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D ecarbonisation is the key to countering climate change 
and reducing greenhouse gas emissions, most notably 
methane and carbon dioxide. Many participants in the 
energy and resources industry have publicly declared 

their intention to become carbon neutral by 2050. If the world 
is to come anywhere near to meeting its climate change goals, 
the energy industry across the supply chain will have to play a 
big part.

In the midstream sector, infrastructure operators are 
increasingly focusing on reducing emissions from their activities 
and assets. One of the challenges that lies ahead is to abate 
methane emissions from natural gas compression stations. 

Results of ordinary processes, such as venting during 
maintenance activities, and combustion processes, such as 
burning fuel gas in gas turbines or gas engines, were historically 
submitted to strict greenhouse gas emission regulations. 
Meanwhile, fugitive emissions from centrifugal compressors 

have broadly been accepted as a normal part of pipeline 
operation. However, this fact is changing as oil and gas 
companies seek to reduce their carbon footprint and ensure 
compliance with future regulations.

The main fugitive emissions source attributed to the 
centrifugal compressor are the leakages from the primary vents 
(see Figure 1). On this machine, seals installed around the rotating 
shaft are used to prevent process gas from escaping. Most 
compressors in operations feature ‘tandem’ dry gas seals which 
are widely used for natural gas application. Two face seals – 
primary and secondary – are installed at the compressor end 
caps. During compressor operation, the primary seal absorbs the 
differential pressure. The secondary seal serves as a backup in 
the event of primary seal failure.

Though these systems are highly effective, small volumes 
of methane can leak across the primary seal and vent to the 
atmosphere. The rate of leakage depends on several 
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variables, including the size of the seal and operating pressure. 
Typically, primary leakage can be in the range of 3 ÷ 8 Sm3/h for 
each tandem seal.

Oil and gas companies are currently looking for commercial 
technologies that can help to reduce or capture fugitive 
emissions from the centrifugal compressor. Italian energy 
infrastructure operator Snam S.p.a. has several natural gas 
compression stations (which include compression and storage 
stations) installed across the country. The company has always 
been widely sensitive to reducing greenhouse gas emissions 
from its plants. Snam and CST conducted a feasibility study of 
recovery systems for reducing natural gas leakages from 
compression stations, which will be presented in this article.

The result of this study will determine the most 
advantageous recovery system among those analysed. The next 
goal will be to produce and install the prototype of this system 
inside a ‘pilot’ station. The pilot installation will be in preparation 
for the extension of such recovery systems to the entire fleet of 
Snam compression and storage stations.

Recovery system
The following study involves the analysis of different technical 
solutions applied to a pilot compression station. Three different 
kinds of potential solution were investigated:

 n Recompression recovery system.
 n Catalytic combustion recovery system.
 n Cogeneration recovery system.

Each kind of recovery system was analysed across the 
design point of view, production, installation in field, 

maintainability and environmental impact (gas emissions into 
the atmosphere) in order to assess the impact on OPEX, 
CAPEX and potential economic benefits. The recovery systems 
were compared to each other to find the best compromise.

The system design was carried out considering 
the conditions of natural gas leaks outlined in Table 
1.

Recompression recovery system 
The recompression system collects the gas emitted 
by the seals of the centrifugal compressor in a 
storage tank, compresses it using a reciprocating 
compressor driven by an electric motor, and 
re-introduces it into the common intake manifold 
of the centrifugal compressors. Therefore, in 
addition to the recovery of the gas, the abatement 
of emissions into the atmosphere is another 
benefit.

The compressor works in start-stop logic and 
maintains the pressure in the storage tank within 
predetermined values to ensure the proper 
functioning of the seals of the centrifugal 
compressor and of the respective pressure 
regulation valve. For this use, a special ‘zero leakage’ 
compressor was selected, which is suitable for the 
purpose of recovering natural gas leaks. Another 
important feature is that it is ‘oil free’ and therefore 
the treated gas is not contaminated by lubricating 
oil.

The size of the compression recovery system 
(compressor and storage tank) was carried out considering the 
envelope of the gas flow rates emitted by the seals of all the 
stations in the fleet. In this way, with a single system, it is possible 
to re-compress the entire flow of natural gas whatever the 
number of compressors of the station considered, thus making 
the system extremely flexible.

Figure 2 (top) shows the typical layout of the recompression 
recovery system with the relative overall dimensions of the 
system and a hypothetical installation in the plant.

Catalytic combustion recovery system
The catalytic combustion recovery system collects the gas 
emitted by the seals of the centrifugal compressor in a storage 
tank and burns it through radiant panels. The heat generated by 
the panels is recovered by heating the water of the compression 
station circuit by radiation using special coil bundle exchangers. 
The water heated in this way is used to heat the turbine feed 
gas. This has the benefit of reducing the consumption of natural 
gas burned in the boiler for water re-heating.

The combustion system includes a gas storage tank and a 
group of panels capable of burning the quantity of natural gas 
coming from the vents. The system is modular, meaning that it 
provides for both the possibility of varying the flow rate of 
natural gas consumed by each panel, and the switching on of the 
panels as needed, keeping the pressure in the tank within the 
predetermined values.

The operating principle of the system is based on catalytic 
combustion (in the absence of flame) which compared to a 
‘standard’ one (with flame) has a lower environmental impact 
since the product of the combustion reaction generates CO2 

Table 1. Conditions of natural gas leakage
Natural gas flow rate 8 Sm3/h

Pressure 0.2 ÷ 0.3 barG

Temperature ≈35˚C

Figure 1. Tandem dry seal for centrifugal compressor.
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and water vapour. This avoids the emission of CO, NOX and 
unburned hydrocarbons (HC) into the atmosphere, typical 
products of combustion in the presence of flame.

