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STEAM TEMPERATURE CONTROL IN A
BOILER SYSTEM USING REHEATER VARIABLES

Abstract

A technique of controlling a boiler system such as that used in a power generation
plant includes using manipulated variables associated with or control mputs to a reheater
section of thé boiler system to control the operation of the furnace, and in particular to
control the fuel/air mixture provided to the furnace or the fuel to feedwater ratio used in the
furnace or boiler. In the case of a once-through boiler type of boiler system, using the burner
tilt position, damper position or reheater spray amount to control the fuel/air mixture or the

fuel to feedwater flow ratio of the system provides better unit operational efficiency.
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STEAM TEMPERATURE CONTROL IN A
BOILER SYSTEM USING REHEATER VARIABLES

Technical Field

[0001] This patent relates generally to the control of boiler systems and in one particular
instance to the control and optimization of once-through boiler type of steam generating

systems having both a superheater section and a reheater section.

Background

[0002] A variety of industrial as well as non-industrnial applications use fuel burning boilers
which typically operate to convert chemical energy into thermal energy by burning one of
various types of fuels, such as coal, gas, oil, waste matenal, etc. An exemplary use of fuel
burning boilers 1s in thermal power generators, wherein fuel burning boilers generate steam
from water traveling through a number of pipes and tubes within the boiler, and the generated
steam is then used to operate one or more steam turbines to generate electricity. The output
of a thermal power generator 1s a function of the amount of heat generated 1n a boiler,
wherein the amount of heat 1s directly determined by the amount of fuel consumed (e.g.,

burned) per hour, for example.

[0003] In many cases, power generating systems include a boiler which has a furnace that

burns or otherwise uses fuel to generate heat which, in turn, is transferred to water flowing
through pipes or tubes within various sections of the boiler. A typical steam generating
system includes a boiler having a superheater section (having one or more sub-sections) in
which steam 1s produced and 1s then provided to and used within a first, typically high
pressure, steam turbine. To increase the efficiency of the system, the steam exiting this first

steam turbine may then be reheated in a reheater section of the boiler, which may include one
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or more subsections, and the reheated steam 1s then provided to a second, typically lower
pressure steam turbine. While the efficiency of a thermal-based power generator is heavily
dependent upon the heat transfer efficiency of the particular furmace/boiler combination used
to burn the fuel and transfer the heat to the water flowing within the various sections of the
boiler, this efficiency 1s also dependent on the control technique used to control the
temperature of the steam in the various sections of the boiler, such as in the superheater

section of the boiler and 1n the reheater section of the boiler.

[0004] However, as will be understood, the steam turbines of a power plant are typically
run at different operating levels at different times to produce different amounts of electricity
based on energy or load demands. However, for most power plants using steam boilers, the
desired steam temperature setpoints at final superheater and reheater outlets of the boilers are
kept constant, and 1t 1s necessary to maintain steam temperature close to the setpoints (e.g.,
within a narrow range) at all load levels. In particular, in the operation of utility (e.g., power
generation) boilers, control of steam temperature is critical as it is important that the
temperature of steam exiting from a boiler and entering a steam turbine is at an optimally
desired temperature. If the steam temperature is too high, the steam may cause damage to the
blades of the steam turbine for various metallurgical reasons. On the other hand, if the steam
temperature 1s too low, the steam may contain water particles, which in turn may cause
damage to components of the steam turbine over prolonged operation of the steam turbine as
well as decrease efficiency of the operation of the turbine. Moreover, variations in steam

temperature also causes metal material fatigue, which is a leading cause of tube leaks.

[0005] Typically, each section (i.e., the superheater section and the reheater section) of the
boiler contains cascaded heat exchanger sections wherein the steam exiting from one heat

exchanger section enters the following heat exchanger section with the temperature of the
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steam 1ncreasing at each heat exchanger section until, 1deally, the steam is output to the
turbine at the desired steam temperature. In such an arrangement, steam temperature is
controlled primarily by controlling the temperature of the water at the output of the first stage
of the boiler which 1s primarily achieved by changing the fuel/air mixture provided to the
furnace or by changing the ratio of finng rate to input feedwater provided to the
furnace/boiler combination. In once-through boiler systems, in which no drum is used, the
firing rate to feedwater ratio input to the system may be used primarily to regulate the steam

temperature at the input of the turbines.

[0006] While changing the fuel/air ratio and the finng rate to feedwater ratio provided to
the furnace/boiler combination operates well to achieve desired control of the steam
temperature over time, it 1s difficult to control short term fluctuations in steam temperature at
the various sections of the boiler using only fuel/air mixture control and firing rate to
feedwater ratio control. Instead, to perform short term (and secondary) control of steam
temperature, saturated water 1s sprayed into the steam at a point before the final heat
exchanger section located immediately upstream of the turbine. This secondary steam
temperature control operation typically occurs before the final superheater section of the
boiler and/or before the final reheater section of the boiler. To effect this operation,
temperature sensors are provided along the steam flow path and between the heat exchanger
sections to measure the steam temperature at critical points along the flow path, and the
measured temperatures are used to regulate the amount of saturated water sprayed into the

steam for steam temperature control purposes.

[0007]  Of course, both of these types of control can be generally performed using
measurements of the mitial output temperature of the boiler (called the water wall

temperature), as well as an indication of the desired spray. In traditional boiler operations, a
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distributed control system (DCS) 1s used to provide control of both the fuel/air mixture
provided to the furnace as well as control of the amount of spraying performed upstream of
the turbines. As will be understood, however, the spray control technique can only operate to
reduce the temperature of the steam over that developed within the various sections of the
boiler, and thus the steam temperature at the outputs of the various sections of the boiler must
be assured to be higher than otherwise might be necessary to assure that the steam
temperature at the input of the turbines is high enough. Thus, use of the spray technique
(which always operates to reduce the steam temperature at the spray nozzle) reduces the
efficiency of the overall power generation system and thus should ideally be minimized.
Moreover, depending on the power requirements of the electricity generation or other power
generation system and the temperature of the spray feed, a lot of water may have to be
sprayed into the steam to produce a significant reduction in steam temperature, meaning that
it may be difficult to effectively use the spray technique to provide the necessary control in

all situnations.

[0008] None-the-less, 1n many circumstances, it is necessary to rely heavily on the spray
technique to control the steam temperature as precisely as needed to satisfy the turbine
temperature constraints described above. For example, once-through boiler systems, which
provide a continuous flow of water (steam) through a set of pipes within the boiler and do not
use a drum to, in effect, average out the temperature of the steam or water exiting the first
boiler section, may experience greater fluctuations in steam temperature and thus typically
require heavier use of the spray sections to control the steam temperature at the inputs to the
turbines. In these systems, the firing rate to feedwater ratio control is typically used, along
with superheater spray flow, to regulate the furace/boiler system. However, the desired

superheater spray flow setpoint used to regulate superheater spray flow is quite arbitrary
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because 1ts impact on heat rate (efficiency) 1s minimal, depending upon where the spray flow
is drawn. Thus, while the spray flow technique 1s very effective in controlling steam
temperature, its usage decreases the boiler efficiency and, as a result, 1t 1s harder to obtain

optimum efficiency in the these types of systems.

Summary

[0009] A technique of controlling a steam generating system includes using manipulated
vanables or control inputs of the reheater section of the boiler system to control the operation
of the furnace/boiler portion of the system, such as to control the firing rate to feedwater
input ratio used in the furnace/boiler combination. In particular, it is believed that, for
example, in the case of a once-through boiler type of steam generating system, using signals
indicative of the burner tilt position(s), damper position(s) or reheater spray amount
assoclated with the reheater section of the system to control the fuel to feedwater flow ratio

into the furnace/boiler section of the system provides better efficiency over current systems.
Brief Description of the Drawings

[0010] Fig. 1 illustrates a block diagram of a typical boiler steam cycle for a typical set of

steam powered turbines, the boiler steam cycle having a superheater section and a reheater

section;

(0011] Fig. 2 1llustrates a schematic diagram of a prior art manner of controlling a

superheater section of a boiler steam cycle for a steam powered turbine, such as that of Fig. 1;

[0012] Fig. 3 illustrates a schematic diagram of a prior art manner of controlling a reheater

section of a boiler steam cycle for a steam powered turbine system, such as that of Fig. 1; and
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[0013] Fig. 4 illustrates a schematic diagram of a manner of controlling the boiler steam
cycle of the steam powered turbines of Fig. 1 in a manner which helps to optimize efficiency

of the system.
Detailed Description

[0014] Although the following text sets forth a detailed description of numerous different
embodiments of the invention, 1t should be understood that the legal scope of the invention is
defined by the words of the claims set forth at the end of this patent. The detailed description
is to be construed as exemplary only and does not describe every possible embodiment of the
invention as describing every possible embodiment would be impractical, if not impossible.
Numerous alternative embodiments could be implemented, using either current technology or
technology developed after the filing date of this patent, which would still fall within the

scope of the claims defining the invention.

[0015] Fig. 1 illustrates a block diagram of a once-through boiler steam cycle for a typical
boiler 100 that may be used, for example, 1n a thermal power plant. The boiler 100 may
include various sections through which steam or water flows 1n various forms such as
superheated steam, reheated steam, etc. While the boiler 100 illustrated in Fig. 1 has various
boiler sections situated horizontally, in an actual implementation, one or more of these
sections may be positioned vertically with respect to one another, especially because flue
gases heating the steam in various different boiler sections, such as a water wall absorption

section, rise vertically (or, spirally vertical).

[0016] In any event, as illustrated 1n Fig. 1, the boiler 100 includes a furnace and a primary
water wall absorption section 102, a primary superheater absorption section 104, a

superheater absorption section 106 and a reheater section 108. Additionally, the boiler 100
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may Include one or more desuperheaters or sprayer sections 110 and 112 and an economizer
section 114. During operation, the main steam generated by the boiler 100 and output by the
superheater section 106 1s used to dnve a high pressure (HP) turbine 116 and the hot reheated
steam coming from the reheater section 108 1s used to drive an intermediate pressure (IP)
turbine 118. Typically, the boiler 100 may also be used to drive a low pressure (LP) turbine,

which is not shown in Fig. 1.

[0017] The water wall absorption section 102, which 1s primarily responsible for
generating steam, includes a number of pipes through which water or steam from the
economizer section 114 1s heated 1n the furnace. Of course, feedwater coming into the water
wall absorption section 102 may be pumped through the economizer section 114 and this
water absorbs a large amount of heat when 1n the water wall absorption section 102. The
steam or water provided at output of the water wall absorption section 102 is fed to the
primary superheater absorption section 104, and then to the superheater absorption section
106, which together raise the steam temperature to very high levels. The main steam output

from the superheater absorption section 106 drives the high pressure turbine 116 to generate

electricity.

[0018] Once the main steam drives the high pressure turbine 116, the steam is routed to the

reheater absorption section 108, and the hot reheated steam output from the reheater
absorption section 108 1s used to drive the intermediate pressure turbine 118. The spray
sections 110 and 112 may be used to control the final steam temperature at the inputs of the
turbines 116 and 118 to be at desired setpoints. Finally, the steam from the intermediate
pressure turbme 118 may be fed through a low pressure turbine system (not shown here), to a

steam condenser (not shown here), where the steam 1s condensed to a liquid form, and the

cycle begins agatn with vanous boiler feed pumps pumping the feedwater through a cascade
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of feedwater heater trains and then an economizer for the next cycle. The economizer section
114 is located in the flow of hot exhaust gases exiting from the boiler and uses the hot gases
to transfer additional heat to the feedwater before the feedwater enters the water wall

absorption section 102.

[0019] As illustrated in Fig. 1, a controller 120 1s communicatively coupled to the furnace
within the water wall section 102 and to valves 122 and 124 which control the amount of
water provided to sprayers in the spray sections 110 and 112. The controller 120 is also
coupled to various sensors, including temperature sensors 126 located at the outputs of the
water wall section 102, the desuperheater section 110, the second superheater section 106, the
desuperheater section 112 and the reheater section 108 as well as tlow sensors 127 at the
outputs of the valves 122 and 124. The controller 120 also receives other inputs including the
firing rate, a signal (typically referred to as a feedforward signal) which 1s indicative of and a
derivative of the load, as well as signals indicative of settings or features of the boiler
including, for example, damper settings, bumer tiit positions, etc. The controller 120 may
generate and send other control signals to the various boiler and furnace sections of the
system and may receive other measurements, such as valve positions, measured spray flows,
other temperature measurements, etc. While not specifically illustrated as such in Fig. 1, the
controller 120 could include separate sections, routines and/or control devices for controlling

the superheater and the reheater sections of the boiler system.

[0020] Fig. 2 1s a schematic diagram 128 showing the various sections of the boiler system
100 of Fig. 1 and tllustrating a typical manner in which control is currently performed in
once-through boilers in the prior art. In particular, the diagram 128 illustrates the economizer
114, the primary furnace or water wall section 102, the first superheater section 104, the

second superheater section 106 and the spray section 110 of Fig. 2. In this case, the spray

3
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water provided to the superheater spray section 110 is tapped from the feed line into the
economizer 114. Fig. 2 also illustrates two control loops 130 and 132 which may be
implemented by the controller 120 of Fig. 1 or by other DCS controllers to control the fuel

and feedwater operation of the furnace 102.

[0021] In particular, the control loop 130 includes a first control block 140 (illustrated in
the form of a proportional-derivative-integral (PID) control block) which uses, as a primary
input, a setpoint 1n the form of desired superheater spray. This desired superheater spray
setpoint 1s typically set by a user or an operator. The control block 140 compares the
superheater spray setpoint to a measure of the actual superheater spray amount (e.g.,
superheater spray flow) currently being used to produce a desired water wall outlet
temperature setpoint. The water wall output temperature setpoint is indicative of the desired
water wall outlet temperature needed to control the temperature at the output of the second
superheater 106 to be at the desired turbine input temperature, using the amount of spray flow
spectfied by the desired superheater spray setpoint. This water wall outlet temperature
setpoint 1s provided to a second control block 142 (also illustrated as a PID control block),
which compares the water wall outlet temperature setpoint to a signal indicative of the
measured water wall steam temperature and operates to produce a feed control signal. The
feed control signal 1s then scaled 1n a multiplier block 144, for example, based on the firing
rate (which is indicative of or based on the power demand). The output of the multiplier
block 144 1s provided as a control input to a fuel/feedwater circuit 146, which operates to
control the firing rate to feedwater ratio of the furnace/botler combination or to control the

fuel to air mixture provided to the primary furnace section 102.

[0022] The operation of the superheater spray section 110 is controlled by the control loop

132. The control loop 132 includes a control block 150 (illustrated in the form of a PID

9
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control block) which compares a temperature setpoint for the temperature of the steam at the
input to the turbine 116 (typically fixed or tightly set based on operational characteristics of
the turbine 116) to a measurement of the actual temperature of the steam at the input of the
turbine 116 to produce an output control signal based on the difference between the two. The
output of the control block 150 is provided to a summer block 152 which adds the control
signal from the control block 150 to a feedforward signal which 1s developed by a block 154
as, for example, a derivative of the load signal. The output of the summer block 152 is then
provided as a setpoint to a further control block 156 (again illustrated as a PID control block),
which setpoint indicates the desired temperature at the input to the second superheater section
106. The control block 156 compares the setpoint from the block 152 to a measurement of
the steam temperature at the output of the superheater spray section 110 and, based on the
difference between the two, produces a control signal to control the valve 122 which controls

the amount of the spray provided in the superheater spray section 110.

[0023] Thus, as will be seen from the control loops 130 and 132 of Fig. 2, the operation of
the furnace 102 is directly controlled as a function of the desired superheater spray. In
particular, the control loop 132 operates to keep the temperature of the steam at the input of
the turbine 116 at a setpoint by controlling the operation of the superheater spray section 110,
and the control loop 130 controls the operation of the fuel provided to and burned within the
furnace 102 to keep the superheater spray at a predetermined setpoint (to thereby attempt to

keep the superheater spray operation or spray amount at an “optimum” level).

[0024] Fig. 3 illustrates a the typical (prior art) control loop 160 used in a reheater section
108 of a steam turbine power generation system, which may be implemented by, for example,
the controller 120 of Fig. 1. Here, a control block 162 produces a temperature setpoint for the

temperature of the steam being input to the turbine 118 as a function of the steam flow

10
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(which 1s typically determined by load demands). A control block 164 (illustrated as a PID
control block) compares this temperature setpoint to a measurement of the actual steam
temperature at the output of the reheater section 108 to produce a control signal as a result of
the difference between these two temperatures. A block 166 then sums this control signal
with a measure of the steam flow and the output of the block 166 1s provided to a spray

setpoint unit or block 168 as well as to a balancer unit 170.

[0025] The balancer unit 170 includes a balancer 172 which provides control signals to a
superheater damper control unit 174 as well as to a reheater damper control umt 176 which
operate to control the flue gas dampers in the various superheater and the reheater sections of
the boiler. As will be understood, the flue gas damper control units 174 and 176 alter or
change the damper settings to control the amount of flue gas from the furnace which is
diverted to each of the superheater and reheater sections of the boilers. Thus, the control
units 174 and 176 thereby control or balance the amount of energy provided to each of the
superheater and reheater sections of the boiler. As a result, the balancer umt 170 is the
primary control provided on the reheater section 108 to control the amount of energy or heat
generated within the furnace 102 that 1s used in the operation of the reheater section 108 of
the boiler system of Fig. 1. Of course, the operation of the dampers provided by the balancer
unit 170 controls the ratio or relative amounts of energy or heat provided to the reheater
section 108 and the superheater sections 104 and 106, as diverting more flue gas to one
section typically reduces the amount of flue gas provided to the other section. Still further,

while the balancer unmit 170 is illustrated in Fig. 3 as performing damper control, the balancer

170 can also provide control using furnace bumer tilt position or in some cases, both.

[0026] Because of temporary or short term fluctuations in the steam temperature, and the

fact that the operation of the balancer unit 170 is tied in with operation of the superheater
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sections 104 and 106 as well as the reheater section 108, the balancer unit 170 may not be
able to provide complete control of the steam temperature at the output of the reheater section
108, to assure that the desired steam temperature at this location is attained. As a result,
secondary control of the steam temperature at the input of the turbine 118 is provided by the

operation of the reheater spray section 112.

[0027] In particular, control of the reheater spray section 112 1s provided by the operation
of the spray setpoint unit 168 and a control block 180. Here, the spray setpoint unit 168
determines a reheater spray setpoint based on a number of factors, taking into account the
operation of the balancer unit 170, in well known manners. Typically, however, the spray
setpoint unit 168 1s configured to operate the reheater spray section 112 only when the
operation of the balancer untt 170 cannot provide enough or adequate control of the steam
temperature at the mput of the turbine 118. In any event, the reheater spray setpoint is
provided as a setpoint to the control block 180 (again illustrated as a PID control block)
which compares this setpoint with a measurement of the actual steam temperature at the
output of the reheater section 108 and produces a control signal based on the difference
between these two signals, and the control signal is used to control the reheater spray valve
124. As 1s known, the reheater spray valve 124 then operates to provide a controlled amount

of reheater spray to perform further or additional control of the steam temperature at output

of the reheater 108.

