursts space, the entire
plant can be sprayed extinguishing agent so that the fire cannot upon the surroundings of the
infrastructure. 15 The infrastructure preferably has at least one extinguishing agent connector which
can be accessed from the outside and can feed extinguishing agent into the extinguishing agent
distribution. The arriving fire 20 brigade therefore only needs to feed an extinguishing agent into the
burning rastructure and does not have to assemble additional extinguishing equipment. This increases
the speed of extinguishing. 25 To permit reactions involving toxic gases to be carried out in the space
of the infrastructure, the latter is preferably provided with forced ventilation. Should the ambient air be
harmful for the reaction in 30 the space, said space hermetically sealed. has to be devised to be

The space of thergfrastrgeture.canpe léﬁdeé%iﬁiwg{] ﬁ@ﬁl%@@ﬁi%g@? toj-hI Ero;%éghe?wg?gg water from
leaking 35 liquids. .- 8 - The mounting area advantageously has a plurality of adaptors for
accorr?moda?ingwsg]e{ﬁg%evi%%g’ %nd%?sgaid%%ctozpso an /%)Irl%Luxiﬁé"fr'gflaappfa‘taclr)él“ﬁjsg‘?.l Thidradilitates

inﬁakMonofﬂ@ﬁ%@ﬂﬂﬁﬂEﬁ- If a fire oCcCurs here, it can be
extinguished by means of the extinguishing agent

5 distribution.

The extinguishing agent distribution can likewise
comprise a ring conduit circumferential to the
infrastructure which has a plurality of nozzles
10  arranged at a distance from one another for spraving
the plant with liguid. If the fire bursts from the
apace, the entire plant can be sprayed with an
extinguishing agent so that the fire cannot encroach

upon the surroundings of the infrastructure.

15
The infrastructure preferably Thas at least one
extinguishing agent connector which can be accessed
from the outside and can feed extinguishing agent into
the extinguishing agent digtribution. The arriving fire
20  brigade therefore only needs to feed an extinguishing

agent into the burning infrastructure and does not have
to assemble additional extinguishing equipment. This

increases the gpeed of extinguishing.

25  To permit reactions involving toxic gases to be carried
out in the space of the infrastructure, the latter is

preferably provided with forced ventilation.

Should the ambient air be harmful for the reaction in
30 the space, said space has to be devised to be

hermetically sealed.

The space of the infrastructure can be underlaid with a
collection pan to protect the ground water from leaking

35  liguids.



5 In a particularly preferred embodiment of the mounting area, the adaptors thereof each have the
shape of a regular hexagon and these hexagonal adaptors are arranged adjacent to one another
- wall-to-wall in a 10 honeycomb-like manner. In this way, the devices can be located in a particularly
space-saving manner in the mounting area and the conduits can be kept short. This increases the
- accuracy of regulation of the plant, since only small dead times occur. 15 A higher degree of
integration can be achieved by the infrastructure having two mounting areas which extend orthogonally
to one another in the space mentioned. As a conséqﬁeﬁce, the apparatuses can be arranged next to
20 one another in three dimensions, which saves space and conduit paths. To simplify the installation
of the plant in the surroundings, the infrastructure has at least one 25 outward-facing interface for
introducing or digebarging-energy anedar anarxdiasy mediam angd/er a,bypproduct; 79 make the plant
easy to transpog%%\é%ilgblﬁ Iransport means, t_Ehe infrastrl,clftur should have the 30 format of a

u

. . o] .
standard container, In particular a container in accordance with 180 668. Inag%r?ﬁer Vartant according

to the invention* fiean<¥6r CaIFYIRY otittherbattior SReaAC B esntrdiHgthEa35! reiaetioand means
for receiving antifor qproviding-startting-matesiads: anglor pgoducts are arranged in

5

In a particularly preferred embodiment of the mounting
area, the adaptors therecf each have the sghape of a
regular Thexagon and these hexagonal adaptors are
arranged adjacent to one another wall-to-wall in a

10 honeycomb-like manner. In this way, the devices can be
located in a particularly space-saving manner in the
mounting area and the conduits can be kept short. This
increases the accuracy of regulation of the plant,
since only small dead times occur.

i5
A higher degree of integration can be achieved by the
infrastructure having two mounting areas which extend
orthogonally to one another in the space mentioned. Ag
a consequence, the apparatuses can be arranged next to

20 one another in three dimensions, which saves space and

conduit paths.

