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Abstract:  

Polypropylene is one of the key polymer products that has begun to expand in a variety of 
applications. The reason for this is that polypropylene can effectively replace a number of materials in 
terms of cost and performance. The Propane Dehydrogenation-Polypropylene Complex is an 
integrated complex comprised of a propane dehydrogenation plant (PDH Plant), and a polypropylene 
plant (PP Plant). This petrochemical complex is designed to convert low-cost propane into 
polypropylene, an easily transported plastic used in the manufacturing of a wide range of finished 
products. It produces a wide range of polypropylene products suitable for a wide variety of 
applications and industries. Many industrial waste gasses, especially those from petrochemical 
processes, contain combustible substances enabling their utilization as a promising energy source. In 
this paper, considering the importance of hydrogen production as a modern energy carrier, a real case 
study was performed to find a suitable method to recover and exploit the waste gases produced by the 
hydrogen pressure swing adsorption (PSA) unit using a modified scheme at one of the PDH-PP 
complex sites. The modified scheme aims to minimize the external energy demand. The energy 
savings are estimated for the modification of the PSA unit. A model was developed for estimating the 
waste gas recovery potential, including fuel gas consumption analysis, to establish realistic fuel gas 
savings. Overall, the study has indicated significant energy savings with good financial indicators for 
the proposed recovery scheme. 

Keywords: Polypropylene, Propane Dehydrogenation Plant, Petrochemical Complex, Hydrogen Pressure Swing 
Adsorption Unit, Fuel Gas Consumption, Waste Gas Recovery, Energy Savings. 
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1. Introduction:  

The Propane Dehydrogenation-Polypropylene Complex is an integrated complex comprised of a 
propane dehydrogenation plant (PDH Plant), and a polypropylene plant (PP Plant). Propane 
Dehydrogenation (PDH) is a catalytic dehydrogenation technology to produce propylene and by-
product hydrogen from propane, which enables the production of high-quality polymer-grade 
propylene to service polypropylene production. About 85% of propane's production is converted to 
propylene, [1]. 

 The propane dehydrogenation reaction utilises reaction byproducts, primarily hydrogen, as fuel. 
The economic viability of a project is determined by the difference in price between propane and 
propylene. After an increase in shale gas production in the United States led to a decrease in the global 
price of propane, a number of chemical companies intended to develop PDH factories in order to take 
advantage of the cheap raw material. Different companies have commercialized fixed-bed, fluid-bed, 
and moving-bed reactors, all of which are used for this process, [2, 3]. The reactor design, the catalyst 
used, and the techniques used to obtain better conversion rates are the key areas of distinction between 
each of them. There are currently three main PDH processes in place all around the world: UOP 
Oleflex Technology, CB&I Lummus CATOFIN Technology, and Uhde STAR Technology, [4, 5]. 

 The polypropylene manufacturing process consists mostly of the refinement of raw materials, 
polymerization, after-treatment, and granulation processes. In the presence of a catalyst system, often 
a Ziegler-Natta or metallocene catalyst, propylene gas is polymerized to produce polypropylene. The 
grade of polymer to be manufactured dictates the polymerization conditions (temperature, pressure, 
and reactant concentrations), [6]. There are numerous production methods with general 
commonalities. Either a gas-phase (fluidized bed or stirred reactor) or liquid-phase process (slurry or 
solution). Gas-phase polymerization is cost-effective, versatile, and can handle a wide range of 
catalysts. It is the most prevalent technology in current polypropylene manufacturing facilities. 
Novolen®, Unipol® (gas-phase procedures), Borstar®, and Spheripol® (liquid-phase processes) are 
pertinent technologies. The following figure summarises the Propane Dehydrogenation-Polypropylene 
Complex Flow Diagram, [7]. 
 