With a view to making this solution economically 
competitive, the decision was made to install a common 
recovery system with two centrifugal compressors. Figure 2 
(middle) shows the typical layout of the catalytic combustion 
system with the relative overall dimensions of the system and a 
hypothetical installation in the plant.

Cogeneration recovery system
The cogeneration recovery system collects the gas emitted 
from the seals of the centrifugal compressor in a storage tank 
and uses it as fuel in a gas engine, generating electricity (≈ 30% 
of the thermal power deriving from the combustion of natural 
gas) and recovering the heat (≈ 60% of the thermal power) by 
heating the water present in its circuit. The heated water can 
be used, as in the case of the catalytic combustion recovery 
system, for heating other utilities such as the water used for 
heating the turbine’s feed gas. This allows the consumption of 
natural gas in the boiler to be reduced.

The power generated can be fed back into the grid and 
reused within the compression station. The power fed into the 
grid is not easy to manage and therefore it is not always 
monetisable. This fact reduces the potential 
advantage of this type of system.

The cogeneration recovery system includes 
a storage tank and a cogeneration group for 
each compression unit. In fact, large variations 
in the flow rate of natural gas entering the 
cogenerator result in a decrease in efficiency, 
meaning that it is not recommended to 
connect the recovery system to more than 
one compression unit, subject to alternating 
operating period.

The control system modulates the power 
of the cogenerator in order to maintain the 
pressure in the tank within the preset values. 

The costs related to the maintenance of 
this system are more onerous than the other 
two systems and also result in the production 
and emission of NOX and CO into the 
atmosphere.

Figure 2 (bottom) shows the typical layout 
of the cogeneration recovery system with the 
relative overall dimensions of the system and a 
hypothetical installation in the plant.

Conclusion
Assuming that the recovery systems were 
installed in a compression station located in 
Italy which has three centrifugal compressors in 
simultaneous operation for a total of 
approximately 15 000 hr/yr of operation, and 
on the basis of the considerations made up to 
here, one can conclude that the recompression 
solution is the most advantageous. 

The recompression solution, unlike the 
other two solutions, allows the recovery of the 
entire flow of gas from the three centrifugal 

compressors with a single recovery system. As a result, the 
costs of supply, installation and commissioning that make up 
the CAPEX are approximately halved.

From the point of view of OPEX costs, on the other hand, 
the catalytic combustion recovery system is the most 
economical solution, as the cost of spare parts is negligible 
and the maintenance of this type of system is almost 
non-existent since it is a static type of equipment whose only 
burden is to burn natural gas. Furthermore, the maintenance 
activities can be carried out by the compression station staff.

The recompression and the cogeneration recovery system, 
on the other hand, needs more frequent and expensive 
maintenance, requiring the intervention of specialised 
personnel. In the case of the cogeneration system, it is also 
necessary to take into account the maintenance of the engine 
every 48 000 hours, which is approximately equivalent to the 
cost of the cogeneration device itself.

However, among the recurring costs, it is also necessary to 
take into account the penalties due to the gas emissions into 
the atmosphere of the various systems. The combustion 
system will be subject to penalties related to the emission of 
CO2 and the cogeneration system will be subject to penalties 
related to the emission of NOX and CO. The severity of these 
penalties depends on the quantity of gas emitted by the 

Figure 2. Layout and hypotherical installation of the various recovery 
systems.
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various systems and on the cost per ton decided by the 
government of the country in question, but they can reach 
significant values.

The only system that has virtually zero emissions is the 
recompression recovery system due to the ‘no leakage’ 
compressor (the compressor gas emissions occur during its 
maintenance, and the amount of emissions can be considered 
negligible if compared with the leakage of the centrifugal 
compressors). This feature can be binding when choosing 
which recovery system to invest in, considering the increasingly 
stringent regulations imposed by governments and the efforts 
made by companies in the oil and gas sector to reduce 
emissions.

In terms of absolute value, the cogeneration system would 
seem the best solution. The economic return of this solution is 
achieved by a saving in the natural gas burned in the boiler to 
heat the water of the station system, and the production of 
reusable power within the compression station. However, as 
previously described, the management of the power produced 
could not be as easily monetised. Furthermore, the cost of the 
penalties was not considered.

Based on this consideration, the economic return would be 
attributable only to heat recovery and it is lower (roughly -50%) 
than the other two recovery systems.

For each solution, the net present value (NPV) index was 
also calculated over a period of 20 years. This index was 
calculated even in the hypothesis of not installing any recovery 
system and consequently paying the penalties due to the 
emission of gas leaks into the atmosphere.

The results show that the compressor is the most 
advantageous solution and the cost of the investment is justified 
by the penalties that the company would otherwise have to pay.

The cost and benefit analysis has been extended to the 
entire fleet of Snam stations, which includes compression 
and storage stations.

The analysis revealed that the number of centrifugal 
compressors installed and the related annual operating hours 
are very important variables and affect the choice of the 
recovery system to be installed.

It is noted that in stations where at least three centrifugal 
compressors are installed, the recompression system is more 
advantageous because it allows the entire escape flow rate to 
be processed with a single system. On the other hand, in 
stations with one or two centrifugal compressors installed, 
the onerous initial investment due to the sealed compressor 
makes the catalytic combustion solution more economical. 
However, before choosing the most appropriate system, it is 
always necessary to carefully examine the station where the 
system will be installed.

Considering the entire Snam fleet, and based on all the 
considerations made, the recompression solution is the most 
economically advantageous. Based on the result obtained 
through this study, Snam has decided to create a prototype 
of the recompression recovery system and to install it in one 
of its stations as a first step towards reducing the emissions 
of its plants. 


