
Figure 1. This European plant is the first LNG plant in the world to feature three 
all-electric liquefaction trains.



Today, most LNG plants around the world (and those 
currently under development) feature a liquefaction 
island with refrigeration compressors driven by 

directly coupled industrial gas turbines. In recent years, 
however, as train sizes have fluctuated and operators have 
come under increased pressure to reduce facility lifecycle 
costs and lower greenhouse gas (GHG) emissions, the 
concept of all-electric LNG (E-LNG) has garnered significant 
interest. 

E-LNG opens new possibilities for controlling the 
liquefaction process, while at the same time making plant 
operation cheaper, cleaner, and more reliable. Nevertheless, 
executing the concept and achieving a lower plant emissions 
profile is not a matter of simply replacing gas turbines with 
electric drives. It requires an integrated approach in which 

there is collaboration between the LNG and power 
generation disciplines during project development. 
Historically, the two have operated in a siloed fashion. A 
comprehensive digital strategy is also needed to manage the 
long-term performance of facilities once they are in 
operation. 

It is only through the adoption of a holistic project 
approach that stakeholders can optimise plant performance 
and capture the full range of benefits that E-LNG has to 
offer. 

Electric drives vs gas turbines
Variable speed drives (VSDs) can offer numerous 
advantages over gas turbines for natural gas liquefaction, 
largely due to the higher efficiency of electric motors. A 
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single-shaft industrial gas turbine operating in an open-cycle 
configuration has an efficiency of approximately 25 - 30%. 
State-of-the-art electric motors, on the other hand, offer 
efficiencies up to 95%.

The ability of VSDs to maintain high efficiency over a wide 
operating range allows operators to decouple the capacity of 
the compression train from the driver. For the development of 
a gas turbine-driven liquefaction plant, if there is a 
requirement for production flexibility – for example, to meet 
the growing demands of the LNG spot market – the gas 
turbine will likely have to be larger than what is optimal 
(i.e. oversized), given the baseload of the plant. This is not an 
issue with VSDs, as they can be rapidly tuned to meet specific 
LNG production targets. Motors with capacities of 75 MW are 
already in operation in many industrial facilities across the 
world. Siemens is confident that even larger VSDs of up to 
100 MW will be a reality in the coming years. 

Electric motors are also able to provide significant 
advantages over gas turbines regarding availability and 
maintenance. For example, a typical gas turbine driving an 
8 million tpy compression train has availability of 
approximately 95%, and, after two years in operation, requires 
anywhere from 10 days to three weeks for scheduled 
maintenance. Electric drives, on the other hand, can achieve 

99% availability, and it is not uncommon for large motors to 
go as many as six years without requiring scheduled 
maintenance.1

Reducing emissions and integrating 
renewables
In addition to efficiency and reliability advantages, one 
of the primary drivers behind the concept of all-electric 
compression trains has been a growing need to reduce LNG 
plant emissions. 

Emissions from an industrial open-cycle gas turbine can 
be as high as 250 kg CO2/t LNG. Electric drives offer the 
opportunity to considerably reduce that figure. The extent of 
the reduction is largely dictated by the facility where the 
electricity is being generated – for example, from a dedicated 
combined-cycle thermal power plant. In certain areas, LNG 
plant operators may also have the option of connecting to 
the external grid, which can lower CAPEX greatly. 

The implementation of a centralised high-efficiency 
power system also provides the added benefit of being able 
to adopt hybrid power models that incorporate renewables 
and battery storage. The combination of conventional power 
facilities with renewable energy sources, coupled with the 
instantaneous response of a battery energy storage system, 
represents a reliable power solution with an emissions 
profile as low as 6 ‑ 190 kg CO2/t LNG.

In such a scenario, renewables, like solar photovoltaics, 
are used as a substitute for gas consumption (when possible). 
At times of excess electricity production, power can be stored 
in batteries. The battery system can then be used as a 
back-up power supply in the event of an outage of one or 
more gas or steam turbines, enabling electricity generation to 
be maintained if a component fails or during scheduled 
maintenance, thereby eliminating the need for an n+1 gas 
turbine configuration. 

The LNG facility should be evaluated in conjunction with 
the power plant to capture the full range of benefits and 
accomplish a truly optimised solution. Traditionally, the 
parties involved with the design and engineering of these 
facilities have operated in silos, often with different mindsets 
and objectives. 

