
























                                                                                                            

 

 

1st Reactor train: RWGS + Fischer-Tropsch 
2nd Reactor train: FT + CO2 Hydrogenation 

 

 
 

 
 
 

 

 
15 december 2022 



   

 

Vinci Technologies – 27B  rue du Port – Parc de l’Ile – 92022 Nanterre - France page 2 
 

T E C H N O L O G I E S
VINCI

 
 

1. MULTIREACTOR UNIT FOR FT REACTIONS & RWGS ......................................................................... 3 

1.1. INTRODUCTION .......................................................................................................................................... 3 
1.2. PROCESS GENERALITIES ABOUT FISCHER-TROPSCH SYSNTHESIS REACTION .................................................. 3 

1.2.1. Exothermic reactions ............................................................................................................................ 4 
1.2.2. Large hydrocarbon distribution ............................................................................................................ 4 
1.2.3. Catalyst ................................................................................................................................................ 4 
1.2.4. HTFT reaction conditions ..................................................................................................................... 5 

1.3. 1ST
 REACTORS TRAIN - TECHNICAL SPECIFICATIONS .................................................................................... 6 

1.4. MULTIREACTOR PILOT PLANT / FEED SECTION ........................................................................................... 7 
1.4.1. Gas feed module ................................................................................................................................... 7 

1.4.1.1. Effluent recirculation module - gas booster................................................................................................... 8 
1.5. PILOT PLANT / REACTION SECTION ............................................................................................................. 8 
1.6. SEPARATION – PRODUCT RECOVERY SECTION ...........................................................................................11 

1.6.1. Fischer- Tropsch reactor Product separation .......................................................................................11 
1.6.2. High boiling point products (waxes and assimilated) ............................................................................11 
1.6.3. RWGS reactor Product Separation ......................................................................................................13 

1.6.3.1. RWGS gas effluent compression module.................................................................................................... 16 
1.7. 2ND

 REACTORS TRAIN - TECHNICAL SPECIFICATIONS ...................................................................................17 
1.8. MULTIREACTOR PILOT PLANT / FEED SECTION ..........................................................................................18 

1.8.1. Gas feed module ..................................................................................................................................18 
1.8.1.1. Effluent recirculation module - gas booster................................................................................................. 19 

1.9. PILOT PLANT / REACTION SECTION ............................................................................................................19 
1.10. SEPARATION – PRODUCT RECOVERY SECTION ...........................................................................................21 

1.10.1. Fischer- Tropsch reactor Product separation ..................................................................................22 
1.10.2. High boiling point products (waxes and assimilated) .......................................................................22 
1.10.3. CO2 Hydrogenation reactor Product Separation ..............................................................................24 
1.10.4. Vent header ....................................................................................................................................26 

1.11. MATERIALS AND FABRICATION SPECIFICATIONS ........................................................................................28 
1.11.1. General ..........................................................................................................................................28 
1.11.2. Equipment ......................................................................................................................................28 
1.11.3. Materials of Construction ...............................................................................................................28 
1.11.4. Spare Parts .....................................................................................................................................28 
1.11.5. On site implantation ........................................................................................................................28 

1.12. UTILITIES .................................................................................................................................................28 
1.13. CONTROL SYSTEM ....................................................................................................................................30 

1.13.1. Workstation hardware .....................................................................................................................30 
1.13.2. Workstation software ......................................................................................................................30 
1.13.3. Control cabinet interface.................................................................................................................31 

1.14. SAFETY ....................................................................................................................................................32 
1.15. ELECTRICAL SPECIFICATIONS ....................................................................................................................34 

1.15.1. Electrical classification ...................................................................................................................34 
1.15.2. Electrical specifications ..................................................................................................................34 

1.16. SUPERVISION EXAMPLES ...........................................................................................................................35 
1.16.1. Unit Overview .................................................................................................................................35 
1.16.2. Set point details ..............................................................................................................................36 
1.16.3. Historical display (pressures)..........................................................................................................36 
1.16.4. Admin menu ....................................................................................................................................37 
1.16.5. Sampling menu ...............................................................................................................................37 
1.16.6. Temperature Ramp .........................................................................................................................38 
1.16.7. Reactor Rx-1400 display .................................................................................................................38 
1.16.8. Historical display............................................................................................................................39 

 



   

 

Vinci Technologies – 27B  rue du Port – Parc de l’Ile – 92022 Nanterre - France page 3 
 

T E C H N O L O G I E S
VINCI

 

1. MULTIREACTOR UNIT FOR FT REACTIONS 

& RWGS  

1.1. INTRODUCTION 

Vinci-Technologies is pleased to introduce this proposal regarding a multireactor pilot unit for performing 
GTL reaction: Fischer-Tropsch, CO2 hydrogenation, etc., to convert Synthesis Gas (or assimilated) 
into a mix of hydrocarbons or Chemicals. This pilot plant has been designed to study, on a turnkey basis, 
catalyst evaluation, product development and process variables (pressure, temperature, ghsv, etc..), 
according to high quality level state of the art. 

The unit is designed to be fed by hydrogen / carbon monoxide / carbon dioxide mixture and is fitted with a 
fixed-bed reactor (volume of about 500ml), with the purpose of demonstrating the ability to produce liquid 
fuel or liquid chemical from gas. Pilot plant allows also testing the activity, selectivity and stability of 
Fischer-Tropsch catalyst. F-T Pilot plant is designed to perform High temperature Fischer-Tropsch 
reaction (HTFT) showing high yield for gasoline production (carbon chain length from C5 to C12) as well as 
Low temperature Fischer-Tropsch reaction LTFT showing high yield for waxes production (carbon chain 
length from C20).  

The unit is designed in order to be installed in a general purpose area (non-explosion proof area). Vinci-
Technologies proposal includes all engineering, control system design, procurement, and fabrication 
activities to complete the unit as described herein. The unit is fully assembled, mechanically tested, and run 
through a factory acceptance protocol at Vinci-Technologies facility in France. The unit will be designed and 
engineered by Vinci-Technologies. Upon Client acceptance, the unit will be prepared for shipment to client’s 
facility. Commissioning and start-up of the unit at client’s facility will be completed by Vinci-Technologies 
engineers. 

The multi-reactor pilot plant  is manufactured on a modular skid made of welded carbon steel frame showing 
mechanical resistance combined with aluminum profile for lightness and versatility. This modular skid will be 
fitted in a 30 ft long shipping container with double door for easy access to both: reaction side and 
compressor side (both side will be separated by light wall and access door). 

 

1.2. PROCESS GENERALITIES ABOUT FISCHER-TROPSCH SYSNTHESIS REACTION 

Two main characteristics of Fischer-Tropsch synthesis (FTS) is the production of a wide range of 
hydrocarbon products (mainly paraffins, but also olefins, naphtenes and oxygenates, depending on the 
catalyst nature and operating temperature) and the liberation of a large amount of heat from the highly 
exothermic synthesis reactions. Note also that water is produced in equimolar amount as hydrocarbons. 