 

Figure 1.  PDH-PP Complex block diagram 

 
The characteristics of the 350 kta Propane dehydrogenation (PDH) – polypropylene (PP) 

complex in Egypt was analyzed, and measures for minimizing the external energy demand were 
proposed, such as enhancing the waste gas recovery of units, and decreasing fuel gas consumption. By 
revamping, the external energy demand reduced significantly, the unit bill of fuel gas of the Propane 
dehydrogenation unit decreased by 145,000 USD per year. The petrochemical complex at Port Said, 
North of Egypt, consisting of a Propylene plant and a Polypropylene plant with respective annual 
production capacities of 350,000 tons as well as all appurtenant utilities and off-sites, including an air 
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fractionation and refrigerating unit, and the required storage tanks. Propylene Plant is based on Uhde’s 
STAR Process for Propane dehydrogenation, while Polypropylene Plant is based on Basell’s Spheripol 
Process.   
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1.1 Uhde STAR Technology: 

 STAR stands for Steam Active Reforming, a dehydrogenation technology originally developed 
by Phillips Petroleum (now Conoco Phillips). In December 1999, Uhde acquired the technology from 
Phillips, including the process know-how, patents, and catalyst. In 2006, Uhde commercialised the 
process for propylene production at Propylene & Poly-propylene Company in Port Said, Egypt, [3]. 

Before being injected into a reformer-type dehydrogenation reactor, propane feed is heated with 
reactor effluent and a fired preheater, along with recycle propane and steam diluents. Condensate 
injection cools the reformer's intermediate product. Steam is also injected into the second reactor to 
adjust the inlet temperature and the steam-to-hydrocarbon ratio (oxy-reactor). The injected oxygen 
selectively converts the hydrogen (selective hydrogen combustion), which not only shifts the 
thermodynamic equilibrium of the dehydrogenation reaction to a higher equilibrium condition but also 
provides the necessary heat for further dehydrogenation. By exchanging heat for feed preheating, 
producing steam in the effluent boiler, and supplying heat to the downstream separation section, hot 
process gas is cooled. The same catalyst is employed. Because the process uses steam, the absolute 
pressure of the reactor section is higher than in other technologies while the partial pressure of 
hydrocarbons remains low (and thus high conversion), [8, 9]. 

The product mixture, which contained a small amount of paraffins, olefins, hydrogen, water, 
and CO2, was compressed for processing to pressures of 30-35 bar and sent to the separation section. 
Compressors, PSA, cryogenic units, and fractionators are all found in this section. The compressed gas 
is supplied through an absorption column, where CO2 is removed by washing the bottoms with an 
aqueous methyldiethanolamine (MDEA) solution, then it is sent to the product recovery section. This 
section has a low-temperature separation unit (Cold box) whose purpose is to remove hydrogen and 
light byproducts of the reaction step from the primary product. 

A pressure-swing adsorption (PSA) unit is subsequently connected to the hydrogen-rich stream 
which is then purified to provide a high purity hydrogen byproduct. The liquid stream generated by the 
low-temperature separation is supplied to product recovery and distillation facilities. The distillation 
facilities consist of a de-ethanizer and a propylene-propane splitter from which polymer-grade (PG) 
propylene is obtained. Propane from the P-P splitter bottoms that has not reacted is returned to the 
reaction area, as shown in figure 2, [10].  

 

Figure 2.  Process Flow diagram of Uhde STAR Technology  
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1.2 Hydrogen Production, Recovery & Use: 

Propane dehydrogenation is a straightforward process that converts one feedstock (propane) into 
one principal product (propylene), with the option to use the byproduct (hydrogen) for fuel or export it 
for other purposes. A PDH unit can be easily integrated at a propane source or downstream 
polypropylene production plant. The growth of propane dehydrogenation (PDH) plants provides 
refineries with a new source of hydrogen. Despite the fact that PDH plants are designed to create 
propylene, they nonetheless generate hydrogen gas as a byproduct, [4]. 