Collaboration between teams facilitates optimisation of 
the plant – for example, by evaluating the availability of all 
required heat and power during normal, steady-state 
operating of the LNG facility, as well as during 
start-up/shutdown and upset scenarios. The ultimate 
objective should be to develop a project-specific power 
solution, in which it is both technically and economically 
feasible to integrate renewables and energy storage. 

Embracing digital transformation 
Minimising the emissions profile of an LNG plant also 
requires optimising the performance of the facility once it 
is in operation. An estimated 10% of the total emissions 
from an LNG plant are a result of venting/flaring – and 
a significant portion of this occurs during start-up and 
shutdown and system de-inventory. The use of digital 
technologies for monitoring and analysis can contribute to a 
reduction in these activities by enhancing overall equipment 
availability and optimising maintenance cycles. 

Today, there are a host of digital and intelligent 
monitoring technologies that can be used to achieve these 

Figure 2. Digital monitoring technologies have the potential 
to reduce downtimes by up to 70%.

Figure 3. Emissions reduction is one of the primary drivers 
for all-electric compression trains.
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goals – from asset process management (APM) solutions that 
utilise advanced analytics based on artificial intelligence (AI), 
to full scale digital twins. The key for operators should be to 
implement a holistic digital strategy where facility and asset 
knowledge is captured in a centralised database so that 
these tools, along with cybersecurity measures, can be 
leveraged to the greatest possible extent. 

One salient example that illustrates the benefits that can 
be realised by embracing digitalisation in E-LNG is a 
European LNG plant that was the first LNG plant in the world 
to feature three all‑electric liquefaction trains (Figure 1). The 
refrigerant compressors are powered by the world’s largest 
high-voltage and high-speed 65 MW synchronous Simotics 
motors. 

The highly remote nature of the plant and limited access 
to skilled personnel and spare parts makes preventing 
unplanned downtime of the E-drive a priority for the plant’s 
operator. To improve availability, Siemens implemented an 
advanced digital solution that allows the operator to monitor 
and forecast the performance of critical compression train 
components. Depending on the customer’s decision, this 
could be a motor, converter, harmonic filter, transformer, 
cooling system, or compressor.

Vibrations in the stator winding overhang have been very 
closely monitored because they can cause insulation failure, 
which could potentially result in a shutdown of the motor. 
Siemens installed a customised data acquisition system that 
enables real-time monitoring of parameters such as speed 
and load. The system is designed to alert operators if the 
condition of the winding overhang leaves its normal state. In 
this way, preventative measures can be taken to ensure that 
motors remain available. 

The collection of data also allows plant operators to 
develop a baseline for vibrations relative to the operational 
states of the motor. It is then possible to identify long-term 
trends and predict how the compression train will perform as 
conditions change. Plant staff can use this data to shift the 
system’s operating point to better align with production 
objectives and maintenance schedules. For example, the 
motor could be operated in a manner that allows it to stay 
operational until the next scheduled shutdown, thereby 
minimising unplanned downtime. 

The capabilities afforded by digitalisation and intelligent 
monitoring will, in the future, enable Siemens to implement 

an integrated monitoring approach where the operator has 
one single point of contact for the supervision of the various 
components of the drive train. 

Support for these components will be provided by 
several teams of Siemens specialists at different locations 
around the globe. For instance, if the operations personnel 
identify an issue with the converter, Siemens’ team of 
converter specialists would be notified. Teams can remotely 
access and analyse data being generated from the unit, 
providing guidance and troubleshooting to plant personnel 
in a timely fashion. 

Leveraging this powerful combination of digitalisation 
and original equipment manufacturer (OEM) expertise will 
ultimately enable plant operators to better avert trips and 
forced outages by adopting a condition-based approach to 
compression train maintenance. 

The plant currently holds the record for continuous days 
in operation for an all-electric LNG facility – at 218 days. 

Adopting an all-inclusive approach
All-electric compression trains continue to gain traction 
to not only reduce the environmental footprint of LNG 
facilities, but also to improve plant reliability and flexibility. 
Capturing these benefits, however, requires stakeholders to 
adopt an all-inclusive development approach, where the 
power generation solution aligns with the objectives of the 
liquefaction facility. It also requires harnessing the power 
of digitalisation and intelligent monitoring to optimise 
maintenance cycles and maximise equipment availability.

With a presence in LNG and power generation, Siemens is 
uniquely positioned to employ a holistic approach to the 
design of LNG facilities. This, coupled with extensive 
capabilities in both electrification and digitalisation, enables 
the company to derive maximum value from all-electric 
compression trains and enhance sustainability by driving 
towards the creation of low-emissions LNG facilities. 
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