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1. Scope

The MELISSA loop consists of several compartmeaitd)aving a dedicated function. The
different process conditions and the intermedieparation techniques are expected to eliminate
the major part of the contaminants entering th@.loo

Within the BELISSIMA contract, a small-scale MELiI&®op will be constructed to monitor the
behaviour of various microcompounds in this modaded loop system. The BELISSIMA loop
will consist of compartments | to IVa and shouldhdater stage be extendible with a higher plant
compartment of appropriate size to allow for stiatidly relevant analysis on the cultivated
vegetables.

TN80.241 addressed the final loop sizing for the@BELISSIMA loop and included the detailed
design of the Waste Preparation Unit and Compartmen

After approval of TN80.241, it was decided that #wailability of a steam sterilizable rather than
an autoclavable photoreactor in Compartment Il wdae crucial for the microcompound study.
While commercial autoclavable photoreactors exigh @ 100% illuminated volume (preferable
for Compartment Il operation), this is not the cémesteam sterilizable ones. This document thus
starts with a brief update of the loop sizing, siacdifferent light/dark ratio of the photoreacholi

be used. Analogue to the description of the Wasepdation Unit and Compartment | in
TN80.241, it then provides the detailed design dompartment II. This includes the hardware
description, component lists, P&ID’s with differenperation modes, the process description,
electro-technical data, PLC data and control values

2. Reference and applicable documents

2.1 Applicable documents
AD1 19071/05/NL/CP  Memorandum of UnderstandingMeetn MELISSA partners

2.2 Reference documents

3. Acronyms

CIP Cleaning in Place

SIP Steaming in Place

VFA Volatile Fatty Acids
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4. Update loop sizing

The photoreactor must degrade 15 g VFA/day. Thosishideally be achieved through a 100%
illuminated reactor set-up, as assumed for theadMeop design in TN80.241. However, such
photoreactors are typically not supplied as in sikam sterilizable equipment. Reducing the
illuminated fraction of the photoreactor increagesrisk of unstable behavior. Therefore, the ratio
of the dark to the illuminated zone should be 2@8thaximum or the illuminated fraction should
be at least 0.8.

A lot of sensors have to be mounted on the reartdrseveral of them must be submerged into the
photoreactor liquid phase. This will have to beasmodated through a stainless steel bottom part,
which will be a major determining factor for therpeanent dark zone by design. It is currently
estimated that the required height for this botttark zone is 15 cm.

Assuming an internal diameter of 15 cm, and comsidean illuminated fraction of 0.8, a
photobioreactor of 75 cm height would be needesyltiag in a working volume of 13.2 1.

In this case, the nominal functioning of the phatoéactor would require an incident light flux qO
of 35-40 W/m2. This corresponds to 42% of the pobigity maximum which would enable to
control the productivity inside the photobioreaatoa better way than e.g. at a larger volume of
18 I. This incident light flux requires about 13dgen lamps working at 1/3 of their electrical
power.

The hypothetical nominal residence time would hgytdy 26 h with a possible range between 14
and 54 hours.

5. Hardware description

Compartment Il is a mesophilic photoheterotropheactor and will receive in closed loop
operation the liquid output of the waste compartim@in The Rhodospirillum rubrum culture will
convert volatile fatty acids (VFA) of low moleculareight. Cll will be a cylindrical bioreactor,
operating at 30°C. The influent is stored in atuht tank, which is cooled to prevent degradation
in the buffer. From this tank, the influent is fedntinuously to the illuminated reactor. The
outflow is a suspension of biomass in spent liqarat is pumped to the cooled effluent buffer.

The set-up for compartment Il thus consists rougtlgn influent tank, a photobioreactor and an
effluent tank. Within this paragraph, the hardwiardescribed, including detailed component lists.
Chapter 6 contains an extended P&ID on compartihent

5.1 Influent tank

The influent tank is a stainless steel reactor witdouble jacket. The influent tank will receive
synthetic medium or effluent from CI, routed ovesamitary liquid filter. This influent is cooled,

using a cooler connected to the double jacket. f€bd is continuously mixed, using a magnetic
coupled stirrer, to obtain a homogeneous coolediumedl he temperature is measured on-line. It
is possible to drain the cooling liquid from theutdte jacket during steam sterilisation of the
interior of the buffer. The reactor will be keptaslight overpressure (100 mbar) using helium.
This is controlled based on the foreseen pressansmitter. Before entering the reactor, helium is
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routed over a sanitary gas filter. A back-pressalge is added in the entering gas loop to prevent
the tank from overpressure. An additional relielveais added to the tank for emergency
protection. A level transmitter indicates the psecliquid height inside the buffer. As an indicatio
and protection of equipment two additional levelitshes are foreseen (high and low). At the
bottom of the tank, connections and valves are ddde sampling and drainage of the reactor
before cleaning. In case the triverter valve cambented close to the tank, no additional bottom
tank valve will be needed. A steam sterilisable rgpamp will pump the liquid into the
photobioreactor, over a sanitary liquid filter. v transmitter measures and controls the flow
rate. The bypass over the flow transmitter will d@@ened to guarantee sufficient flow during
cleaning and sterilisation.

The different hardware items are listed in Table 1.
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Table 1. Influent tank hardware. When not specified sizes and diameters will have to be proposed blge supplier..

00

pressure indicators on the in- and outlet

Tag Purpose/decription Supplier ref./order n°
SISTC-CBAV DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2000 01 | Diaphragm Tank Bottom Valve, on tank | KSB 0,8um, outside Ra 3,2um polished,;
bottom Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-CM3xx DNxx:
PDV_2000_02 . i . Body material: SS 1.4435 (316L), inside Ra
PDV_2000_03 E?ae”hT;tﬁa\"/él‘\’/ze(ﬁtﬁgrfe’:)vaé’ﬁ){/vstzrr‘l'f(a XsB 0,8um, outside Ra 3,2um polished:
PDV_2000_04 | ~'2Phrag ’ Diaphragm material: TFM/EPDM 2-pieces;
With position indication
. SS £G-Series (SS 316Sizexx in.;
PV_2000_01 | Pneumatically operated 2-way Ball Valve SWAGELOK With position indication
Tank, working volumi 80 L, Stainless Stee
with double jacket, equipped with spray ball
(NOZ_2400_01) for tank cleaning and
connections o nsinumentation and valvds Material: Stainless steel 316 L
VSL2_2000_01 equipped with Millipore NovAseptic ?Lérfar(;e roughness: insigded,8 pum, outside
sanitary connections. Tank top connections 'O KM
to instrumentation and valves equipped with
Tri-Clamp sanitary connections, sight-glass
and light, 2 hygienic spare ports
Stirrer, with frequency drive. Stirrer type to
. . . specified, depends of tank dimension and
BLE_2001_01 ][\r/leagl?;:g: Coupled Stirrer at a variable medium characteristics. Stirrer range: 0 — 1(
q y rpm. Material: Stainless Steel 316 L, R8,8
pm.
LF 2002 01 Sanitary Liquid Filte, equipped witt PALL 1. Filter housing: Sealkleen-line filter

housing; Filter Cartridge: SLK7001
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SLK700z; Filter Membrane
Fluorodyne 2 DFL, sterilizing grade
0,2 pm.

2. Filter housing: Junior B in-line filter
housing; Filter Cartridge: SBF; Filte
Membrane: Fluorodyne 2 DFL,
sterilizing grade 0,2 pum.

PDV_2002_01

Pneumatically operated 2-way Sanitary
Diaphragm Valve, on top of the tank

KSB

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra
0,8um, outside Ra 3,2pum polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

PDV_2002_02

Pneumatically operated 2-way Sanitary
Diaphragm Valve, zero dead leg, before
liquid filter LF_2002_01

KSB

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

PDV_2002_03
PDV_2002_04
PDV_2002_05

Pneumatically operated 3 x 2-way Sanita
Diaphragm Valve (Triverter), before liquid
filter LF_2002_01

Yy

KSB

SISTC-CM3xx DNxx:

Body material: SS 1.4435 (316L), inside Ra
0,8um, outside Ra 3,2pum polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

PV_2002_01

Pneumatically operated 2-way Ball Valve

SWAGELOK

SS 40(-Series (SS 316), Size xX |
With position indication

HV_2003_01

Manual operated 2-way Sanitary Ball Val

ALFA LAVAL / SVF/TVC/
NE

Ball Valve, Body material: 316, Size xx in.,
Ra< 0,8 pm, Tri-Clamp hygienic process
connection

HV_2003_02

Manual operated 2-way Sanitary Ball Val

ALFA LAVAL / SVF/TVC/
NE

Ball Valve, Body material: 316 L, Size xx i
Ra< 0,8 pm, Tri-Clamp hygienic process
connection

HV_2003_03

Manual operated 2-way Sanitary Ball Val

ALFA LAVAL / SVF/TvC/
NE

Ball Valve, Body material: 316 L, Size xx i
Ra< 0,8 um, Tri-Clamp hygienic process
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connectiol
. Ball Valve, Body material: 316 L, Size xx i
H3V_2003_01 | Manual operated 3-way Sanitary Ball Valye SVF/VNE Ra< 0,8 um, Tri-Clamp hygienic process
. Ball Valve, Body material: 316 L, Size xx i
H3V_2003_02 | Manual operated 3-way Sanitary Ball Valye SVF/VNE Ra< 0,8 um, Tri-Clamp hygienic process
. Unichiller UCOxxTw, equipped with controlli
HX_2003_01 | Heat Exchanger influent tank HUBER CC-Pilot “Professional”
TT 2003 01| Temperature Transmitter E+H Omnigrad M TR45Stainless Steel 316 Ra<

0,8 um, Tri-Clamp hygienic process connect

on

VSSL_2003_01

Tank to collect cooling liquid during stean
sterilization, Stainless Steel

Material: Stainless ste 316 L

Surface roughness: insidel,6 um, outsidg
1,6 um;

Volume tank > double jacket VSL2 2000 0

PALL
1. Filter housing: Sealkleen in-line filtel
housing; Filter Cartridge: SLK7001
SLK7002; Filter Membrane: Emflon
PFR, sterilizing grade 0,2 pm.

2. Filter housing: Junior B in-line filter

the gas filter GF_2004_01

GF_2004_01 | Sanitary Gas Filter PALL / DOMNICK HUNTER housing; Filter Cartridge: SBF; Filte
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

DOMNICK HUNTER
1. Filter Housing: Demi HSI in-line filtef
housing; Filter Cartridge: High Flow
TETPOR II, sterilizing grade 0,2 pm.
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2004_01 | Diaphragm Valve, on top of the tank, after KSB 0,8um, outside Ra 3,2pum polished,;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication
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Cerabar M PMP45,Stainless Steel 316 L<
PT_2004_01 | Pressure Transmitter E+H 0,8 um, Tri-Clamp hygienic process
connection
RV_2004 01 | Pressure Relief Valve LESER Type 483
Liquiphant M FTL50(H), Stainless Steel 3
LS 2005 01 | Level Switch Low E+H L, Ra< 0,8 um, Tri-Clamp hygienic process
connection
Liquiphant M FTL50(H), Stainless Steel 3
LS 2005 02 | Level Switch High E+H L, Ra< 0,8 um, Tri-Clamp hygienic process
connection
Levelflex FMP53, Stainless Steel 316 L, <
LT_2005_01 | Level Transmitter E+H 0,8 um, Tri-Clamp hygienic process
connection
Flow Transmitter, Coriolis mass fla Proline Promass 83A, DNO1, 0,8 pum,
FT_2006_01 measuring system. E+H Tri-Clamp hygienic process connection
. . . GATHER pump unit MB1 -19 SIP with SIF
GP 2006 O1 gﬂy{:,%nsitgn?g;egfi;sﬁgpCVY'FEh&StSﬁ?:m GATHER Industrie bypass diaphragm valve PDV_2006_02 and
— - capability ' (SUURMOND) frequency drive. Flow range: 0,3-6 I/h (7,2-1
I/d). Actual range needed is 5.8-22.6 I/d.
1. Filter housing: Sealkleen-line filter
housing; Filter Cartridge: SLK7001
SLK7002; Filter Membrane:
Sanitary Liquid Filter, equipped with Fluorodyne 2 DFL, sterilizing grade
LF_2006_01 - . PALL 0,2 um.
pressure indicators on the in- and outlet K L . - .
2. Filter housing: Junior B in-line filter
housing; Filter Cartridge: SBF; Filte
Membrane: Fluorodyne 2 DFL,
sterilizing grade 0,2 pm.
Pneumatically operatec-way Sanitary SISTC-CBAV DNxx:
PDV_2006_01 | Diaphragm Tank Bottom Valve, on tank | KSB Body material: SS 1.4435 (316L), inside Ra
bottom 0,8um, outside Ra 3,2um polished,;
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Diaphragm material: TFM/EPDM-pieces
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2006_02 | Diaphragm Valve, bypass pump KSB 0,8um, outside Ra 3,2pum polished,;
GP_2006_01 Diaphragm material: TFM/EPDM 2-pieces;

With position indication
SISTC-CM3xx DNxx:

PDV_2006_03 | Pneumatically operated 3 x 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra

PDV_2006_04 | Diaphragm Valve (Triverter), before liquid KSB 0,8um, outside Ra 3,2um polished,;

PDV_2006_05 | filter LF_2006_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-CM3xx DNxx:

PDV_2006_06 | Pneumatically operated 3 x 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra

PDV_2006_07 | Diaphragm Valve (Triverter), after liquid | KSB 0,8um, outside Ra 3,2um polished,

PDV_2006_08 | filter LF_2006_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication

PV_2006_01 | Pneumatically operated 2-way Ball Valve| ~SWAGELOK SS 40C-Series (SS 316), Size x|
With position indication
PV_2006_02 | Pneumatically operated 2-way Ball Valve| ~ SWAGELOK SS 40CSeries (SS 316), Size xx |

With position indication
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5.2 Bioreactor hardware

The photobioreactor is an illuminated steam-staflle glass/stainless steel reactor with a double
jacket. A round stainless steel top and bottomephatl be needed in order to guarantee sufficient
space for all required sensors (e.g. retractablamiHbiomass probes) and connections (Figure 1).
The ratio in permanent dark to illuminated zoneudthanot exceed 20/80, in order to ensure a
continuous stable process.

DN 150

A
v

DN 25 Ingold
(Level Switch)

bo
e
I |
v I |
A
| - @@
o ]
8 T~
c
5 P\=/v(vJ,=1 ? éZk!_ar
N Z

DN 25 Ingold
(Level Switch)

DN 25 Ingold

5 In DN 25 Ingold
(Turbidity) (oH)

TC 252

150

TC252
A4
(Spare)

NA Connect TC 25,2 %"
(Sample, Drain)

Figure 1. Drawing bioreactor - dimensions
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The reactor will be kept at 30°C by means of theitl inside the double jacket, routed over a heat
exchanger. A sanitary liquid filter is added to to®ling loop in order to reduce biofilm formation
inside the double jacket. Cooled influent is adtledhe reactor. However, due to the heat input
from the halogen lamps, cooling will be requiredtefmperature sensor is added for measurement
and control. The sensor will be insulated to enskaé it can be replaced without contamination of
the photoreactor content. The pH sensor contaiesmperature sensor as well, offering back-up for
the control. A drain vessel on the double jackeforeseen to remove the cooling liquid during
sterilisation. A magnetic coupled stirrer is praaddin order to maintain a constant temperature
inside the reactor, as well as a homogeneouslydrx@amass Rhodospirillum rubrum).

For the inoculation of the bioreactor a connect®foreseen in the effluent piping, in order togen
the inoculum backwards to the reactor, by meams/efpressure, using helium.

Influent is fed at the bottom of the reactor, affdération over a sanitary filter. A pressure

indication over the liquid filter is foreseen. Ba# will be needed in the photoreactor to previeat t

risk of vortex effects. The pH is measured on-line a retractable probe. Based on the pH
measurement, acid or base are automatically adale@H correction. They are stored in glass
bottles and fed with peristaltic pumps over steaenilsable sanitary liquid filters. The amount

dosed will be monitored with balances. The pH Wwélcontrolled using sulphuric acid and sodium
hydroxide.