The FT synthesis is a carbon chain building process, where -CH2- group is the base of the carbon chain. 
Which reactions exactly taking place and how, is a matter of controversy, as it has been the last century 
since 1930’s. The resulting overall reaction can be presented as follows: 
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Exothermic reactions 

There is also other reactions taking place in the reactor, but the detailed behaviour of the reactions is not 
known and is a theme of controversy. The reactions reported are: 

 

Reaction : 
Reaction enthalpy : 

ΔH300K (kJ/mol) 

CO + 2 H2 → -CH2- + H2O -165.0 

2 CO + H2 → -CH2- + CO2 -204.7 

CO + H2O → H2 + CO2 -39.8 

3 CO + H2 → -CH2- + 2 CO2 -244.5 

CO2 + 3 H2 → -CH2- + 2 H2O -125.2 

Table 1. Set of reaction occurring during the Fischer-Tropsch synthesis 

These reactions are highly exothermic. So to avoid a temperature increasing, leading to undesired 
hydrocarbons production (such as methane), it is primordial to get an efficient control and regulation of the 
reactor temperature, to secure stable and isothermal reaction conditions.  

1.2.1. Large hydrocarbon distribution 

Two examples of product distributions are given below, first with iron based catalyst and second with 
cobalt based catalyst. Experiments have been carried out at the Technical University of Vienna. The 
reactions take place in a bench scale FT reactor (~250 ml reactor volume). The x-axis indicates the chain 
length as a function of C number of the chain, while the y-axis shows the percentage on weight basis. 

 
Figure 1. Product distribution with iron based catalyst 

 
Figure 2. Product distribution with cobalt based catalyst 

 
Reactions with iron based catalyst were conducted at 30 bars and 280 °C. Iron catalyst shows a high 

selectivity in the important interval between C6 –C18, which means a high yield of gasoline and diesel fuel. 
Whereas cobalt based catalyst provides a higher growth probability, as heavier hydrocarbons are produced. 
The reaction conditions were 30 bar and 240 °C.  

High temperature Fischer-Tropsch  
 

1.2.2. Catalyst  

 
When using Fe based catalysts for Fischer-Tropsch reaction, the CO2 content in syngas does not have any 

adverse effect on catalyst activity, since Fe is active both in the metallic and in the oxide phases (even 
carbide). Furthermore, Fe has a good activity for the reverse shift reaction. Thus, additional CO will be 
produced and H2/CO ratio lower than 2 can be used. No synthesis gas purification is required before Fischer-
Tropsch synthesis. 

 
Cobalt based catalysts exhibit a lower activity for the reverse shift reaction and CO2 can be considered as 

an inert for the Fischer-Tropsch reaction. However, when the CO2 concentration in syngas exceeds 12 vol. 
%, Co may be partially oxidized which entails a drastic drop of the catalytic activity (Co is active as a metal, 
not as an oxide). CO2 content in the syngas in the 3 – 8 vol. % range can be considered as safe, since there 
is no recycling of unconverted natural gas in the Fischer-Tropsch reactor. 

This is since: 
- amine scrubbing and regeneration is quite expensive (contercurrent adsorption column under 

pressure, regeneration) while we believe that the CO2 content in the dry syngas may be maintained 
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below 10 mol% by selecting adequate operating conditions, without significant 
impact of Co-based catalysts, with no impact on Fe-based catalysts, 

- absorption by NaOH leads to high flow-rates (>50l/hr) of concentrated alkali solutions (>1 mol/L), with 
large tank volumes and corresponding hazards for the client operators 

1.2.3. HTFT reaction conditions  

Pilot plant is devoted to HTFT reaction in order to promote gasoline range hydrocarbon production. We 
recommend an operating of about 30 barg and a temperature in a 280-350 °C range.  
 

Operating Conditions  HTFT 

Pressure (barg) 30 

Temperature (°C) 280-350 

GHSV (h-1) 2000-3000 

Catalyst Iron based 

 
For operating pressures higher than 35 - 40 bar, selectivity towards olefins and alcohols becomes 

significant, especially using supported Co as catalyst, which is quite sensitive to pressure. CuCo based 
catalysts for alcohol syntheses are operated at 60 bars at same temperature and space velocities as FT 
catalysts. 
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1.3. 1ST
 REACTORS TRAIN - TECHNICAL SPECIFICATIONS 

 

As represented on the scheme below: 

 

FT Reactor

26mm ID
1000 mm Lenght

Waxes recovery

C
o

m
m

o
n

 N
D

IR
 / 

G
asm

e
te

r

H
2 M

FC
 

HP Separator

Liquid Hydrocarbon 
recovery

Acqueous phase 
recovery 

C
O

M
FC

 

N
2

 M
FC

 

Safety and control system

Electro
n

ic 
P

re
ssu

re
 R

e
gu

lato
r

Mixer 
Preheater

HP Separator

FT Reactor

26mm ID
1000 mm Lenght

Waxes recovery

H
2

 M
FC

 

HP Separator

Liquid Hydrocarbon 
recovery

Acqueous phase 
recovery 

C
O

M
FC

 

N
2

 M
FC

 

Ele
ctro

n
ic 

P
re

ssu
re

 R
e

gu
lato

r

Mixer 
Preheater

HP Separator

FT Reactors

RWGS 
Reactor

26mm ID
1000 mm Lenght

H
2

 M
FC

 

C
O

2
 M

FC
 

LP Separator

Liquid product 
recovery

N
2 M

FC
 

Ele
ctro

n
ic 

P
re

ssu
re

 R
e

gu
lato

r

Mixer 
Preheater

HP Separator

RWGS Reactor

Gas
recirculation

module

recircu
latio

n
M

FC
 

Gas
recirculation

module

recircu
latio

n
M

FC
 

Gas
recirculation

module

re
circu

latio
n

M
FC

 

C
o

m
m

o
n

 N
D

IR
 / 

G
asm

e
te

r

C
o

m
m

o
n

 N
D

IR
 / 

G
asm

e
te

r

Gas effluent 
Compressor & storage

cylinder

 

Figure 3. Process diagram of the proposed Mulitreactor unit 

 

 

 

The unit is composed by 3 reactors, 2 devoted for Fischer-Tropsch reactor and 1 devoted to RWGS 
Reverse Water Gas shift. Each reactor train could be briefly described as  

• A gas feed system, provided with a gas lines. 

• A reaction section, provided with a preheater and a reactor/furnace module. 

• A let-down system, provided with a high pressure separator, a gas counting system and a product 
recovery module.  

• A gas effluent recirculation module 

• RWGS reactor will be fitted with a gas effluent compressor and a cylinder for storage purpose.  

