9 steps

to achieve energy savings
in process plants
The industrial sector alone consumes more than 50% of all the
energy used in the world in manufacturing and production. Saving
energy is more important than ever, as costs to the environment
and to the bottom line are getting more attention. Especially in
process manufacturing, energy accounts for a significant share
of the operating costs. At oil refineries, energy costs represent
anywhere from 5–10% of operating costs, whereas these costs
can be as high as 15% in pulp and paper mills.
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By taking steps to lower the energy use at a process plant,
it is typical to achieve savings that range from 0.5% to 2%
in total energy costs. Even savings of up to 20% can be
realized with the techniques presented here.
What’s best, these 9 steps can be applied to any plant
with little or no capital investment. This paper focuses on
practical techniques to save energy without large
investments in capital equipment.
So, how is it possible to make your existing process
more efficient? Instead of replacing expensive process
equipment to reach higher efficiency, we will focus on
how to ensure the optimal performance of your existing
equipment, operations and controls, thus making your
entire process more efficient and cost effective.
The way to start saving energy throughout your plant is to
look at the right performance metrics for operations, equipment and controls. Here are the steps to help you do that.

1.

Identify the right processes

Begin by identifying the specific processes and subprocesses
in your plant that use the most energy. These are processes
that involve combustion, drying, cooling, and concentrating,
as these consume energy in one form or another. Make sure
to consider the following energy types:
· Fuels (oil, gas, coal, wood, biofuel or other)
· Steam
· Electricity
· Chilling / refrigeration systems
· Compressed air – the most expensive energy for
the work performed
If you’ve added boilers, reactors, drying and separation to
your list, you are on the right path. As a rule, they are the
most energy-intensive parts of the process plants. Each
plant is different, so consider the design that is specific to
your process plant.

2.

Measure the right things

You most likely know how much energy your plant uses.
You may even know your energy costs per output unit. Still,
understanding how to spend less on energy requires you to
monitor the right short-term performance measures. Highlevel KPIs (key performance indicators) are used to track
results, and share the information with plant management.
“Specific energy” is an important KPI for almost every
process. This is simply the energy consumption divided by
the process output. Paper plants, for example, will track the
energy per ton of paper produced. If you track the specific
energy of a process, you will not only see the improvements
but will also be able to assign an economic value to the
savings. Because energy prices are not included in this
calculation, you will be able to see if the process itself has
actually improved.
For best results, short-term measures need to be
meaningful. You need to be able to act quickly on them to
find opportunities, determine problems as they arise, and
take immediate steps to correct or improve the process.
The next few steps identify technical KPIs that will help
drive your savings further.

3.

Look at the opportunity gap

On an average shift, operators are busy managing
hundreds or thousands of issues. Energy savings is only
one of those issues for operators to consider, along with
manufacturing, quality, training and many other
opportunities for cost reductions.
It is highly unlikely that even the most obvious energysaving measures are being tracked. The opportunity gap is
one of the best ways to find process improvements. The
opportunity gap considers process variability, average
performance and process specifications. If there is an
opportunity to push the process closer to the specification
limit, without going over, then there is usually some energy
to be saved. The opportunity gap measures the size of the
setpoint change that could be allowed, while keeping the
process within its specification limits. The bigger the gap,
the greater the savings.

Figure 2. B
 ridging the opportunity gap can save energy and
increase production rates, saving millions.

The opportunity gap can be easily calculated from existing
plant data in the control system. A specific case would be
to work toward decreasing process variability, gradually
shifting the setpoint closer to the specification limit. In
drying operations, it is possible to use the opportunity gap
to save energy while still meeting moisture targets. For
distillation columns, the opportunity gap for composition
can be used to reduce both heating and cooling costs.
Operators quickly learn how to make proper process
adjustments based on such clear performance
measurements, and they will be able to see improvements
in the process immediately. However, operators generally
avoid risk, and some management intervention may be
required to convince them that the newly stabilized process
can handle the setpoint change without exceeding
specifications.

4.