The reactor will be kept at a slight overpresst@)(mbar) using helium. This is controlled based
on the foreseen pressure transmitter in the reaBefore entering the reactor, helium is sterilised
over a sanitary gas filter. A back-pressure vatv@added in the entering gas loop to prevent the
bioreactor from overpressure. An additional religlive is added after the condenser for emergency
protection. A sanitary gas filter is positioned eaftthe condenser, before the gas sampling
connection (included in component list of gas logge Table 4). COcan be injected at the top or
the bottom of the reactor. There will be £@resent in the off-gas in case that mainly acdtate
consumed. However when the feed of the reactoragmbutyrate, propionate,... G@ill rather

be consumed. Before being fed to the reactor i€E@uted over its specific sanitary gas filteneT
top level entry is on the same line as the helijection.

Besides pH, temperature and pressure sensorsyagtadie biomass sensor is foreseen in the
bottom stainless steel part. A Mettler-Toledo tditlyi probe is recommended with a modified
wavelength to suit the specific biomass light apson. This requires a light-emitting diode with a
frequency of 950 nm instead of the standard 880 nm.

PED certification has to be provided. This ceréifion should not only concern the whole
photoreactor, but also all weldings and connections

The bioreactor will be equipped with 15 Decostat IRalogen lamps (Osram, 12 V, 20 W, 38°) for
illumination. The selected lamps radiate around @3%eir electrical power as heat. The total
amount of heat generated is therefore close td/800he cool beam characteristic of the lamps
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implies that only half of it is radiated towarde thioreactor. Fans may have to be provided around
the reactor to ventilate the heat.

The illumination casing should be removable. Thectical circuit needs to be split up in two
levels, in order to be able to illuminate only thettom halve of the reactor during start-up. The
light should be dimmable and will be calibrated sért-up, using a manual light intensity
measurement device.

The biomass-effluent mixture is harvested from t@tobioreactor by means of a steam
sterilisable gear pump. A flow transmitter is nede guarantee a correct flow rate. The bypass
over the flow transmitter will be used during clewn and sterilisation. The level in the
photoreactor is controlled by the relative ratitvieen the flows in and out, which are measured by
flow transmitters. The suction tube in the reaatdl normally be positioned below liquid level,
but provides an additional safety to avoid emptyafighe photoreactor when the outflow would be
higher than the inflow. This does however presenisiaof headspace suction into the outlet. As
equipment protection a high and low level switcé fareseen in the bioreactor. On the high level
switch a foam detection is advisable.

Additional ports are available on the top and buot&tainless steel parts of the bioreactor. At the
bottom of the reactor a connection and valves doeé for sampling and drainage of the reactor
before cleaning. In case the triverter valve cambented close to the tank, no additional bottom
tank valve will be needed.

The different hardware items are listed in Table 2.
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Table 2. Bioreactor hardware. When not specified,izes and diameters will have to be proposed by tle@nstructor.

-

183

connection. Tank top connections to
instrumentation and valves equipped with

Tag Purpose/descriptior Supplier ref./order n°
Light Supply Systel with adustable lighi Lamps: Halogen spots OSRAM 12V, 20
LSS 2100 01 intensity / loop and integrated cooling SUURMOND/AUTOCLAVE, BAB 38 °.
DE DIETRICH S I
system, 2 separated loops (see notes) Cooling: ventilation system
SISTC-CBAV DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside R
PDV_2100_01 Diaphragm Tank Bottom Valve, on reactor KSB 0,8um, outside Ra 3,2pum polished,;
bottom (if possible) Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-CM3xx DNxx:
PDV_2100_02 . . Body material: SS 1.4435 (316L), inside R
PDV_2100_03 g?;p”h”r”;éﬁa\"/él‘\’/ze(ﬁtﬁgrfe’r()vaé’f:){/vsggggKSB 0,8um, outside Ra 3,2um polished:
PDV_2100_04 ’ Diaphragm material: TFM/EPDM 2-pieces;
With position indication
. SS 40(-Series (SS 316), Size xX |
PV_2100_01 | Pneumatically operated 2-way Ball Valve SWAGELOK With position indication
In-situ sterilizable Combined Stainless/Gli
reactor, working volume 13,2 L, PED
certified. Equipped with spray ball
(NOZ_2400_03) for tank cleaning and stirfer Material:
(BLE_2101_01). Reactor bottom Stainles;s steel 316 L-
VSL2 2100 01 con_nectlons to _mstrum_entanon and o_ther SUURMOND/AUTOCLAVE, Surface roughness: iﬁsieteo 8 um, outside
— — 7 | equipment equipped with Ingold or Tri- DE DIETRICH 1,6 um ' - ' =
Clamp sanitary connections. Reactorbottom G:laSS' ;esistible for SIP, pressure: up to 4
to tank bottom valve (PDV_2100_01) ' ' '
equipped with Millipore NovAseptic sanitaly

bar
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Tri-Clamp sanitary connectiol 3 hygienic
spare ports if possible.
Stirrer, with frequency drive. Stirrer type
Magnetic Coupled Stirrer at a variable be specified, depends of tank dimension and
BLE_2101_01 | frequency, speed in normal operation is 30 EUDITEAT%'\IIC%AUTOCLAVE’ medium characteristics. Stirrer range: 0 — 600
— 400 rpm rpm. Material: Stainless Steel 316 L, R8,8
pm.
. SUURMOND/AUTOCLAVE, o
HV_2103_01 | Hand valve double jacket glass reactor DE DIETRICH To be specified
. SUURMOND/AUTOCLAVE, o
HV_2103_02 | Hand valve double jacket glass reactor DE DIETRICH To be specified
. SUURMOND/AUTOCLAVE, o
HV_2103_02 | Hand valve double jacket glass reactor DE DIETRICH To be specified
. Ball Valve, Body material: 316 L, Size xx ir
H3V_2103_01 | Manual operated 3-way Sanitary Ball Valye SVF/VNE Ra< 0,8 im, Tri-Clamp hygienic process
. Ball Valve, Body material: 316 L, Size xx i
H3V_2103_02 | Manual operated 3-way Sanitary Ball Valye SVF/VNE Ra< 0,8 um, Tri-Clamp hygienic process
. Unichiller UCOxxTw, eqipped with
HX_2103_01 | Heat Exchanger bioreactor HUBER controller CC-Pilot “Professional”
Co Filter cartridge and housing ( Stainless St
LF_2103_01 | Liquid Filter AMAFILTER, FILTERMAT to be specified by constructor
Omnigrad M TR45Stainless Steel 316 Ra
TT_2103_01 | Temperature Transmitter E+H < 0,8 um,Tri-Clamp or Ingold fitting DN

VSSL_2003_01

Tank to collect cooling liquid during steam
sterilization, Stainless Steel

Material: Stainless steel 316

Surface roughness: insidel,6 um, outsidg
1,6 um;

Volume tank > double jacket
VSL2_2100_01.

GF_2104 01

Sanitary Gas Filter

PALL / DOMNICK HUNTE

PALL

R 1. Filter housing: Sealkleen in-line
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filter housing Filter Cartridge
SLK7001 or SLK7002; Filter
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

2. Filter housing: Junior B in-line filter
housing; Filter Cartridge: SBF; Filt
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

DOMNICK HUNTER

1. Filter Housing: Demi HSI in-line
filter housing; Filter Cartridge: High
Flow TETPOR lI, sterilizing grade
0,2 um.

1%

=

PDV_2104 01

Pneumatically operated 2-way Sanitary
Diaphragm Valve, on top of the reactor, af
the gas filter GF_2104_01

KSB

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2pum polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

183

PT_2104 01

Pressure Transmitter

E+H

Cerabar M PMP45,Stainless Steel 316 L
< 0,8 um, Tri-Clamp hygienic process
connection

RV 2104 01

Pressure Relief Valve

LESER

Type 483, Stainless| Stk6 L

LS_2105 01

Level Switch Low

E+H

Liquiphant M FTL50(H), R< 0,8 pm,
Ingold fitting DN 25 hygiénic process
connection

LS_2105_02

Level Switch High, with option “Foam
Detection”

E+H

Liquiphant M FTL51(H), R< 0,8 pm,
Ingold fitting DN 25 hygiénic process
connection

ATK_2106_01

Glass bottle for inoculum

DURAN GROUP

GLS 80 Glass bottle, I, with GL 18 screw
cap with 4 ports

FT 2106 01

Flow Transmitter, Coriolis mass flow

E+H

ProlineoRrass 83A, DNO1, Ra0,8 pm,
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measuring systel

Tri-Clamp hygienic process connect

GF_2106_01

Gas Filter

PALL, MILLIPORE

PALL

Kleenpak Capsule Filter with Emflon PFR
Membrane, sterilizing grade 0,2 pm.
MILLIPORE

Opticap Capsule Filter with Aervent PTFE
membrane, sterilizing grade 0,2 pum.

Magnetic Drive Gear Pump with steam

GATHER Industrie

GATHER pump unit MB1 -19 SIP with SIF
bypass diaphragm valve PDV_2106_02 ar

183

-

-

inoculum

GP_2106_01 bypas_s_and speed control, CIP & SIP (SUURMOND) frequency drive. Flow range: 0,3-6 I/h (7,2
capability
144 1/d)
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2106_01 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2pum polished,;
connection to inoculum Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2106_02 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2um polished,;
connection to inoculum Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2106_03 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2um polished,;
connection to inoculum Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2106_04 | Valve, for steam sterilizable connection to| KSB 0,8um, outside Ra 3,2pum polished,

Diaphragm material: TFM/EPDM 2-pieces;

-

With position indication
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SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body materi_al: SS 1.4435 (31.6L) , inside R
PDV_2106_01 Diaphragm Valve, on top of the reactor KSB 0,8um, outside Ra 3,2um polished,;
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body materi_al: SS 1.4435 (31.6L) , inside R
PDV_2106_02 Diaphragm Valve, zero dead leg KSB 0,8um, outside Ra 3,2um polished,;
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside R
PDV_2106_03 | Diaphragm Valve, bypass pump KSB 0,8um, outside Ra 3,2um polished,;
GP_2106_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-CM3xx DNxx:
PDV_2106_04 | Pneumatically operated 3 x 2-way Sanitary Body material: SS 1.4435 (316L), inside R
PDV_2106_05 | Diaphragm Valve (Triverter), after pump | KSB 0,8um, outside Ra 3,2um polished,;
PDV_2106 06| GP_2106_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body materi_al: SS 1.4435 (31.6L) , inside R
PDV_2106_07 Diaphragm Valve, on top of the reactor KSB 0,8um, outside Ra 3,2pum polished,;
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
. SS 40(-Series (SS 31, x mm
PV_2106_01 | Pneumatically operated 2-way Ball Valve SWAGELOK With position indication
Sensor: InPro 32%(with integratec
pH measurement, pH sensor with temperature sensor), digital sensor (ISM),
AT_2107_01 | automatically retractable sterilizable housing/ETTLER TOLEDO length probe: 325 mm

and position indication

Transmitter: M400 / pH 2100 e, in
conjunction with ISM sensors.
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Retractable housing: InTrac 79

ATK_2107 01

Glass bottle for base

DURAN GROUP

GLS 80 Glass bottle, 10 I, with GL 18 scr
cap with 4 ports

ATK_2107_02

Glass bottle for acid

DURAN GROUP

GLS 80 Glass bottle, 10 I, with GL 18 scr
cap with 4 ports

Aerven-50 Cartridge Filters witlAervent

Valve, zero dead leg, for steam sterilizabl¢

D

GF_2107_01| Sanitary Gas Filter MILLIPORE PTFE membrane, sterilizing grade 0,2 um
. . Aerven-50 Cartridge ilters with Aervent
GF_2107_02 | Sanitary Gas Filter MILLIPORE PTFE membrane, sterilizing grade 0,2 um
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2107_01 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2pum polished,
connection to base Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2107_02 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2um polished,;
connection to base Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2107_03 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2um polished,
connection to base Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside R
HDV_2107_04 | Valve, zero dead leg, for steam sterilizableKSB 0,8um, outside Ra 3,2um polished,;
connection to acid Diaphragm material: TFM/EPDM 2-pieces;
With position indication
HDV_2107 05 Manual operated-way Sanitary Diaphragi KSB SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R

183

-

-

-

-
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connection o acic

0,8um, outside Ra 3,2um polist
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

HDV_2107_06

Manual operated 2-way Sanitary Diaphragm

Valve, zero dead leg, for steam sterilizableKSB

connection to acid

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

-

HDV_2107_07

Manual operated 2-way Sanitary Diaphrag Wsg

Valve to pH retractable

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2pum polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

183

HDV_2107_08

Manual operated 2-way Sanitary Diaphrag Wsp

Valve to pH retractable

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

183

HDV_2107_09

Manual operated 2-way Sanitary Diaphrag Wsp

Valve to pH retractable

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2pum polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

-

SS 40(-Series (SS 316), x m

HV_2107_01 | Manual operated 2-way Ball Valve SWAGELOK With position indication

SS 40(-Series (SS 316), x m
HV_2107_02 | Manual operated 2-way Ball Valve SWAGELOK With position indication

SS 40(-Series (SS 316), x m
HV_2107_03 | Manual operated 2-way Ball Valve SWAGELOK With position indication

< P
HV_2107_04 | Manual operated 2-way Ball Valve SWAGELOK SS 40C-Series (SS 316), xm

With position indication
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Filter housingJunior Bin-line filter housing
. T Filter Cartridge: SBF; Filter Membrane:
LF_2107_01 | Sanitary Liquid Filter PALL Emflon PFR, sterilizing grade 0,2 pum.
Filter housingJunior Bin-line filter housing
. T Filter Cartridge: SBF; Filter Membrane:
LF_2107_02 | Sanitary Liquid Filter PALL Emflon PFR, sterilizing grade 0,2 pum.
NRV_2107_01 | Check valve EM-TECHNIK Series Sl
- - Material: PVDF
Series 5l
NRV_2107_02 | Check valve EM-TECHNIK Material: PVDE
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside R
PDV_2107_01 | Diaphragm Valve, zero dead leg, for steamKSB 0,8um, outside Ra 3,2pum polished,
sterilizable connection to base Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside R
PDV_2107_02 | Diaphragm Valve, zero dead leg, for steamKSB 0,8um, outside Ra 3,2um polished,;

sterilizable connection to acid

Diaphragm material: TFM/EPDM 2-pieces;
With position indication

-

PP_2107 01

Peristaltic Pump for dosing base

WATSON MARLOW

500 Series, type 520UN/REL, 1P66, fitl
with LoadSure elements.
Tube Material: Chem-Sure

PP_2107_02

Peristaltic Pump for dosing acid

WATSON MARLOW

500 Series, type 520UN/REL, 1P66, fitl
with LoadSure elements.
Tube Material: Chem-Sure

WT 2107 01

Balance for base

METTLER TOLEDO

Excellence XS Series, RS232 interface
optional Ethernet

WT 2107 02

Balance for acid

METTLER TOLEDO

Excellence XS SsrieS232 interface and
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optional Ethernt
Turbidity measurementurbidity sensor witl 2%‘323;”,;35{;)0\,?’526?;’] I?E %gop:]%?e: 2
AT_2108_01 | automatically retractable sterilizable housingETTLER TOLEDO Traﬁsmit{)er' Trb 8300 9
and position indication Retractable housing: InTrac 799 e
SISTC-C DNxx:
i . . Body material: SS 1.4435 (316L), inside R
HDV_ 2108 01 \'\;I:I?/gigotﬁflgﬁﬁd rzet‘;";gt ;)?Q'tary Diaphragisps 0,8um, outside Ra 3,2um polished:
y Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
i . . Body material: SS 1.4435 (316L), inside R
HDV_2108_02 \'\;I:I?/gilootﬁft;ﬁﬁd 2-way Sanitary Diaphragisps 0,8um, outside Ra 3,2um polished:
y Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
i . . Body material: SS 1.4435 (316L), inside R
HDV_2108 03 \'\;I:I?/gigotﬁflgﬁﬁd rzet‘:";gt ;)?Q'tary Diaphragisps 0,8um, outside Ra 3,2um polished:
y Diaphragm material: TFM/EPDM 2-pieces;
With position indication
HV_2108_01 | Manual operated 2-way Ball Valve SWAGELOK a,smf %ggﬁgﬁfrf;?aﬁ? xm
HV_2108 02 | Manual operated 2-way Ball Valve SWAGELOK SS 40CSeries (SS 316), xm

With position indication

GF_2109 01

Sanitary Gas Filter

PALL / DOMNICK HUNTER

PALL

1. Filter housing: Sealkleen in-line
filter housing; Filter Cartridge:
SLK7001 or SLK7002; Filter
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

2. Filter housing: Junior B in-line filter
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housing Filter Cartridge:SBF; Filter
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

DOMNICK HUNTER

1. Filter Housing: Demi HSI in-line

filter housing; Filter Cartridge: High
Flow TETPOR lI, sterilizing grade
0,2 pm.