 

The unit is designed in order to be installed in a general purpose area. 
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1.4. MULTIREACTOR PILOT PLANT / FEED SECTION  

1.4.1. Gas feed module 

Pilot plant will be provided with:  

• high pressure Hydrogen  

• high pressure Carbon monoxide (for the 2 FT reactors only) 

• high pressure Carbon dioxide (for the RWGS reactor) 

• High pressure Nitrogen 

• High pressure gas effluent recirculation  
 
Each gas line will be equipped as follow: 
 
- Manual isolation valve 
- Filter 
- Pneumatic valve 
- Pressure reducer with manometers 
- Flow-meter/flow controller 
- Manual isolation valve 
- Check valve 
 
High pressure gases are either fed from cylinder, central supply or compressor (not included in Vinci 

Technologies scope). Flow and mixture composition are accurately regulated by using independent thermal 
mass flow controller. The system is designed to operate in pressure control mode. 

 

HP H2  Line 

quantity 3 

Hydrogen Maximum Flow  800 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP CO  Line 

quantity 2 (FT reactors only) 

CO Maximum Flow  400 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP CO2  Line 

quantity 1 (RWGS) 

CO2 Maximum Flow  200 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP N2  Line 

quantity 3 

N2 Maximum Flow  300 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

*Flow rate could adjusted to meet customer requirement  
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Figure 4. Gas feed line example 

1.4.1.1. Effluent recirculation module - gas booster 

 

Gas booster is proposed with a separate skid hosting an air driven compressor in order to increase the 

effluent pressure of about 10barg to overcome pressure drop of mass flow control driving the recirculation. 

The gas compressor skid is equipped with all necessary instrument for its operation: an air driven booster, a 

heat exchanger (double jacket fed with air), pressure gauge, pressure safety valves, manual valves, piping 

and tubing. 

 

Recirculation 
Compressor module 

Quantity 3 

Effleunt Max. flow rate To be discussed 

Maximum Discharge pressure 110 barg 

Inlet effluent pressure 10 barg lower than discharge pressure 

specificity Air driven compressor 

 

Gas effluent recirculation  
Line 

quantity 3 

Hydrogen Maximum Flow  800 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

*Flow rate could adjusted to meet customer requirement  

1.5. PILOT PLANT / REACTION SECTION 

Reaction section of each reactor train is composed by a preheater (Ph-300), a reactor (rx-300) and his 
corresponding furnace (F-300). 

The reaction section of the pilot plant will be running in two different modes: 

- Catalyst activation by reduction under hydrogen (or hydrogen/nitrogen) atmosphere (step 1)  

- Fischer-Tropsch synthesis reaction with syngas coming from the reforming plant (step 2) 

 

The preheater Ph-300 is especially designed to increase syngas temperature to reactor temperature (about 
250-300°C) in order to help furnace F-300 to show a flat temperature profile. The preheater can be 
assimilated to a small furnace localized upstream the reactor Rx-300. 

 

Preheater Ph-300 

quantity 3 

Material SS 316 L 

Design pressure 120 bar 

Operating pressure 0-100 barg 

Design temperature 400°C 
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Operating temperature Up to 350°C 

Operating mode Isothermal 

Specicficity Electric heating 

 

 
In order to operate reactor in a wide range of conditions, the maximum operating pressure of the reactor has 
been set to 100 barg but typical operating conditions will be 30 barg and 200° to 350°C to perform High and 
Low temperature FT synthesis reaction. 

Reactor is design in compliance with pilot plant reactor general designing rule in order to allow gathering 
industrial representative data with industrial shaped catalyst (catalyst particle size of 2-3 mm diameter, 3-4 
mm length extrudates)  

 

Reactor  

quantity 2 

Reactor total volume ≈0.35l 

Operating mode Isothermal & down flow 

Design Temperature 750°C 

Design Pressure 120 barg 

Maximum Operating Temperature 650°C at atm pressure  

Maximum Operating Pressure 100 barg at 450°C 

Material of construction Stainless steel SS316 

Inner diameter & Length ≈20 mm & 1000 mm 

 

Reactor devoted for RWGS operation will be designed to reach higher temperature of operation at 
atmospheric pressure. 

 

RWGS Reactor  

quantity 1 

Reactor total volume ≈0.35l 

Operating mode Isothermal & down flow 

Design Temperature 900°C 

Design Pressure 120 barg@ 450°C 

Maximum Operating Temperature 850°C at atm pressure  

Maximum Operating Pressure 100 barg at 450°C 

Material of construction Stainless steel SS316 ro higher grade 

Inner diameter & Length ≈20 mm & 1000 mm 

 

The reactor height/diameter ratio is chosen to be high in order to have a significant heat transfer and so a 
better temperature control. Catalyst will be maintains to the isothermal part of the reactor by filling top and 
bottom parts with inert particles (such as silicon carbide). 

The reactors are a Vinci-Technologies design, tubular fixed-bed type. Reactors handling is very simple and 
user-friendly equipped with specific fittings and gaskets for high pressure operation. This design allows an 
easy handling of the reactor helping the catalyst loading and unloading procedure. 

Catalyst bed temperature is monitored and controlled with a 6.35 mm thermowell placed inside the reactor. 
Thermowell is provided with 5 type K thermocouples allowing a temperature profiling all along the reactor  

 
The heaters are isothermal split tube furnaces. They consist of five independent heating zones for a flat 

isothermal profile along the reactor height. The heating zones are controlled through PID temperature 
controllers. For each heating zone, two thermocouples are supplied, one devoted to temperature safety, the 
other one for skin measurements. The design of these furnaces answers the art of state in terms of 
ergonomics: these cylinder section furnaces will be composed by two half, closed during operations by a pair 
of latches. Metrology studies performed at temperatures close to the proposed design, i.e. 450°C, indicate 
that the temperature deviation from one reactor to another is less than 1.0°C. 
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Figure 5. Furnace and reactor module 

(100 cm height) 

 

Furnace F-400 

quantity 3 

Furnace type Isothermal split tube furnace 

Number of independent heated zones 5 

Diameter (Internal ID, External OD) 1.0" element ID with 8" OD 

Height of unitary heating zone 200mm  

Total heated height 1000mm  

Thermowell 

quantity 3 

External diameter 6.35 mm 

Number of thermocouples / diameter 5 items & 0.5 mm diameter 

Pressure transmitter 
quantity 3 

Range 0-150 barg 

Safety 

quantity 3 

Type Pressure safety valve  

Set point 110 barg 

Valves and fittings Material of construction SS 316 (High temperature valves) 

 
For safety issue the reaction section is provided, reactor upstream, with a pressure safety valve set at 110 

barg (100 operation +10% = 110barg). 
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1.6. SEPARATION – PRODUCT RECOVERY SECTION 

 

1.6.1. Fischer- Tropsch reactor Product separation 

Product separation section for FT reactor train is described by below scheme 
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Figure 6. Schematic representation of the separation section 

 

1.6.2. High boiling point products (waxes and assimilated)  

 
The outlet effluent from the reactor is routed to the primary high pressure separator for efficient gas/liquid 

separation. The separator is specifically designed for efficient disengagement of the gas phase while 
minimizing the entrainment of liquid particles. This separator is operated at 200°C to separate high boiling 
point product: waxes and assimilated showing high viscosity and gaseous product. Temperature is 
monitored and accurately regulated via an electrical heating showing fast response time. 