To simplify the installation of the plant in the
surroundings, the infrastructure has at least one
25 outward-facing interface for introducing or discharging

energy and/or an auxiliary medium and/or a by-product.

To make the plant easy to transport by available
transport means, the infrastructure should have the
30 format of a standard container, in particular a

container in accordance with ISO 668.

In a further variant according to the invention, means
for carrying out the reaction, means of controlling the
35 reaction and means for receiving and/or providing

starting materials and/or products are arranged in



-9 different spaces of a single transport container which preferably has standard dimensions. The
infrastructure as transportable functional unit 5 preferably comprises at least one workup space, at
least one storage space and at least one instrumentation space. Starting material containers, product
containers, by-product containers and the like can be kept in stock in the storage space. In the case 10
of a particularly high capacity of the plant, the feedstock vessels close to the process can be
accommodated there. In the reaction/work-up space, the actual apparatuses 15 for carrying out the
process and for the work-up can be provided. The-pl&nt-according to the invention particularly
preferably forms a completely closed functional unit, 20 particularly when carrying out the reaction,
except for the required interfaces for electric energy, inflowing air and exhaust air and the like. In an

advantageous vatiantolthe pgntaccoring:lo Zb e Invenlianateast ane lock fhipugh.yhich the

functional unit or plant can be accessed is provided. Particularly when air- and moisture-sensitive
starting materiaRare 16 B Worksd (6P WREH paHicia EiF--30 and moisture-sensitive products are

to be produced, it can be advantageous to provide the plant with forced ventilation. The work-up space

can, for examplere actively yeptilated-with air, and the atmesphere cam,pe mpnitored oy,means of
conventiongl sensars i}rj rgﬂ)/ect 35 of the maximum_workplace concentration of particular substances

and for explosidh protection” - 10 Tha irstrufsntatioh spacd {8 SPAcE) ertdiiSassed apparatuses
for process contr§Farid praeess shitewagwhichareseparatell installed thérs These inctude, in 5

particular, the piecess.caatioh sysiemssang-ether elegtical dnstruments; These are dexices for
controlling and/gr regulating th ction in the sense of the invention. 10 The circuit hoxes required
for the instrume%i'fation and gor%r%i%cérg %’e tﬁ)éfj na fftnlg\?vn %Oa%%%%.rﬁr%?ergg(é h%?\/lv%v%rl, Tis proposed
that the arrangérfigntdhd'SiRipe 6t i Bif¢uitiBoxeaDeTAIRE F5nSBFE RoneytoRits Hovsver,
depending ®n theftechnicalrequindments oftheh capacity of the plant, the

faeedstock vessels close to the process c¢an Dbe

accommodated there.

In the reaction/work-up space, the actual apparatuses
15 for carrying out the process and for the work-up can be

provided,

The plant according to the invention particularly
preferably forms a completely c¢losed functional wunit,
20  particularly when carrying out the reaction, except for
the regquired interfaces for electric energy, inflowing

alr and exhaust air and the like.

In an advantagecus variant of the plant according to
25 the invention, at least one lock through which the

functional unit or plant can be accessed is provided.

Particularly when air- and moisture-sensitive starting
materials are to be worked up or when particularly air-
30 and moisture-sensitive products are to be produced, it
can be advantagecus to provide the plant with forced
ventilation. The work-up space can, for example, be
actively ventilated with air, and the atmosphere can be
menitored by means of conventional sensors in respect
35 of the maximum workplace concentration of particular

substances and for explosion protection.



15 process being carried out in each case and the associated technical accessories, it is also possible
to provide classical circuit boxes having a cuboidal or circular shape. 20 In a preferred variant of the

- plant according to the invention, at least the storage space is underlaid with a collection pan. Of
course, the entire functional unit can be underlaid with a collection pan. It is possible to provide, for

