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Filtration is a vital part of a wide variety of modern industrial processes. It removes 
harmful liquid and solid contaminants, improves product quality and protects 
downstream equipment from damage. Yet it is a discipline that doesn’t always 
receive the attention it deserves. In some cases - no matter how ill-advised such a 
strategy is certain to be - filtration may even get overlooked completely.

Hippocrates of Kos wrote about the value of filtration as far back 
as 400BC - stating that it could make rainwater more potable. 
Since then the science behind filtration has advanced considerably, 
attending to a broad spectrum of different industrial processes.

The core objective of this white paper is to demonstrate why 
installing an appropriately specified filtration system is of such 
great importance when it comes to securing the long term, trouble- 
free operation of modern gas processing systems. Details will 
be given of the issues that could potentially arise if the filtration 
performance within the gas processing system is not properly 
specified and what the likely implications are for the plant  
operations.

A series of different considerations will then be outlined, to 
help in identifying what the specific filtration requirements of a 
particular gas processing plant might be. This will make it much 
easier to define a suitably optimized filtration solution from the 
outset. In addition, certain best practices will be explained and 
advice given in relation to the ongoing upkeep of your filtration 
system; as well as an overview of the professional services  
available to help gas processors optimize filtration specification 
and performance.

WHY IS FILTRATION IMPORTANT?
In basic terms, filters are employed to remove contaminants from 
gas streams at various points within an industrial process. These 
contaminants may be solid particulates or undesirable fluids 
(in liquid aerosol or vapor form). Properly specified filtration 
systems therefore make an essential contribution towards the 
quality of the end product. In addition, it means that items of 
equipment involved in the respective processing stages (many of 
which would be very expensive to replace) can be protected from 
possible sources of damage, extending their working lifespan.

If a filtration system is not well matched to the task, or is  
poorly maintained, then it is likely to lead to all manner of  
costs being accrued. The frequency of filter element change-out 
and maintenance work will be higher than it should have been, 
leading to extended periods of downtime. Operational costs may 
also be higher: a blocked filter can lead to increases in energy 
consumption as the processing system attempts to maintain 
flowrates, or more expensive additives may be required to achieve 
the desired product quality. And if quality of product cannot be 
maintained, poor filtration performance could lead to loss of 
reputation, loss of business and lost profit.

FILTRATION IN GAS PROCESSING
Here are some examples of where solid and liquid filtration  
technology plays a critical role in gas processing activities:

• Removal of water vapor from natural gas streams 

Gas production and petrochemical plants rely on glycol  
dehydration to remove water vapor. Its removal from the gas 
stream helps to combat the corrosion of supply infrastructure 
(valves, pipelines, etc.), as well as acting to prevent line blockages 
(caused by liquid condensates) from taking place. Filtering of 
glycol is needed to ensure that the liquid is maintained to as 
high a quality as possible. This not only ensures that the glycol 
liquid performs its water vapor removal function efficiently, 
but also extends the period before it needs replacing.

• Removal of acid gases from natural gas streams 

In order to maintain pipeline quality, amine treatment is used 
to deal with the presence of hydrogen sulfide (which is a highly 
corrosive compound) and carbon dioxide in natural gas. This 
process is often referred to as ‘sweetening’. As with glycol, 
amine liquid will pick up contaminants during the numerous  
stages of the process – and these need to be filtered out  
accordingly. Even a relatively small quantity of contaminants 
can result in foaming occurrences or degrade the quality of the 
amine liquid: limiting its effectiveness as a sweetening agent 
and allowing damaging levels of hydrogen sulfide and carbon 
dioxide to remain in the system.

• Removal of contaminants from compressor gas inlets 

Potentially harmful contaminants in the form of solid  
particulates or liquid aerosols can impede the efficiency of  
the compressors used in refineries and chemical processing 
plants. Filtration is essential in order to avoid operational 
issues and keep inlet gas contaminant-free.

• Removal of solid and liquid contaminants from point  

of use fuel gas 

Using filtration to protect multiple systems on rotating  
machinery (such as gas turbine blades on power generators or 
pump sets, for instance) from premature wear or mechanical 
failure. Examples include high-efficiency final stage guard  
filters on gas turbine fuel lines to ensure that the inlet gas is 
free of any solid or liquid contaminant.