 Recovery of hydrogen from refinery off gas for reuse as a higher-value product and recovery of 
olefins from polyolefin plant vent gas are prospects for greater productivity, energy savings, and waste 
reduction. PSA is an energy-efficient and cost-effective technique for recovering these components in 
a single unit operation. In general, PSA systems are dependable and have a high rate of recovery. The 
recovery of hydrogen from refinery and petrochemical fuel gas can assist refineries in meeting the 
rising demand for hydrogen.  

The fundamental configuration for hydrogen recovery from refinery gases is a two-stage partial 
condensation process followed by pressure swing adsorption for postpurification. Compressing and 
pretreating the crude refinery gas stream before freezing to an intermediate temperature (between -60 
and -120 degrees Fahrenheit) are the primary phases in this process. The hydrogen-rich gas is then 
transported to the pressure swing adsorption unit for additional purification; the tail gas from this unit 
is compressed and returned to fuel alongside the methane-rich gas, [11, 12]. 

Hydrogen has a significant role in the polypropylene process. Hydrogen is widely used for the 
molecular weight control of all polyolefins prepared with Ti-based Ziegler–Natta catalysts. It is 
generally assumed that the Ti―C bond in a growing polymer chain undergoes the hydrogenolysis 
reaction in the presence of molecular hydrogen with the formation of the Ti―H bond and the 
separation of a polymer chain from the active center: 

Ti-CH2―CH(CH3)-Polymer +H2 →Ti-H + (CH3)2CH-Polymer 

In propylene polymerization processes catalyzed by Ziegler–Natta catalysts, hydrogen has two 
nontrivial effects. First, hydrogen strongly activates MgCl2-supported Ziegler–Natta catalysts in 
propylene polymerization processes, both in terms of total polymer yields and initial reaction rates. 
The impact is reversible; the removal of hydrogen decreases the polymerization rate, while its 
reinstatement reactivates the catalysts. In propylene polymerization processes with certain Ti-based 
Ziegler–Natta catalysts, hydrogen demonstrates the second unique effect. The effect is caused by the 
correlation between the hydrogen content and the molecular weight of polypropylene. Hydrogen is a 
highly efficient chain-transfer agent in the polymerization of all olefins with Ziegler–Natta and 
metallocene catalysts. The amount of hydrogen required to reduce the molecular weight of 
polypropylene to a commercially useful level is relatively small, and the molecular weight decrease 
correlates with the hydrogen concentration (CH) or its partial pressure (PH), according to an equation 
applicable to all olefin polymerization reactions, [13, 14].  

2. Process Description 
2.1 Pressure Swing Adsorption (PSA) unit 

Pressure swing adsorption (PSA) process is well-known for hydrogen (H2) purification of 
steam reforming or gasification-generated syngas and refinery Off-gases. The primary use of PSA in a 
refinery is the extraction and purification of H2 from gas streams. The hydrogen product can be 
obtained with purity levels as high as 99.99% and recovery rates as high as 92%. Extraction, 
distillation, and adsorption are a few of the commercially available techniques for gas separation. 
Adsorption processes, specifically pressure swing adsorption (PSA), are the most essential gas 
separation techniques. Utilized in industrial plants, pressure swing adsorption is a practical, low-cost, 
and energy-efficient technology for gas separation. Therefore, there is a growing interest in adopting 
this method to purify various gases, such as hydrogen, [15, 16].   
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PSA technology relies on the physical binding of gas molecules to adsorbent material. The 
force between gas molecules and adsorbent material depends on the gas component, type of adsorbent 
material, partial pressure of the gas component, and operating temperature. Different binding pressures 
to the adsorbent material are responsible for the separation effect. Unlike molecules such as nitrogen, 
carbon monoxide, carbon dioxide, hydrocarbon derivatives, and water vapor, highly volatile 
components with low polarity, such as hydrogen, are virtually incapable of adsorption. Thus, these 
contaminants can be adsorbed from a hydrogen-containing stream, and ultra-pure hydrogen can be 
recovered, [17].  

