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ABSTRACT 

Increasing throughput in major existing equipment, such as distillation columns, is a key 

factor to economically meet production targets. 

To successfully maximize plant’s performances, a deep knowledge of the process and its 

characteristics is a must, but certainly not enough. 

It is also crucial to fully comprehend the equipment being used, their mechanisms of 

operation, limitations and capabilities. This includes, among others, furnaces, exchangers, 

pumps, and mass transfer devices for distillation columns: fractionation trays, random and 

structured packing and associated liquid and vapor distributors. 

The purpose of this paper is to provide an overview of the key factors to successfully 

implement revamping projects with the goal to maximize the plant‘s capacity without 

compromising efficiency. 

A commercial experience will be discussed in detail, where the use of one of the most 

advanced mass transfer components, i.e. Shell HiFiTM trays, yields to the best cost effective 

solution of revamping for a Propylene/Propane Splitter at a major European Ethylene plant: 

OMV Schwechat, Austria. 

The paper will cover the description of the unit, the scope of the revamping, its 

implementation, and the achieved benefits. 

Process simulation details will be also presented for a better understanding of column capacity 

versus mass transfer separation efficiency, and their optimization while dealing with existing 

columns.   
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1) Background information 

OMV AG, with group sales of EUR 7.64 billion and 6’137 employees in 2003, and a current 

market capitalization of EUR 4.2 billion, is Austria's largest listed industrial company. As 

leading oil and gas group in central Europe, OMV is active in twelve CE countries in Refining 

and Marketing (R&M). In Exploration and Production (E&P) OMV is active in 16 countries 

on all five continents. The OMV Group also operates integrated chemical end petrochemical 

plants and holds a 25% stake of Borealis A/S, one of the world's leading polyolefins producer. 

Besides the two refineries in Schwechat and Burghausen other important holdings are: 45% of 

the Bayernoil-Raffinerieverbund, 9% in the Hungarian petroleum company MOL and 25% in 

The Rompetrol Group. Recently OMV acquired a majority stake in SNP Petrom SA, the 

largest Romanian oil group. 

 

2) Ethylene Plant at OMV Schwechat 

OMV's Schwechat steam cracker was started up in 1980. It was designed for cracking 

naphtha, gas oil, mixed C4 and recycle ethane. In 1986 a unit for processing refinery rest 

gases from FCC, CU, Refinery and Isom was added. Nowadays the feed consists of naphtha 

and all type of gases with two to four carbon atoms. Plant capacity is at 345.000 t/a of 

ethylene. The plant is fully integrated into the refinery and will be further revamped in 2005. 

 

The hot section of the plant consists of eight furnaces, including one designed for recycle 

ethane and one for gases. After the quench section the cracked gases are compressed in a five 

stage turbo compressor. Acid gases are removed with sodium hydroxide solution between 

fourth and fifth stage. The compressed cracked gases are sent to driers and further on to the 

cold section of the plant for separation. 

 

The cold section (distillation section) of the plant consists of a front end Deethanizer. The top 

product is sent to selective acetylene hydrogenation, cold box, Demethanizer and C2 Splitter. 

The bottom product is sent to the Depropanizer, selective C3 hydrogenation, 2nd Deethanizer 

and C3 Splitter. 

 

A major revamp of the C3 Splitter was done in 2000. Propane/Propylene cut from the FCCU 

was fed as second feed to the Superfractionator, thus substantially increasing the polymer 

grade propylene production of the plant. The paper given deals with this revamp. 
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3) C3 Splitter Revamp  

Shell Global Solution and Sulzer Chemtech co-operated to provide OMV Schwechat with the 

design, the delivery and the installation of high capacity trays for the revamp of a C3 Splitter 

located in the cold section of the Ethylene Plant. 

Shell Global Solutions performed the Basic Design Package (BDP), while Sulzer Chemtech 

did the manufacturing of the mass transfer components, their installation into the columns, the 

start up assistance, and the test run for the evaluation of the tower performances after the 

revamping.  