HDV_2109 01

Manual operated 2-way Sanitary Diaphrag Msp

Valve, after the gas filter GF_2109 01

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

-

HDV_2109_02

Manual operated 2-way Sanitary Diaphrag Wsp

Valve, after the gas filter GF_2109 01

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

183

PDV_2109 01

Pneumatically operated 2-way Sanitary

Diaphragm Valve, after the gas filter KSB

GF 2109 01

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

-

PDV_2109 02

Pneumatically operated 2-way Sanitary

Diaphragm Valve, after the gas filter KSB

GF_2109 01

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside R
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;

-

With position indication
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5.3 Effluent tank

From the bioreactor, the biomass/effluent mixter@umped towards the effluent tank. Similar to
the influent tank, this is a stainless steel reastith a double jacket. The effluent is cooled ngsa
cooler connected to the double jacket. The bioreéis#nt mixture is continuously mixed, using a
magnetic coupled stirrer, to obtain a homogene@aded medium. The temperature is measured
on-line. It is possible to drain the cooling liguidm the double-jacket during sterilisation of the
interior of the buffer with steam. The reactor viaé kept at a slight overpressure (100 mbar) using
helium. This is controlled based on the foreseasgure transmitter. Before entering the reactor,
the helium is routed over a sanitary gas filterback-pressure valve is added in the entering gas
loop to prevent the tank from overpressure. An tamithl relief valve is added to the tank for
emergency protection. A level transmitter indicat®s precise liquid height inside the buffer. As
an indication and protection of equipment two daddal level switches are foreseen (high and
low). At the bottom of the tank connections andvealare added for sampling or transfer of the
tank content to compartment Ill, or drainage ofib@ctor before cleaning. In case the triverter can
be set close to the tank, no additional bottom taatke will be needed.

The different hardware items are listed in Table 3.
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Table 3. Effluent tank hardware. When not specifiedsizes and diameters will have to be proposed blya constructor.

Tag Purpose/descriptior Supplier ref./order n°
SISTC-CBAV DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2200_01 | Diaphragm Tank Bottom Valve, on tank KSB 0,8um, outside Ra 3,2um polished,;
bottom Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-CM3xx DNxx:
PDV_2200_02 . . Body material: SS 1.4435 (316L), inside Ra
PDV_2200_03 B?;p”hr:‘;éﬁa\"/él‘\’/ze(ﬁtsgrfe’r()vaé’ﬁ){/vstzrr‘l'f(ary KSB 0,8um, outside Ra 3,2um polished:
PDV_2200_04 ’ Diaphragm material: TFM/EPDM 2-pieces;
With position indication
PV_2200_01 | Pneumatically operated 2-way Ball Valve SWAGELOK SS 40CSeries (SS 316), Size xx |

With position indication

VSL2_ 2200 01

Tank 80 L, Stainless Steel, h double jacket
equipped with spray ball (NOZ_2400_02) fi
tank cleaning and stirrer (BLE_2201_01).
Tank bottom connections to instrumentatio
and valves equipped with Millipore
NovAseptic sanitary connections. Tank tof
connections to instrumentation and valves
equipped with Tri-Clamp sanitary
connections, sight-glass and light, 2 hygiern
spare ports

c

Material: Stainless steel 316 L;
Surface roughness: inside),8 pum, outsidg
1,6 um.

BLE_2201_01

Magnetic Coupled Stirrer at a variable
frequency

Stirrer, with frequency drive. Stirrer type to
specified, depends of tank dimension and
medium characteristics. Stirrer range: 0 — 10Q
rpm. Material: Stainless Steel 316 L, R8,8
pm.
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Ball Valve, Body material: 316 L, Size xx i
Ra< 0,8 um, Tri-Clamp hygienic process
connection

Ball Valve, Body material: 316 L, Size xx in., |
< 0,8 pum, Tri-Clamp hygienic process
connection

Ball Valve, Body material: 316 L, Size xx in., |
< 0,8 pum, Tri-Clamp hygienic process
connection

Ball Valve, Body material: 316 L, Size xx in., |
< 0,8 pum, Tri-Clamp hygienic process

Ball Valve, Body material: 316 L, Size xx in., |
< 0,8 pum, Tri-Clamp hygienic process
Unichiller UCOxxTw, equipped with controll

ALFA LAVAL / SVF/

HV_2203_01 | Manual operated 2-way Sanitary Ball Valve TVC / VNE

ALFA LAVAL / SVF/

HV_2203_02 | Manual operated 2-way Sanitary Ball Valve TVC / VNE

ALFA LAVAL / SVF/

HV_2203_03 | Manual operated 2-way Sanitary Ball Valve TVC / VNE

H3V_2003_01 | Manual operated 3-way Sanitary Ball Valve SVF / VNE

H3V_2003_02 | Manual operated 3-way Sanitary Ball Valve SVF / VNE

HX_2203_01 | Heat Exchanger effluent tank HUBER CC-Pilot “Professional”
. Omnigrad M TR4tStainless Steel 316 Ra<

TT_2203_01 | Temperature Transmitter E+H 0,8 um, Tri-Clamp hygienic process connectio

Material: Stainless steel 316
Tank to collect cooling liquid during steam Surface roughness: insidel,6 um, outsidg
VSSL_2103_01 sterilization, Stainless Steel 1,6 pum;

VVolume tank > double jacket VSL2_ 2200 01.
PALL

1. Filter housing: Sealkleen in-line filter
housing; Filter Cartridge: SLK7001 or|
SLK7002; Filter Membrane: Emflon

PALL / DOMNICK PFR, sterilizing grade 0,2 pm.

HUNTER 2. Filter housing: Junior B in-line filter

housing; Filter Cartridge: SBF; Filter
Membrane: Emflon PFR, sterilizing
grade 0,2 pum.

DOMNICK HUNTER

GF_2204 01| Sanitary Gas Filter
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1. Filter Housing: Demi HSI i-line filter
housing; Filter Cartridge: High Flow
TETPOR II, sterilizing grade 0,2 pm.
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2204_01 | Diaphragm Valve, on top of the tank, after (H&SB 0,8um, outside Ra 3,2pum polished,;
gas filter GF_2204 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
. Cerabar M PMP45, Stainless S 316 L,Ra<
PT_2204_01 | Pressure Transmitter E+H 0,8 um, Tri-Clamp hygienic process connectic
RV 2204 01 | Pressure Relief Valve LESER Type 483, Stainless| St L
Liquiphant M FTL50(H), Stainless Steel 31¢
LS 2205 01 | Level Switch Low E+H Ra< 0,8 um, Tri-Clamp hygienic process
connection
. . Liquiphant M FTL50(H), Stainless Steel, <
LS_2205_02 | Level Switch High E+H 0,8 um, Tri-Clamp hygienic process connectic
Levelflex FMP53, Stainless steel 316
LT_2205_01 | Level Transmitter E+H Stainless Steel 316 L, Ra0,8 um, Tri-Clamp

hygienic process connection
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5.4 Gas loop

The gas loop consists of the €@nd He circuits. As described in paragraph 5.2r@ictor), CQ

is routed over its dedicated sanitary gas filtdoi@entering top or bottom of the photobioreactor.
Injection will be needed depending on the speaifanposition of the influent. A gas flow
controller is foreseen for correct dosing. Heliunil We used during different operation steps.
During normal operation it can be injected in theadispaces of both storage tanks and the
bioreactor, in order to maintain a constant ovesgues. This way, the risk of contamination is
further reduced. All three tanks have their dedidatie-inlet area, split over two manual pressure
regulators: a first one set at 1,5 bar for useoatnal operation and for draining the volume and all
piping before and after CIP, the second one s&t5abar, providing He for drying all parts after
SIP. Before entering the specific part of the Coripant, helium is routed over a sanitary gas
filter. Excess gas is eliminated through the foeaspressure regulators at the end of the gas lines,
before the gas filters. All three tank volumesli(ieht, effluent and bioreactor) are equipped as wel
with pressure relieve valves as emergency protetbi@verpressure.

The different hardware items are listed in Table 4.
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Table 4. Gas loop hardware. When not specified, €2 and diameters will have to be proposed by themstructor.

Tag Purpose/descriptior Supplier ref./order n°
IN-FLOW serie, IP6E
FQRC_2300_01 | Gas Flow Controller EESHNKHORST HIGH Type: F20 + Digital Power Supply and Reado

System Series E-7000 (if necessary)

GF_2300 01

Sanitary Gas Filter

PALL / DOMNICK HUNTE

R housing; Filter Cartridge: SBF; Filter

PALL
1. Filter housing: Sealkleen in-line filter
housing; Filter Cartridge: SLK7001 or
SLK7002; Filter Membrane: Emflon
PFR, sterilizing grade 0,2 pm.
2. Filter housing: Junior B in-line filter

Membrane: Emflon PFR, sterilizing
grade 0,2 pum.
DOMNICK HUNTER
1. Filter Housing: Demi HSI in-line filter
housing; Filter Cartridge: High Flow
TETPOR II, sterilizing grade 0,2 pm.

HDV_2300_01

Manual operated 2-way Sanitary

Diaphragm Valve

KSB

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

HDV_2300_02

Manual operated 2-way Sanitary

Diaphragm Valve

KSB

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra
0,8um, outside Ra 3,2um polished,;
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

HPCV_2300 01

Manual Pressure Regulator with integrated TESCOM

peTy4-3262H2x3, 0 — 6,8 barg
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Pressure Indicator, He to influent ti Material: Stainless Steel 3
Inlet pressure: max. 34,4 barg
o Type: 4¢+-3261H2x3, (- 3,4 bart
Manual Pressure Regulator with integra . : '
HPCV_2300_02 Pressure Indicator, He to influent tank eIdESCOM :\r/l“&:f gis?&?émﬁf;xsgiefblaﬁg
o Type: 4¢+-3262H2x3, (- 6,8 bart
HPCV 2300 o3 | Manual Pressure Regulator with integrafeg} o) Material: Stainless Steel 316
— - Pressure Indicator, He to bioreactor Inlet pressure: max. 34,4 barg
o Type: 4¢+-3261H2x3, (- 3,4 bart
HPCV 2300 _04 | Manual Pressure Regulator with integrafeg} o) Material: Stainless Steel 316
— - Pressure Indicator, He to bioreactor Inlet pressure: max. 34,4 barg
o Type: 4¢+-3262H2x3, (- 6,8 bart
Manual Pressure Regulator with integra .. . '
HPCV_2300_05 Pressure Indicator, He to effluent tank eIdESCOM m%sgr&g.s?a?gIﬁlsanStseAlefblaGrg
o Type: 4¢+-3261H2x3, (- 3,4 bart
Manual Pressure Regulator with integra .. : '
HPCV_2300_06 Pressure Indicator, He to effluent tank eIdESCOM :\r/l“&:f gis?&?émﬁf;xsgiefblaﬁg
o Type: 4¢+-3261H2x3, (- 3,4 bart
HPCV 2300 o7 | Manual Pressure Regulator with integrafeg} o) Material: Stainless Steel 316
- - Pressure Indicator, G@b bioreactor Inlet pressure: max. 34,4 barg
o Type: 4¢+-3261H2x3, (- 3,4 bart
HPCV_2300_og | Manual Pressure Regulator with integrafeg} o) Material: Stainless Steel 316
— - Pressure Indicator, He to inocullum Inlet pressure: max. 34,4 barg
« TESCOM: Type: 44-236024, 0 — 1,7
. barg / 44-4760xx, 0 — 1,0 barg
Manual Backpressure Regulator with i i
HPCV_2300_09 | integrated Pressure Indicator, to influent L\EV?AC(:B?E'\C(/)K/P ARKER i‘gﬁ&%&gﬁ&gggoo 0- 0,68 barg
tank : RS
* PARKER Veriflo: Type:
ABP3ST1x01xx, 0 — 0,34 barg
HPCV 2300 10 Manual Backpressure Regulator with TESCOM/ e TESCOM: Type: 44-236024, 0 - 1,7
— —" | integrated Pressure Indicator, to bioreagt& WAGELOK/PARKER barg / 44-4760xx, 0 — 1,0 barg
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«  SWAGELOK: Type:
KBP1C0X4A5x20000, 0 — 0,68 barg
* PARKER Veriflo: Type:
ABP3ST1x01xx, 0 — 0,34 barg
 TESCOM: Type: 44-236024, 0 — 1,7
. barg / 44-4760xx, 0 — 1,0 barg
Manual Backpressure Regulator with
X ) TESCOM/ e  SWAGELOK: Type:
HPCV_2300_11 Lr;tnekgrated Pressure Indicator, to effluent SWAGELOK/PARKER KBP1COX4A5x20000, 0 — 0,68 barg
 PARKER Veriflo: Type:
ABP3ST1x01xx, 0 — 0,34 barg
SUURMOND/AUTOCLAVE, o
HX_2300_01 | Condensor DE DIETRICH To be specified by constructor
Heat exchanger, using cooling liquid fr
HX_2300_02 the available infrastructure
SUURMOND/AUTOCLAVE, o
HV_2300_01 | Hand valve condensor DE DIETRICH To be specified by constructor
SUURMOND/AUTOCLAVE, o
HV_2300_02 | Hand valve condensor DE DIETRICH To be specified by constructor
SUURMOND/AUTOCLAVE, o
HV_2300_03 | Hand valve condensor DE DIETRICH To be specified by constructor
Manual operated-way Ball Valve, gas Cari . .
HV_2300_04 sample valve bioreactor SWAGELOK SS 40G-Series (SS 316), Size xx in.
Manual operated-way Ball Valve, to gas . . .
HV_2300_05 filter GE_2106_01 SWAGELOK SS 40G-Series (SS 316), Size xx in.
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300 01 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2um polished,;
GF_2004_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
PDV_2300_02 Pneumatically operatec-way Sanitary KSB SISTC-C DNxx:

Diaphragm Valve, to gas filter

Body material: SS 1.4435 (316L), inside Ra




MEL|SSA
[

/ ; vision on technology

Document Identification: Type number | Issue
Detailed design ClI TN 80.242 Page : 34/ 90
GF_2004_0 0,8um, outside Ra 3,2um polist
Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_03 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2pum polished,;
GF_2104 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_04 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2um polished,;
GF_2104 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_05 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2pum polished,;

GF 2204 01

Diaphragm material: TFM/EPDM 2-pieces;
With position indication

Pneumatically operated 2-way Sanitary

SISTC-C DNxx:
Body material: SS 1.4435 (316L), inside Ra

GF_2004 01

PDV_2300_06 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2um polished,;
GF_2204 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_07 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2um polished,;
GF_2109 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
Pneumatically operated 2-way Sanitary SISdTC'C Dlex insid
PDV_2300_08 | Diaphragm Valve, to gas filter KSB Body material: SS 1.4435 (316L), inside Ra

0,8um, outside Ra 3,2um polished,
Diaphragm material: TFM/EPDM 2-pieces;
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With position indicatio
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_09 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2um polished,;
GF_2104 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_10 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2pum polished,;
GF_2204 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Body material: SS 1.4435 (316L), inside Ra
PDV_2300_11 | Diaphragm Valve, to gas filter KSB 0,8um, outside Ra 3,2pum polished,;
GF_2109 01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
. X SS 40(-Series (SS 316), Size xX |
PV_2300_01 | Pneumatically operated 2-way Ball Valve ~ SWAGELOK With position indication
. X SS 40(-Series (SS 316), Size xx i
PV_2300_02 | Pneumatically operated 2-way Ball Valve ~ SWAGELOK With position indication
PV_2300_03 | Pneumatically operated 2-way Ball Valve ~ SWAGELOK SS 40CSeries (SS 316), Size xx |

With position indication
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5.5 Cleaning in Place (CIP)

All parts of the installation where liquid flowsaic be cleaned when needed. Cleaning solution can
be added to the influent tank circuit, the bioreacind the effluent tank and its piping. The
cleaning will be semi-automated. Prior to cleanipgping and tanks will be drained and purged
using helium at 1.5 bar. Drains are foreseen deréift locations to optimise this process. The
cleaning solution can then be sent, for all thre@uwmes separately, through different routes. It
should be possible to clean the influent and efiluanks separately from the bioreactor.