The PSA process works at constant temperature and uses the effect of alternating pressure and partial 
pressure to perform adsorption and desorption. Adsorption of impurities is carried out at high pressure 
to increase the partial pressure and, therefore, the loading of the impurities on the adsorbent material. 
Desorption or regeneration takes place at low pressure to reduce the residual loading of the impurities, 
as much as possible, to achieve a high-purity product and high differential loading between adsorption 
and desorption, thereby providing high recovery. Because heating or cooling is not required, cycle 
time can be short. 

Beds of solid adsorbent are utilised by pressure swing adsorption units to filter contaminants 
from hydrogen streams, producing high-purity, high-pressure hydrogen and a low-pressure tail gas 
stream containing the pollutants and some hydrogen. The beds are subsequently regenerated through 
depressurization and purging. Up to 20% of the hydrogen may be lost in the tail gas, [18]. 

The pressure swing adsorption method is a cyclic process that utilises beds of solid adsorbent to 
remove contaminants from the gas and often produces pure hydrogen (99.9% v/v purity against 97% 
v/v purity). Only a small amount of the clean hydrogen gets absorbed by the adsorbent beds, and the 
beds are cleaned by lowering the pressure and then purging at low pressure.  When the beds are 
depressurized, a waste gas (or tail gas) stream including impurities from the feed (carbon monoxide, 
carbon dioxide, methane, and nitrogen) and a small amount of hydrogen is created, as shown in figure 
3. This stream is burned as fuel in the reformer, [18, 19]. 

 

 
Figure 3. A simplified schematic of an H2 PSA system 
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2.2 Pressure swing adsorption (PSA) unit’s main process steps: 

In the H2-PSA Unit, hydrogen is separated from the process gas through the high-pressure 
adsorption of contaminants from a hydrogen-rich feed gas onto a fixed bed of adsorbents. 
Subsequently, the contaminants are desorbed at low pressure into an off-gas stream. A PSA Unit 
operates on the idea that the adsorbent collects and retains pollutants under greater pressure and 
releases them under lower pressure; hence the term "Pressure Swing Adsorption". 

The pressure vessels housing the adsorbent, also known as "adsorbers" or "beds," are alternately 
linked to the feed line, which has the highest pressure in the cycle, and the off-gas line, which has the 
lowest pressure. Under the high pressure of the feed, the adsorbent draws the impurities, resulting in a 
high purity hydrogen product steam exiting the adsorber: this is the "adsorption stage," and the 
hydrogen product stream is essentially at the same pressure level as the feed. The cycles are staggered 
to ensure a continual flow of product and purge gas. 

Afterwards, the adsorbent is regenerated by lowering the adsorber to the lowest pressure level in the 
cycle: thanks to the "swing" in pressure, the adsorbent releases the impurities, which are disposed of as 
"off-gas," also known as "waste gas" or "tail gas". The tail gas pressure has a considerable effect on 
the unit's performance, [17, 18]. The five steps involved in pressure swing adsorption are as follows, 
as shown in figure 4: 

• Adsorption: Impurities are selectively absorbed by passing feed gas concurrently through 
a bed of clean adsorbents. High-pressure pure hydrogen product exits the bed. 

• Pressure Equalization / Co-Current Depressurization: The bed must be regenerated since it 
is saturated with contaminants upon adsorption. Co-current depressurization feeds 
hydrogen into re-pressurizing beds in order to recover hydrogen trapped in void spaces. 

• Regeneration / Counter-Current Depressurization: Final depressurization occurs counter-
current, allowing contaminants to be blown into the off-gas stream. The adsorber is 
depressed to its minimum operating pressure. A portion of the adsorbent is regenerated, 
and certain contaminants are rejected. 

• Purge: During co-current depressurization, the bed is cleaned at low pressure using a 
hydrogen-rich stream received from another adsorber. In the off-gas stream, contaminants 
are eliminated. Hydrogen is used to purge the contaminants and regenerate the adsorbent. 