 

1st High Pressure separator 

quantity 2 

Material SS 316 L 

Design pressure 120 barg 

Max Operating pressure 100 barg 

Design temperature 350°C 

Max Operating temperature 200°C 

Liquid phase volume 20cm3 

Separator total volume 80cm3 
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The liquid phase is continuously recovered at the bottom of the 1st HP separator 

under level control. Separator is equipped with a liquid level probe. Liquid level control is achieved using an 
automatic on/off valve placed on the liquid line. High boiling point product recovered is routed to a vessel 
installed on weight scales to complete mass balance (weighing data being monitored and store by control 
system/software).in addition before reaching the recovery vessel high boiling point product phase could be 
sampled (to follow reaction advancement) by the help of 3 vials  

 

Recovery vessel 
 
High boiling point product (waxes) 

quantity 2 

Capacity 2 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

High boiling point product 

quantity 2 

Range 0-6000 g 

Readibility 0.1 g 

Liquid sampling 

High boiling point product 

quantity 2 

Vials volume 50cm3 

Vials number 3 

 

 
HP-LT separator is specifically designed for three phase separation (separation of gas & low boiling point 

product: water and hydrocarbon phase). To improve efficiency, separation temperature is controlled via a 
double jacket fed with chilled fluid supply from a chiller (not included in Vinci’s scope). 

 
 

HP-LT separator  

3 phases separator  

quantity 2 

Material SS 316 L 

Design pressure 120barg 

Operating pressure 100barg 

Design temperature 200°C 

Operating temperature Room temp. top cooled by chilled water 

Liquid phases volume 20cm3 

Separator total volume 80cm3 

Specificity 
Double jacketed  
2 liquid phases separation 

 
 
 
Both liquid phases recovered from the LP separator: water and hydrocarbons are sent to sampling 

systems and specific recovery vessels. 
 
 

Recovery vessel 

 
Water 

quantity 2 

Capacity 2 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

Water 

quantity 2 

Range 0-6000 g 

Readibility 0.1 g 
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Liquid sampling 

Water 

quantity 2 

Vials volume 50cm3 

Vials number 2 

 

Recovery vessel 
 
Hydrocarbon 

quantity 2 

Capacity 1 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

hydrocarbon 

quantity 2 

Range 0-6000 g 

Readibility 0.1 g 

Liquid sampling 

hydrocarbon 

quantity 2 

Vials volume 50cm3 

Vials number 3 

 
The gas phase recovered at the top of the HP separator first goes through an electronic back pressure 

regulator to control reactor pressure and reduce effluent pressure in order to increase separation efficiency.  
 

Back Pressure Regulator 

quantity 2 

Body materials SS316 

Design Temp. 70°C 

Operating temperature Room temp. 

Max Regulating pressure 100barg 

specificity Electronic regulation  

 
The gas phase is then sent for counting to the wet gas meter, equipped with a thermocouple and a 

pressure transmitter for correction of the gas flow. This allows an accurate mass balance of the unit. The gas 
can be sent automatically to a GC analyzer (not included in Vinci’s scope) for on line analysis. 

 

Gas meter  

quantity 2 

Maximum flowrate 500 l/h 

Design temperature 50°C 

Design pressure 0.05 barg (overpressure protected) 

 
 
 
 
 
 
 
 

1.6.3. RWGS reactor Product Separation 

 
Product separation section for RWGS reactor train is described by below scheme 
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Figure 7. Schematic representation of the separation section 

 
The outlet effluent from the reactor is routed to a high pressure separator for efficient gas/liquid separation. 

The separator is specifically designed for efficient disengagement of the gas phase while minimizing the 
entrainment of liquid particles. This separator is operated at room temperature. 

 

High Pressure separator 

quantity 1 

Material SS 316 L 

Design pressure 120 barg 

Max Operating pressure 100 barg 

Design temperature 200°C 

Operating temperature Room Temp. 

Liquid phase volume 20cm3 

Separator total volume 80cm3 

 
The liquid phase is continuously recovered at the bottom of the HP separator under level control and sed 

to LP gas/liquid spearator. HP Separator is equipped with a liquid level probe and liquid level control is 
achieved using an automatic on/off valve placed on the liquid line.  

 

LP separator is specifically designed for low pressure gas & liquid products separation phase separation. 
To improve efficiency, separation temperature is controlled via a double jacket fed with chilled fluid supply 
from a chiller. 

 

LP separator  

 

quantity 1 

Material SS 316 L 

Design pressure 10barg 

Operating pressure Up to 5barg 
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Design temperature 200°C 

Operating temperature Room temp. top cooled by chilled fluid  

Liquid phases volume 20cm3 

Separator total volume 80cm3 

Specificity 
Double jacketed  
 

 
A common Thermostatic Bath located on pilot plant skid will be connected to each LP separators 

Chiller  

Quantity 1 

Brand & Model Lauda & UC2 

Regulating temp. -5 to room temp. 

Cooling power  2.5kW@15°C – 1.5kW@0°C 

Pump performance 3.4barg – 5.6l/min 

Cooling fluid volume  19liters 

 

 
Liquid phase recovered from the LP separator is sent to a sampling system and specific recovery vessel. 
 
 

Recovery vessel 

quantity 1 

Capacity 1 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

quantity 1 

Range 0-3500 g 

Readibility 0.1 g 

Liquid sampling 

quantity 1 

Vials volume 50cm3 

Vials number 6 

 
The gas phase recovered at the top of the HP separator first goes through an electronic back pressure 

regulator before being combined with gas effluent recovered form LP separator. Back pressure regulator 
allow a fine control of reactor operating pressure.  

 

Back Pressure Regulator 

quantity 1 

Body materials SS316 

Design Temp. 70°C 

Operating temperature Room temp. 

Max Regulating pressure 100barg 

specificity Electronic regulation  

 
The gas phase is then sent for counting to the wet gas meter, equipped with a thermocouple and a 

pressure transmitter for correction of the gas flow. This allows an accurate mass balance of the unit. The gas 
can be sent automatically to a GC analyzer (not included in Vinci’s scope) for on line analysis. 

 

Gas meter  

quantity 1 

Maximum flowrate 500 l/h 

Design temperature 50°C 

Design pressure 0.05 barg (overpressure protected) 
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Composition of exhaust effluent (CO, CO2 & H2 concentration) will be monitored on real-time basis by the 

helps of a NDIR spectrometer (common for all 5 reactors - selection of reactor to be analyzed done via HMI) 
 

 
 

1.6.3.1. RWGS gas effluent compression module  

 

Gas phase effluent for RWGS reactor will be compressed thanks to a air driven gas compressorbefore 

being injected into a gas cylinder for storage purpose (volume to be discussed in the 5-10 liters range). 