Detect oscillations to save money

Is your car more fuel-efficient when driving along a
highway at constant speed? Or is it better to pump the gas
pedal up and down on a straightaway? The answer is clear:
by maintaining constant speed, you’ll get better fuel
consumption – even if your average speed stays the same.
This also applies to your process plant, especially when it
comes to energy consumption. If you take temperature, airto-fuel ratio, moisture content or steam pressure, any
amount of cycling causes losses in energy efficiency.
The reduction in oscillations, another short-term measure,
directly affects the amount of energy saved. Oscillation
detection technology can automatically identify, measure
and analyze the cycles in your process plant. Oscillations
can come from many possible sources: equipment,
controls and operating procedures. Neles Expertune
PlantTriage, not only identifies cycling but can also define
the common causes of cycles and track their root cause.

Figure 1. Making improvements to narrow the opportunity gap.

You’ll find many opportunities for improvement when you
start studying the operation of your plant. We found that up
to 40% of the measured variables in a typical plant are
cycling! Eliminating cycling improves energy efficiency
substantially and leads to a more stable process.

5.

Look at some other operating
efficiency measures

There are many other ways to influence energy savings at
process plants. Some other measures that may help in your
operations are listed in the table below.
Measure

Effect on efficiency

Time in
normal mode

Controllers left in manual are not able to respond to process
upsets. Also, they are typically hiding an equipment or a
control problem.

Valve at limit

Indicates that a part of the process may be at the limits of its
capacity. Usually, that leads to some process variables that
will not reach setpoint.

Alarm rate

When distracted by too many alarms, the operator cannot
focus well enough on plant performance.

Setpoint
changes

If operators are making frequent setpoint changes, the
process is continually adjusting and cannot run at its best
efficiency steady-state.

Table 1.

6.

7.

Review your robustness
with the Expertune Index

Robustness refers to the ability of a controller to cope with
a wide range of disturbances. If the controller is too
aggressive, it will not be robust enough, and will tend to
oscillate and may even become unstable. This situation can
result in a process shutdown.
You need to focus on the robustness of the controller to
make sure that all controls are responding accurately and
appropriately.
Figure 4 presents a robustness plot graph that can be used to
ensure the most optimal controller tuning for your process.

Some operating efficiency measures and their effects.

Listen to your valves

Every control room is connected to real equipment. And
that equipment wears out, gets plugged up, leaks or breaks
down. When this happens, the process loses efficiency.
Nothing can replace a good predictive and preventive
maintenance program supported by a solid performance
supervision system. Your maintenance program is only as
good as the data it can access.
This step takes a look at some key performance measures
to keep plant equipment running at its best.
Control valves control almost everything in a process plant.
Unfortunately, they are frequently in bad shape – leaking,
sticking, sliding – or even sometimes doing nothing at all.
From over 20 years of studying the performance of control
valves, we have found that 35% of control valves in process
plants can have serious issues. If your valves aren’t
performing properly, it doesn’t really matter how good your
operators or control systems are.
To improve your process, you need to look at some of the
key measures for valves:
- Valve travel
- Hysteresis, also called “lost motion”
- Stiction and any oscillation due to stiction
- Valve size – oversized or undersized?

Figure 4. Robustness graph for optimal controller tuning.

The Expertune Index is a measure of controller performance.
It includes robustness as one key factor. By measuring and
managing loop performance, it is possible to eliminate this
source of process variability.
With Expertune PlantTriage, you can now tune loops very
quickly. Active model capture technology continuously
monitors each process, 24 hours a day. It develops a
dynamic process behavior model by examining process
changes created by setpoint alterations, mode changes
and disturbances. This model includes a wide range of
performance-based and other basic parameters. Some
clients have tuned more than 20 loops in a single day using
these tools and techniques.
Figure 5 shows an automated report of the performanceimpacting factors in order of priority. Any loop that has a
large Expertune Index number offers good potential for
improved performance and reduced energy costs.

Figure 5. Using the Expertune Index to evaluate loop tuning.

8.

