
Lawrence Youngblood and Jillian Tanner, OptiRamp, USA, explain 
how intelligent analytics software can be used to optimise oil and 

gas pipelines from the unit level upwards.

Oil and gas pipelines are dynamic systems with many 
variables impacting moving product from point A 
to point B, including distance, environment changes, 
elevation changes, supply and demand changes, 

blending, volume hold up and pressure swings. Pipeline stations 
are often configured for basic regulatory control using a trusted 
supervisory control and data acquisition (SCADA) system, but 
are unable to include total system functional management. As 
companies try pushing more analytics to operators in real-time, 
the SCADA systems are showing their age and inflexibility to 
accommodate the next level of real-time process analytics and 
optimisation solutions. The problem is that SCADA was not 
designed to be more than a graphical user interface with basic 
scripting. All major pipeline operations will need to apply more 
analytics and optimisation algorithms to remain competitive 

and be relevant in the future – their shareholders will demand 
it. 

Operators need to focus on energy consumption, 
optimisation, analysis, and maintaining a specified line pack, 
which all stem from the compressor/pumping stations. Their 
individual units will continue to be the area of interest and where 
the most benefits will be found. Optimising pipeline operations 
begins at the unit level (e.g. turbomachinery, electric motor, diesel 
engine) and works up to the entire pipeline system level. The 
basis of optimisation is an accurate digital twin and real-time 
simulation.  

Managing a fleet
Individual unit control is important and has many benefits for 
operators, but when monitoring a long-haul pipeline, looking at a 



large number of diverse units requires a more managed approach. 
Fleet management takes place at the enterprise level using 
data, key performance indicators (KPIs) and master control from 

the unit, station and pipeline levels. Managing and controlling 
rotating equipment from inside the control centre improves total 
operations by allowing operators to see the performance of 
all equipment and to determine how to best meet and exceed 
contract commitments, while also increasing safety.

A new set of tools is needed to leverage the power of the 
SCADA system but also provide operators with new virtual 
assistance – the digital twin – that will allow them to make 
quicker, better decisions across the entire value stream pipeline.

Building a digital twin
First principle models create an accurate digital twin of all major 
operating equipment and the entire pipeline system. A digital 
twin is an intelligent virtual representation of a physical object 
and/or process that uses real-time data to understand, learn and 
predict the physical counterpart’s current and future performance 
characteristics. By managing and consuming vast quantities of 
data, a digital twin provides actionable data that improves the 
decision-making process. Leveraging artificial intelligence (AI) 
technology allows for advanced analytics to be computed in 
real-time and for operational responses to set point commands 
be predicted.

Unit analytics
When one analyses a gas pipeline, even under the best possible 
operating conditions, compression units are subjected to 
deterioration due to: compressor fouling and corrosion; inlet 
filter clogging; thermal fatigue; and oxidisation of hot-gas path 
components, such as combustion liners and turbine blades. 
Deterioration results in reduced compression unit performance 
and efficiency. Typically, for a base load machine, the degradation 
can be 0.2 - 0.3% of the nominal rating (when new and clean) after 
a month of operation. Optimising compression unit efficiency 
and maintenance is key to managing the entire transportation 
pipeline and to reducing transportation losses. 

Building the digital twin and putting it into operation is 
straightforward and easily connects to the existing SCADA system 
data foundation. The first step for unit analytics is auto-tuning 
each compression unit model, which is a continuous process. 
Auto-tuning leverages machine learning by comparing model 
coefficients with real-time data, rejecting outliers if they exceed 
a specified distance from expected values, and automatically 
updating the model to become highly accurate and to reduce the 
level of errors in the final model/simulation results. The result is a 
model that continuously adjusts to real-world inputs – e.g. valves 
opening and closing, pump on/off, humidity and temperature 
changes and product changes in the pipeline – allowing operators 
to have the most accurate target set points available at any given 
time. Specifically, for compression units, this tuned model is 
used to improve the compression unit’s average efficiency and to 
develop maintenance schedules that, based on compression unit 
actual performance, balance maintenance costs with lost revenue 
and extra fuel costs.

KPIs, generated through unit analytics, are critical for 
monitoring individual units, stations and the total pipeline value 
stream by exception. In most cases, the digital twin is so accurate 
that operators keep the optimisation in automatic mode and 
allow AI to drive the set points across multiple stations and units. 

Figure 1. Natural gas total value stream – mixed-mode 
operations example.

Figure 2. Gas pipeline centralised master control scheme.