• Counter-Current Re-pressurization: To prepare the bed for adsorption, it is re-pressurized 
with hydrogen-rich gas and pure hydrogen product from a depressurizing adsorber. 

Electric heaters are used to preheat the process gas flow to the H2-PSA Unit. The hydrogen is then 
compressed to the desired pressure by the H2-Compressor and sent to either the PP plant or the H2 
Storage Drums. 

 
Figure 4. The H2 PSA system stages  
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3. Case study: 

The focus of the research has been to find a method to recover PSA unit’s waste gases. A 
modification for the pressure swing adsorption unit at a propane dehydrogenation (PDH)-
polypropylene (PP) complex was proposed in order to exploit the extra waste produced hydrogen gas 
out of it and overcome the overdesign of the unit. This waste of hydrogen gases occurs because the PP 
plant uses less hydrogen than anticipated because the PDH plant is not producing as much propylene 
as it was supposed to. It was found that the hydrogen produced by the pressure swing adsorption unit 
is greater than the hydrogen consumed by the PP plant, resulting in the extra hydrogen gas being 
wasted by sending it to a safe location via an air vent. By using the waste gas, the plant will use less 
external natural gas to fire its heaters, which will save money. 

As a result, the modification included changes to the process flow diagram to save this amount of 
waste hydrogen gas by using it as fuel gas for the PDH plant's fired heaters and reformers rather than 
venting it to a safe location. This action will reduce the bill for the purchased natural gas used to fuel 
the heaters and reformers at the propane dehydrogenation plant. Calculations of the amount of gas 
saved and cost savings achieved by implementing this modification were performed to determine how 
much money the complex will save as a result of this modification. 

 
3.1 The Rich Hydrogen Gas Stream Production: 
 

Figure 5. PDH plant block diagram 

A part stream of process gas with a high content of lights come from the dehydrogenation reaction in 
the PDH plant is taken downstream the Dried Gas Chillers and fed to the H2 PSA Unit, as shown in 
figure 5. 
 
PSA unit components: 
The PSA unit consists of 

• H2 PSA Feed Heater  
• H2 4-bed PSA Unit  
• H2 Compressor  
• H2 Storage Drums  
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The process gas feed to the H2-PSA Unit is preheated using an electric heater. Before entering 
the H2 PSA Unit, the gas is heated up by H2 PSA Feed Heater from -20 °C to +15 °C to be far from 
the dew point of propylene in the process gas. The hydrogen is separated from the hydrogen-rich 
stream by the H2 PSA Unit using pressure swing absorption (PSA).  

The hydrogen product is then pressurized by H2 compressor to the required storage pressure. The four 
H2 storage drums provide the necessary storage capacity based on the average hydrogen consumption 
of the downstream polypropylene plant. At start-up, the storage drums will be filled one after the 
other. When all four drums are in operation, they are connected to one line acting as one storage 
volume. 

The purge off-gas: The generated off-gas from the H2 PSA Unit, which is still containing a 
considerable amount of valuable hydrogen and hydrocarbons, is sent to the Process Condensate KO 
Drum of the PDH plant. 

The high purity waste hydrogen gas: To keep the H2 PSA Unit continuously running, the pure 
hydrogen is sent either to the PP plant, respectively, the H2 storage drums, or to the atmosphere vent 
stream which is sent to a safe location and lost. Therefore, the pressure is controlled in the line to 
atmosphere vent stream of the H2 PSA Unit. 

In normal operation, the H2 PSA Feed Heater, the H2 PSA Unit, and one H2 Compressor run, feeding 
the PP plant and sending excess hydrogen production to the H2 Storage Drums until pressure reaches 
the maximum storage pressure, at which point the H2 Compressor shuts down. At this point the 
surplus production of hydrogen is send to atmosphere vent at a safe location controlled by PIC in the 
line to the surplus hydrogen-gas stream of the H2 PSA Unit, as shown in figure 6. 
 