KNOW YOUR CONTAMINANTS
Too often filtration solutions are specified, selected and  
implemented at the plant design stage, before enough information 
has been garnered on what contaminants are likely to be present 
in the process and in what quantity. This can render the filtration 
system ineffectual – leading to poor product quality, high filtration 
system running costs, higher dosing with expensive chemicals, 
blockages and premature equipment failure: all of which have a 
significant impact on profitability.

A full understanding of the contaminants that are likely to occur 
during a gas processing operation is therefore an essential  
precursor to effective filtration selection. The main points  
to consider include:

• The physical characteristics of the contaminants 

Among the most common contaminants in a gas stream are 
water vapor, sulfur-based compounds, hydrocarbons, oil 
droplets, waxes, caustic acids and sand/silica. All have their 
own distinctive characteristics, and these will determine the 
filtration technology needed to address them. It is important, 
early on, to determine whether you are dealing with a vapor 
or an aerosol. An aerosol can be removed using coalescer/mist 
elimination filtration alone; while liquids in vapor form will 
require additional filtration such as an activated carbon bed  
or dehydration system.

• The size of the contaminants 

The micron rating is generally used to categorize contaminant 
diameters. If the filter specified is too fine there is the risk of 
surface caking of particulate leading to premature blockage of 
the filter media; while if it is too coarse, then contaminating 
particles of a specific size will pass through. The 0.3µm particulate 
size proves to be the most difficult to trap, as its characteristics 
place it at the boundary of capture via diffusion and inertial 
impaction (as well as other methodologies). Therefore, the 
efficiency at 0.3µm is often quoted on filtration system data 
sheets, as it provides a standard benchmark for judging a  
coalescing filter system’s performance.

• The volume of contaminants expected 

It is crucial that the upstream parts per million (ppm) loading  
is known, particularly in the case of liquid loading at the  
inlet to coalescing/separation systems so that the potential 
risks around liquid re-entrainment/drainage capacity can  
be avoided. Where particularly high levels of contamination  
are predicted or known, then some form of pre-filtration/ 
separation mechanism may be needed.

• The chemical composition of the gas medium 

Knowledge of the composition of the gas stream is both  
recommended and desirable when looking to specify a filtration 
solution, particularly with regard to liquid removal systems. 
Concentrations of heavy hydrocarbons in a high-pressure  
gas application can lead to unintended liquid condensation 
occurring across the coalescing system. Prior warning of  
these conditions means counter measures can be put in place.



SPECIFYING A FILTRATION SOLUTION
Having established the nature and volume of the contaminants present in the 
gas stream, it is time to consider what filtration solution should be specified. 
This is a complex procedure, requiring the filtration system vendor’s expert 
analysis of the available information to enable the most suitable filtration 
solution to be sized and selected. This information will encompass – but is 
not limited to – the process composition, contaminant volumes and size  
distribution, required filtration efficiencies, specified range of process  
flowrate (including the potential for turndown conditions), process  
limitations in terms of maximum allowable differential pressure, etc.

Different filtration systems operate under one or more of a number of  
established principles which underpin their respective performance  
characteristics. To further the reader’s understanding, these principles  
are outlined below along with a brief overview of how these fundamentals  
are engineered into Celeros Flow Technology (Celeros FT) filter systems.

PRINCIPLES OF FILTRATION
Correct specification of filtration systems is dependent on the nature and 
size of the particulate in question, and how these particles interact with the 
filtration system/media. These interactions are often referred to as capture 
mechanisms. Figure 1 illustrates the sizes of various particles and aerosols.  
In terms of scale, it should be noted that the average diameter of a liquid  
aerosol droplet in a gas flow is 300 times smaller than the width of a  
human hair, so individual droplets are invisible to the eye.

The mechanisms via which solid and liquid particles make  
contact with and are captured by the microfibers of a typical  
filter medium can be broken down into six primary methods. 
These are described below:

• Direct interception 

This occurs when a droplet/particle collides directly with one 
of the fibers of the filter medium. It generally relates to the 
capture of particles that are 1µm or larger. The ratio of particle 
size to pore size is key to capture by this mechanism as is the 
fluid’s flowrate.