. example, one or more liquid sensors in 25 the collection pan, which trigger an acoustic and/or optical
alarm or effect a shutdown of the plant when liquids accumulate in the collection pan. The storage
space is advantageously provided with at 30 leasf oné rolling shutter gate. Rolling shutter gates can be
provided without exceptional space requirement and allow free access to the storage space if need be,
for example from the outside. closed comparatively easily, i.e. in the sense of low operating forces. In
an advantageous embodiment of the plant according to 5 the invention, at least one central

extinguishing agent coq@]eé:g%%%qlgglggg;lonesﬁétgﬂé;uis | genég g:s{:tsr)ibutiglq ég&n%{\éigggl spaces are
provided. In a preferred embodiment, a pipe can be provided as T semistationary extinguishing

conduit". This aféWé TP EESEET daifagBio Siftkly GRErESE thetsiteht RitRGEt aardiwythe
environment andithe firexfighterpthemselyesi kot 1S parpdser d is passibleita sedall, known

extinguishiag media-suchias COZ nilrogen, 15 pulvesized Asrosits, Siggrpats.rthe kg, s an
alternative to an gxtin ujshing agent distributor, individual spaces can also be equipped separately
with extinguishiftg onddit @nne s oM TRE Butside TS allois fo intdBHEE Tiferertxtinguishing
agents into 20 diffevenespacess asdéeded: ot example, thmaydrecscessary tohsseswates instead of

CO2 as extinguishinthagertin-one-ef the spaces. For example, it can be necessary to use powder or
foam as extinguishing agent in the instrumentation space instead of water or CO2. 25 In addition, it is
possible, for example, to provide a ring conduit which is arranged in the roof area of the transport
container‘dhd haBH05HES Aifanged & a HsiaEE florhnetdrothiars i tire wag tthenenins! 30 plant
can be sprayedawitit liguid it aecessary: Coalingiaf the planbiy sprayingor tricklig-liquid ver it from

the outside camalge.be effected in this way. Breferably alLspaces of i plant g all spages of the
of the circuit boxes be in the form of a honeycomb.
However, depending on the technical requirements of the
15 process being carried out in each case and the
associated technical accessories, it is also possible
to provide classical circuit boxes having a cuboidal or

circular shape.

20 In a preferred variant of the plant according to the
invention, at least the storage space is underiaid with
a collection pan. Of course, the entire functicnal unit
can be underlaid with a collection pan. It is possible
to provide, for example, one or more liguid sensors in
25 the collection pan, which trigger an acoustic and/or
optical alarm or effect a shutdown of the plant when

liguids accumulate in the collection pan.

The storage space 1s advantagecusly provided with at
30 least one roliling shutter gate. Rolling shutter gates
can be provided without exceptional space reguirement
and allow free access to the storage space if need be,

for example from the outside.

35 Apart from the fact that rolling shutter gates reguire

relatively little space, they can alsc be opened and



35 functional unit can be individually hermetically sealed. For this purpose, doors which have electrical
- 12 - door contacts and close automatically in the case of fire are provided. The plant is

"~ advantageously provided with at least one 5 connector for auxiliary media. Possible auxiliary media
are water, gas, steam, compressed air, nitrogen, electric power or the like. For introduction of auxiliary
. media, at least one pipe 10 bundle accessible from the outside (utility bus) can be provided. This
reduces the number of necessary interfaces to the outside, increases the degree of integration and
improves mobility. 15 Examples The invention wilt néw be illustrated with the aid of examples. For this
purpose: 20 Figure 1 shows a floor plan of a plant according to the invention. Fig. 1 shows the floor
plan of a plant 1 according to 25 the invention which is integrated completely into an infrastructure in

the form of a standasd overseas tanspert.container2 having a length.of 40Jeet.(13m); a,width of
about 2.4 meterospaenrda%:p%ghggggggut 2.9 meters. This corresponds to the standard 30ISO 668.

In an advantageous embodiment of the plant according to
5 the invention, at least one central extinguishing agent
connector and at least one extinguishing agent

distribution to individual spaces are provided.

In a preferred embodiment, a pipe can be provided as
10 "semistationary extinguishing conduit”. Thisg allows in
case of damage to gquickly inertise the system without
hazard to the environment and the fire fighters
themselves. For this purpose, it is possible to use all
known extinguishing media such as CO,, nitrogen,
15 pulverized Aerosils, Sipernats or the like. As an
alternative to an extinguishing agent distributor,
individual spaces can also be equipped separately with
extinguishing conduit connectors from the ocutside. This
allows to introduce different extinguishing agents into
20 different spaces as needed. For example, it may be
necessary to use water instead of CO; as extinguishing
agent in one of the spaces. For example, it can be
necessary to use powder or foam as extinguishing agent
in the instrumentation space instead of water or CO-.
25
In addition, it is possible, for example, to provide a
ring conduit which is arranged in the roof area of the
transport container and has nozzles arranged at a
distance from one another. In this way, the entire
30 plant can be sprayed with liquid if necessary. Cooling
of the plant by spraying or trickling liguid over it

from the outside can also be effected in this way.