 
Figure 6. PSA Process Flow Diagram 

The H2 PSA Unit is running on time-based cycles. We should avoid shutting down the unit because 
restarting it and producing high purity hydrogen will take a long time. 

The H2 Storage Drums are in operation all the time, serving as buffer volume when the 
H2 Compressor is off. The compressed hydrogen's pressure is reduced by PIC to the required pressure 
for use in the PP plant. Low pressure will signal the need to restart the compressor in order to fill the 
drums again. 
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The pressure swing adsorption unit produces and stores hydrogen to be used in the PP plant 
for controlling the rheology of the polymer, as shown in figure 7. Hydrogen is required for control of 
the melt flow index of the polymer produced. Hydrogen is also an activator for the catalyst. In the 
event that hydrogen is lost, the reaction must be stopped immediately to minimize the production of 
low melt flow material. Hydrogen make-up varies according to the operating conditions, i.e. 
concentration, propylene flow rates, catalyst mileage, etc. Since hydrogen is a significant activator for 
the high-mileage catalyst (hydrogen reactivates the active centers of catalyst), loss of hydrogen results 
in loss of reaction in the loops. 
 
 

 
Figure 7. Polypropylene Spheripol Process Plant Scheme 

3.2  Process operating parameters: 

The hydrogen purification plant was developed to perform the following task: 
To generate a product gas with a hydrogen content of 99.9 mol% derived from the light process gas 
(crude hydrogen gas), as shown in figure 8, The design specifications of the plant as well as its pre-
adjusted characteristic values conform to the following specifications. 

 

 
Figure 8. PSA unit input feed & output product  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 12, December - 2022 335



3.2.1 Input of crude hydrogen rich gas: 

Table 1. PSA unit Feed Properties 

Flow: Actual 350 Nm3/h 
max. 580 Nm3/h 

Pressure: 31.5 kg/cm2 (a) 
Temperature: approx. 15°C 
Composition:  

H2 
Min. 70.00 mol-%  

Actual 80.00 mol-% 
CO max. 0.700 mol-% 
CO2 max. 0.500 mol-% 
CH4 max. 10.00 mol-% 
C2H4 max. 0.500 mol-% 
C2H6 max. 2.000 mol-% 
C3H6 max. 7.000 mol-% 
C3H8 max. 7.000 mol-% 

i-Butene max. 0.050 mol-% 
N2 max. 5.000 mol-% 

 

3.2.2 Output of product gas: 

Table 2. PSA unit Product Properties 

Flow: 320 Nm3/h 
Pressure: 30.5 kg/cm2 (a) 

Temperature: approx. 15°C 
Hydrogen Purity min. 99.7 Vol-% 

Impurities:  
CO max. 0.5 ppm v 
H2O max. 2.0 mg/Nm3 
CO2 max. 5.0 ppm v 
O2 max. 5.0 ppm v 

Total Sulphur max. 1.0 ppm wt 
Acetylene max. 10  ppm v 

 

4. Results and discussion: 
4.1 Proposed procedure calculations: 

PSA unit Annual Production: The design of the overall complex is based on an on-stream time of 8000 
hours per year to produce the designated capacity. 

• The annual hydrogen production of the PSA unit, according to table 2, equals 

320 Nm3/h * 8,000 h/year = 2,560,000 Nm3/year 

The density of hydrogen gas is 0.089 kg/m3 at 1 bar(a) & 0°C 

• The annual production of pure hydrogen = 2,560,000 Nm3/year *0.089 kg/m3  
= 227,840 kg of pure hydrogen / year  
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Annual amount of wasted high purity hydrogen gas: According to the reaction 
requirement, the actual use of the polypropylene (PP) plant from hydrogen is only about 5 kg/h, so the 
polypropylene (PP) plant's annual consumption of pure hydrogen equals 

= 5 kg/h * 8,000 h/year 
= 40,000 kg/year 

• The annual surplus production of high purity hydrogen equal  

= 227,840 kg/year – 40,000 kg/year= 187,840 kg 

= 187,840 kg * 2.2 lb./kg = 413,248 lb.  