For the influent tank, firstly, cleaning solutiorarc be routed, for instance, only through the
connecting piping between Compartment | (or theparation vessel) and Compartment Il. The
solution can be either drained, if too dirty, otyeled back to a separate mobile CIP-unit. One step
further will be to clean the inlet piping, over tBanitary liquid filter, towards the influent tank.
This way, the influent tank can be filled as weillwcleaning solution. A recycle of the solution is
foreseen at the bottom of the tank. An improvedumileg of the influent tank can be obtained by
sending the cleaning solution directly through speay ball. As a last step, cleaning solution can
further be routed subsequently over the influemhpubetween influent tank and bioreactor, and
the sanitary liquid filter prior to recycling.

For the bioreactor, cleaning solution can be roettter backwards through the harvesting pipe or
through the spray ball. The cleaning liquid camthe either sent backwards through the remaining
(unclean) influent piping or through the recycleeliat the bottom of the reactor.

When closing the connections towards the bioreather cleaning solution can as well be routed
through the effluent piping. This way, the efflugriping and pump can be cleaned. After the
pump, the cleaning solution can be recycled towHrd<CIP unit.

For the effluent tank, cleaning solution can ondyibjected through the spray ball. After cleaning,
the solution can be drained and recycled at thivoof the tank.

The connections between the acid and base sto@tlesband the bioreactor can be cleaned as
well. This needs to be done after renewal of adott

Both retractable probes on the stainless steebioftiate of the bioreactor can be cleaned as well.
This needs to be done whenever the probe has letached from the reactor and needs to be re-
entered.

Further details on CIP can be found in the differeperation mode schemes and the process
description (see 9). A mobile CIP unit will formrpaf the compartment Il delivery.



MEL|SSA

7~Vito

( ) hnology
Document Identification: Type number | Issue
Detailed design ClI TN 80.242 |1 Page : 37/ 90

Table 5. CIP hardware. When not specified, sizes drdiameters will have to be proposed by the constator.

ptr

ptr

Tag Purpose/descriptior Supplier ref./order n°
o AWH / ALFA . .
NOZ_2400_01 | Spray Ball in influent tank LAVAL Type of spray ball is depending of the tank geoyng
NOZ_2400_02 | Spray Ball in effluent tank fX\\//I—L/LALFA Type of spray ball is depending of the tank geoyng
A AWH / ALFA | Type of spray ball is depending of the rea
NOZ_2400_03 | Spray Ball in bioreactor LAVAL geometry
SISTC-C DNxx:
. i . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2400_01 \F;;f\’/‘émfg;\clg'g 33%?8‘1’ 2-way Sanitary Diaphragm, g outside Ra 3,2um polished:
' — - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. i . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2400_02 \F;;f\’/‘émfgfé‘"gooopfrgtled 2-way Sanitary Diaphragm, g outside Ra 3,2um polished:
' — - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. i . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2400_03 Cgﬁ/‘émfg;\fg'g gagroatgg 2-way Sanitary Diaphragm, g outside Ra 3,2um polished:
' — - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. i . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2400_04 Cgﬁ/‘émfg;\fg'g gagroatgg 2-way Sanitary Diaphragm, g outside Ra 3,2um polished:
' — - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
PV_2400 01 | Pneumatically operated 2-way Ball Valve, to influenSWAGELOK SS 40G-Series (SS 316), Size xx in.;
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tank

With position indicatio

Pneumatically operatec-way Ball Valv, to effluent

SS 40(-Series (SS 316), Size xX |

PV_2400_02 tank _ SWAGELOK With positiqn indication _ .
PV_2400_03 Eigfél;ré?;lrcally operatec-way Ball Valve, to SWAGELOK \?\/Sn ﬁ%%:ﬁgﬁs, rf;faf’i(l)ﬁ)’ Size XX |
R e e e
L et e syt
P 2100 0 ey 1 VoM SO | waceLoK | o e ey o
e e e e
PV_2400_08 Pneumatically operate-way Ball Valve, retour SWAGELOK SS 40(¢-Series (SS 316), Size xx |

cleaning solution after GP_2106_01

With position indication

Mobile CIP uni:

Mobile compact sanitary design for single
use (freshly prepared CIP media);
Consisting of stirred tank for preparation o
cleaning solution, volume, required flows
and pressures to be defined by constructoj
CIP solution recovery system;

Easy to connect to the process unit
Material 316 L, surface roughness: inside
0,8 um, outsideg 1,6 pm;

Two control modes (manual and automatic
Different operation possibilities (time,
temperature, volume, ...)

Temperature range: 20-70°C

f
I

To be proposed
by constructor

Minimal energy consumption

To be defined by constructor
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5.6 Sterilisation in Place (SIP)

To maintain sterility, SIP will be needed and via# implemented after CIP. The final design and
lay-out should enable to perform the steaming aaedyy An adequate temperature should be
reached without any damage to e.qg. filters.

The different SIP hardware items are listed in €ahlPoints of attention are the following:
- Steam traps
0 Steam traps should be of the thermodynamic type
0 Steam traps should not come in contact with dirgdpct: first a rinse through side-
valves is applied
0 A temperature measurement is connected to eaam step
- Valves
o Allvalves in the steam line should be membrangesl
0 Zero dead leg valves are required
o Overpressure valves (e.g. effluent tank) shouldftzesanitary type with bellow
o Valves should be positioned at an angle of 23-86tdémplete outflow
- Steaming
0 Steam sterilization starts from 1 point, and gaeslidirection, in antenna-like
approach
o First step in SIP: dewatering of steam
o All piping should have a slope of 1 cm/m to alloasg outflow of condensate
0 Cross-sterilization is provided between differerdartp of the set-up and for
connection to previous/next compartment
- Sensors should be mounted at a H < 3D to avoid deaels

Further details on SIP can be found in the differeperation mode schemes and the process
description (see 9).
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Table 6. SIP hardware. When not specified, sizes drdiameters will have to be proposed by the constotor.

Tag Purpose/descriptior Supplier ref./order n°
SISTC-C DNxx:
. . Body material: SS 1.4435 (316L), inside Ra 0,8um,
HDV_2500_01 | Manual ;{f‘fergt?: s:s"%igﬂgﬁirr{eD'aphragm Valigsg outside Ra 3,2um polished:
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. . Body material: SS 1.4435 (316L), inside Ra 0,8um,
HDV_2500_02 | YNt d"ﬂ ;{f‘fergt?: j(;‘i’(‘;agoiﬁ]’gtﬁ‘%')'aphragm Valvgsg outside Ra 3,2um polished:
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Valye, Body material: SS 1.4435 (316L), inside Ra 0,8um,
HDV_2500_03 | zero dead leg, connected to retractable for pHmsekSB outside Ra 3,2um polished;
AT_2107_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Manual operated 2-way Sanitary Diaphragm Valye, Body material: SS 1.4435 (316L), inside Ra 0,8um,
HDV_2500_04 | zero dead leg, connected to retractable for tusbidiKSB outside Ra 3,2um polished;
sensor AT_2108_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
HV_2500_01 | Manual operated 2-way Ball Valve SWAGELOK SS 60TiSe(SS 316), Size xxin.;
HV_2500_02 | Manual operated 2-way Ball Valve SWAGELOK SS 60TiSe(SS 316), Size xxin.;
HV_2500_03 | Manual operated 2-way Ball Valve SWAGELOK SS 60TiSe(SS 316), Size xxin.;
SISTC-C DNxx:
PDV 2500 01 Pneumatically operated 2-way Sanitary DiaphragrlgSB Body material: SS 1.4435 (316L), inside Ra 0,8um,
— — 7 | Valve, before gas filter GF_2004_01 outside Ra 3,2um polished;
Diaphragm material: TFM/EPDM 2-pieces;
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With position indicatio

PDV_2500_02

Pneumatically operated 2-way Sanitary Diaphrag
Valve, after gas filter GF_2004_01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

m,

PDV_2500_03

Pneumatically operated 2-way Sanitary Diaphrag
Valve, before gas filter GF_2104 01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_04

Pneumatically operated 2-way Sanitary Diaphrag
Valve, after gas filter GF_2104 01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_05

Pneumatically operated 2-way Sanitary Diaphrag
Valve, before gas filter GF_2204 01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_06

Pneumatically operated 2-way Sanitary Diaphrag
Valve, after gas filter GF_2204 01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_07

Pneumatically operated 2-way Sanitary Diaphrag
Valve, before gas filter GF_2109 01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication
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SISTC-C DNxx:

Pneumatically operated 2-way Sanitary Diaphrag Body material: SS 1'4.435 (316L), inside Ra 0,8um,
PDV_2500_08 Valve, after gas filter GF_2109 01 IRsp outside Ra 3,2um polished;
' - - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_09 Cgﬁ/‘émsgfco"’:gyli‘;ﬂ?ﬁﬁé’rﬂ"agoig”giry Diaphragigg outside Ra 3,2um polished:
' = - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
PDV 2500 10 Pneumatically operated 2-vv_ay_Sa_nitary DiaphragrRSB Ssg?/dgzlggrlsélzfn? ;é)dlfiiﬁgd(?l&)’ neide Ra .8um,
— — " | Valve, zero dead leg, after liquid filter LF_2002_0 Diaphragm material: TEM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_11 Cgﬁ/‘émsgfco"’:gyli‘;ﬂ?ﬁﬁé’rﬂ"aglig”giry Diaphragps s outside Ra 3,2um polished:
' = - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_12 | Valve, zero dead leg, after gear pump GP_2106] B5B outside Ra 3,2um polished;
and before effluent tank Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
PDV 2500 13 Pneumatically operated 2-vyay Sanitary DiaphragrRSB Ssg?/dgzlggrlsélzfn? ;é)dlfiiﬁgd(?l&)’ neide Ra .8um,
— — " | Valve, zero dead leg, after influent tank Diaphragm material: TEM/EPDM 2-pieces;
With position indication
PDV 2500 14 Pneumatically operatec-way Sanitary Diaphrag! KSB SISTC-C DNxx:
— — " | Valve, zero dead leg, after liquid filter LF_2102 0 Body material: SS 1.4435 (316L), inside Ra 0,8um,
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outside Ra 3,2pum polisht
Diaphragm material: TFM/EPDM 2-pieces;
With position indication

PDV_2500_15

Pneumatically operated 2-way Sanitary Diaphrag
Valve, zero dead leg, after bioreactor

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_16

Pneumatically operated 2-way Sanitary Diaphrag
Valve, zero dead leg, after effluent tank

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

m,

PDV_2500 17

Pneumatically operated 2-way Sanitary Diaphrag
Valve, zero dead leg, before influent tank

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_18

Pneumatically operated 2-way Sanitary Diaphrag
Valve, zero dead leg, after interface Cll-01

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

m!

PDV_2500_19

Pneumatically operated 2-way Sanitary Diaphrag
Valve, to influent tank

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

With position indication

PDV_2500_20

Pneumatically operated 2-way Sanitary Diaphrag
Valve, to bioreactor

Rsp

SISTC-C DNxx:

Body material: SS 1.4435 (316L), inside Ra 0,8
outside Ra 3,2um polished;

Diaphragm material: TFM/EPDM 2-pieces;

m,
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With position indicatio

SISTC-C DNxx:

FT_2106_01

Diaphragm material: TFM/EPDM 2-pieces;
With position indication

Pneumatically operated 2-way Sanitary Diaphrag Body material: SS 1'4.435 (316L), inside Ra 0,8um,
PDV_2500_21 valve. to effluent tank IRsp outside Ra 3,2um polished;
' Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
. . . Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_22 Cgﬁ/‘émjé'foagﬁ;’g?;gtegefzgxaguﬁg'g"Fr,y DapneIRss outside Ra 3,2um polished:
' ' - - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
PDV 2500 23 Pneumatically operated 2-way Sanitary DiaphragrlgSB El?g?d?‘g:”salz' SS 1'A|'.4ﬁ5d(_316L)’ inside Ra 0,8uMm,
— —~7 | Valve, after gas filter GF_2300_01 : <Hm p.o IShed, . )
- - Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_24 | Valve, zero dead leg, before flow transmitter KSB outside Ra 3,2um polished;
FT_2006_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_25 | Valve, zero dead leg, after flow transmitter KSB outside Ra 3,2um polished;
FT_2006_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication
SISTC-C DNxx:
Pneumatically operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside Ra 0,8um,
PDV_2500_26 | Valve, zero dead leg, before flow transmitter KSB outside Ra 3,2um polished;
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SISTC-C DNxXx:
Pneumatically operated 2-way Sanitary Diaphragm Body material: SS 1.4435 (316L), inside Ra 0,8
PDV_2500_27 | Valve, zero dead leg, after flow transmitter KSB outside Ra 3,2um polished;
FT_2106_01 Diaphragm material: TFM/EPDM 2-pieces;
With position indication

Pneumatically operatec-way Ball Valve, to ga SS 60°-Series (SS 316), Size xx |
PV_2500_01 filter GF_2004 01 SWAGELOK With position irSdication)

Pneumatically operatec-way Ball Valve, to ga SS 60°-Series (SS 316), Size xx |
PV_2500_02 filter GF_2104 01 SWAGELOK With position irSdication)

Pneumatically operatec-way Ball Valve, to ga SS 60°-Series (SS 316), Size xx |
PV_2500_03 filter GF_2204 01 SWAGELOK With position irSdication)

Pneumatically operat 2-way Ball Valve, to ga SS 60°-Series (SS 316), Size xx |
PV_2500_04 filter GF_210)$;_(F))1 Y ’ SWAGELOK With position irSdication)
SF 2500 01 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 02 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 03 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 04 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 05 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 06 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 07 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 08 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 09 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 10 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 11 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 12 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 13 |Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 14 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 15 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 16 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 17 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
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SF 2500 18 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 19 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 20 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 21 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 22 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 23 |Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 24 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
SF 2500 25 | Balanced Pressure Thermostatic Steam Trap SPIRARCGEA | MST21, Stainless Steel, Size xx in.
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_01 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_02 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_03 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_04 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_05 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_06 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
Easytemp 470P, Stainless Steel 316 L<0,8 um,
TT_2500_07 | Temperature Transmitter E+H Tri-Clamp hygienic process connection, length of
the probe to be specified
TT_2500_08 | Temperature Transmitter E+H Ea_lsytemp 470.P’ _Stainless Steel 315 L<0,8 um,
Tri-Clamp hygienic process connection, length of
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the probe to be specifi

TT_2500_09

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_10

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_11

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_12

Temperature Transmitter

E+H

Easytmp 470P, Stainless Steel 316 L,<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_13

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_14

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_15

Temperature Transmitter

E+H

Easytemp 470P, Stdess Steel 316 L, k< 0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_16

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_17

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_18

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel L, Ra<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified
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TT_2500_19

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_20

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_21

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 Lm,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_22

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_23

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_24

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified

TT_2500_25

Temperature Transmitter

E+H

Easytemp 470P, Stainless Steel 316 L<0,8 um,
Tri-Clamp hygienic process connection, length of
the probe to be specified
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6. P&ID

Table 7 provides an overview of the different loapghe system, translated in the used tag numdperin
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Belissima

Cli predesign draft

VITO-SCT

07102111 He

sssss

5

The general P&ID is shown
Figure 2.
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Table 7. Control loops in CII
BELISSIMA Control loops definition for Cll