The checking of peripheral equipment around the Splitter commissioned to Lurgi. These 

studies showed the necessity of: 

• higher reboiler duty, achieved by adding a steam heater for quench water end minor 

modifications at existing reboilers 

• higher condensing capacity, achieved by adding a seventh top condenser 

• higher reflux, achieved by changing internals and electric driver of intermediate reflux 

pump, and by installing additional reflux lines for lowering pressure drop of reflux to 

both columns 

 

3.1) Process Description  

The OMV C3 Splitter (Figure 3) consists of two columns: D-9881 with 122 trays and D-9882 

with 128 trays. D-9881 receives one feed from the FCC Unit at tray #60 (low Propylene 

content) and a second stream from the Steam Cracker at tray #80 (high Propylene content). 

The duty at the reboiler E-9881 A-D is provided by means of hot water coming from the 

quench tower. The vapor overhead from D-9881 is fed for further rectification to the bottom 

compartment of D-9882, whilst the liquid bottom product from D-9882 is pumped to the top 

of D-9881 as intermediate reflux. 

The vapor from top of D-9882 is fully condensed in E-9882 A-F yielding reflux and a high 

purity propylene stream with some contaminants such as propane and ethane. 

The bottom product is propane with some propylene and C4’s; it is partially recycled back to 

the furnaces; a portion of it is re-distilled at D-9883, from which the C4-olefins are removed 

from the Propane, which is being sent to the LPG tank. 

The study was performed assuming a top pressure at D-9882 of 17.5 barg, while the bottom of 

D-9881 was set at 19 barg, for a total pressure drop, including the vapor line, of 1.5 bar. 
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3.2) Scope of Revamping  

The scope of the revamp was to increase the production of polymer grade propylene by 

redistilling the FCCU‘s propylene in the existing C3 Splitter of the Ethylene Plant.  

Pre-study showed that the towers could process some additional feed coming from the FCC 

but not all. The existing mass transfer components could handle only half of the additional 

stream. Therefore it was decided to retrofit the C3 Splitter with high performance trays. 

Two different scenarios were provided by OMV: Case A and Case B. 

Case A for feed from the existing ethylene plant and FCCU. Case B being similar to Case A, 

with additional 9 t/h of feed from the ethylene plant, and top product purity lower than the one 

of Case A. Case B to cope with a future revamp.  

For the full details of the feed flow rate and compositions and the yields of top and bottom 

products, refer to the following table 3.2.1 and 3.2.2. 

 

Table 3.2.1: Revamp Design Case A 

Component Units Feed-Ethylene Feed-FCCU OVHD  Bottom 

Ethane 

Propylene 

Propane 

Propadiene 

Methylacetylene 

Iso-Butane 

Iso-Butene 

1-Butene  

13 Butadiene 

Nor-Butane 

T2Butene 

C2Butene 

Total 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

0.039 

90.875 

8.987 

0.016 

0.002 

 

 

0.081 

 

 

 

 

100 

0.011 

77.912 

21.384 

0.002 

0.019 

0.33 

0.222 

0.089 

0.002 

0.010 

0.013 

0.006 

100 

0.031 

99.331 

0.638 

 

 

 

 

 

 

 

 

 

100 

 

3.072 

94.505 

0.067 

0.063 

0.964 

0.649 

0.584 

0.005 

0.03 

0.039 

0.019 

100 

Flow Rate  kg/h 23060 16959 34220 5799 

Pressure barg 25.6 19.04 17.0 19.0 

Temperature °C 62 50 43.2 56.8 
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Table 3.2.2: Revamp Design Case B 

Component Units Feed-Ethylene Feed-FCCU OVHD  Bottom 

Ethane 

Propylene 

Propane 

Propadiene 

Methylacetylene 

Iso-Butane 

Iso-Butene 

1-Butene  

13 Butadiene 

Nor-Butane 

T2Butene 

C2Butene 

Total 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

0.039 

90.875 

8.987 

0.016 

0.002 

 