• Inertial impaction 

This takes place when a droplet/particle is unable to negotiate 
a path through the random fibers of the filter media, colliding 
and adhering to a fiber. Particles in the 0.3µm to 1µm range can 
be captured via this mechanism.

• Diffusion (Brownian motion) 

This is where very small particles (<0.3µm diameter) ‘wander’ 
through the media which has the net effect of increasing the 
chance of contact with each other and with fibers of the  
filter medium.

• Gravity 

This has the potential to influence filtration system performance 
in numerous ways. Depending on the system design, larger more 
dense particles can, upon entering a filter housing, experience 
a loss in momentum. This is due to the expansion of the carrier 
fluid from the pipe to the filter housing. Consequently, these 
particles can settle in the sump of the housing, preventing them 
from accumulating on the surface of the filter media and  
potentially affecting media performance.

• Electrostatic deposition 

This is a filtration mechanism whereby oppositely charged 
particles and filter media are attracted to each other. It causes 
the particle to attach and be retained by the filter media.

• Straining 

This occurs where the solid particles are too large to physically 
pass through the pore openings of the filter media. In improperly 
specified filtration systems, caking of the filter media surface 
(which adversely effects filter performance) can result.

FILTRATION SOLUTIONS FOR  
GAS APPLICATIONS
The Celeros FT filtration portfolio incorporates all 
of the above capture mechanisms, with a variety of 
filtration media utilized to address a multitude of 
different industrial processes. Filtration solutions 
are developed with specific applications in mind 
and are often bespoke to meet the challenges of 
customers’ sites. They are categorized as follows:

• Filter separators that remove solids/liquids from 
gas streams. These use a combination of coalescing 
cartridges, vane units and/or cyclones to achieve 
required removal efficiencies.

• Gas/liquid coalescers which present high  
efficiency filter systems for removing entrained 
liquid hydrocarbons, water and other aerosols 
from compressed air and gas streams. These 
filters coalesce fine liquid mist into droplets 
large enough to be drained via gravity from the 
coalescing cartridges.

• Dry gas particulate filters which remove solid 
particulates from gas streams. These filter  
systems utilize replacement filter cartridges/
media covering 1µm upwards (depending on 
customer requirements).

• Liquid particulate filters which address the 
ancillary liquid processes associated with gas 
stream processing (including amine and glycol 
treatments).

• Activated carbon bed filters that are designed  
to meet the treatment requirements for the 
amine and glycol processes associated with  
the sweetening and drying of gas streams.

• Aerosol mist eliminators which may be used as 
stand-alone units or as pre-separators to high- 
efficiency coalescers, removing larger liquid  
droplets down to 10µm in size from gas flows.

FIGURE 1: OVERVIEW OF THE SPECTRUM OF PARTICLE AND AEROSOL SIZES

FIGURE 2: PRIMARY MECHANISMS FOR PARTICLE CAPTURE
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MAINTAINING FILTRATION SYSTEMS
Even when a filtration system has been properly specified, de-
signed, installed and commissioned, there are still many things 
that can impact on its effectiveness and performance. Putting a 
proper maintenance regime in place is just as critical as the correct 
initial specification of the filtration system. Having a ‘fit and 
forget’ attitude can lead to filters being subject to the build-up 
of detritus over time which, if not dealt with, will lead to reduced 
flowrates or blockages. By contrast, an appropriately specified 
filter which receives regular maintenance will provide continued 
operation spanning a period of many years without the risk of 
unplanned downtime occurring.

Another aspect that should not be ignored is that industrial  
processes can (and do) evolve over time. Process flows and 
pressures will vary, the condition of incoming gas will be subject 
to changes and process demands will require plant throughput 
levels to be increased. Any changes to an established process may 
affect the filtration system performance and change its related 
requirements. As a result, the filtration system might need to be 
adapted in order to ensure that investment in upgrades to the 
main process plant are not hampered by a filtration system that  
is no longer fit for purpose. As a valued lifecycle partner, Celeros 
FT is always available to assist customers with any proposed  
process changes, helping to ensure that installed filtration system 
remains fit for purpose and capable of meeting increasing  
process requirements.

THE NEED FOR ACCURATE DATA
It will be clear by now that – like any other modern industrial 
activity – filtration relies on the availability and interpretation  
of accurate data to achieve optimum performance.