Preferably all spaces of the plant or all spaces of the
35 functional unit can be individually Thermetically

sealed. For this purposge, doors which have electrical



The plant 1 is, as can be seen from the floor plan, divided into various spaces and comprises, for the
example described, a storage space 3, a work-up space 35 4, an instrumentation space 5 (1&S space)
and a lock 6. The entire plant can be operated in an explosion - 13 - protection zone. The lock 6
makes it possible to enter the plant 1 without the process operated therein having to be shut down. Al
- spaces are hermetically sealed by means of doors. The lock 6 can consequently be entered 5 from the
outside while the doors to the work-up space 4 and to the control space 5 are closed. After closing the
exterior doors, the doors to the work-up space and/or4o the instrumentation space 6 can be opened if
desired. All doors are provided with door contacts so 10 that, for example, in the case of simultaneous
opening of doors of the lock 6 and the work-up space 4, automatic shutdown of the plant can be
carried out. Stading.matesialr by-preduct containgrs,ior 1 b £xample, are logated injthe storage space
3. These are de%/ilcgg forr r@eceirvci)r‘llgL gng/or providing starting materials. The containers are preferably
arranged on balances fo SIGW monlﬁ)rihg of the fill level or to determine the emptying or filling mass
flow by 20 differential balancing. Optical displays for the balances are provided on the walls of the
storage space. Thallowstimpledeplacement abthe containersprovided:25-4n the.storage space 3, this
storage space ned from the outside with a ro%jn sh% ter gate. provided for this purpose,
even during op%r%%%r? %%O#\Pe p?l%ﬁt fuﬁ% rolling Isrﬁalftyt{ear ‘gate’ %gﬁ“ %eopgel%tle &iner Bisttically or
pneumatically. 33 The WAlEof theZStbrageSiene 3 arfPtHeraherfalledt, nitrogen,

electric power or the like.

For introduction of auxiliary media, at least one pipe
10 Dbundle accessible from the outside (utility bus) can be
provided, This reduces the number of necessary
interfaces to the outside, increases the degree of

integration and improves mobility.

i5
Byamples
The invention will now be illustrated with the aid of
examples. For this purpose:

20

Figure 1 shows a floor plan of a plant according to

the invention.

Fig. 1 shows the floor plan of a plant 1 according to
25 the invention which is integrated completely into an

infrastructure in the form of a standard overseas

transport container 2 having a length of 40 feet

(13 m), a width of about 2.4 meters and a height of

about 2.9 meters. This corresponds to the standard
30 IS0 668.

The plant 1 is, as can be seen from the floor plan,
divided inte various spaces and comprises, for the
example described, a storage space 3, a work-up space
35 4, an instrumentation space 5 (I&S space) and a lock 6.

The entire plant can be operated in an explosion



the plant 1 are preferably configured as fire protection barriers. The floor of the control room is
equipped with a pan which meets the requirements of the 35 water conservation law and has a volume
- such that it can collect the amount of liquid in the largest storage - 14 - container. Liquid sensors,
which indicate leakage of the storage container Or the plant, trigger an alarm and if necessary shut

. down the plant, are located in the pan. Furthermore, fire protection sensors, gas 5 sensors and a plant
shutdown and/or emergency shutdown switch are provided in the storage space.
Airconditioningofthecompleteplantis advantageouélyléchieved with cooling or heating coils 10 mounted
below the ceiling. These are advantageously configured as transversely finned tubes and are
connected to a cooling water circuit. As an alternative, one or more air conditioning modules can be

provided. 15 The:sterage space 3 like all othes sSpacesnisdaeach case copnected te.an extinguishing

conduit. Both means for qlec\/eiopvi\rnlgcgg%rpic%llgroducts and means, 20.for mass.%ro uction of such

a, t th .
products can be provided in the work-up space 4 Thess are }?éefc%or%dfor conver ng %vellsjl%rtlng

materials into pfétuets, fetttordiddting febdsibeRfssseikchdagrmetically sealed by

means ©of deors. The lock 6 can consequently be entered
5 from the outside while the doors to the work-up space 4
and to the control space 5 are closed. After closing
the exterior doors, the doors to the work-up space
and/or to the instrumentation space 6 can be opened if
desired. All doors are provided with door contacts so
10 that, for example, in the case of gimultaneous opening
of doors of the lock 6 and the work-up space 4,

automatic shutdown of the plant can be carried out.