 

0.081 

 

 

 

 

100 

0.011 

77.912 

21.384 

0.002 

0.019 

0.330 

0.222 

0.089 

0.002 

0.010 

0.013 

0.006 

100 

0.033 

98.054 

1.913 

 

 

 

 

 

 

 

 

 

100 

 

3.071 

94.445 

0.091 

0.063 

0.929 

0.626 

0.684 

0.005 

0.029 

0.038 

0.019 

100 

Flow Rate  kg/h 32000 16959 42944 6015 

Pressure barg 25.6 19.04 17.0 19.0 

Temperature °C 62 50 43.3 56.8 

 

The case A was assumed as base to provide OMV with the process guarantees: top stream 

flow rate 34.2 t/h with a propylene purity not less than 99.3%vol; propylene loss in the bottom 

not more than 3%vol; yielding a propylene recovery of 99.45%wt minimum over the total 

content in both the feeds. 

 

3.3) Process Study  

Several process simulations have been performed with PROII from SIMSCI; SRK 

thermodynamic package was selected and modified with in-house interaction parameters in 

particular for the key components i.e. Propylene and Propane. 

The first step of the study was done to identify the most effective combination of number of 

theoretical stages and hydraulic limitation of the tower. 

For a given existing column, only reducing the tray spacing can increase the number of 

theoretical stages, provided that the fractionation trays are properly designed. For a required 

separation target, the reflux decreases by increasing the theoretical stages, until a minimum 
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value is reached. At reduced reflux, the vapor and liquid traffic through the column decreases, 

thus the hydraulic capacity of the tower increases. However, while decreasing the tray spacing 

to achieve more separation stages, the hydraulic capacity of the column decreases 

approximately with the square root of the tray spacing. Therefore, for a given column 

(internal diameter and height), feed flow rate, and separation goals, there is an optimal 

working point, that can be determined from a proper analysis of the number of stages, reflux 

ratio and tray spacing.  

For the OMV C3 Splitter the ideal working point was found at a given reflux ratio, and a 

number of actual trays slightly higher than existing. However, it was decided to maintain the 

existing tray spacing, because the additional required reflux was not so much and within the 

hydraulic limitation of the column, see here after Table 3.3.1. 

 

Table 3.3.1: Hydraulic Performances of Shell HiFi trays 
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The selected option allowed saving a lot of site work activities related to the installation of the 

new trays giving a very cost-effective solution for revamping. 

However, there are several other revamp projects where a higher number of theoretical stages 

were a must, and for those cases a higher number of actual trays were installed in the column. 

Sulzer Chemtech and Shell Global Solution have got a lot of experience, and tailored 

mechanical solutions to implement also such kind of revamps (see Figure 8).    

Identifying the optimum working point for a retrofitting column is not an easy task at all. 

It requires a deep knowledge, not only on handling thermodynamic package, process 

simulation programs, heat transfer at reboilers and condensers, or moving liquid by pumps. In 

many cases the key factors are the fractionation trays and their mass transfer capability; 

combined with mechanical know-how and support assembly techniques needed to implement 

the job with minimum investment cost and short turnaround schedule. 

That’s the reason why a mass transfer components expertise shall be always deeply involved 

or consulted while dealing with such challenging projects. 

 

3.4) Tower Internals Modifications  

As the operating targets become more and more challenging, the existing fractionation trays 

become the bottleneck, and the High Performance Trays (HPT) are more and more needed to 

increase plant’s capacity without compromising efficiency.  

There are several types of High Performance Trays available in the market: Chordal- 

Downcomer, Multi-Downcomer and Ultra-System Limit. There is not a HPT suitable for all 

possible services; each one has got its best fit of application depending on operating duties, 

vapor and liquid loading through the column, geometrical dimensions of the column, 

mechanical/structural constraints of the plant. A deep analysis of such aspects is mandatory to 

select the best-fit HPT that allows achieving challenging targets with minimum investment 

cost.     