 

Gas effluent  
Compression module 

Quantity 1 

Effleunt Max. flow rate To be discussed 

Maximum Discharge pressure 110 barg 

Inlet effluent pressure 10 barg lower than discharge pressure 

specificity Air driven compressor 
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1.7. 2ND
 REACTORS TRAIN - TECHNICAL SPECIFICATIONS 

 

As represented on the scheme below: 
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Figure 8. Process diagram of the proposed Mulitreactor unit 

 

 

 

The unit is composed by 2 reactors, 1 devoted for Fischer-Tropsch reactor and 1 devoted to CO2 
hydrogenation investigation. Each reactor train could be briefly described as  

• A gas feed system, provided with a gas lines. 

• A reaction section, provided with a preheater and a reactor/furnace module. 

• A let-down system, provided with a high pressure separator, a gas counting system and a product 
recovery module.  

• A gas effluent recirculation module 

 

The unit is designed in order to be installed in a general purpose area. 
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1.8. MULTIREACTOR PILOT PLANT / FEED SECTION  

1.8.1. Gas feed module 

Pilot plant will be provided with:  

• high pressure Hydrogen  

• high pressure Carbon monoxide (for the FT reactors only) 

• high pressure Carbon dioxide (for the CO2 hydrogenation) 

• High pressure Nitrogen 

• High pressure gas effluent recirculation  
 
Each gas line will be equipped as follow: 
 
- Manual isolation valve 
- Filter 
- Pneumatic valve 
- Pressure reducer with manometers 
- Flow-meter/flow controller 
- Manual isolation valve 
- Check valve 
 
High pressure gases are either fed from cylinder, central supply or compressor (not included in Vinci 

Technologies scope). Flow and mixture composition are accurately regulated by using independent thermal 
mass flow controller . The system is designed to operate in pressure control mode. 

 

HP H2  Line 

quantity 2 

Hydrogen Maximum Flow  800 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP CO  Line 

quantity 1 (FT reactor only) 

CO Maximum Flow  400 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP CO2  Line 

quantity 1 ( for CO2 Hydrogenation) 

CO2 Maximum Flow  200 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

HP N2  Line 

quantity 2 

N2 Maximum Flow  300 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

*Flow rate could adjusted to meet customer requirement  
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Figure 9. Gas feed line example 

1.8.1.1. Effluent recirculation module - gas booster 

 

Gas booster is proposed with a separate skid hosting an air driven compressor in order to increase the 

effluent pressure of about 10barg to overcome pressure drop of mass flow control driving the recirculation. 

The gas compressor skid is equipped with all necessary instrument for its operation: an air driven booster, a 

heat exchanger (double jacket fed with air), pressure gauge, pressure safety valves, manual valves, piping 

and tubing. 

 

Recirculation 
Compressor module 

Quantity 2 

Effleunt Max. flow rate To be discussed 

Maximum Discharge pressure 110 barg 

Inlet effluent pressure 10 barg lower than discharge pressure 

specificity Air driven compressor 

 

Gas effluent recirculation  
Line 

quantity 2 

Hydrogen Maximum Flow  800 Nl/hr* 

Maximum pressure at battery limit 110 barg 

Quantity of thermal MFC 1 

Flow measurement accuracy 1% of the full scale 

*Flow rate could adjusted to meet customer requirement  

 

1.9. PILOT PLANT / REACTION SECTION 

Reaction section of each reactor train is composed by a preheater (Ph-300), a reactor (rx-300) and his 
corresponding furnace (F-300). 

The reaction section of the pilot plant will be running in two different modes: 

- Catalyst activation by reduction under hydrogen (or hydrogen/nitrogen) atmosphere (step 1)  

- Fischer-Tropsch synthesis reaction with syngas coming from the reforming plant (step 2) 

 

The preheater Ph-300 is especially designed to increase syngas temperature to reactor temperature (about 
250-300°C) in order to help furnace F-300 to show a flat temperature profile. The preheater can be 
assimilated to a small furnace localized upstream the reactor Rx-300. 

 

Preheater Ph-300 

quantity 2 

Material SS 316 L 

Design pressure 120 bar 
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Operating pressure 0-100 barg 

Design temperature 400°C 

Operating temperature Up to 350°C 

Operating mode Isothermal 

Specicficity Electric heating 

 

 
In order to operate reactor in a wide range of conditions, the maximum operating pressure of the reactor has 
been set to 100 barg but typical operating conditions will be 30 barg and 200° to 350°C to perform High and 
Low temperature FT synthesis reaction. 

Reactor is design in compliance with pilot plant reactor general designing rule in order to allow gathering 
industrial representative data with industrial shaped catalyst (catalyst particle size of 2-3 mm diameter, 3-4 
mm length extrudates)  

 

Reactor  

quantity 2 

Reactor total volume ≈0.35l 

Operating mode Isothermal & down flow 

Design Temperature 750°C 

Design Pressure 120 barg 

Maximum Operating Temperature 650°C at atm pressure  

Maximum Operating Pressure 100 barg at 450°C 

Material of construction Stainless steel SS316 

Inner diameter & Length ≈20 mm & 1000 mm 

 

The reactor height/diameter ratio is chosen to be high in order to have a significant heat transfer and so a 
better temperature control. Catalyst will be maintains to the isothermal part of the reactor by filling top and 
bottom parts with inert particles (such as silicon carbide). 

The reactors are a Vinci-Technologies design, tubular fixed-bed type. Reactors handling is very simple and 
user-friendly equipped with specific fittings and gaskets for high pressure operation. This design allows an 
easy handling of the reactor helping the catalyst loading and unloading procedure. 

Catalyst bed temperature is monitored and controlled with a 6.35 mm thermowell placed inside the reactor. 
Thermowell is provided with 5 type K thermocouples allowing a temperature profiling all along the reactor  

 
The heaters are isothermal split tube furnaces. They consist of five independent heating zones for a flat 

isothermal profile along the reactor height. The heating zones are controlled through PID temperature 
controllers. For each heating zone, two thermocouples are supplied, one devoted to temperature safety, the 
other one for skin measurements. The design of these furnaces answers the art of state in terms of 
ergonomics: these cylinder section furnaces will be composed by two half, closed during operations by a pair 
of latches. Metrology studies performed at temperatures close to the proposed design, i.e. 450°C, indicate 
that the temperature deviation from one reactor to another is less than 1.0°C. 
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Figure 10. Furnace and reactor module 

(100 cm height) 

 

Furnace F-400 

quantity 2 

Furnace type Isothermal split tube furnace 

Number of independent heated zones 5 

Diameter (Internal ID, External OD) 1.0" element ID with 8" OD 

Height of unitary heating zone 200mm  

Total heated height 1000mm  

Thermowell 

quantity 2 

External diameter 6.35 mm 

Number of thermocouples / diameter 5 items & 0.5 mm diameter 

Pressure transmitter 
quantity 2 

Range 0-150 barg 

Safety 

quantity 2 

Type Pressure safety valve  

Set point 110 barg 

Valves and fittings Material of construction SS 316 (High temperature valves) 

 
For safety issue the reaction section is provided, reactor upstream, with a pressure safety valve set at 110 

barg (100 operation +10% = 110barg). 
 