This amount is lost by venting it to the atmosphere instead of using it as fuel gas. 

4.2 Calculation of the wasted heating value: 

Table 3. Specific Heat of Various Fuel Gases

 

 

The hydrogen (H2) specific heat according to the previous table 3 is 61,100 BTU/lb. 
The heating value of the annual extra hydrogen production equals 

= 413,248 lb. * 61,100 BTU/lb. = 25,249 MMBtu 

4.3 Cost reduction achieved: 

The modification is to send this extra amount of hydrogen production to the fuel gas header of 
the complex to be used in the firing of boilers, heaters, and reformers in the PDH-PP complex.  
This modification was made by connecting the PSA unit's ventilation line to the complex's fuel gas 
header via a 2-inch line. The calculated restored heat capacity is 25,249 MMBtu per year. This 
modification will reduce per contra the complex external fuel gas demand. 

The price of the Egyptian natural gas sold to petrochemical companies is 5.75 USD/MMBtu. 

The savings from this modification equal 25,249 MMBtu/year * 5.75 USD/MMBtu  

= 145,000 USD/year 
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5. Conclusion: 
 

Our proposal was carried out at one of the biggest propane dehydrogenation (PDH)-
polypropylene (PP) complex companies in the Middle East, particularly in the pressure swing 
adsorption unit section in which hydrogen is purified. 
The pressure swing adsorption unit produces and stores hydrogen to be used in the PP plant for 
controlling the rheology of the polymer. Hydrogen is required for control of the melt flow index of the 
polymer produced. Hydrogen is also an activator for the catalyst. A part stream of process gas with a 
high content of lights come from the propane dehydrogenation reaction in the PDH plant is taken 
downstream the Dried Gas Chillers before being fed to the H2 PSA Unit. 

 
The production capacity of the hydrogen pressure swing adsorption unit is greater than the 

polypropylene plant’s consumption of hydrogen. This difference is due to the overdesigned hydrogen 
pressure swing adsorption unit and the polypropylene plant's low actual production. In normal 
operation, the H2 PSA Feed Heater, the H2 4-bed PSA Unit, and one H2 compressor run, feeding the 
PP plant and sending excess hydrogen production to the H2 Storage Drums until pressure reaches the 
maximum storage pressure, at which point the H2 compressor is turned off.  

 
At this point, the surplus production of hydrogen is lost by sending it to an atmosphere vent at 

a safe location controlled by PIC in the line to the surplus hydrogen-gas stream of the H2 PSA Unit. 
After making analysis to the PDH-PP complex to exploit and save this high purity hydrogen surplus 
production, it was determined that the more appropriate solution is to use this stream’s heating value 
by sending it to the fuel gas header of the complex to reduce per contra the complex’s fuel gas bill. 

 
The annual surplus production of high purity hydrogen is 413,248 lb. The hydrogen (H2) 

specific heat is 61,100 BTU/lb., so the heating value of the annual extra hydrogen production is 25,249 
MMBtu. The modification is to use the hydrogen surplus production as fuel gas to reduce the 
purchased fuel gas consumption by connecting the vent stream to the fuel gas header through a 2-inch 
line. The PDH-PP complex purchases the fuel gas for 5.75 USD/MMBtu, So the cost reduction 
achieved by the modification equals 145,000 USD per year for the complex. 
 
  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 12, December - 2022 338



References 

[1] Dr. A M Saravanan, Khalid Ali Sulaiman, “A Study on the Process Plant Design for the Production 
of Polypropylene Plant”, International Journal of Emerging Technology and Advanced Engineering, 
Volume 4, Issue 8, August 2014. 