Sulzer Chemtech has available one of the largest High Performance Tray portfolios of the 

market, to satisfy the highest requirements of customers for any type of applications and 

duties. It ranges from the proprietary chordal downcomer VGPlusTM, to the multi-downcomer 

Shell HiFi, and to the ultra system limit Shell ConSepTM trays (see Figure 4). 
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3.4.1) Shell HiFi High Performance Trays  

Shell HiFi trays have been selected for the revamp of the OMV C3 Splitter at Schwechat 

Ethylene Plant.  These trays are made up of several downcomers properly located offset to the 

cross section centreline, supported by a central beam and a 360° support ring (Figure 5).  

Downcomer bolting bars are not needed. The downcomer outlet is located at 100 to 200 mm 

above the tray deck, so that the area beneath the downcomer is gained for extra bubbling 

activity and disengagement zone for capacity maximization.   

 

The multi-downcomers are typically equipped with an outlet weir length double or triple that 

of chordal downcomer trays. This lowers the liquid loading per length of weir by a factor of 2 

to 3, and subsequently the crest height over the weir, and the total pressure drop per tray. This 

results in a significant capacity boosting. 

The unique offset downcomers location, with no obstruction between the different 

compartments of the tray, lead to a natural equalization of the vapor, and its uniform 

distribution underneath the bubbling area of each path. The liquid is also self-distributing on 

the tray deck proportionally to the active area of each section, and with a uniform flow path 

length. It results in a very uniform ratio of liquid over vapor at each location of the tray, 

leading to the highest mass transfer efficiency achievable with multi-downcomers trays. 

Shell HiFi is the only hydraulically self-balancing multi-downcomer trays available in the 

market regardless the number of passes i.e. 3, 5, 7, 9, or even higher. 

 

Shell HiFi trays can be fitted with sieve holes, movable or fixed valves.  In combination with 

the Sulzer Chemtech MVGTM valve (Figure 6), HiFi PlusTM trays provide the highest 

performance achievable at operating conditions below the tower‘s System Limit. 

Shell HiFi trays maximize downcomer capacity while maintaining high bubbling area, and 

provide with following features and performances: 

 

1)  The largest downcomer area per given column diameter 

2)  The longest weir length per given column diameter 

3)  No dead zones 

4)  Uniform flow path length 

5)  Hydraulically self balancing flow paths; 

6)  Uniform L/V at each path of a tray 
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7)  The largest capacity at high liquid loading 

8)  The lowest pressure drop per tray at high liquid loading 

9)  Up to 40% higher capacity than conventional trays 

10)  The lowest tower height per theoretical stage (tray spacing as low as 300 mm) 

 

Medium to high-pressure applications are the best fit for such trays. In some cases, where a 

huge number of trays is required, the use of these devices allow for an effective economical 

solution, because they can be installed at very low tray spacing, resulting in minimum tower 

height and reduced cost. The typical applications are: C3 Splitter, C2 Splitter, Xylene isomers 

Splitter, Super-Fractionator in general, Demethanizer and Deethanizer of Ethylene plant.  

 

3.4.2) Shell SchoepentoeterTM feed inlet vane device  

Shell’s Schoepentoeter (Figure 7) vane-type feed inlet device was used at the two reboiler 

return nozzles of tower D-9881 and at the bottom of tower D-9882 for the vapor coming from 

the overhead of D-9881.  This device allows for a good distribution of vaporised feeds while 

avoiding excessive liquid entrainment. It can tolerate a lower clearance to the adjacent 

fractionating trays without loss of tray efficiency. To ensure a good vapor distribution and 

minimum liquid re-entrainment, a given clearance between the Schoepentoeter and the bottom 

liquid level shall be foreseen. Therefore the bottom high-level alarm was re-set accordingly.   