 
 

1.10. SEPARATION – PRODUCT RECOVERY SECTION 
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1.10.1. Fischer- Tropsch reactor Product separation 

Product separation section for FT reactor train is described by below scheme 
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Figure 11. Schematic representation of the separation section 

 

1.10.2. High boiling point products (waxes and assimilated)  

 
The outlet effluent from the reactor is routed to the primary high pressure separator for efficient gas/liquid 

separation. The separator is specifically designed for efficient disengagement of the gas phase while 
minimizing the entrainment of liquid particles. This separator is operated at 200°C to separate high boiling 
point product: waxes and assimilated showing high viscosity and gaseous product. Temperature is 
monitored and accurately regulated via an electrical heating showing fast response time. 

 

1st High Pressure separator 

quantity 1 

Material SS 316 L 

Design pressure 120 barg 

Max Operating pressure 100 barg 

Design temperature 350°C 

Max Operating temperature 200°C 

Liquid phase volume 20cm3 

Separator total volume 80cm3 

 
The liquid phase is continuously recovered at the bottom of the 1st HP separator under level control. 

Separator is equipped with a liquid level probe. Liquid level control is achieved using an automatic on/off 
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valve placed on the liquid line. High boiling point product recovered is routed to a vessel 
installed on weight scales to complete mass balance (weighing data being monitored and store by control 
system/software).in addition before reaching the recovery vessel high boiling point product phase could be 
sampled (to follow reaction advancement) by the help of 3 vials  

 

Recovery vessel 
 

High boiling point product (waxes) 

quantity 1 

Capacity 2 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

High boiling point product 

quantity 1 

Range 0-6000 g 

Readibility 0.1 g 

Liquid sampling 

High boiling point product 

quantity 1 

Vials volume 50cm3 

Vials number 3 

 

 
HP-LT separator is specifically designed for three phase separation (separation of gas & low boiling point 

product: water and hydrocarbon phase). To improve efficiency, separation temperature is controlled via a 
double jacket fed with chilled fluid supply from a chiller (not included in Vinci’s scope). 

 
 

HP-LT separator  

3 phases separator  

quantity 1 

Material SS 316 L 

Design pressure 120barg 

Operating pressure 100barg 

Design temperature 200°C 

Operating temperature Room temp. top cooled by chilled water 

Liquid phases volume 20cm3 

Separator total volume 80cm3 

Specificity 
Double jacketed  
2 liquid phases separation 

 
 
 
Both liquid phases recovered from the LP separator: water and hydrocarbons are sent to sampling 

systems and specific recovery vessels. 
 
 

Recovery vessel 

 
Water 

quantity 1 

Capacity 2 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

Water 

quantity 1 

Range 0-6000 g 

Readibility 0.1 g 

Liquid sampling quantity 1 
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Water Vials volume 50cm3 

Vials number 2 

 

Recovery vessel 
 

Hydrocarbon 

quantity 1 

Capacity 1 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

hydrocarbon 

quantity 1 

Range 0-6000 g 

Readibility 0.1 g 

Liquid sampling 

hydrocarbon 

quantity 1 

Vials volume 50cm3 

Vials number 3 

 
The gas phase recovered at the top of the HP separator first goes through an electronic back pressure 

regulator to control reactor pressure and reduce effluent pressure in order to increase separation efficiency.  
 

Back Pressure Regulator 

quantity 1 

Body materials SS316 

Design Temp. 70°C 

Operating temperature Room temp. 

Max Regulating pressure 100barg 

specificity Electronic regulation  

 
The gas phase is then sent for counting to the wet gas meter, equipped with a thermocouple and a 

pressure transmitter for correction of the gas flow. This allows an accurate mass balance of the unit. The gas 
can be sent automatically to a GC analyzer (not included in Vinci’s scope) for on line analysis. 

 

Gas meter  

quantity 1 

Maximum flowrate 500 l/h 

Design temperature 50°C 

Design pressure 0.05 barg (overpressure protected) 

 
 

1.10.3. CO2 Hydrogenation reactor Product Separation 

 
Product separation section for CO2 hydrogenation reactor train is described by below scheme 
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Figure 12. Schematic representation of the separation section 

 
The outlet effluent from the reactor is routed to a high pressure separator for efficient gas/liquid separation. 

The separator is specifically designed for efficient disengagement of the gas phase while minimizing the 
entrainment of liquid particles. This separator is operated at room temperature. 

 

High Pressure separator 

quantity 1 

Material SS 316 L 

Design pressure 120 barg 

Max Operating pressure 100 barg 

Design temperature 200°C 

Operating temperature Room Temp. 

Liquid phase volume 20cm3 

Separator total volume 80cm3 

 
The liquid phase is continuously recovered at the bottom of the HP separator under level control and sed 

to LP gas/liquid spearator. HP Separator is equipped with a liquid level probe and liquid level control is 
achieved using an automatic on/off valve placed on the liquid line.  

 

LP separator is specifically designed for low pressure gas & liquid products separation phase separation. 
To improve efficiency, separation temperature is controlled via a double jacket fed with chilled fluid supply 
from a chiller. 

 

LP separator  

 

quantity 1 

Material SS 316 L 

Design pressure 10barg 

Operating pressure Up to 5barg 

Design temperature 200°C 

Operating temperature Room temp. top cooled by chilled fluid  

Liquid phases volume 20cm3 

Separator total volume 80cm3 

Specificity 
Double jacketed  
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A common Thermostatic Bath located on pilot plant skid will be connected to each LP separators 

Chiller  

Quantity 1 

Brand & Model Lauda & UC2 

Regulating temp. -5 to room temp. 

Cooling power  2.5kW@15°C – 1.5kW@0°C 

Pump performance 3.4barg – 5.6l/min 

Cooling fluid volume  19liters 

 

 
Liquid phase recovered from the LP separator is sent to a sampling system and specific recovery vessel. 
 
 

Recovery vessel 

quantity 1 

Capacity 1 liters 

Material  Borosilicated Glass 

Design Pressure 0.5 barg 

Design Temperature 200°C 

Operating Temperature Room temperature 

Weight scales  

quantity 1 

Range 0-3500 g 

Readibility 0.1 g 

Liquid sampling 

quantity 1 

Vials volume 50cm3 

Vials number 6 

 
The gas phase recovered at the top of the HP separator first goes through an electronic back pressure 

regulator before being combined with gas effluent recovered form LP separator. Back pressure regulator 
allow a fine control of reactor operating pressure.  

 

Back Pressure Regulator 

quantity 1 

Body materials SS316 

Design Temp. 70°C 

Operating temperature Room temp. 

Max Regulating pressure 100barg 

specificity Electronic regulation  

 
The gas phase is then sent for counting to the wet gas meter, equipped with a thermocouple and a 

pressure transmitter for correction of the gas flow. This allows an accurate mass balance of the unit. The gas 
can be sent automatically to a GC analyzer (not included in Vinci’s scope) for on line analysis. 