Figure 3. Surge prevention method.
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The same concept applies to oil pipelines, but the challenges 
normally focus on managing station electrical contracts and 
optimising the use of drag reducing agent (DRA) at specific 
injection points to improve pump performance.

Mixed-mode operations
Compressor stations, which provide the power required to 
transport gas in the pipeline from one location to another, usually 
contain more than one compression unit. A compression unit is 
defined as a combination of a compressor and its engine. 

In typical gas pipeline operations, different types of 
compressors (reciprocating and centrifugal) are used at various 
points along the pipeline network, depending on the volume 
of gas and the physical location of the compressor station. The 
use of multiple types is referred to as mixed-mode. Additionally, 
possible engines that can drive these compressors include 
reciprocating engines, gas turbines and electrical motors.

Six possible mixed-mode combinations are possible:

 ) Reciprocating compressor driven by reciprocating engine.

 ) Reciprocating compressor driven by gas turbine.

 ) Reciprocating compressor driven by electrical motor.

 ) Centrifugal compressor driven by reciprocating engine.

 ) Centrifugal compressor driven by gas turbine.

 ) Centrifugal compressor driven by electrical motor.

Individual compressors are themselves complex; however, 
they become much more complex when operating in parallel and 
when they are mixed-mode (Figure 1). Mixed-mode operations are 
traditionally difficult to simulate; the digital twin model allows 
for simple and very complex configurations to be accurately 
rendered digitally. Once modelled, various scenarios can be 
constructed and placed in automatic mode to improve operator 
decisions in normal, abnormal and emergency situations. 

Unit analytics and the real-time simulation can be applied 
to optimise gas compressors in any combination found in a gas 
compressor station or along the pipeline. These algorithms are 
intelligent, meaning that their predictive capabilities increase and 
become more accurate the longer they are online. The result is 
optimisation from the unit level up.

Master control
Even with a SCADA framework, developing more advanced 
control based on the digital twin concept allows for more system-
wide optimisation opportunities. A popular addition for total 
pipeline optimisation is the application of a master controller. A 
comprehensive master control scheme managed from the control 
centre allows for autonomous control of any number of gas 
compressor stations without human intervention, resulting in a 
continuously optimised system. Advanced algorithms are designed 
to meet specific objective functions or a multitude of objective 

functions, such as emissions, mass flow, pressure, transportation 
efficiency and fuel consumption for compression.

Figure 2 shows a simplified illustration of how master control 
is applied across the entire gas pipeline but centralised within the 
control centre.

The effect of turbomachinery control
Turbomachinery control also offers optimisation opportunities. 
For example, with anti-surge control, the goal is to prevent the 
compressor from surging; however, good anti-surge control 
also considers optimisation by only opening the recycle valve 
as much as is needed to prevent surge. One method, which 
provides a more stable process, uses enhanced action. Enhanced 
action is always closed-loop control. When the operation point 
reaches the enhanced action line, more aggressive PID control 
is applied. The result is effective, optimised surge prevention 
(Figure 3).

Improving model accuracy
In brownfield operations, field devices are generally limited and 
expanding the SCADA system is expensive. The trend of installing 
less expensive field devices to provide real-time data to operators 
is commonly referred to as the Industrial Internet of Things 
(IIoT). As this field matures, there are more opportunities for 
long-haul pipeline operators to take advantage of adding more 
sensors to monitor more points that have been cost prohibitive 
in the past. With more sensors comes an even stronger need 
to apply more AI, like the digital twin, to take advantage of this 
large pool of new sensor data. An IIoT plan can help rapidly and 
cost-effectively deploy wireless field instrumentation to strategic 
locations where data are lacking. These data may be used almost 
immediately through a strong data foundation to improve model 
accuracy, simulation, optimisation and predictive analytics.

IIoT can be used in applications that include individual pumps 
and compressors at the unit level to sensors at the pipeline 
level. These collected data, when applied to models and KPIs, 
present enterprise-wide knowledge to improve overall pipeline 
operations.

Conclusion
Oil and gas pipelines are dynamic systems with many variables 
impacting moving product from point A to point B. Managing 
pipeline operations involves many factors, including optimising 
the individual units and stations that assist in transporting 
the product through unit analytics, master control and 
turbomachinery control. The results are improved pipeline 
operations and solutions to challenges in fleet management, 
analysis and meeting delivery commitments. Realising the 
limitation of SCADA and when it is time to install more advanced 
technology – such as the digital twin – will allow the most 
aggressive pipeline operators the power to leap past their 
competition as well as fill knowledge gaps in their workforce. 
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