New trough type collector trays were installed at the bottom of each column to discharge the 

liquid from the HiFi boxes to the bottom compartment and further reduce the risk of liquid re-

entrainment.  

For the two liquid feeds, the top and the intermediate reflux, perforated branched pipes 

(‘spiders’) were used; they provide an excellent distribution over the Shell HiFi tray decks. 

 

3.5) Installation activities   

This is a critical path of the whole project; it requires extensive site work, and can have a big 

impact on the profitability of the revamp. The plant shut down time was 28 days, as required 

for a regular turnaround after five years. A detailed bar schedule of the activities at each level 

of the column with manhole access, and coordination of the several crews working in parallel 

in day and night shift was done to minimize the shutdown time. The dismantling of the 250 

existing trays and the installation of the new ones took only 16 days, two days ahead of 

schedule. This was possible because the existing trays were also supported by 360° support 
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ring and only minor modifications to the tower attachments were needed. More over the 

unique Lip-Slot™ panel connection eliminates the need for bolting of adjacent tray panels 

resulting in a 30% time saving compare to the conventional panels’ assembly. Only the last 

panel and the tray man-way are bolted or connected with the Split wedge type of connection 

(Figure 9).   

Existing supports and internal flanges were re-used for the fixation of the new distributors; as 

well as existing tower attachments were re-used for the installation of the new Shell HiFi 

trays. 

All the modifications were implemented without any direct welding to the tower wall, thus 

avoiding post welding heat treatments, a very high time consuming, costly, and risky activity.  

 

 

4) Post revamp results  

The unit is running smoothly since more than four years providing OMV Schwechat with 

very good performances. 

A set of plant data for 2 continuous days of steady operation has been analysed. The plant 

data is the hourly average of total 48 hours, 60 readings per hour, automatically taken from 

the control room. The material balance coming from the flow meters of the plant was showing 

a deviation around 1%, well within the accepted 2% for a reliable test run. Plant data 

reconciliation was done to close the mass balance for a more accurate evaluation of the tower 

performances, see the here after table 4.1.1. 

The Propylene production is much higher than expected: 39.3 t/h versus 34.2 t/h i.e.15% 

higher than guaranteed, with composition slightly better than guaranteed: 99.38%wt versus 

99.33%wt, and a recovery as high as 99.46%wt, in line with the guaranteed 99.45%wt. 
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Table 4.1.1: Test Run Results 

Component Units Feed-Ethylene Feed-FCCU OVHD  Bottom 

Ethane 

Propylene 

Propane 

Propadiene 

Methylacetylene 

Iso-Butane 

Iso-Butene 

1-Butene  

13 Butadiene 

Nor-Butane 

T2Butene 

C2Butene 

Total 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

0.062 

85.531 

14.268 

0.016 

0.002 

0.015 

0.023 

0.083 

 

 

 

 

100 

0.007 

81.663 

17.696 

0.001 

0.019 

0.315 

0.211 

0.092 

0.001 

0.011 

0.013 

0.001 

100 

0.048 

99.386 

0.566 

 

 

 

 

 

 

 

 

 

100 

 

2.830 

94.980 

0.061 

0.057 

0.849 

0.619 

0.536 

0.001 

0.033 

0.033 

0.001 

100 

Flow Rate  kg/h 27964 18837 39325 7476 

Pressure barg 26.7 18 15.8 17.1 

Temperature °C 66.2 50 23.9 51.7 

 

 

 

5) Future Operations  

The OMV‘s Ethylene plant will be revamped in 2005. The available feed to the C3 Splitter 

will be somewhat above the revamp design Case B: 36 t/h versus 32 t/h. Also the stream 

coming from the FCCU will be higher than foreseen in Case B: 19 t/h versus 17 t/h, and with 

a higher Propylene content: 81.7 versus 77.9%wt. The target for the top stream purity is same 

as per Case B: 98%vol Propylene. 