[2] Amir Razmi, “Propylene Production by Propane Dehydrogenation (PDH)”, slideshare, 2019. 

[3] Hisham A. Maddah, “A Comparative Study between Propane Dehydrogenation (PDH) 
Technologies and Plants in Saudi Arabia”, American Scientific Research Journal for Engineering, 
Technology, and Sciences (ASRJETS), 2018. 

[4] Zeeshan Nawaz, “Light alkane dehydrogenation to light olefin technologies: A comprehensive 
review”, Reviews in Chemical Engineering, 2015. 

[5] Michael Marsh, Jeffrey Wery, “On-purpose propylene production”, Honeywell UOP, 2019. 

[6] G. Margaret Wells, “Handbook of Petrochemicals and Processes”, Routledge, 1991 

[7] James G. Speight, “Handbook of Petrochemical Processes”, CRC Press, June 2019. 

[8] Intratec, “Propylene Production from Propane - Cost Analysis - Propylene E33A”, Intratec 
Solutions, 2016. 

[9] Robert A. Meyers, “Handbook of Petrochemicals Production Processes”, McGraw-Hill Education, 
2005. 

[10] Robert A Meyers, “Handbook of petroleum refining processes”, McGraw-Hill Education, 2004. 

[11] Hideki SATO, Hiroyuki OGAWA, ‘Review on Development of Polypropylene Manufacturing 
Process”, Technical magazine SUMITOMO CHEMICAL, 2009. 

[12] YV Kissin, LA Rishina, EI Vizen, “Hydrogen effects in propylene polymerization reactions with 
titanium-based Ziegler–Natta catalysts. II. Mechanism of the chain-transfer reaction”, Journal of 
Polymer Science, April 2002. 

[13] James G. Speight, “Heavy Oil Recovery and Upgrading”, Gulf Professional Publishing, 2019. 

[14] Robert Bruce Hey, “Performance Management for the Oil, Gas, and Process Industries”, Gulf 
Professional Publishing, 2017. 

[15] Nan Zhang, “Handbook of Process Integration (PI)” Woodhead Publishing, 2013. 

[16] Rafael Luque, J.G. Speight, “Gasification for Synthetic Fuel Production”, Woodhead Publishing, 
2015. 

[17] Tobias Keller, “PSA Technology: Beyond Hydrogen Purification”, Linde Engineering & Goutam 
Shahani, 2016. 

[18] Chun Deng, Xiao Feng, “Hydrogen Supply Chains”, Academic Press, 2018. 

[19] S. Peramanu, B.G. Cox, B.B. Pruden, “Economics of hydrogen recovery processes for the 
purification of hydroprocessor purge and off-gases”, International Journal of Hydrogen Energy (1999). 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 24, Issue 12, December - 2022 339

https://www.slideshare.net/AmirRazmi?utm_campaign=profiletracking&utm_medium=sssite&utm_source=ssslideview
https://www.researchgate.net/profile/Zeeshan-Nawaz-3
https://www.routledge.com/search?author=G.%20Margaret%20Wells
https://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22James+G.+Speight%22
https://www.google.com.eg/search?tbo=p&tbm=bks&q=inauthor:%22Intratec%22&source=gbs_metadata_r&cad=6
javascript://
https://www.pdfdrive.com/search?q=Robert+A+Meyers
https://www.sciencedirect.com/book/9780128130254/heavy-oil-recovery-and-upgrading
https://www.sciencedirect.com/book/9780128104460/performance-management-for-the-oil-gas-and-process-industries
https://www.sciencedirect.com/book/9780857095930/handbook-of-process-integration-pi
https://www.sciencedirect.com/book/9780857098023/gasification-for-synthetic-fuel-production
https://www.sciencedirect.com/book/9780128111970/hydrogen-supply-chains

	2.2  Pressure swing adsorption (PSA) unit’s main process steps:
	3.1 The Rich Hydrogen Gas Stream Production:

	3.2  Process operating parameters:



