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Market Dynamics are Changing the Way 
We Operate Combined Cycle Power Plants

The price of natural gas, which has been dropping since 2014, 
has led power generation to transition toward natural gas 
generation.[8] By June 2016, U.S. power plants were burning 26 
billion cubic feet of natural gas per day (bcf/d), a record high for 
that time of year. 

Environmental regulations, such as the Mercury and Air Toxics 
Standard (MATS) and the Cross States Air Pollution Rule (CSAPR) 
are driving the retirement of coal-fired plants.[6]

Renewable portfolio standards and environmental concerns 
continue to drive the growth of renewable generation capacity 
– specifically wind and solar – which are also impacting the 
industry, as recent innovations leading to cost and performance 
improvements are making renewable generation more 
appealing and fiscally justifiable.[6]

These trends are the latest indication that the mix of U.S. power 
generation is undergoing significant change. While the amount 
of electricity that coal-fired power plants have been providing 
to the national grid has been declining since 2008, natural-gas-
fired generation has been experiencing a steady increase that 
began in the early 1990s.[6]

Using Embedded Model-Based Algorithms to 
Improve Control of Steam Attemperation in 
Combined Cycle Plants

There is a tremendous shift underway for power generation and the mix of energy in the United States. This transition 
is being driven by several factors, including the price of fuel, renewable energy goals, existing limitations in the 
infrastructure, and deregulated markets across the states. 

Annual average capacity factor of selected 
electricity generated technologies (2005-2015)

Figure 1. Source: U.S. Energy Information Administration, Electric Power 
Monthly
http://www.eia.gov/todayinenergy/detail.cfm?id=25652
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The changing dynamics in the industry are having a 
significant impact on combined cycle plants. By design, 
combined cycle plants demonstrate an operational 
maneuverability, such as flexible cycling and fast-start 
capabilities, which makes them ideal for intermediate 
load operation to supplement supply during times 
of increased demand. Because power demand and 
production are cyclical, combined cycle units are used 
to stabilize the power grid. With fast load ramps, shorter 
startup times in cold, warm, and hot conditions, and a 
higher rate of load change, combined cycle units can 
easily meet short-term demand increases.[2] 

However, the price of natural gas has made running 
combined cycle plants as baseload units more financially 
appealing. Some electricity generators, particularly on 
the east coast of the U.S., are running their combined 
cycle units around the clock. The result can be a 
significant decline in performance and efficiency.[6] 

In the central and western U.S., renewable power 
generation is growing. Renewable power sources such 
as wind and solar are prone to variability in supply due to 
weather and climate anomalies. They also can’t produce 
energy in large enough quantities to supply total demand. 
The flexibility of combined cycle units is ideal to offset or 
complement renewable wind and solar power generation. 
However, the fast and frequent startups and shutdowns 
that a combined cycle plant experiences can also have a 
serious impact on its performance and efficiency.[6] 

While market dynamics throughout the U.S. vary among 
independent system operators (ISO) and regulated 
states, there is a widespread shift in how natural-gas-
fired, combined-cycle power plants are being used. 
Plants designed for intermediate load are being operated 
around the clock as baseload or as peaking units, with 
frequent startups and shutdowns. This is leading to 
increased stress on the plant, which can cause degraded 
valve performance, impaired steam temperature control, 
variability in pressure, loss of megawatts, and an overall 
decline in efficiency and performance. 

Emerson has developed a model-based solution 
embedded directly into the Ovation control system. 
This solution uses a multi-variable advanced process 
control algorithm built on the internal model control 
(IMC) concept. With model-based predictive control, 
it is possible to use a dynamic model and current 
measurements to predict the future of values by a process 
that is characterized by multiple varying inputs, outputs, 
and changing conditions. 

This paper discusses the impact of changing market 
dynamics of the power generation industry on combined 
cycle power plants, and Emerson’s solution to mitigate 
the resulting decline in process efficiency as a result of the 
how combined cycle plants are being operated. 

Figure 2. The capacity factor of the U.S. natural gas combined-cycle fleet has risen steadily from an average of 35% in 2005 to more than 56% in 
2015. Although there is a wide variation of capacity factors for natural gas combined-cycle power plants, many of these units operated in the 50%-
80% range in 2015. In 2005, combined-cycle units commonly operated at capacity factors lower than 30%. 
Source: http://www.eia.gov/todayinenergy/detail.cfm?id=25652
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Potential Problems with Steam 
Attemperation in Combined Cycle 
Units
Steam attemperators, or desuperheaters, can experience 

a wide range of problems in combined cycle processes.[1] 

These include: 

• Lagging load transients

• Outlet temperature overshoots

• Overspray, leading to damaging thermal transients

• Equipment malfunction—such as leaking valves, 

clogged or worn spray nozzles, failed nozzles, or 

failed thermal liners in downstream piping

• Failure of downstream pressure parts—such as fin 

tube components, heat transfer header cracking, and 

water impingement

One study conducted by a leading expert in heat recovery 

steam generators found that attemperator performance 

is an area with significant potential for improvement. Out 

of the plants that were surveyed, 29% indicated overspray, 

29% experienced startup steam temperature excursions, 

and 47% experienced attemperator control instability.[1]

Figure 3 shows a typical steam attemperation system. 

The spray control and block control valves offer 

protection against the introduction of unwanted water 

into the steam lines as a result of improper operation of 

the attemperator system. Spray control valves tend to be 

susceptible to leakage, due to severe startup and cycling 

conditions. In a closed position, water leakage can rapidly 

cause damage to internal components of a valve through 

erosion and cavitation. This can lead to unplanned 

shutdowns and costly repairs. 

To Attemperator

Spray Control 

Valve

Block Valve
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Figure 3. Typical Attemperator System
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Steam Temperature Model-Based 
Control on a Typical 2x1
Improving control over superheaters and reheaters can 
reduce the stress on the boiler, which serves to reduce 
boiler tube leaks and turbine fatigue. This reduces 
maintenance requirements and associated costs and 
improves process efficiency — leading to healthier 
revenue streams. 

Emerson has developed a model-based steam control 
solution that is embedded in the Ovation control 
system. The patent-pending Ovation Dynamic Matrix 
Control (DMC), an advanced model-based algorithm 
that captures a model of the process, delivers an 
optimization routine that follows a time-predicted 
control horizon. The Ovation DMC has the ability to 
dynamically control processes while the plant is moving 
through load ranges. This algorithm executes a step-
response model to accurately reflect the relationships 
of controlled, manipulated, and disturbance variables, 
resulting in precise control of the HRSG temperature, 
improved ramping operations, and lower operation and 
maintenance costs. 

The Ovation model-based application uses the model 
builder tool, located within the Ovation Control 
Builder, along with application-specific algorithms and 
customized operator-interface tools. The model builder 
tool is used to create a step-response model to predict 
the outcomes of the interactions between control 
variables and manipulated variables. 

Model inputs can include:
• Control variables
• Disturbance variables
• Process constraints 

The Ovation model-based steam attemperation solution 
has demonstrated aggressive control without overshoots 
or undershoots among typical (2x1 configuration) 
combined cycle power plants. The Ovation DMC allows 
much better control over the process, which can be 
affected by load changes, pressure changes, temperature 
gradients, thermal stresses, fuel type, and other variables. 

By creating an adaptive process, the Ovation DMC 
delivers a high correlation between the predictive model 

and actual process conditions. Where conventional 
control schemes are slow and continuous, the Ovation 
DMC has a trajectory path optimized model to coordinate 
spray valves for optimal control and steam temperature 
balance. This allows operators to optimize control of 
superheaters and reheaters, and to more closely achieve 
design temperatures. 

During a recent commissioning, statistical data was 
collected over an eight-hour period to compare and 
contrast plant performance using conventional cascaded 
PID control and Ovation DMC model-based control. For 
this implementation, the DMC algorithm was tuned with 
simple optimization weights to change the sensitivity on 
either the control error or control output. The DMC can 
handle multiple models for varying process conditions 
based on operating profiles, although the operating 
profiles on many combined cycle plants do not require 
multiple models. 