Control Loop Number |Control Loop Name Location
2000 Influent General Influent Tank
2001 Influent Agitator Influent Tank
2002 Influent feeding (Cl) Influent Tank
2003 Influent Temperature Influent Tank
2004 Influent Pressure Influent Tank
2005 Influent Level Influent Tank
2006 Influent Photobioreactor feeding Influent Tank
2100 Photobioreactor General Bioreactor
2101 Photobioreactor Agitator Bioreactor
2103 Photobioreactor Temperature Bioreactor
2104 Photobioreactor Pressure Bioreactor
2105 Photobioreactor Level Bioreactor
2106 Photobioreactor Effluent withdrawal Bioreactor
2107 Photobioreactor pH Bioreactor
2108 Photobioreactor Turbidity Bioreactor
2200 Effluent General Effluent Tank
2201 Effluent Agitator Effluent Tank
2203 Effluent Temperature Effluent Tank
2204 Effluent Pressure Effluent Tank
2205 Effluent Level Effluent Tank
2300 Gas Loop General Gas Loop
2400 CIP General CIP
2500 SIP General SIP
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Figure 2. P&ID CII
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Belissima

Page : 53/90

Cll predesign draft:
Mode 1: Normal Operation

VITO-SCT

o021 He

Figure 3. Mode 1: Normal operation
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Retractable fo as Outet
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Mode 2: CIP
DATE AME WG NO REV
VITO-SCT
0702111 Helrmut Elslander 34
scae sreer 10F1

Figure 4. Mode 2: CIP
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Belissima

Cll predesign draft
Mode 3: Purge before Sterilization

cccccc

NAME ‘ ooooo

07211 Helmut Elslander

scaie sneer 10F 1

Figure 5. Mode 3: Purge
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Figure 6. Mode 4: SIP
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Figure 7. Mode 5: Dry and cool-down
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8. Electrotechnical data
Tag number Description X/o)ltage AO Al DO DI Interface
Influent tank
Pneumatically operatec-way Sanitary Diaphragm Tat
PDV_2000_01 Bottom Valve, on tank bottom 24 Ve 24vdc PNR
PDV_2000_02 b icall 432 Sani Diaoh 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphra&five
PDV_2000_03 (Triverter), below tank 24 Vdc 24Vdc PNH
PDV_2000_04 24 Vdc 24Vdc PNH
PV_2000_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
VSL2_2000_01 | Influent tank with sight-glass and light. 240 Va
BLE_2001_01 | Magnetic Coupled Stirrer at a variable frequency gg?] vac/ 4 —20 mAl 4 — 20 mA| Relay Relay
Pneumatically opated -way Sanitary Diaphragm Valve,
PDV_2002_01 top of the tank 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2002_02 zero dead leg, before liquid filter LF_2002_01 24 Ve 24vdc PNR
PDV_2002_03 b icall 432 Sani Diaoh 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphr&ive
PDV_2002_04 (Triverter), before liquid filter LF_2002_01 24 vdc 24vdc PNF
PDV_2002_05 24 Vdc 24Vdc PNH
PV_2002_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
. 400 Vac RS232,
HX_2003_01 [ Heat Exchanger influent tank 3ph 4 —20 mAl 4 — 20 mA| Relay Relay RS485
TT_2003_01 [ Temperature Transmitter 24 Vdc 4 —20 A
PDV_2004_01 [ Pneumatically operated 2-way Sanitary Diaphragnv&/adn | 24 Vdc 24Vdc PNP
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Tag number Description X/o)ltage AO Al DO DI Interface
top of the tank, after the gas filter GF_20C1
PT_2004_01 | Pressure Transmitter 24 Vdc 4 — 20 mA
LS 2005 01 | Level Switch Low 24 Vdc 24Vdc PNR
LS 2005 02 | Level Switch High 24 Vdc 24Vdc PNR
LT 2005 01 | Level Transmitter 24 Vdc 4 — 20 mA
FT_2006_01 | Flow Transmitter, Coriolis mass flow measuring egyst 24 Vdc 4 —-20 mp
Magnetic Drive Gear Pump with steam bypass anddk 400 Vac
GP_2006_01 control, CIP & SIP capability 3Ph 4 — 20 mA 4 — 20 mA| Relay Relay
Pneumatically operatec-way Sanitary Caphragm Tan
PDV_2006_01 Bottom Valve, on tank bottom 24 Vdc 24vdc PNR
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2006_02 bypass pump GP_2006_01 24 Vdc 24Vdc PNH
PDV_2006_03 b dcall ted 3 x 2 Sanitary Diaoh 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphr&five
PDV_2006_04 (Triverter), before pump GP_2006_01 24 Vdc 24vdc PNR
PDV_2006_05 24 Vdc 24Vdc PNH
PDV_2006_06 b icall 432 Sani Diaoh 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphr&fgive
PDV_2006_07 (Triverter), after liquid filter LF_2006_01 24 Vdc 24vdc PNA
PDV_2006_08 24 Vdc 24Vdc PNH
PV_2006_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
PV_2006_02 | Pneumatically operated 2-way Ball Valve 24 Vddg \Vad PNP
Photoreactor
Light Supply System with adjustable light intensity /dand
LSS_2100_01 integrated cooling system, 2 separated loops (sEsh 12 vdc
PDV_2100_01 [ Pneumatically operated 2-way Sanitary DiaphragnkTan |24 Vdc 24Vdc PNH
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Bottom Valve, on reactor bottom (if possil
PDV_2100_02 b icall ted 3 x 2 Sanitary Diaoh 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphr&ive
PDV_2100_03 (Triverter), below reactor 24 Vdc 24Vdc PNH
PDV_2100_04 24 Vdc 24Vdc PNH
PV_2100_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
. . . . ~ 40 Vdc
Magnetic Coupled Stirrer at a variable frequenpgesl in _ _
BLE_2101 01 normal operation is 300 — 400 rpm (see 4 — 20 mA 4 — 20 mA| Relay Relay
specs)
. 400 Vac / RS232,
HX 2103 01 | Heat Exchanger bioreactor 3ph 4 —20 mAl 4 — 20 mA| Relay Relay RS485
TT_2103_01 [ Temperature Transmitter 24 Vdc 4 —20 A
Pneumatically operatec-way Sanitry Diaphragm Valve, o
PDV_2104_01 top of the reactor, after the gas filter GF_2104 0
PT_2104_01 | Pressure Transmitter 24 Vdc 4 — 20 mA
LS 2105 01 |Level Switch Low 24 Vdc 24Vdc PNR
LS 2105 02| Level Switch High, with option “Foam Detection” Udc 24Vdc PNP
FT_2106_01 | Flow Transmitter, Coriolis mass flow measuring egyst 24 Vdc 4 —-20 mp
Magnetic Drive Gear Pump with steam bypass anddk 400 Vac
GP_2106_01 control, CIP & SIP capability 3Ph 4 — 20 mA 4 — 20 mA| Relay Relay
Preumatically operatec-way Sanitary Diaphragm Valve,
PDV_2106_01 top of the reactor 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2106_02 zero dead leg 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaptagm Valve,
PDV_2106_03 bypass pump GP_2106_01 24 Vdc 24Vdc PNH
PDV_2106_04 [ Pneumatically operated 3 x 2-way Sanitary Diaphragive | 24 Vdc 24Vdc PNF
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PDV_2106_05 | (Triverter), after pump GP_2106_ 24 Vdc 24Vdc PNH
PDV_2106_06 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2106_07 top of the reactor 24 Vdc 24Vdc PNH
PV_2106_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
pH measureme, pH sensor with automatically retracta _
AT_2107_01 sterilizable housing, and position indication 24 vdc 4—20m/ 24vdc PNP
Pneumaticall operated -way Sanitary Diaphragm Valv
PDV_2107_01 zero dead leg, for steam sterilizable connectidoate 24 vdc 24vdc PNF
Pneumaticall operated -way Sanitary Diaphragm Valw
PDV_2107_02 zero dead leg, for steam sterilizable connectiamcid 24 vdc 24vdc PNF
Relay
PP_2107_01 | Peristaltic Pump for dosing base 240 V4gc 4 — 20 mA 24Vdc
PNP
Relay,
PP_2107_02 | Peristaltic Pump for dosing acid 240 Vag 4 —20|mA 24Vdc
PNP
WT_2107_01 | Balance for base 240 Vac
WT_2107_02 | Balance for acid 240 Vac Etherne
Turbidity measureme, turbidity sensor with automatical
AT_2108_01 retractable sterilizable housing and position iatlan 24 Ve 4-20mA 24vdc PNP
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2109_01 after the gas filter GF_2109 01 24 vdc 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2109_02 after the gas filter GF_2109 01 24 vdc 24vdc PNF
Effluent tank
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Pneumatically operatec-way Sanitary Diaphragm Tat
PDV_2200_01 Bottom Valve, on tank bottom 24 vdc 24vdc PNF
PDV_2200_02 b icall 432 Sani Diaphragiy 24 Vdc 24Vdc PNH
neumatically operated 3 x 2-way Sanitary Diaphr e
PDV_2200_03 (Triverter), below tank 24 Vdc 24Vdc PNH
PDV_2200_04 24 Vdc 24Vdc PNH
PV_2200_01 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
VSL2 2200 01 | Effluent tank with sight-glass and light. 240 Vat
BLE_2201_01 | Magnetic Coupled Stirrer at a variable frequency gg?] vac/ 4 —20 mAl 4 — 20 mA| Relay Relay
400 Vac / RS232,
HX_2203_01 [ Heat Exchanger effluent tank 3ph 4 —20 mAl 4 — 20 mA| Relay Relay RS485
TT_2203_01 [ Temperature Transmitter 24 Vdc 4 —20 A
Pneumatically opated -way Sanitary Diaphragm Valve,
PDV_2204_01 top of the tank, after the gas filter GF_2204 01 24 Vdc 24vdc PNR
PT_2204_01 | Pressure Transmitter 24 Vdc 4 — 20 mA
LS 2205 01 |Level Switch Low 24 Vdc 24Vdc PNR
LS 2205 02| Level Switch High 24 Vdc 24Vdc PNR
LT_2205_01 | Level Transmitter 24 Vdc 4 — 20 mA
Gas loop
FQRC 2300 01| Gas Flow Controller 24 Vdc 4 -20 mA4 — 20 mA
Heated hose with integrated temperature sensocantcbller.
HX_2300_03 Exchangeable inner tube Relay
Pneumatically operate-way Sanitary Diaphragm Valve,
PDV_2300_01 gas filter GF._ 2004 01 24 Vdc 24Vdc PNH
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PDV_2300_02 g;sl%?e?tgzﬂ?zggir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24vdc PNH
PDV_2300_03 gpgsel;i?eitgﬂ?zi%‘zt_eodl -way Sanitary Diaphragm Valve, 24 Vde 24vdc PNH
PDV_2300_04 g;sl%?e?tgzﬂ?zci%ir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_05 g;sl%?e?tgzﬂ?zggir;agi(-way Sanitary Diaphrim Valve, ta 24 Vde 24Vdc PNH
PDV_2300_06 g;sl%?e?tgzﬂ?zggir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_07 g;sl%?e?tgzﬂ?ziggrfgi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_08 g;sl%?e?tgzﬂ?zggir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_09 g;sl%?e?tgzﬂ?zci%ir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_10 g;sl%?e?tgzﬂ?zggir;agi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PDV_2300_11 g;sl%?e?tgzﬂ?ziggrfgi(-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
PV_2300_01 | Pneumatically operated 2-way Ball Valve 24 Vddg \Vad PNP
PV_2300_02 | Pneumatically operated 2-way Ball Valve 24 Vddg \Vad PNP
PV_2300_03 | Pneumatically operated 2-way Ball Valve 24 Vddg VVad PNP
CIP
PDV_2400_01 Ege;_rgig%zilgyloperate(-way Sanitary liaphragm Valve, 1 24 Vde 24Vdc PNH
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PDV 2400 02 Pneumatically operatec-way Sanitary Diaphragm Valve, 24 Vde 24vde PNH
- — " |LF_2002_01
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2400_03 NOZ_ 2400 02 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2400_04 NOZ 2400 03 24 Vdc 24Vdc PNH
PV_2400_01 | Pneumatically operated 2-way Ball Valve, to influtamk 24 Vdc 24Vdc PNP
PV_2400_02 | Pneumatically operated 2-way Ball Valve, to effluamk 24 Vdc 24Vdc PNP
PV_2400_03 | Pneumatically operated 2-way Ball Valve, to bioteac 24 Vdc 24Vdc PNR
Pneumatically operatec-way Ball Valve, retour cleanin

PV_2400_04 solution influent tank 24 Vdc 24Vdc PNH
Pneumaticlly operated -way Ball Valve, retour cleanin

PV_2400_05 solution LF_2102_01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Ball Valve, retour cleanin

PV_2400_06 solution bioreactor 24 Vdc 24Vdc PNH
Pneumatically operatec-way Ball Valve, retor cleaning

PV_2400_07 solution effluent tank 24 Vdc 24Vdc PNH
Pneumatically operatec-way Ball Valve, retour cleanin

PV_2400_08 solution after GP_2106_01 24 Vdc 24Vdc PNH

SIP

Pneumatically operatec-way Sanitary Diaphragm Valv

PDV_2500_01 before gas filter GF_2004_01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valv

PDV_2500_02 after gas filter GE_2004. 01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valv

PDV_2500_03 before gas filter GF_2104_ 01 24 Vdc 24Vdc PNH
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PDV_2500_04 gggf;f‘ﬁﬁg? 8‘;??;3‘41"3{ Sanitary Diaphragm Valv 1,4 /4 24vdc PNH
T e e i P
PDV_2500_06 gggf;f‘ﬁﬁg? gii?ztg“l"gf Sanitary Diaphragm Valv 1,4 /4 24vdc PNH
T e b P
PDV_2500_08 Zf’t‘;‘;'”gggiﬁt'g ‘épgigtfgg"_"g{ Sanitary Diaphragm Valv 1,4 /4 24vdc PNH
PDV_2500_09 ngi‘:;nﬁ‘;fﬂ'%It"eﬁel_rﬁt_ez‘a’ggigf”itary Diaphragm Valv 154 vc 24vdc PNH
o 30 AU SR TR
PDV_2500_11 ngi‘:;nﬁ‘;fﬂ'%It"eﬁel_rﬁt_ez"l"ggigfnitary Diaphragm Valv 154 v 24vdc PNH
Pneumatically opered Z2-way Sanitary Diaphragm Valv
PDV_2500_12 | zero dead leg, after gear pump GP_2106_01 andebefor |24 Vdc 24Vdc PNH
effluent tank
o 33 T G Sy T
o 14 AR ety S ORI
o 13 AT ety Sy ST
o 3 AT ety ST T
o 17 QTR ety SN T
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Pnewmatically operated-way Sanitary Diaphragm Valv
PDV_2500_18 zero dead leg, after interface CII-01 24 Ve 24vdc PNR
PDV 2500 19 _Pneumatlcally operate-way Sanitary Diaphragm Valve, 24 Vde 24vdc PNH
— =" | influent tank
PDV 2500 20 P_neumatlcally operate-way Sanitary Diaphragm Valve, 24 Vde 24Vdc PNH
— —"" | bioreactor
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2500_21 effluent tank 24 Vdc 24Vdc PNH
Pneumatically operate-way Sanitary Diaphragm Valv
PDV_2500_22 zero dead leg, before pump GP_2006_01 24 vdc 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valve
PDV_2500_23 after gas filter GE_2300_ 01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2500_24 zero dead leg, before flow transmitter FT_2006_01 24 vdc 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2500_25 zero dead leg, after flow transmitter FT_2006 01 24 vdc 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2500_26 zero dead leg, before flow transmitter FT_2106_01 24 vdc 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valv
PDV_2500_27 zero dead leg, after flow transmitter FT_2106 01 24 vdc 24vdc PNF
Pneumatically operatec-way Ball Valve, tcgas filter
PV_2500_01 GE 2004 _01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Ball Valve, to gas filte
PV_2500_02 GE 2104 01 24 Vdc 24Vdc PNH
Pneumatically operatec-way Ball Valve, to gas filte
PV_2500_03 GE 2204 01 24 Vdc 24Vdc PNH
Pneumatically operated-way Ball Valve, to gas filte
PV_2500_04 GE 2109 01 24 Vdc 24Vdc PNH
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TT_2500_01 [ Temperature Transmitter 24 Vdc 4 —20 A
TT_2500_02 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_03 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_04 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_05 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_06 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_07 | Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_08 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_09 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_10 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_11 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_12 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_13 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_14 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_15 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_16 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_17 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_18 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_19 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_20 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_21 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_22 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_23 [ Temperature Transmitter 24 Vdc 4-20 ||nA
TT_2500_24 [ Temperature Transmitter 24 Vdc 4-20 ||nA




MEL|SSA
[

7V

Ito

vision on technology

Document Identification: Type number | Issue
Detailed design ClI TN 80.242 |1 Page : 68/ 90
Tag number Description X/o)ltage AO Al DO DI Interface
TT_2500_25 [ Temperature Transmitter 24 Vdc 4 —20 A
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9. Process description

This process description provides a detailed oearof the different steps in the operation of CII.
It should be read in relation to the provided scéermn the different operation modes as given in
chapter 7. Only limited details on tags, contrduea and equipment characteristics are included as
these are all discussed elsewhere in this technatal

Chapters 9.4 and 9.5 provide a detailed overvieth@different steps in the cleaning and steaming
of the CII plant. They should be read in relatiorthie corresponding schemes, as given in chapter
7. Only essential tags and valve positions are imeed. The rest can be easily concluded from the
schemes.

9.1 Influent tank (VSL2_ 2000 01)

9.1.1 Start-up
Prerequisite: the influent tank and its in-and etupliping must be empty, cleaned and sterilized.

1. The cooling of the influent tank must be startedagyivation of HX_2003_01. All hand
valves must be positioned correctly. Sensor TT_20Q3will measure the temperature in
the reactor.

2. Helium, from the 1.5 bar circuit is routed toward®e head-space of the influent tank,
through the sanitary gas filter GF_2004_01, in ortdeobtain an overpressure inside the
influent tank. This is controlled by means of theanmal pressure regulator
HPCV_2300_09. The pressure transmitter PT_2004 nOthe influent tank is foreseen as
control. As soon as the required overpressureashed the inflow of helium will stop. The
pressure relief valve RV_2004_01 will open in cafemergency whenever values above
its setpoint are reached.

3. Then the influent tank can be fed with effluentnfraCl or synthetic feed through the
sanitary filter LF_2002_01. A pressure indicatienforeseen on this filter. The influent
volume can be read on-line (LT_2005_01) and the sbeuld stop filling when the
maximum volume is reached in the tank. The pressgelator HPCV_2300_09 is used to
evacuate excess helium during filling and mainta@required overpressure

4. Then the stirrer BLE_2001_01 is started in ordemi& the influent, mainly to obtain a
homogeneous temperature inside the tank.

5. Feeding towards the bioreactor can now be stariddnall be further discussed in chapter
9.2.1.

9.1.2 Nominal operation

* Temperature the influent tank is maintained at its setpoiamperature using cooling
system HX 2003 _01. The cooling liquid is circulatdulough the double jacket of the
influent tank. The temperature measured in theuami tank (TT_2003 01) is used to
control (cooling set point or on/off action on cel
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Mixing: the influent is mixed to obtain a homogeneougenature inside the tank.

Level the influent volume is measured on-line by mearisthe level transmitter
LT_2005_01. Additional safety is foreseen on lovd d&ngh levels with the level switches
LS 2005 01 and _02. They will generate alarmsspeetively too low and too high levels
in the influent tank.

PressureThe pressure inside the influent tank is measaretine by PT_2004_01. Helium,
from the 1.5 bar circuit is routed towards the hepdce of the influent tank, through the
sanitary gas filter, in order to obtain the reqdioverpressure inside the influent tank. This
is controlled by means of the manual pressure aeguHPCV_2300 09. The pressure
relief valve RV_2004_01 on the influent tank wipen whenever values above its setpoint
are reached, as an emergency protection againgiressure.

Filling influent tank:the influent tank can be fed regularly (for instarmnce a week) with
fresh influent.

Sampling:samples can be taken from the influent tank abtteom. In order to connect the
sampling bottle to the tank a steam sterilised echaon is needed.

9.1.3 Shut down

In preparation to cleaning and sterilisation, tifiuent tank needs to be stopped. For this, the
following steps are needed.

PwpE

The feeding (pump GP_2006_01) towards the biorea&iopped.
The filling steps of the influent tank are stopped.

The stirrer BLE_2001_01 is stopped.

The heat exchanger HX 2003 01 is stopped.

9.2 Bioreactor (VSL2_2100 _01)

9.2.1 Start-up
Prerequisite: the photobioreactor and its in-arttebpiping must be empty, cleaned and sterilized.

1.

wmn

The cooling system HX 2103 01 on the bioreactor started. The temperature
measurements in the photobioreactor (one sepaf@t@ID3 01 and one integrated in the
pH probe AT_2107_01) are used to control (cooleigp®int).

The cooling system HX_2100_01 on the condenseheibreactor is started.

The reheater HX_2300_03 after the condenser catalbeed whenever gas samples need to
be taken.

The lower half of the illumination system LSS 2100 is started, including the cooling
fans. If necessary, calibration of the light intgnsvill be required, using a portable light
flux measurement.

Helium, from the 1.5 bar circuit is routed towattle head-space of the bioreactor, through
the sanitary gas filter GF_2104_01, in order taagban overpressure inside the bioreactor.
This is controlled by means of the manual pressegalator HPCV_2300_10. The pressure
transmitter PT_2104_01 on the bioreactor is fonesee control. As soon as the required
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6.

7.

8.

9.

overpressure is reached the inflow of helium wilbps The pressure relief valve
RV_2109 01 will open whenever values above itsaetpare reached, as an emergency.
The bottom-tank valve PDV_2006 01 of the influemnkt is opened and pump
GP_2006_01 can be started. The influent is routedr dhe sanitary liquid filter
LF_2102_01 towards the bottom of the bioreactor.

Due to difficulties in placing a level transmitter the bioreactor and as the illumination
device blocks the sight on the glass reactor, theuat of influent already added to the
bioreactor can be followed based on the flow mesasant of flow transmitter FT_2006_01
or indirectly from the level in the influent tank.

Then the stirrer BLE_2101_01 is started in ordemtix the medium and to obtain a
homogeneous temperature inside the tank.

Now, the biomass can be added from the inoculunseleATK 2106 01 towards the
bioreactor, backwards through the effluent evaowmagiping. This is done using helium
pressure.

10.The bioreactor can now systematically be furthédiwith influent until high level.
11.Then the higher half of the illumination system L%00_ 01 can be started, including its

additional cooling fans.

12.Effluent and biomass evacuation can now be stamedwill be further discussed in chapter

9.2.2

9.3.1.

Nominal operation

Temperaturethe photobioreactor is maintained at a specifetperature using cooling
system HX 2103 01. Cooling will be required as ithenination system will heat up the
reactor. The cooling liquid is circulated throudhe tdouble jacket of the reactor. The
temperature measurements in the photobioreactog @mparate TT_ 2103 01 and one
integrated in the pH probe AT_2107_01) are usembtarol.

Mixing: the bioreactor is mixed to obtain a homogeneoixsune of feed and biomass and
to obtain a homogenous temperature inside theaegstirrer BLE_2101_01).

Level no level measurement is foreseen in the rea€wr.safety reasons, low and high
level indication is foreseen with the level switsheS_ 2105 01 and _02. They will
generate alarms at respectively too low and tob legel in the bioreactor. An additional
foam detection is advisable for the high level stuit

PressureThe pressure inside the bioreactor is measurelcherby PT_2104 01. Helium,
from the 1.5 bar circuit is routed towards the hspdce of the bioreactor, through the
sanitary gas filter GF_2104_01, in order to obthm overpressure inside the bioreactor of
100 mbar. This is controlled by means of the mamuassure regulator HPCV_2300 10.
The pressure transmitter PT_2104_01 on the biaveatforeseen as control. As soon as
the required overpressure is reached, the inflovhadium will stop. The pressure relief
valve RV_2109 01, after the condenser, will opermdver values above its setpoint are
reached, as an emergency.

pH controi the pH is measured by the retractable probe A0T72Q1 and can be adjusted
by adding acid or base. Acid is dosed from theasferbottle ATK _2107_02 by pump
PP_2107_02 over the sanitary liquid filter LF_210Z. Consumption is measured by
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means of balance WT_2107_02. Base is dosed fronsttrage bottle ATK_2107_01 by
pump PP_2107_01 over the sanitary liquid filter REQ7_01. Consumption is measured by
means of balance WT_2107_01.

» Biomass the biomass concentration is measured by meaas@actable turbidity sensor
(AT_2108_01), as described in the hardware chdpger

» Feeding the bioreactothe influent will be fed from the influent tankwards the bioreactor
by means of pump GP_2006_01 over the sanitarydidilter LF_2006_01. A pressure
indication is foreseen on this filter. The flow eatan be measured and controlled using
flow transmitter FT_2006_01.

» lllumination: the bioreactor is illuminated continuously by tevice LSS _2100_01.

» Sampling:samples can be taken from the bioreactor at tht®rno In order to connect the
sampling bottle to the tank a steam sterilised echon is needed.

9.2.3 Shut-down

In preparation to cleaning and sterilisation, therdactor needs to be stopped. For this, the
following steps are needed.

The feeding (pump GP_2006_01) towards the biorea&iopped.

The effluent evacuation (pump GP_2106 _01) is stdppe

The stirrer BLE_2101_01 is stopped.

The heat exchanger HX 2103 01 is stopped.

The acid and base pumps PP_2107_01 and PP_21@¥batarstopped.

agrwbdE

9.3 Effluent tank (VSL2_ 2200 01)

9.3.1 Start-up
Prerequisite: the influent tank and its in-and etupliping must be empty, cleaned and sterilized.

1. The cooling of the effluent tank must be starteddsyivation of HX 2203 01. Sensor
TT_2203_01 will measure the temperature in thetogac

2. Helium, from the 1.5 bar circuit is routed towardf® head-space of the effluent tank,
through the sanitary gas filter GF_2204_01, in ortdeobtain an overpressure inside the
influent tank of 100 mbar. This is controlled by ane of the manual pressure regulator
HPCV_2300_11. The pressure transmitter PT_2204 nOthe effluent tank is foreseen as
control. As soon as the required overpressureashed the inflow of helium will stop. The
pressure relief valve RV_2204 01 will open in cafemergency whenever values above
its setpoint are reached.

3. Then the effluent tank can be fed with medium fribve bioreactor by activation of pump
GP_2106 01. The flow rate can be measured and alledtrusing flow transmitter
FT_2106_01.

4. Then the stirrer BLE_2201_01 is started in ordemia the effluent, mainly to obtain a
homogeneous temperature inside the tank.
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9.3.2 Nominal operation

Temperaturethe effluent tank is maintained at its set terap@e using cooling system
HX_2203_01. The cooling liquid is circulated thrduthe double jacket of the influent
tank. The temperature measured in the influent @k 2203 01) is used to control
(cooling set point or on/off action on cooler).

Mixing: the effluent is mixed to obtain a homogeneougerature inside the tank.

Level the effluent volume is measured on-line by meafsthe level transmitter
LT_2205_01. Additional safety is foreseen on lovd d&ngh levels with the level switches
LS_2205 01 and _02. They will generate alarmsseaetively too low and too high levels
in the effluent tank.

PressureThe pressure inside the effluent tank is measarelihe by PT_2204 01. Helium,
from the 1.5 bar circuit is routed towards the hepdce of the influent tank, through the
sanitary gas filter, in order to obtain the ovesgige inside the influent tank of 100 mbar.
This is controlled by means of the manual pressegalator HPCV_2300_11. The pressure
relief valve RV_2204 01 on the effluent tank wien whenever values above its setpoint
are reached, as an emergency protection againgiressure.

Sampling:samples can be taken from the effluent tank abtti®m. In order to connect the
sampling bottle to the tank a steam sterilised echon is needed.

9.3.3 Shut down

In preparation to cleaning and sterilisation, tfirient tank needs to be stopped. For this, the
following steps are needed.

1.
2.
3.

The effluent evacuation (pump GP_2106 _01) is stdppe
The stirrer BLE_2201_01 is stopped.
The heat exchanger HX 2203 01 is stopped.

9.4 Cleaning process

9.4.1 Cleaning the influent tank
Prerequisite: the influent tank must be shut down.

1.

ok

The connection pipe between CI (or the influenppration vessel) and the influent tank of
ClI can be drained by opening valve PV_2002_01.

2. The influent tank can be drained through the bottank valve PV_2000_01.
3.

The piping in between the influent tank and thedaator can be drained by opening valve
PV_2102_01. In case of cleaning the influent taegasately from the bioreactor, valve

PDV_2102_03 remains closed.

The sanitary liquid filters are removed from thedarusing before cleaning.

Helium at 1,5 bar should be used to press alldigquut of the inlet piping, through the liquid

filter and the influent vessel, towards the draalves. From the helium sanitary liquid
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filter, the gas can be routed directly towardsittiieient tank, or through the inlet piping, by
opening valve PDV_2500_19.

6. Cleaning solution from the mobile CIP unit can tensent from CI piping (or the influent
preparation vessel) towards the recycle valve P102a9.

7. Then, the CIP liquids can be routed through thetipiping (PDV_2400_02), over the
sanitary liquid filter housing LF_2002_01, towart®e influent tank. Valve_2004_01
remains closed. Through the bottom tank valvesClieagent can be recycled towards the
CIP unit by opening valve PV_2400_04.

8. After cleaning the inlet piping, valve PDV_2400_0&n be switched open instead of
PDV_2400_02, sending the CIP solution through graysball NOZ 2400 01, for proper
cleaning of the influent tank. Again the CIP agea be recycled towards the CIP unit by
opening valve PV_2400_04.

9. The cleaning solution can as well be routed thrahghpiping in between the influent tank
and the bioreactor, by closing the bottom tank esland opening PDV_2006_01. The
bypass of the influent pump GP_2006 01 is used. bypass over the flow transmitter
FT 2006 01 is opened. This way, the CIP solutioseist over the sanitary liquid filter
LF_2102_01 and recycled by opening PV_2400_05.akef cleaning the influent tank
separately from the bioreactor, valve PDV_2102 difiains closed. The influent pump and
sanitary liquid filter can as well be cleaned sepaly from the influent tank by keeping
PDV_2006 01 closed and using the direct injectiompPDV_2006 03.

10.Then, thorough rinsing with water is necessarydmave the polluted cleaning solution
from the piping and influent tank towards the dsaiSteps 6 to 9 can be repeated, using
water. This is to be continued until the liquid e the installation contains no particles
and has the same pH and conductivity as the usadiol water.

11.After cleaning, the piping and the tank can bedlmath helium at 1,5 bar, routed through
valve PDV_2500_19, in the same direction as theipus cleaning solution and water.
Steps 5 to 8 can be repeated using helium. Instéaelcycling, the gas/liquid mixture is
sent to the drains.

9.4.2 Cleaning the photobioreactor
Prerequisite: the bioreactor must be shut down.

1. The bioreactor and part of the effluent piping bardrained through the bottom tank valve
PV_2100 _01.

2. If cleaned separately from the influent tank, pdrthe piping between the influent tank and
the bioreactor can be drained (and cleaned aftesyary routing the liquid backwards
through opened valves PDV_2102_02 and _03 and PVZI0 Valve PDV_2102_02
should be closed.

3. The remaining part of the effluent piping can bainked by opening valve PV_2106_01.

4. Helium at 1,5 bar should be used to press all diquit of the bioreactor and the related
piping, towards the drain valves. From the heliuanitry liquid filter, the gas can be
routed directly towards the bioreactor, or throubh effluent piping, by opening valve
PDV_2500_20.
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5. Cleaning solution from the mobile CIP unit can beted backwards through the effluent

piping (PDV_2106_02) towards the bioreactor. VaRE04 01 remains closed. Through
the bottom tank valves, the CIP agent can be redytdwards the CIP unit by opening
valve PV_2400_06. And for cleaning the last parthef influent piping, it can be recycled
by opening valve PDV_2400_05.

After cleaning the first part of the effluent piginvalve PDV_2400_04 can be switched
open instead of PDV_2106 02, sending the CIP swlutihrough the spray-ball
NOZ_2400_03, for proper cleaning of the bioreacidre CIP agent is drained to avoid
clogging of the spray ball.

The cleaning solution can then be routed throughsttond part of the effluent piping by
closing valve PDV_2106 01 and opening PDV_2106 B8d a06. The bypass over the
effluent pump GP_2106 01 is used. The bypass dweflow transmitter FT_2106_01 is
opened. This way, the CIP solution is recycled pgrong PV_2400_08.

Then, thorough rinsing with water is necessaryeimave the polluted cleaning solution
from the piping and bioreactor towards the dra8teps 4 to 7 can be repeated, using water.
This is to be continued until the liquid leavingtimstallation contains no particles and has
the same pH and conductivity as the used cleanatgrw

After cleaning, the piping and the reactor can beddwith helium at 1,5 bar, routed
through valve PDV_2500_20, in the same directiothasprevious cleaning solution and
water. Steps 4 to 7 can be repeated using helinstedd of recycling, the gas/liquid
mixture is sent to the drains.

9.4.3 Cleaning the effluent tank
Prerequisite: the effluent tank must be shut down.

1.
2.

The effluent tank can be drained through the botamk valve PV_2200_01.

The last part of the piping in between the bioreaand the effluent tank can be drained by
opening valve PV_2106 _01. In case of cleaning tfieesmt tank separately from the
bioreactor, valve PDV_2106 04 remains closed.

Helium at 1,5 bar should be used to press alldiquit of the effluent vessel and part of the
effluent piping, towards the drain valves. From tiedium sanitary liquid filter, the gas can
be routed directly towards the effluent tank.

Cleaning solution from the mobile CIP unit can thes routed through the spray-ball
NOZ_2400_01, for proper cleaning of the effluentktaThe CIP agent can be recycled
towards the CIP unit by opening valve PV_2400_07.

The cleaning solution can as well be routed backw/énrough the last part of the piping in
between bioreactor and effluent tank, by closing bHottom tank valve, filling up the
effluent tank and opening valve PDV_2106_07. Tha/wthe CIP solution is recycled by
opening PV_2400 _08. In case of cleaning the efflt@nk separately from the bioreactor,
valve PDV_2106_04 remains closed.

Then, thorough rinsing with water is necessaryeimave the polluted cleaning solution
from the piping and effluent tank towards the dsaiteps 4 and 5 can be repeated, using
water. This is to be continued until the liquid e the installation contains no particles
and has the same pH and conductivity as the usadioly water.
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7. After cleaning, the piping and the tank can bedlmath helium at 1,5 bar, routed through
valve PDV_2500_21, in the same direction as theipus cleaning solution and water.
Steps 4 and 5 can be repeated using helium. Insteatycling, the gas/liquid mixture is
sent to the drains.

9.4.4 Cleaning acid/base lines

This procedure should be followed whenever thalstiiter before the bottle of acid or base needs
to be replaced. During replacement, connection eml?DV_2107_01 and/or PDV_2107_02
remain closed. The below procedure is written ey but is identical for acid.

1. The connection pipe, including the sanitary ligéilter LF_2107_01, in between the base
bottle and the bioreactor can be drained by opevaihge HV_2107_01.

2. Helium at 1,5 bar can be used to press all liqwit af the piping and through the filter
towards the drain.

3. The filter can now be removed.

4. Cleaning solution can then be routed through theneotion piping by opening valves
HDV_2107_01 and HDV_2107_03. The (limited volumg afed cleaning solution is
drained through HV_2107_01.

5. Then, thorough rinsing with water is needed to nreanthe cleaning agent from the
connection piping and filter housing.

6. After cleaning, the piping can be dried with helian3,5 bar, routed in the same direction
as the previous cleaning solution and water. Tls#ligaid mixture is sent to the drain.

7. A new filter can be mounted in the filter housing.

9.4.5 Cleaning the retractable probes

Two sensors (AT_2107_01 for pH and temperatureAhd2108 01 for biomass) are retractable
from the bioreactor when calibration, cleaning eplacement is needed. In case the bioreactor
needs to be cleaned and restarted as well, boHoewill be cleaned in-situ and together with the
reactor as described in paragraph 9.4.2. If, howekie bioreactor remains in operation, the probes
can be cleaned in their housings. Or they can beually cleaned, when completely withdrawn
from the bioreactor. The procedure is identicaltfoe biomass and pH probe. Cleaning solution is
routed through both chambers of the retractableppdbe by opening valves HV_2107 04, and
then drained. The procedure is similar for the l@esnprobe.

9.5 Sterilisation process

9.5.1 Sterilisation of influent tank
Prerequisite: the influent tank must be cleaneddaredl.

1. The cooling liquid needs to be removed from theld®yacket, prior to sterilisation. This is
done by the following steps:
a. turn off the heat exchanger HX_ 2003 01
b. position correctly valve H3V_2003_01
c. open valve HV_2003_03 to vent the jacket
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d. wait until complete drainage of cooling liquid irtlee vessel VSSL_2003_01

2. New filters are installed in the sanitary liquitldr housings

3. As afirst step, steam will be routed towards teitary gas filter GF_2004 01,

a. with open valve PDV_2500_01, until high temperatisreéeached and steam trap
SF_2500 01 closes.

b. opening valve PDV_2500_02 to steam tank-side plathe filter, until steam trap
SF_2500 02 closes.

4. Opening valves PDV_2500 19 and PDV_2500 17, utgé&mm trap SF_2500_ 17 closes.
This is done to dewater the pipes.

5. Opening PDV_2400 02 and following valves, towardse tsanitary liquid filter
LF_2002_01 and

a. open valve PDV_2500 09, until steam trap SF 2500 €®ses. Valve
PDV_2400_01 remains closed.
b. opening valve PDV_2500_10, until steam trap SF_2%0Closes.

6. Opening valve PDV_2002_01 towards the influent teégteam will be subsequently routed
through the influent tank and bottom tank valvewamls opened valve PDV_2500 13,
until steam trap SF_2500 13 closes.

7. Steam is then routed through the spray ball NOZ0280, by opening valve
PDV_2400_01.

8. Steam can then as well be routed through the pipingetween the influent tank and the
bioreactor, by

a. closing the bottom tank valves and opening PDV_20Qa6 The bypass over the
influent pump is used. The bypass over the flowdnaitter is opened as well.
Similar to the cleaning, the influent pump and &awiliquid filter can as well be
steamed separately from the influent tank by kep@bV_2006 01 closed and
using the direct injection point PDV_2006_03.

b. opening valve PDV_2500_11, until steam trap SF_2%QCloses.

c. Opening valve PDV_2500_14, until steam trap SF_2%aQ:loses.

9. After steaming, the piping and the tank can beddwgh sterile helium at 3,5 bar, routed

through valve PDV_2500_19, in the same directiothagrevious steaming.

10.The cooling liquid needs to be pumped back to tbebte jacket. This is done by the

following steps:
a. close valve HV_2003 03
b. position correctly valves H3V_2003 01 and 02
c. switch on the heat exchanger HX 2003 01 and wdit the content is pumped
from vessel VSSL 2003 01 back to the double jacket
d. position correctly valves H3V_2003 01 and 02

9.5.2 Sterilisation of bioreactor
Prerequisite: the bioreactor must be cleaned aed.dr

1.

The cooling liquid needs to be removed from theld®@yacket, prior to sterilisation. This is
done by the following steps:
a. turn off the heat exchanger HX 2103 01
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b. position correctly valve H3V_2103_01
c. open valve HV_2103 03 to vent the jacket
d. wait until complete drainage of cooling liquid intwe vessel VSSL 2103 01

2. As afirst step, steam will be routed towards teitary gas filter GF_2104_01:

a. with open valve PDV_2500_03, until high temperatisreéeached and steam trap
SF_2500 03 closes.

b. Opening valve PDV_2500 04 to steam tank-side plathe filter, until steam trap
SF_2500 04 closes.

3. Steam can then either be routed backwards throbgheffluent piping towards the
bioreactor (valve PDV_2106_02) or through the spiasgll NOZ 2400 _03 (valve
PDV_2400_04)

4. Steam can then be routed over the, ©Op:

a. opening valve PDV_2500_07 until steam trap SF_280Closes

b. opening valve PDV_2500_08 until steam trap SF_288Closes

c. steam can then be routed towards the top or therhaif the bioreactor by opening
the correct valves.

d. steam towards bioreactor

5. Steam will be routed through the condenser and theesanitary gas filter until steam trap
SF 2500 23 closes.

6. Steam will be subsequently routed through the fmst of the piping in between the
bioreactor and bottom tank valves towards openéeevaDV_2500_14, until steam trap
SF 2500 14 closes.

7. Steam can then as well be sent through a furthergbahe effluent piping, by closing
connections towards the bioreactor and opening evaRDV_2106_02, closing
PDV_2106 01 and opening all subsequent valves ttsvsteam trap SF_2500 12, until it
closes at high temperature.

8. After steaming, the piping and the tank can beddwéh sterile helium at 3,5 bar, routed
through valve PDV_2500_20, in the same directiothasprevious steaming. For the £0
circuit, CQ, itself can be used.

9. The cooling liquid needs to be pumped back to tbebé jacket. This is done by the
following steps:

a. close valve HV_2103 03

b. position correctly valves H3V_2103 01 and 02

c. switch on the heat exchanger HX_ 2103 01 and wdit the content is pumped
from vessel VSSL 2103 01 back to the double jacket

d. position correctly valves H3V_2103 01 and 02

9.5.3 Sterilisation of effluent tank
Prerequisite: the effluent tank must be cleanedduiadl.

1. The cooling liquid needs to be removed from theld®yacket, prior to sterilisation. This is
done by the following steps:
a. turn off the heat exchanger HX 2203 01
b. position correctly valve H3V_2203_01
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c. open valve HV_2203 03 to vent the jacket
d. wait until complete drainage of cooling liquid intwe vessel VSSL 2203 01
As a first step, steam will be routed towards tuaitary gas filter GF_2204_01,
a. with open valve PDV_2500_05, until high temperatisreéeached and steam trap
SF_2500 05 closes.
b. opening valve PDV_2500_06 to steam tank-side plathe filter, until steam trap
SF_2500 06 closes.
Opening valve PDV_2204 01 towards the effluent t&tkam will be subsequently routed
through the effluent tank and bottom tank valvesaas opened valve PDV_2500 16,
until steam trap SF_2500 16 closes.
Steam will then be routed through the spray ballZN2X00_02, by opening valve
PDV_2400 03.
Steam can then as well be routed through the ladt @f the piping in between the
bioreactor and the effluent tank,
a. by closing the bottom tank valves and opening PODO&2 01.
b. opening valve PDV_2500_12, until steam trap SF_2%ACloses.
After steaming, the piping and the tank are driéth sterile helium at 3,5 bar, routed in the
same direction as the previous steaming.

. The cooling liquid needs to be pumped back to tbebte jacket. This is done by the

following steps:
a. close valve HV_2203 03
b. position correctly valves H3V_2203 01 and 02
c. switch on the heat exchanger HX_ 2203 01 and wdit the content is pumped
from vessel VSSL 2203 01 back to the double jacket
d. position correctly valves H3V_2203 01 and 02

Sterilisation of acid/base lines

This procedure should be followed whenever a filtefore the acid or base bottle needs to be
replaced. Sterilisation follows a previous cleanstgp. The procedure is written for base, but is
identical for acid.

1.

2.

9.5.5

Steam is routed through the connection piping bsnom valve HDV_2500_01 until steam
trap SF_2500_19 closes.

After steaming, the piping can be dried with heliahB,5 bar, routed in the same direction
as the previous steam. The gas/liquid mixturens sethe drain.

Sterilisation of the retractable probes

Two sensors (AT_2107_01 for pH and temperatureAhd2108 01 for biomass) are retractable
from the bioreactor when calibration or replacementeeded. In case the bioreactor needs to be
steamed as well, both sensors will be sterilisggtteer with the reactor as described in paragraph

9.5.2.

If, however, the bioreactor remains in opena the probes can be steamed, after

replacement, in their housings. Steam is routealtin both chambers of the retractable pH probe.
Valve HDV_2500_03 is open, until steam trap SF_22@0closes. The procedure is similar for the
biomass probe.
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9.5.6 Sterilisation of inoculum line

This procedure should be followed in case the hbici needs to be inoculated with
Rhodospirillum rubrum at start-up.

1. Connect the sterile and clean steam trap and bAftle 2106 01, containing the pure
biomass culture to the sterilized bioreactor ctrcMialves HDV_2106 01, 02 and 03
need to be closed.

2. Steam is routed through the connection piping wiéim trap SF_2500 21 closes.

3. Valve HDV_2106_04 is then closed.

4. Valves HDV_2106_02 and _03 can now be opened tbtkerbiomass, backwards through
the effluent piping, towards the bioreactor. Heliwil be used as a driver for this.

5. Atfter filling, HDV_2106 02 needs to be closed and\H 2106 01 opened.

9.5.7 Sampling

Three sampling locations are provided at the bottomrespectively the influent tank,
photobioreactor and effluent tank. The samplingoisceptually similar to the approach used on the
permeate line of compartment | (see final P&ID Camment I). The vessel in which the sample
will be collected is autoclaved with auxiliary vak It is then connected to the respective sampling
location. For the effluent tank sampling, the cantiom is then steamed by entering steam through
PDV_2200_04 and routing it to the sampling vesset 6hown on P&ID). A similar procedure is
followed for the influent tank and photobioreactor.

The configuration at the bottom of the effluentkaaiso allows sterile transfer of effluent to
Compartment Ill.

10. Control values

The control system for the bioreactor will be doamtelevel O, using a PLC. The controlled
parameters are described below.