 

Gas meter  

quantity 1 

Maximum flowrate 500 l/h 

Design temperature 50°C 

Design pressure 0.05 barg (overpressure protected) 

 

1.10.4. Vent header  

The vent header system has been split into both a high pressure and a low pressure section, preventing 
excessive backpressure and/or reverse flow occurring in the event of a total system malfunction.  Each 
section is provided with its own knock out pot (V-530 for HP) for the absorption of pressure shock in the 
event of failure, as well as to collect liquid condensate from the venting gas before the respective streams 
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enter the main plant header system. For the high pressure system this leads to a KO 
pot volume of 1 liter, and for the low pressure system, 2 liter. 
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1.11. MATERIALS AND FABRICATION SPECIFICATIONS 

1.11.1. General 

The unit meets industry standards for design, engineering, and fabrication. Modular construction is used 
for the skid structures. The unit skids are designed to be free standing. The process modules are arranged in 
the skid according to the various flow patterns thus allowing easy maintenance. All components are within 
the dimensions of the structural frame. Safe operation is assured through electronic temperature protection 
and mechanical pressure relief assemblies. 

1.11.2. Equipment 

Vinci-Technologies reserves the right to use its own provider list based on our extensive state of the art 
experience. If the client has special demands, a vendor list can be presented during the project but may lead 
to change orders if necessary. Included in the Vinci-Technologies Basic Engineering Design Package 
submitted for information will be a Process Bill of Materials which will list all of the equipment, instruments 
and valves in the unit. A list of preferred Vinci‘s supplier is represented on the table below: 

 
Table 1. List of preferred Vinci Technologies's supplier 

Instrument/equipment Type Brand 

Mass Flow Controller Thermal MFC Bronkhorst 

Mass Flow Meter Coriolis MFM Bronkhorst 

Furnace Vinci’s design – heating multizone Vinci Technologies 

Pressure Regulator Back pressure Regulator Vinci Technologies 

Gas meter Weight or dry gas meter Zeal or Bios 

Weight scales Precision scales Adam 

Fitting, valves & check valves - Ham-Let 

Pressure Safety Valve  Ham-Let or Hoke 

 
 

1.11.3. Materials of Construction 

The primary wetted material of construction is 316 stainless steel. All process lines are constructed of 316 
stainless steel compression fittings and seamless tubing. Soft sealing components in contact with utility fluids 
are dictated by good engineering practice. The structural members of the skid are primed and painted 
carbon steel. The material of construction for the reactors will be 316 stainless steel. 

1.11.4. Spare Parts 

Included in the scope of the project is a start up supply of consumable spare parts. Included are soft goods 
such as seals, gaskets, O-rings, fuses, etc., which may be required for replacement during initial start up and 
commissioning of the Unit. A list of spare parts recommended to have on hand for extended operation of the 
unit will be developed as part of the detailed design phase of the project. 

1.11.5. On site implantation 

The pilot plant main skid will have a height of about 2m. It will not be more than 2.0m large and 1m deep.  

1.12. UTILITIES 

It is assumed that the following utilities are available or can be provided: 
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Hydrogen 

 Supply pressure is 110 barg minimum 
 Consumption: up to 800Nl/hr 

 

Carbon monoxide 

 Supply pressure is 110 barg minimum 
 Consumption: up to 400Nl/hr 

 

Carbon dioxide 

 Supply pressure is 110 barg minimum 
 Consumption: up to 200Nl/hr 

 

Instrument Air 

 Dew point is -30°C maximum 
 Supply pressure is 6 barg minimum 
 Max. consumption: to be determined  
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CCONTROL SYSTEM  

 
The basic architecture of a pilot plant control system is extremely simple, highly functional, very cost-

effective, and can be readily adapted to meet both elementary and complex process mission requirements. 
 
The control system is essentially made up of two major sub-systems: 
 

 A sub-system referred to as the control cabinet interface that consists of one or more hardware 
cabinets that contain all the devices required to enable full communication and intelligent two-way 
transfer of information between the pilot plant process system and analytical equipment on one side 
and the PC-based workstation on the other. 

 
 A workstation that includes a high-powered PC, active and back-up memory, a flat screen monitor 

and a supervisory process control software package. Insofar as the human operator is concerned, 
the workstation is the routine point of entry into the process and analytical world of the pilot plant. 

 
This process control configuration allows a highly reliable control of the operating parameters 

(temperature, pressure, gas flow-rates) for unattended operation. Additional information and selected 
technical details are provided below. 

1.12.1. Workstation hardware 

The pilot plant will be supervised by a distributed process control workstation system. The system consists 
of an engineering workstation managed by a control software. The control system software will be configured 
to the specific operating requirements of the demonstration plant. The process control system will be used 
for all process control applications.  

 
The engineering workstation uses the Windows Seven Professional Operating system. The workstation is 

dedicated to process configuration, operator control, alarm management, trending, historical trending, data 
back-up, report generation and operator event chronicling. The historical database will support an Excel Add-
in for rapid data analysis. This will allow the user to view and manipulate historically collected process data in 
Microsoft Excel. 

 

PC specifications: 
 

 Brand: probably DELL or HP 
 USB ports & Ethernet port 
 23’’ TFT monitor 
 Windows Ten Professional or up to date system. 

1.12.2. Workstation software 

The design package includes the initial configuration and test of user friendly software (Supervision 
package in Run Time version) for the data acquisition and supervision of the unit, based on unit 
requirements in order to provide continuous operation without additional configuration or programming: 

 Acquisition of raw data measurements (temperature, pressure, gas flow rates, weighing scales, gas 
meter) 

 Continuous display of measurements vs. time in the form of trends and value grids 
 Logging of measurements in the computer for further compilations 
 Printout facilities 
 Supervision facilities displaying the general synoptic of the system and indicating the status of each 

main component, the values of the measurement and set points 

Section 

1.9 
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Software specifications: 
 

 Provider: Vinci-Technologies  
 Product key points: it offers a robust SCADA engine, rich set of connectivity options, open 

architecture and highly scalable and distributed networking model. Used in a variety of 
applications, it is ideally suited for applications as simple as typical HMI applications such as 
manual data entry and validation to very complex SCADA applications like batching, filtration and 
distributed alarm management. 

 

1.12.3. Control cabinet interface 

The control cabinet is the interface between the computer control package and the unit. The cabinet 
contains the I/O modules for data acquisition, power supplies, solid state relays, and fuses and it is made 
of removable sides for easy access. The cabinet will have built into it alarms, switches (key switch, 
ON/OFF of heater), emergency stop pushbuttons. The control cabinet is directly installed on the unit 
mechanical skid. 