For this implementation, the control scheme was directly 
implemented on an Ovation control sheet, and was run 
in a scheduled control task within the Ovation controller. 
Multi-variable modeling of disturbances like gas turbine 
load and duct burners provided improved controllability 
over conventional steady-state feedforward 
configurations. Modeling of the steam temperature 
and load disturbances was implemented using the 
Ovation model builder tool using simple control valve 
response tests. The output of the model builder is directly 
imported into the DMC algorithm on the control sheet. 
The results of this implementation are demonstrated in 

the charts on the following pages. 
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Figure 4: Testing and data collection in the Ovation DMC. 
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Control Error (Deg F) Combustion Turbine A  (CT A)
(Conventional Control)

Combustion Turbine  B (CT B)
(Model-based Control)

Mean <7.0 <1.33

Standard Deviation <5.1 <1.33

Maximum (>Setpoint) 14.6 7.7

Minimal (<Setpoint) -21.0 -12.4

Table 1: The graphs on this page and the following pages depict the comparison between a unit with conventional control and a unit with mod-
el-based control. A summary of results is provided in Table 1 comparing mean, standard deviation, maximum setpoint, and minimum setpoint. The 
model-based control demonstrated tighter control throughout. 

Figure 5: The black dotted load line represents megawatts, which are moving in response to market conditions. The CT A line represents degrees of 
deviation. The CT B line represents the results of model-based control, which is 1 degree below the mean. At the maximum overshoot point, CT A 
was 14 degrees over, and CT B was 7 degrees over. At the minimum, CT A was 21 degrees under, and CT B was 12 degrees under. CT B demonstrates 
much better control during periods of significant megawatt change. 
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CONTROL ERROR STANDARD DEVIATION
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Figure 6: Figure 6 offers a direct comparison of the standard deviation between model-based control and conventional control. CT B deviates 
between 2 and 3.1 degrees, while CT A (conventional controls) deviates between 3.9 and 4.6 degrees. The largest variation, which takes place 
between 7:12:00 AM and 8:24:00 AM, shows that model-based control delivers a magnitude of 2x better control than conventional control 
structures. 
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Figure 7: Again with significant megawatt (load) swings between 7:12:00 AM and 8:24:00 AM, Figure 7 shows the maximum undershoots of both 
convention control and model-based control. The blue CT A line, representing conventional control, drops below setpoint by 20 degrees, while the 
green CT B line, with model-based control, holds a much steadier control. 
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Figure 8: Again with significant megawatt (load) swings between 7:12:00 AM and 8:24:00 AM, Figure 8 shows the maximum overshoots of both 
conventional control and model-based control. The blue CT A line, representing conventional control, climbs above setpoint by nearly 15 degrees, 
while the green CT B line with model-based control is less than 8 degrees above setpoint. 

Summary
The United States is in the midst of a tremendous shift 
in how it generates power, as the power generation mix 
moves away from coal toward other sources of electricity. 
These changing market dynamics are introducing new 
challenges for power generators, especially for combined 
cycle power plants. Combined cycle units are being 
operated for longer periods of time, and with more 
aggressive startups and shutdowns. This is creating 
efficiency and maintenance challenges to maintain 
performance and provide adequate plant maintenance.

However, there is an opportunity to overcome these 
challenges. Emerson’s expertise in engineering control 
systems for power generation, combined with the 
latest innovations in the form of built-in, advanced tools 
available in the Ovation control system, can improve a 
plant’s operating envelope, allowing market participation 
with reduced equipment stress.

Attemperator instability is a common problem among 
combined cycle power plants.  With model-based 
control, Emerson can help resolve the operational 
issues associated with combined cycle plants, including 
overshoots, overspray, and equipment malfunctions. 

The Ovation model-based control application enhances 
the temperature control in combined cycle power plants 
and creates an adaptive process that delivers a high 
correlation between the predictive model and actual 
conditions and can handle multiple models for various 
operating conditions a plant sees in day-to-day market 
participation. 
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