Max constraint
value (High alarm}

—— Max set point

Ma’?‘”?“m @ Set point
deviation

——— Min set point

Min constraint
value (Low alarm)

Figure 8: Definition of specifications terms
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Table 8: Specifications of parameters

T effluent tank

Specifications T influent tank T bioreactor
Nominal/ set point value 4°C 30°C
Max. deviation +/- 1°C +/- 0.5°C
Min. set point value 2°C 29°C
Max. set point value 8°C 31°C
Min. constraint value 0.5°C 25°C
Max. constraint value 10°C 35°C
Control response time 0.5 h 1lh
Start-up
Nominal operation
Possible disturbances T room T room
Addition of T illumination
influent Addition of

influent at 4°C

4°C
+/- 1°C
2°C
8°C
0.5°C
10°C
0.5h

T room

Addition of
biomass/effluent
at 30°C

Specifications pH Flow (influent Level photobioreactor

photobioreactor feeding and effluent (calculated from
withdrawal) flows)

Nominal/ set point value7.0 0.51/h 13.2 |

Max. deviation +/- 0.15 +/- 10% +/- 10%

Min. set point value 6.8 0.24 I/h 13.1

Max. set point value 7.2 0.94 l/h 13.3

Min. constraint value 6.5 0.15I/h 12.7

Max. constraint value 7.5 Not applicable 13.7

Control response time 5 min 0.5h 0.5h

Addition of influent
Variation in influent
composition

Possible disturbances

Deviation on pump and
flow meter

Specifications P influent tank P bioreactor P efflent tank
Nominal/ set point value 100 mbar 100 mbar 100 mbar
Min. operation value 80 mbar 80 mbar 80 mbar
Max. operation value 120 mbar 120 mbar 120 mbar
Min. constraint value 5 mbar 40 mbar 5 mbar
Max. constraint value 200 mbar 200 mbar 200 mbar
Control response time 5s 5s 5s
Possible disturbances Feeding the bioreactorinlet influent  Drain of tank
Filling the influent tank  Outlet filtrate Inlet filtrate

Opening the influent tank Drain
Nitrogen flush

Nitrogen flush
Sampling




S,
MELISSA
[

vito

vision on technology

Document Identification: Type

number

Issue

Detailed design ClI TN

80.242

Page : 82/90

Alarms will be programmed in case of disturbancefitures.
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11. PLC /O list
Tag number Description Al AO DI DO
Emergency Stop Relay
Pneumatically operatec-way Sanitary Caphragm Tank Bottor
PDV_2000_01 Valve, on tank bottom 24Vdc PNP)
PDV_2000_02 b icall ted 3 x 2 Sanitarv Diaph 24Vdc PNP)
neumatically operated 3 x 2-way Sanitary Diaphr&ive
PDV_2000_03 (Triverter), below tank 24vdc PNPY
PDV_2000_04 24Vdc PNP)
PV_2000_01 | Pneumatically operated 2-way Ball Valve 24VddHN
BLE_2001_01 | Magnetic Coupled Stirrer at a variable frequency —20mA | 4-20mA | Relay Relay
PDV_2002 01 tl;r;etl;rrrllstlcally operate-way Sanitary Diaphragm Valve, on top 24Vdc PNP
Pneumatially operated -way Sanitary Diaphragm Valve, zero d¢
PDV_2002_02 o before liquid filter LF_2002_01 24vdc PNP
PDV_2002_03 b icall ted 3 x 2 Sanitarv Diaph 24Vdc PNP)
neumatically operated 3 x 2-way Sanitary Diaphr&ive
PDV_2002_04 (Triverter), before liquid filter LF_2002_01 24vdc PNA
PDV_2002_05 24Vdc PNP)
PV_2002_01 | Pneumatically operated 2-way Ball Valve 24Vdd#HN
HX_2003_01 | Heat Exchanger influent tank 4-20mA | 4-20mA | Relay Relay
TT_2003_01 | Temperature Transmitter 4 —-20 mA
Pneumatically operated-way Sanitary Diaphragm Valve, on top
PDV_2004_01 the tank, after the gas filter GF_2004 01 24vdc PNP
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Tag number Description Al AO DI DO
PT_2004_01 | Pressure Transmitter 4 - 20 mA
LS 2005 01 | Level Switch Low 24Vdc PNP
LS 2005 02 | Level Switch High 24Vdc PNP
LT_2005_01 | Level Transmitter 4 —-20 mA
FT_2006_01 | Flow Transmitter, Coriolis mass flow measuring eyst 4 -20mA
Magnetic Drive Gear Pump with steam bypass anddspastrol, _ _
GP_2006_01 CIP & SIP capability 4-20mA | 4—-20mA | Relay Relay
Pneumatically operatec-way Sanitary Diaphragm Tank Bottc
PDV_2006_01 Valve, on tank bottom 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, byp:
PDV_2006_02 pump GP_2006 01 24Vdc PNP)
PDV_2006_03 b icall ted 2 x 2 Sanitarv Diaph 24Vdc PNP)
neumatically operated 2 x 2-way Sanitary Diaphr&ive
PDV_2006_04 (Diverter), before pump GP_2006_01 24vdc PNA
PDV_2006_05 24Vdc PNP)
PDV_2006_06 b icall ted 3 x 2 Sanitarv Diaph 24Vdc PNP)
neumatically operated 3 x 2-way Sanitary Diaphra&fgive
PDV_2006_07 (Triverter), after liquid filter LF_2006_01 24vdc PNA
PDV_2006_08 24Vdc PNP)
PV_2006_01 | Pneumatically operated 2-way Ball Valve 24Vdd#HN
PV_2006_02 | Pneumatically operated 2-way Ball Valve 24VddHN
LSS 2100 O1 Light Supply System with adjustaltlight intensity / loop an
— — integrated cooling system, 2 separated loops (s&sh
Pneumatically operatec-way Sanitary Diaphragm Tank Bottc
PDV_2100_01 Valve, on reactor bottom (if possible) 24vdc PNP
PDV_2100_02 | pneumatically operated 3 x 2-way Sanitary Diaphratgive 24Vdc PNP
PDV 2100 03 | (Triverter), below reactor 24Vdc PNP)
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PDV_2100_04 24Vdc PNP)
PV_2100_01 | Pneumatically operated 2-way Ball Valve 24VddHN
Magnetic Coupled Stirrer at a variable frency, speed in norm
BLE_2101_01 operation is 300 — 400 rpm 4-20mA | 4—-20mA | Relay Relay
HX_2103_01 | Heat Exchanger bioreactor 4-20mA | 4-20mA | Relay Relay
TT_2103_01 | Temperature Transmitter 4 —-20 mA
Pneumatically operatec-way Sanitar Diaphragm Valve, on top «
PDV_2104_01 the reactor, after the gas filter GF_2104 01
PT_2104_01 | Pressure Transmitter 4 —-20 mA
LS 2105 01 | Level Switch Low 24Vdc PNP
LS 2105 02 | Level Switch High, with option “Foam Detection” 24Vdc PNP
FT_2106_01 | Flow Transmitter, Coriolis mass flow measuring eyst 4 -20mA
Magnetic Drive Gear Pump with steam bypass anddspastrol, _ _
GP_2106_01 CIP & SIP capability 4-20mA | 4—-20mA | Relay Relay
Pneumatically operatec-way Sanitary Diphragm Valve, on top ¢
PDV_2106_01 the reactor 24Vdc PNP)
PDV_2106_02 IPer(;eumatlcally operate-way Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
Pneumatically operatec-way Sanitary Diaphragm Valve, byp:
PDV_2106_03 pump GP_2106 01 24Vdc PNP)
PDV_2106_04 24Vdc PNP)
Pneumatically operated 3 x 2-way Sanitary Diaphragive
PDV_2106_05 (Triverter), after pump GP_2106_01 24vdc PNP
PDV_2106_06 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, on top
PDV_2106_07 the reactor 24Vdc PNP)
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Tag number Description Al AO DI DO
PV_2106_01 | Pneumatically operated 2-way Ball Valve 24VddHN
pH measureme, pH sensor with automatically retracta _ !
AT_2107 01 sterilizable housing, and position indication 4-20mA 24vdc PNF
Pneumaticdy operated -way Sanitary Diaphragm Valve, zero d¢
PDV_2107_01 leg, for steam sterilizable connection to base 24vdc PNP
Pneumaticall operated -way Sanitary Diaphragm Valve, zero d¢
PDV_2107_02 leg, for steam sterilizable connection to acid 24vdc PNP
. . . Relay
PP_2107_01 | Peristaltic Pump for dosing base 4 —20 mA 24Vdc PNP
PP_2107_02 | Peristaltic Pump for dosing acid 4 —20 mA Relay
- - 24Vdc PNP
WT _2107_01 | Balance for base
WT_2107_02 | Balance for acid
Turbidity measureme, turbidity sensor with automatical !
AT_2108_01 retractable sterilizable housing and position iatlan 4-20mA 24vdc PNF
Pneumatically operatec-way Sanitary Diaphragm Valve, after 1
PDV_2109 01 gas filter GF._ 2109 01 24Vdc PNP)
Pneumatially operated -way Sanitary Diaphragm Valve, after 1
PDV_2109 02 gas filter GE_2109 01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Tank Bottc
PDV_2200_01 Valve, on tank bottom 24Vdc PNP)
PDV_2200_02 24Vdc PNP)
Pneumatically operated 3 x 2-way Sanitary Diaphragive
PDV_2200_03 (Triverter), below tank 24vdc PNP
PDV_2200_04 24Vdc PNP)
PV_2200_01 | Pneumatically operated 2-way Ball Valve 24VddHN
BLE_2201 01 | Magnetic Coupled Stirrer at a variable frequency —20mA | 4-20mA | Relay Relay
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HX_2203_01 | Heat Exchanger effluent tank 4-20mA | 4-20mA | Relay Relay
TT_2203_01 | Temperature Transmitter 4 - 20 mA
Pneumatically operatec-way Sanitary Diaphragm Valve, on top
PDV_2204_01 the tank, after the gas filter GF_2204 01 24vdc PNP
PT_2204_01 | Pressure Transmitter 4 —-20 mA
LS 2205 01 | Level Switch Low 24Vdc PNP
LS 2205 02 | Level Switch High 24Vdc PNP
LT_2205_01 | Level Transmitter 4 —-20 mA
FQRC_2300_01 | Gas Flow Controller 4-20mA | 4-20mA
Heated hose with integrated temperature sensocantcbller.
HX_2300_03 Exchangeable inner tube Relay
Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢
PDV_2300_01 filter GE_2004_01 24Vdc PNP)
Pneunatically operated-way Sanitary Diaphragm Valve, to ¢
PDV_2300_02 filter GE_2004_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢
PDV_2300_03 filter GE_2104_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphigm Valve, to ga
PDV_2300_04 filter GE_2104_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢
PDV_2300_05 filter GE_2204_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢
PDV_2300_06 filter GE_2204_01 24Vdc PNP)
PDV_2300_07 Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢ 24Vdc PNP

filter GF_2109 01
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Tag number Description Al AO DI DO
PDV 2300 08 Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢ 24Vdc PNP
- — | filter GF_2004_01
Pneumatically ofrated -way Sanitary Diaphragm Valve, to ¢
PDV_2300_09 filter GE_2104_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, to ¢
PDV_2300_10 filter GE_2204_01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve, gas
PDV_2300_11 filter GE_2109_01 24Vdc PNP)
PV_2300_01 | Pneumatically operated 2-way Ball Valve 24VddHN
PV_2300_02 | Pneumatically operated 2-way Ball Valve 24VddHN
PV_2300_03 | Pneumatically operated 2-way Ball Valve 24VddHN
Pnewmatically operated-way Sanitary Diaphragm Valve,
PDV_2400_01 NOZ 2400 01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2400_02 LE 2002 01 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2400_03 NOZ_ 2400 02 24Vdc PNP)
Pneumatically operatec-way Sanitary Diaphragm Valve,
PDV_2400_04 NOZ_ 2400 03 24Vdc PNP)
PV_2400_01 | Pneumatically operated 2-way Ball Valve, to influank 24Vdc PNH
PV_2400_02 | Pneumatically operated 2-way Ball Valve, to effluamk 24Vdc PNH
PV_2400_03 | Pneumatically operated 2-way Ball Valve, to bioteac 24Vdc PNR
Pneumatically operatec-way Ball Valve, retour cleaning soluti

PV_2400_04 influent tank 24Vdc PNP)
Pneumatically operate2-way Ball Valve, retour cleaning soluti

PV_2400_05 LF 2102 01 24Vdc PNP)
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PV_2400_06 Eigfgg?élrcally operatec-way Ball Valve, retour cleaning soluti 24Vdc PNP
PV_2400_07 Efr;lilérrnzigﬁ(lly operatec-way Ball Valve, retour cleaning soluti 24Vdc PNP
PV_2400_08 Zfr;gruggﬁ;zil(l)y{giratec-way Ball Valve, retour cleaning solutit 24Vdc PNP
PDV_2500_01 g;sl%?e?tgﬂ?zggirfgi(-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_02 ]I:l[:ru(ané\ilzc(z;\I(I))A/1 fgfrate(-way Sanitary Diaphragm Valve, after ( 24Vdc PNP
PDV_2500_03 g;sl%?e?tgﬂ?zigir;agi(-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_04 ]I:l[:ru(gné\ilzci\I(I))A/1 fgfrate(-way Sanitary Diaphragm Valve, after g 24Vdc PNP
PDV_2500_05 g;sl%?e?tgﬂ?zggir;agi(-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_06 ]I:l[:ru(gné\ilzcg\I(I))A/1 fgfrate(-way Sanitary Diaphragm Valve, afters 24Vdc PNP
PDV_2500_07 g;sl%?e?tgﬂ?ziggrfgi(-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_08 E?;u(gn;ilzcilcl)yé fgfrate(-way Sanitary Diaphragm Valve, after ( 24Vdc PNP
PDV_2500_09 :T;Ligrzﬁgrcilllzy_ gggrza_tgcl-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_10 Eg?:rf?g[iﬁgﬂ?:j c:cﬁteerralt_elz:(;vggyc/) Z‘S_aé)nlitary Diaphragm Valve, zero d« 24Vdc PNP
PDV_2500_11 :T;Ligrzﬁgrcilllzy_ gggrza_tgcl-way Sanitary Diaphragm Valve, befc 24Vdc PNP
PDV_2500_12 | Pneumatically operated 2-way Sanitary Diaphragnv&/atero dead 24Vdc PNP
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leg, after gear pump GP_2106_01 and before efflizarh

PDV_2500_13 IPeE?l;rfrt]g[iicna;llge?]i)gitkec-way Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
PDV_2500_14 Eg?:rf?g[iﬁgﬂ?:j c:cﬁteerralt_elz:(;vgz?c/) Z‘S_aé)nlitary Diaphragm Valve, zero d« 24Vdc PNP
PDV_2500_15 Eg?l;rf?gig%llr)é ec:(;:)te(:)rrate(-way Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
PDV_2500_16 Eg?:r;g[igg:geﬂ??;ﬁfc-way Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
PDV_2500_17 IPer;?ij)er?)trigz?!)fll L?eprir?;nzk-way Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
PDV_2500_18 Eg?l;rf?g[iicnz:gyr/fgggrgltﬁg\ivay Sanitary Diaphragm Valve, zero d¢ 24Vdc PNP
PDV_2500_19 il;rglﬁl;rr:ﬁgcr:]all(lly operate-way Sanitay Diaphragm Valve, t 24Vdc PNP
PDV_2500_20 Eigfgg?élrcally operate-way Sanitary Diaphragm Valve, 24Vdc PNP
PDV_2500_21 Efr;lilérrnzigﬁ(lly operate-way Sanitary Diaphragm Valve, 24Vdc PNP
PDV_2500_22 Eg?l;r;itrigﬂlg n?geéla)tf;-(\;\&y_ ﬁinitary Diaphragm Valve, zero d« 24Vdc PNP
PDV_2500_23 E?;u(gn;ilzcglcl)yé fgfrate(-way Sanitary Diaphragm Valve, after ( 24Vdc PNP
P00z g a2 o
P00 e P o Ve, 20
PO 2500_28 e g a0 e o
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POy 2S00 27 e e gy o Ve 200
PV_2500_01 | Pneumatically operated 2-way Ball Valve, to gaefiGF_2004_01 24Vdc PNP
PV_2500_02 | Pneumatically operated 2-way Ball Valve, to gaefiGF_2104_01 24Vdc PNP
PV_2500_03 | Pneumatically operated 2-way Ball Valve, to gaefiGF_2204_01 24Vdc PNP
PV_2500_04 | Pneumatically operated 2-way Ball Valve, to gaefiGF_2109_ 01 24Vdc PNP
TT_2500_01 | Temperature Transmitter 4 —-20 mA
TT_2500_02 | Temperature Transmitter 4 —-20 mA
TT_2500_03 | Temperature Transmitter 4 —-20 mA
TT_2500_04 | Temperature Transmitter 4 —-20 mA
TT_2500_05 | Temperature Transmitter 4 —-20 mA
TT_2500_06 | Temperature Transmitter 4 —-20 mA
TT_2500_07 | Temperature Transmitter 4 —-20 mA
TT_2500_08 | Temperature Transmitter 4 —-20 mA
TT_2500_09 | Temperature Transmitter 4 —-20 mA
TT_2500_10 | Temperature Transmitter 4 —-20 mA
TT_2500_11 | Temperature Transmitter 4 —-20 mA
TT_2500_12 | Temperature Transmitter 4 —-20 mA
TT_2500_13 | Temperature Transmitter 4 —-20 mA
TT_2500_14 | Temperature Transmitter 4 —-20 mA
TT_2500_15 | Temperature Transmitter 4 —-20 mA
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TT_2500_16 | Temperature Transmitter 4 - 20 mA
TT_2500_17 | Temperature Transmitter 4 - 20 mA
TT_2500_18 | Temperature Transmitter 4 - 20 mA
TT_2500_19 | Temperature Transmitter 4 - 20 mA
TT_2500_20 | Temperature Transmitter 4 —-20 mA
TT_2500_21 | Temperature Transmitter 4 —-20 mA
TT_2500_22 | Temperature Transmitter 4 —-20 mA
TT_2500_23 | Temperature Transmitter 4 —-20 mA
TT_2500_24 | Temperature Transmitter 4 —-20 mA
TT_2500_25 | Temperature Transmitter 4 —-20 mA