Take advantage of advanced controls

By using advanced process control systems such as model
predictive controllers (MPCs), for example, many large and
complex process plants have tried to improve their
performance. Unfortunately, most of these efforts fail,
because system performance decreases over time.
A control loop monitoring system like PlantTriage, however,
can closely monitor your advanced control program. If the
system is not used properly or its performance starts to
deteriorate, PlantTriage will give you advanced warning
about the problems.
Many specific measures can help you diagnose these
problems with MPCs. They help you evaluate your controller
service factor, constraints, prediction accuracy and entropy.
Each measure guides you in taking corrective actions and
keeps the advanced controls running at their top
performance.

engineering calculations in the past, you can do this
automatically today using active model capture technology.
The dynamic process behavior model is then verified and
documented. The model parameters are compared with
historical baseline conditions. If any significant change has
happened, or if the model has shifted beyond the normal
range, this signals a problem.
In the same manner, it is possible to quickly identify
opportunities for process improvement in just a few days
after using active model capture technology. Standard
performance templates can be used to generate “problem
areas” within a few hours.
For example, the standard template for flow control
loops determines whether process variability or dynamics
are outside the normal range for flow loops. If a critical
flow path, such as the flow of feedwater into a boiler,
is outside the normal range, it is immediately flagged
as requiring action.

There are, of course, many more ways to evaluate and
improve controller performance. You can look at traditional
indicators, such as the Harris Index, the Integral Absolute
Error (IAE), Relative Response Time or others.

9.

All these measures are available in a fully functional
performance supervision system.

Now that you know what to monitor, you need tools to sort
all the data. With the Control Loop Performance Monitoring
system, you can get all this information directly from your
existing control system. Now, this information only needs
to be incorporated into daily practice at your plant.

Other equipment
It’s also important to take a look at every piece of
equipment that consumes energy, including:
- Dryers
- Heat exchangers
- Columns
- Boilers
If you track and measure a dynamic model for each piece
of equipment, you can easily detect fouling, clogging, seal
leakage, and other factors that directly affect energy
consumption. Although this work required substantial

Monitor control system
performance continuously

With the TreeMap tool shown in Figure 6, you can quickly
determine where to put your effort. TreeMap is based
on public domain technology developed at the University
of Maryland.
In Figure 6, colored rectangles are used to represent each
control cycle. The larger the rectangle, the more important
the control loop. The color of the rectangle indicates the
degree of oscillation.
TreeMap can be easily configured to display the performance
data you want to see, so you can quickly find the cause of any

Using this tool, you can resolve any problematic interactions.
Since data from the Process Interaction Maps is collected
automatically, 24/7, there is no need to conduct special
studies to collect data. Just open the display to see
the results.

Simple does it
Managing a large plant can be quite challenging. Few can
afford the luxury of time to carry out a comprehensive
analysis. Fortunately, the Control Loop Performance
Monitoring system has the capabilities and intelligence to
do most of the work for you.

Figure 6. Process TreeMap.

problem in your plant. If you set the size of the rectangle to
“economic importance” and the color to “oscillating,” you will
immediately see where to reduce oscillations.

Powerful and advanced software tools can help you reach
a solution faster. By using context-sensitive drilldowns,
clicking on a report or graph will lead you to the root cause
of the problem. You can automatically receive reports and
graphs according to a schedule that you select, or you can
receive mobile phone alerts about a specific energy-saving
opportunity. Color-coded reports also help you focus on
the right data.

Results
Process Interaction Map
The Process Interaction Map tool, shown in Figure 7,
graphically represents the interactions in your enterprise.
You can select any measurement at the plant, and the
Process Interaction Map will show you which other systems
interact with that measurement, at what frequency and to
what extent.

The typical process plant energy savings potential is 0.5%
to 2%, while some exceptional processes have seen
improvements of up to 10% energy savings.
To identify the opportunities for energy savings in your
process plant, you must be prepared to look in the right
place and measure the right things. A Control Loop
Performance Monitoring system, such as PlantTriage,
automatically helps you gather the right data you need from
your control system. It also enables you to prioritize and
identify the greatest opportunities for energy savings.
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To the extent the information contained in this article makes claims regarding operating results to be achieved, performance levels, or other qualitative or quantitative
results, please be aware that the results reported upon are not achievable in all circumstances. Actual results may vary as specific site conditions are unique.