On the basis of the tower performances achieved at the test run operating conditions, 

additional computer simulations were performed to check the achievable propylene 

production and purity. The results of the process study are shown in table 5.1.1 below.  
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Table 5.1.1: Performances at Future Operating Conditions 

Component Units Feed-Ethylene Feed-FCCU OVHD  Bottom 

Ethane 

Propylene 

Propane 

Propadiene 

Methylacetylene 

Iso-Butane 

Iso-Butene 

1-Butene  

13 Butadiene 

Nor-Butane 

T2Butene 

C2Butene 

Total 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

% Wt 

0.039 

90.875 

8.987 

0.016 

0.002 

 

 

0.081 

 

 

 

 

100 

0.007 

81.663 

17.696 

0.001 

0.019 

0.315 

0.211 

0.092 

0.001 

0.011 

0.013 

0.001 

100 

0.031 

98.553 

1.416 

 

 

 

 

 

 

 

 

 

100 

 

3.067 

93.769 

0.093 

0.063 

1.270 

0.821 

0.812 

0.003 

0.044 

0.051 

0.004 

100 

Flow Rate  kg/h 36080 19000 48640 6440 

Pressure barg 26.7 18 15.8 17.1 

Temperature °C 66.2 50 23.9 51.6 

 

The propylene purity and production will be higher than required: 98.5 versus 98.0%vol. The 

study highlighted also the need to relocate the feed from the cracker at a higher elevation of 

the tower; it will be fed at the top of D-9881 as total vapor phase, and will go to the bottom of 

D-9882 via the existing vapor line.  

The trays will be running at higher load factor, however within their maximum useful 

capacity, see here below table 5.1.2. 
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Table 5.1.2: Hydraulic Performances of Shell HiFi trays for future operation 

 
 

6) Conclusions  

1) In many revamping projects, for capacity maximization, the most critical equipments 

are very often the distillation towers and associated mass transfer components. 

2) The Shell HiFi High Performance Trays provide the petrochemical industry with a 

great tool to push the towers up to their ultimate capacity set by vessel diameter. In 

particular for Superfractionator such as C3 Splitters, C2 Splitters, Demethanizers, and 

Deethanizers of Ethylene and Gas plants. 
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3) Determining the optimum working point while retrofitting a distillation tower is not an 

easy task. A combination of process know-how and mass transfer components design 

skill is crucial to successfully achieve challenging targets. 
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Figure 1: Steam Cracker at OMV Schwechat, Austria 
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Figure 2: Steam Cracker at OMV, Schwechat, Distillation Section 

 

 

Figure 3: C3 Splitter, Process Flow Diagram 
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Chordal Downcomer HPT 
 

Sulzer VGPlus 

Multi-Downcomer HPT 
 

Shell HiFi Plus 

Ultra-System Limit HPT 
 

Shell ConSep 
Figure 4: Sulzer Chemtech– Shell most advanced High Performance Trays  

 

 

 Blue Arrow: Liquid Flow 

 

Red Arrow: Vapor Flow 

 

HiFi Plus: 

A Self Balancing Multi Pass Tray 

For the Highest Capacity and Efficiency at 

High Liquid Loading Applications 

 

 

Figure 5: Liquid and Vapor Distribution on HiFi Plus Trays 

 

 
 

Froth collapse due to lateral vapor release 

Figure 6: MVG High Performance Valve 

 7  

 7  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7   8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7   7  

 7  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7   8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7   7  

 7  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7   8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 8  

 7  

 7  

 8  

 8  

 7  

 7  

 7  

 7  

 7  

 7  

 7  

 7  



Sulzer/Shell/OMV Page 19of 20 ERTC Petrochemical 2004 

 

 

 

Figure 7: Shell Schoepentoeter Vane-Type Feed Inlet Device 

 

 
 

Figure 8: Support Assembly for Retrofitting Columns with Higher Number of Trays i.e. 5 for 4 
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Figure 9:  Lip-Slot and Split-Wedge Type Connections 

 

 

 

 