Starting material or by-product containers, for
15 example, are located in the storage space 3. These are
devices for recelving and/or  providing starting
materials. The containers are preferably arranged on
balances to allow monitoring of the £fill level or to
determine the emptying or f£illing mass flow by
20 differential  balancing. Optical digsplays for the
balances are provided on the walls of the storage

space.

To allow simple replacement of the containers provided
25 in the storage space 3, this storage space 3 can be
opened from the outside with a rolling shutter gate
provided for this purpose, even during operation cof the
plant 1. The rolling shutter gate can be operated
either electrically or pneumatically.
30
The walls of the storage space 3 and the other walls of
the plant 1 are preferably configured as fire
protection barriers. The floor of the control room is
equipped with a pan which meets the requirements of the
35 water conservation law and has a volume such that it

can collect the amount of liguid in the largest storage



condensers, quenching stages, 25 cooling/heatingmedia, exchangers,vaporizers, thermostats for
supply of apparatusesforwork- up/purification/materialsseparation,forexample distillation columns,

"~ pumps, vacuum pumps, etc. In addition, the work-up space 4 is provided with the necessary pipes with
fittings. These include 30 temperature,pressure,liquidlevelandflow measurement devices, regulating

. valves, magnetic valves, drive motors, etc. These are (auxiliary) apparatuses in the sense of the
invention. - 15 - in the work-up space 4. However, they can also be provided in the separate
instrumentation space 5. The instrumentation is, for #fe present purposes, a device for controlling
and/or regulating the reaction. 5 The process apparatuses provided in the work-up space 4 are
connected to the storage containers of the storage space 3 via pipes which pass through the walls of

the plant 1 and atspeeferably configured asmetakpipes, 107 hesgsare.conduits integrated into the
infrastructure b)égmgarésc(% which énoa&%rials and/or enﬁ%y arld/or information can be exchanged
/o e

r Ré devices and the Feactor: 15 A Epates ™t tie fishit can have

between the devices and/or Between
frameworks whighPartly bRGEeHheakalls T atskeretdn-ikesfashiem ind Br@hiék efdctdtalicomponents,

storage containets; proeess apparatusesdans, thedikeccanhe affixeddn sugha:way thatthe system as
2 whole cay be anepoied, 20 The framev copanels used (9Ll puthose can, for xample be
. L )

. ; meyr
configured as metal hollow profiles which can serve both tor relnforcmg%he ptant and also for

attachment of cOfipoMentE Sn@TF GuiGing dhdthe storage space.

Air conditioning of the complete plant is
advantageously achieved with cooling or heating coils
10 mounted below the ceiling. These are advantageously
configured as transversely finned +tubes and are
connectad to a cooling water circuit. As an
alternative, one or more air conditioning modules can
be provided.
15
The storage space 3, like all other spaces, is in each

case connected to an extinguishing conduilt.

Both means for developing chemical products and means
20 for mass production of such products can be provided in
the work-up space 4. These are reactors for converting
the starting materials into products, reactor heating,
feedstock vessels, heat exchangers, vaporizers,

condensers, quenching stages, thermostats for supply of

25 cooling/heating media, apparatuses for work-
up/purification/materials separation, for example
distillation columns, pumps, vacuum pumps, etc. In

addition, the work-up space 4 is provided with the

nacessary pipes with fittings. These include
20 temperature, pressure, ligquid level and flow
measurement devices, regulating valves, magnetic
valves, drive motors, etc. These are (auxiliary)

apparatuses in the sense of the invention.

35 The appropriate instrumentation is arrancged in control

cabinets which, in a preferred variant, are distributed



25 distributing conduits and pipes. The hollow profiles can, for example, be provided with a
standardized internal thread pattern so that various devices can be fastened thereto in a simple

- manner. The 30 hollow profiles represent a mounting area in the sense of the invention. Electric and
pneumatic conduits are preferably protected and screened in appropriate cable channels 35 provided

. for this purpose. Apparatuses and instruments in the work-up space 4 do not have to be explosion- -
16 - protected since the work-up space 4 can be hermetically sealed and ventilated in a forced
manner. In the walls between the spaces of the ptantd, it is 5 possible to provide windows which allow
observation, for example of the work-up space 4 from the instrumentation space 5. To illuminate the
spaces of the plant 1, electronic 10 lighting means, preferably in the form of high-performance

light-emitting digdes, ate prgyided. Thesgallow firstiy-energy-efficientprovision of light and secondly
homogeneous iIIuminftéigg of all spaces. In addition, these lighting means allow simple adherence 15

to occupational Rygiene Guidelines. Tn TGS 1& norial iR &fidr Bmetgehey ifumiRaton is
provided, whichii8 Sfo¥ exampie; integrated bty thetceilingeefahé transport eentainetevice

for contrelling and/or regulating the reaction.