Through use of sophisticated techniques such as finite element 
analysis (FEA) and computational fluid dynamics (CFD), it is 
possible to model the flow profile of a gas processing system in 
its entirety. This helps considerably with implementing filtration 
apparatus that closely matches the processing system’s requirements 
during the design stage. Computer modelling also enables  
different configuration and application scenarios to be trialed, 
before arriving at a final specification.

However, it is still not going to be as effective as undertaking true,  
real-world analysis. A computer model will only be as accurate as 
the original data that is put into it. If estimations about ppm levels, 
flowrate or gas composition are incorrect, then the filtration 
solution derived from the model will not be fully optimized.

Until recently, obtaining filtration data in the field – either for 
fault diagnosis or maintenance and quality checks – has been 
problematic. However, pioneering new methods of testing gas 
stream quality are now being developed, which can enable  
comprehensive in-situ analysis while causing only minimal  
processing plant disruption. Indeed, these new test methods 
allow filtration performance to be assessed to a high degree  
of exactitude without the need to temporarily take pipelines  
out of service or shut down certain sections of the plant.

TESTING WITHOUT TEARS
Enabling superior quality filtration implementation and  
helping achieve elevated levels of process system reliability,  
the Gas Filtration Test Skid developed by Celeros FT signifies  
a major technological advance. Attending to both midstream  
and downstream process gas filtration test requirements, this 
cutting-edge unit allows the presence of contaminants (both 
solid and liquid) to be detected in gas flows, and the quantities 
involved to be estimated with greater precision. Appropriate  
actions can then be taken to deal with these contaminants:  
either by implementing a new filtration solution or upgrading  
an existing one.

With support for a 9,000Nm3/hr flowrate, the Gas Filtration Test 
Skid can be used to undertake tests on coalescing efficiency at 
actual gas process conditions (covering pressures of up to 75 bar 
and temperatures reaching 65°C). It has the capability to sample 
solid particulate loadings down to 0.45μm sizes, so that the exact 
particle size distribution within the process can be calculated.  
The fully digital data acquisition employed makes subsequent 
analysis work much easier to execute.

This Gas Filtration Test Skid can help to protect gas turbo  
compressors, gas separation membranes, molecular sieves,  
turbines and NOx burners. It is also configurable for liquid  
testing applications, making it highly suited to deployment in 
both amine-based and glycol-based processing systems. Here 
it allows for online particulate sampling of liquid flows and the 
determining of particulate loads and their size distributions.  
Examining the data acquired will permit the accurate gauging  
of process system capacity and the pinpointing of where there  
are issues in need of attention.

The Gas Filtration Test Skid makes it possible to ascertain  
the nature of any contaminants within already installed  
filtration equipment, and then assess how these contaminants 
might impinge on the efficiency of downstream processes. Its 
proprietary functionality means that retrograde condensation in 
high-pressure gas flows can be flagged (up to 1000ppm sampling 
levels) and then dealt with. By defining the levels of retrograde 

liquid in the process flow, Celeros FT engineers can work with 
the client to create a filtration arrangement which ensures that 
anti-foaming requirements are adequately met without requiring 
excessive monetary outlay.

From the real-world data that this test solution delivers,  
engineering staff can define what filtration solution will be  
most applicable, rather than having to rely on a computer- 
generated approximation. They can also make changes to  
already deployed equipment which will lead to better  
operational efficiencies and boost throughput figures. The  
unit is compatible with a broad range of different filter element 
sizes available through Celeros FT’s long-established Dollinger 
and Plenty brands. The ATEX Zone 1 rating means it can be  
installed into extremely hazardous application settings.

CONCLUSION
The basic principles of filtration are based on sound engineering sense: although the gathering and 
interpretation of data can be seen as an area of expertise that requires specialist support. Celeros Flow 
Technology is well-qualified to act as a lifecycle partner in this regard - always striving to improve  
efficiency and drive down costs on customers’ behalf.

Filtration is not a ‘Cinderella’ technology that can be left out or ignored. It has a critical function in reducing 
contamination in gas processing facilities, which in turn can reduce operational costs and downtime 
while boosting product quality. Producing consistent, good quality product also has the additional  
benefit of improving reputation with end-users - which represents a major competitive advantage.
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