Control cabinet interface support devices are:  

 DC power supplies for enabling the transducers and transmitters. 
 Power relays to interface the control cabinet interface with high power components of the process 

system (furnaces, motors, pumps, etc.). These relays are of the zero-voltage switching type. They 
turn “on” and “off” only when the AC cycle is passing through the zero voltage point. This avoids 
voltage spiking and electromagnetic interference. The power relays are mounted on heat sinks for 
limiting the rise in temperature of the solid state switch. 

 Temperature Safety Switches (TSS)  
 Indicator lights. 

 

Ethernet coupler specifications: 

 
 The control system provided by Vinci-

Technologies is approved for extremely diverse 
laboratory applications. The system is optimized 
for process-oriented communication and is a 
scalable-performance solution for high integration 
density with a very high performance ratio. It is 
versatile and flexible with more than 300 different 
1, 2, 4, 8-channel function modules available 

 Interfaces are available for any size and type 

of automation task – from distributed I/O 

nodes or stand-alone control to global 

networks. 

o Bus couplers – standard for high I/O counts 

and economy for highly distributed 

applications 

o Controllers – 16 bit, 32 bit, and DIN rail 

mount IPCs for stand-alone, distributed, or 

master control 
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1.13. SAFETY  

 
The safety philosophy is based upon the assumption that the default condition of a system is one in which 

everything is working properly as planned. However, when a process unit begins to approach an undesirable 
condition, the appropriate safety action must be taken. This action is facilitated by an adequately designed 
and instrumented system. 

 
Where required, the pressure vessels will be designed and fabricated in accordance with ASME Section 

VIII. Where required, the piping and tubing will be designed and fabricated in accordance with ANSI B31.3. 
The design philosophy of the multi-level safety system, that includes six (6) independent tiers of action, is 

enunciated below: 
 
Tier 1: Low-High Alarms Wrapped Around Transducers: Each transducer, whether it is sending 

temperature, flow, pressure, level, etc. signal information is equipped with low and high alarms. These alarm 
levels are typically set by the operator, and are based upon the nature of the experiments being conducted.  
This capability, that gives the user the ability to modify the low and high parameters, is extremely useful.  
Care has to be taken with the low alarms because this level has to be intercepted when the system is 
ascending or descending through these set-points during start-up or shutdown. 

 
Tier 2: Low-Low and High-High Alarms: A second level of alarm logic that reflects component and 

equipment safety limitations, and can protect against extreme system runaway possibilities, is also 
incorporated within the safety design. These alarms are preprogrammed by the manufacturer, and should 
only be altered by the manufacturer or under the manufacturer’s certification. Here again, the safety logic 
must provide for interception of the low-low alarms that must be bypassed when the system is ascending or 
descending through these set-points during start-up and shutdown.  

   
Tier 3: Hardwired Switches (Analog and Digital): This is the fail-safe level of the safety design. In the event 

that an unwanted process condition occurs or develops, actions incorporated in this level will cause the 
system to revert into a pre-determined safe position. Some examples of these types of switch actions which 
may be used are noted below: 

 
 A switch enables the computer to run continuously after an emergency shutdown, which means that 

valuable data can be logged for subsequent analysis and diagnostic review of the sequence of 
events. 

 In the event that there is an unwanted decay in a designated flow, or in the system pressure, a 
switch enables an automatic nitrogen purge. 

 All high temperature devices are equipped with independently wired Temperature Safety Switches 
(TSSs) that terminate power to the heating device if the noted temperature exceeds the High-High 
level, and for some reason Tier 1 and Tier 2 actions have not been executed. 

 A switch to detect and take action if there is a loss of circulation air flow (option) 
 A hydrogen (combustible gas) monitor/alarm switch, and/or a toxic gas alarm switch may be installed 

where leakage of these gases is possible (option) 
 A switch that acts when a toxic or combustion gas concentration becomes higher than a preset value 

(option) 
 
Tier 4: Watch Dog Relays: What if something goes wrong with the computer, which means that computer-

controlled safety actions will not provide the necessary protection? The system includes a special “watch 
dog” relay that is refreshed by the computer once every second. If the computer fails to refresh this relay, this 
device automatically causes the process system to revert into designated safe mode within “x” seconds after 
this failure-to-refresh event occurs. “x” can be adjusted by a potentiometer within a typical range of 5-45 
seconds. 
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Tier 5: Emergency Palm Stop Switch: This switch is installed in a readily accessible 

location whereby the operator can slap this device to affect an emergency shutdown of the entire system. 
This switch can also be used to take final action prior to the rapid evacuation of the facility, and may be 
linked to other types of alarm systems such as visible and/or audible alarms. 

 
Tier 6: This level incorporates two kinds of mechanical devices into the safety system, which may be used 

either independently or in conjunction with each other depending upon the design of the system and a safety 
review of the process: 

 
 Pressure Relief Valves (PSV) are designed to relieve excess pressure at a designated setpoint.  

Normal hysterisis for the reset of a typical pressure relief valve is ±10% of the set-point. 
 Rupture Discs (PSE) are intended to provide a back-up in the event that a relief valve (PSV) 

malfunctions, and/or if the hysterisis of the relief valve (PSV) has decayed to a point where its 
operation is no longer repeatable. In any event, a PSE is the final and ultimate device that protects a 
process system from an unwanted increase in pressure. 

 

The alarm strategy and associated safety actions will be submitted to approval by the client.  
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1.14. ELECTRICAL SPECIFICATIONS 

 
Electrical codes and explosion proof requirements vary significantly by country, and even within one 

country, regional and local regulations often supersede national standards. However, in general, the 
designation of the appropriate electrical specifications is primarily governed by essential technical issues 
such as 1) the nature of the intended application, 2) the kind of environment within which the pilot plant will 
be operated in, 3) the chemical and physical properties of the feedstocks (process inputs), and 4) the 
chemical and physical properties of the products and byproducts (process outputs). 

1.14.1. Electrical classification 

The pilot plant will be designed for installation and operation in a general purpose (non-explosion proof) 
electrically classified area.  All components, electrical wiring and conduits will conform to the appropriate 
specification. 

 
The maximum distance between the process unit and the interface cabinet is 0 meters, as the control & 

electrical cabinets are directly located on the main skid. If this distance is exceeded, additional costs for 
cable materials may be charged to the customer. The use of intrinsically safe barriers has not been included 
in the proposed system. This matter is usually addressed and contracted as a separate design issue. 

1.14.2. Electrical specifications 

 50 Hz compatible 
 Phase neutral voltage : 230 volts  
 3 phase systems available 
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1.15. SUPERVISION EXAMPLES 

1.15.1. Unit Overview 
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1.15.2. Set point details 

 
 

1.15.3. Historical display (pressures) 
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1.15.4. Admin menu 

 
 

1.15.5. Sampling menu 
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1.15.6. Temperature Ramp 

 

 

1.15.7. Reactor Rx-1400 display 

 



   

 

Vinci Technologies – 27B  rue du Port – Parc de l’Ile – 92022 Nanterre - France page 39 
 

T E C H N O L O G I E S
VINCI

 
1.15.8. Historical display 

 
 Section 

 