The process apparatuses provided in the work-up space 4
are connected to the storage containers of the storage
space 3 via pipes which pass through the walls of the
plant 1 and are preferably configured as metal pipes.
10  These are conduits integrated into the infrastructure
by means of which materials and/or energy and/or
information can be exchanged between the devices and/or

between the devices and the reactor.

15 All spaces of the plant can have frameworks which
partly brace the walls in a skeleton-like fashion and
to which electrical components, storage containers,
process apparatuses and the like can be affixed in such
a way that the system as a whole can be transported.

20
The framework components used for this purpose can, for
example, be configured as metal hollow profiles which
can serve both for reinforcing the plant and also for
attachment of components and for guiding and

25 distributing conduits and pipes.

The hollow profiles can, for example, be provided with
a standardized internal thread pattern so that various
devices can be fastened thereto in a simple manner. The
30 hollow profiles represent a mounting area in the sense

of the invention.

Electric and pneumatic conduits are preferably
protected and screened in appropriate cable channels
35 provided for this purpose. Apparatuses and instruments

in the work-up space 4 do not have to be explosion-



20 The ventilation of the work-up space is configured as forced ventilation from the outside. For this
purpose, air is fed in from an air supply system. As an alternative, if no high explosion protection

* requirements have to be met, the air is aspirated and 25 blown in with fans. It is likewise possible to
connect the work-up space 4 to, for example, the instrumentation space 5 for ventilation purposes. As
. mentioned above, the plant is supplied with 30 auxiliary media such as electric power, water, nitrogen,
compressed air, etc., via a bundled pipe connector provided on the outside of the transport container.
This is an outward-facing interface for the introducti&r?ofenergy or an auxiliary medium or a by- 35
product. This can be conveyed from there to the work-up space 4 where the auxiliary media can be
received at a - 17 - distributor station. The pipes required for this purpose can, for example, be

conducted at a mezzarinedeval.over thecalleetionpagplhe offgas streams diom the. ingividual spaces
can be combineg viﬁ&icoa!tlggti\{feegg%a%d gischa(;é;eﬂ?toggger. In addition, means of puritying the
u

offgas, for exampﬁaeaa gas scrubber an or a firie dust 7 er; caxﬁanr:énﬁrlf)\/ided. The purified offgas can be
discharged via a 10 stack provided on the roof of the transport container. The stack is an

outward-facing intertdee faarersovetefenergy hadosap-auxiiary-medigmand/or a py-preduct in the
sense of the inventign; 15 If gircuit boxes, are pravided in the work:un space,4, these are blanketed or
flushed with dry compressed air to preventh%gnetration of corrosive gases into fhe’ Gircuit Boxes in the
event of leakagé it the SWERRIFspaled 4. THiS alloWer& pssiblERASGue th eleéi¥al 20=Malfunctions to

be detected early: Theufhsshing: streamrafcantpressed air supplied to the circuit boxes can, for
example, be conveyed via integrated fire sensors.

To illuminate the spaces of the plant 1, electronic
10 lighting means, preferably in the form of Thigh-
performance light-emitting diodes, are provided. These
allow firstly energy-efficient provision of light and
secondly homogeneous illumination of all spaces. In
addition, these lighting means allow simple adherence
15 to occupational hygiene guidelines. In addition to
normal illumination, energency illumination ig
provided, which is, for example, integrated into the

ceiling of the transport container.

20 The ventilation of the work-up space is configured as
forced ventilation from the outside. For this purpose,
air 1is fed in from an air supply system. As an
alternative, if no high explogion protection
requirements have to be met, the air is aspirated and

25 blown in with fans. It is likewise possible to connect
the work-up space 4 to, for example, the

instrumentation space 5 for ventilation purposes.

As mentioned above, the plant is supplied with
30 auxiliary media such as electric power, water,
nitrogen, compressed air, etc., wvia a bundled pipe

connector provided on the outside of the transport
container. This is an outward-facing interface for the
introduction of energy or an auxiliary medium or a by-
35 product. This can be conveyed from there to the work-up

space 4 where the auxiliary media can be received at a



The instrumentation space 5 can also be provided with 25 forced ventilation. This can be useful
because of, inter alia, the cooling of the electrical equipment which may be necessary. In addition or

" as an alternative, an air conditioning unit integrated into the ceiling can be provided with cooling and/or
heating 30coils. - 18 - Claims: 1.A plant for carrying out chemical processes, a) having at least
- one device for receiving and/or 5providing starting materials, b) having at least one device for
receiving and/or providing products, c) having at least one reactor for conversion of the starting
materials into products; 10d) and having at least oné-device for controlling and/or regulating the
conversion, e€) where the plant is built on the basis of an infrastructure; f) where the infrastructure
provides integrated 15 conduits by means of which material and/or energy and/or information can be

exchanged betwaen-the-dieviees andien befweemibe reactarandthe. devices, glwhergihe
|nﬁasUUMUmeB§ﬁ%%gggm@Q§§ for example, be conducted at a mezzanine

level over the collection pan.

5 The offgas streams from the individual spaces can be
combined via a collective duct and discharged together.

In addition, means of purifying the offgas, for example

a gas scrubber and/or a fine dust filter, can be
provided. The purified offgas can be discharged via a

10 stack provided on the roof of the transport container.
The stack ig an outward-facing interface for removal of
energy and/or an auxiliary medium and/or a by-product

in the sense of the invention.

15 If circuit boxes are provided in the work-up space 4,
these are blanketed or flushed with dry compressed air
to prevent penetration of corrosive gases into the
circuit boxes in the event of leakage in the work-up
space 4. This allows a possible fire due to electrical

20 malfunctions to be detected early. The flushing stream
of compressed air supplied to the circuit bhoxes can,

for example, be conveyed via integrated fire sensors.

The instrumentation space 5 can also be provided with
25  forced wventilation. This can be useful Dbecause of,
inter alia, the cooling of the electrical equipment
which may be necessary. In additicn or as an
alternative, an air conditioning unit integrated into
the ceiling can be provided with cooling and/or heating

30 coils.



20 least one mounting area in which devices and/or reactors and/or auxiliary apparatuses mentioned
can be fixed, characterized h) in that the infrastructure is transportable, 25i) in that the infrastructure
confines at least one walk-in space, k) in that the mounting area is arranged in said space, 1) and in
thatthe infrastructureS has an 30extinguishing agent distribution. 2.The plant as claimed in claim 1,

. characterized in that the extinguishing agent distribution allows the distribution of extinguishing
agent in said 35space. - 19 - 3The plant asclaimedin claim 1or2, characterized in that the
extinguishing agent distributioncomprisesaringcoﬁd&i?cifcumferential to the infrastructure having a

Claims:

1. A plant for carrying out chemical processes,
&) having at least one device for receiving and/or
5 providing starting materials,
b) having at least one device for receiving and/or
providing products,
¢) having at least one reactor for conversion of
the starting materials into products;
10 d} and having at least one device for controlling
and/or regulating the conversion,
e) where the plant is bullt on the basis of an
infrastructure;
£) where the infrastructure provides integrated
15 conduits by means of which material and/or
energy and/or information can be exchanged
between the devices and/or between the reactor
and the devices,
g) where the infrastructure is provided with at
20 least one mounting area in which devices and/or
reactors and/or auxiliary apparatuses mentioned
can be fixed,
characterized
h) in that the infrastructure is transportable,
25 i) in that the infrastructure confines at least
one walk-in space,
k) in that the mounting area is arranged in said
space,
1) and in that the infrastructure has an

30 extinguishing agent distribution.

2. The plant as claimed in c¢laim 1, characterized in
that the extinguishing agent distribution allows
the distribution of extinguishing agent in said

35 space.



Splurality of nozzles arranged at a distance from one another for spraying the plant with liquid. 4.The
plant as claimed in claim 1, 2 or 3, characterized in that the infrastructure has at 10 least one

~ extinguishing agent connector which can be accessed from the outside for feeding extinguishing agent
into the extinguishing agent distribution. 15 5The plant as claimed in any of the preceding claims,

. characterized in that said space has forced ventilation. 6. The plant as claimed in any of the preceding
20claims, characterized in that said space can be hermetically sealed. 7. The plant as claimed in any
of the preceding claims, characterized in that saidsﬁé;ce”is 25underlaid with a collection pan. 8. The
plant as claimed in any of the preceding claims, characterized in that the mounting area y
comprisesapluralityofadaptorsfor 30accommodating said devices and/or said reactors and/or auxiliary

apparatuses. 3. The plant as claimed in ¢laim 1 or 2,
characterized in that the extinguishing agent
distribution comprises a ring condult
circumferential to the infrastructure having a

5 pluralicy of nozzles arranged at a distance from

one another for spraying the plant with liguid.

4. The plant as c¢laimed in claim 1, 2 or 3,
characterized in that the infrastructure has at

10 least ocne extinguishing agent connector which can
be accessed from the outgide for feeding

extinguishing agent into the extinguishing agent

digtribution.
15 5. The plant as claimed in any of the preceding
claims, characterized in that said space has

forced ventilation.

6. The plant as claimed in any of the preceding
20 claims, characterized in that said space can be

hermetically sealed.

7. The plant as claimed in any of the precading
claims, characterized in that said space is

25 underiaid with a collection pan.
8. The plant as claimed in any of the preceding

claimg, characterized in that the mounting area
comprises a plurality of adaptors for
30 accommodating said devices and/or said reactors

and/or auxiliary apparatuses.

9. The plant as claimed in claim 9, characterized in
that at least part of the adaptors has the shape
35 of a regular hexagon and these hexagonal adaptors

are arranged adjacent to one another wall-te-wall



9. The plant as claimed in claim 9, characterized in that at least part of the adaptors has the
shape 350f a regular hexagon and these hexagonal adaptors are arranged adjacent to one another

- wall-to-wall - 20 - in a honeycomb-like manner. 10. The plant as claimed in any of the preceding
claims, characterized in that the infrastructure 5has two mounting areas which extend orthogonally to
- one another in said space. The plant as claimed in any of the preceding claims, characterized in that
the infrastructure 10 has at least one outward-facing interface for the introduction or discharge of
energy and/or an auxiliary medium and/or a by-prodifet.~  12. The plant as claimed in any of the_
preceding 15claims, characterized in that the infrastructure fits into the format of a standard container,

in particular a container in accordance with ISO 668.
in a honeycomb-like manner.

10. The plant as claimed in any of the preceding
claims, characterized in that the infrastructure
5 has two mounting areas which extend orthogonally

to one another in said space.

11. The plant as c¢laimed in any of the preceding
claims, characterized in that the infrastructure

10 has at least one outward-facing interface for the
introduction or discharge of energy and/or an

auxiliary medium and/or a by-product.

12. The plant as claimed in any of the preceding
15 claims, characterized in that the infrastructure
fits into the format of a standard container, in

particular a container in accordance with IS0 668,

13. An infrastructure for a plant as claimed in any of

20 claims 1 to 12.

14. A process for producing products using a plant as
claimed in any of claims 1 to 11, characterized by
the following steps:

25 a}) producing a first amount of products over a
first period of time with recording informaticn
necessary for controlling or regulating the
reaction in the reactor in the device for
control or regulation of the reaction;

30 b) increasing the capacity of the plant while
retaining the infrastructure and the device for
control or regulation of the reaction:

¢) producing a second amount of products over a
second period of time with reading out

35 information necessary for controlling or

regulating the reaction in the reactor from the



13. An infrastructure for a plant as claimed in any of 20claims 1 to 12. 14. A process for producing
products using a plant as claimed in any of claims 1 to 11, characterized by the following steps: 25a)

- producing a first amount of products over a first period of time with recording information necessary for
controlling or regulating the reaction in the reactor in the device for control or regulation of the reaction;
. 30b) increasing the capacity of the plant while retaining the infrastructure and the device for control or
regulation of the reaction; c) producing a second amount of products over a second period of time with
reading out 35informationnecessaryforcontrollingor fégulating the reaction in the reactor from the - 21
- device for control or regulation of the reaction;  where the second amount is greater than the first
amount and the second period of time is after the 5first period of time.

device for control or regulation of the
reaction;
where the second amount is greater than the first
amount and the second period of time is after the

5 first period of time.