[0028] As will be understood from the descriptions of the control loops of Figs. 2 and 3,

the steam temperature 1s controlled in the reheater section 108 primarily by manipulation of
the damper or burner tilt positions and secondanly by operation of the reheater spray section
112. However, control of the damper or burner tilt positions effects the amount of energy or

heat provided to the superheater sections 104 and 106. Moreover, the control of the

12
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superheater sections 104 and 106 1s primarily based on the amount of fuel provided to the
furnace (e.g., the fuel to feedwater ratio) which is, in turn, controlled or based on a desired
superheater spray setpoint. However, determination of the desired superheater spray setpoint
1s quite arbitrary, as the impact of this setpoint on the heat rate (efficiency) 1s minimal and

typically 1s unknown.

[0029] A better manner of controlling the boiler system 100 of Fig. 1 is illustrated in Fig. 4
in which simlar blocks as those shown in Fig. 2 are illustrated with the same reference
numbers. As will be noted, the control scheme illustrated in Fig. 4 used to control the
operation of the furnace 102, shown as control loop 200, is very similar to the control loop
130 of Fig. 2, but instead uses, as the primary input to the control block 140, a factor or signal
used to control or associated with the reheater section 108 of the boiler system 100 instead of
a desired superheater spray setpoint. Thus, as illustrated in the control loop 200 of Fig. 4, a
desired or optimal burner tilt position is input to the control block 104. Of course, while the
burner tilt position 1s illustrated 1n Fig. 4 as the input to the control block 140, other signals or
factors used in the control of or associated with the reheater section 108 could be used instead
or in combination, including for example, signals related to damper positions of the dampers
within the boiler system 100, signals related to the reheater steam spray, etc. Thus, for
example, in implementing this new type of control, the controller 120 of Fig. 1 may receive
signals or use signals related to bumer tilt position(s) of one or more burners in the boiler
(especially the burners that effect the operation of or the heat provided to the reheater section
108) or related to the damper position(s) of one or more dampers used in the boiler to direct
heat flow through the reheater section 108 of the boiler or signals related to the control of the
reheater spray section 112 mmcluding, for example, t.he output of the spray setpoint unit 168,

the output of the PID control block 180, a measure of the position of the valve 124, a measure

13
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of the actual amount of spray (e.g., flow or temperature reduction) being provided by the

reheater spray section 112, to produce the water wall outlet setpoint signal for the control

block 142.

[0030] Of course, while certain reheater control related signals are described herein as
being mput to the control loop 200, other reheater control related signals or factors could be
used as well or in other circumstances. Likewise, while the diagram of Fig. 4 illustrates a
particular cascaded control loop or routine 200 to implement control of the furnace 102, other
desired types, kinds or configurations of control loops may be used instead of or in addition
to that shown in Fig. 4, as long as these control loops use one or more reheater control or
manipulated variable signals to control the operation of the furnace or boiler. Thus, for
example, the control loop 200 could be configured 1n other manners, could use other types of
control blocks or routines (such as other than PID control blocks), and could use other signals
in any desired manner to combine with the reheater control related signal or the reheater
manipulated variable signals to control the operation of the furnace 102. For example, the
control loop 200 could include a multi-input/single-output or a multiple-input/multiple-output
control routine (such as a neural network routine, a model predictive control routine, an
expert system based control routine, etc.) which accepts a number of inputs including one or
more inputs related to or indicative of reheater section control or manipulated variables as
well as potentially other inputs, to develop one or more output control signals to control the
operation of the boiler/furnace to thereby provide steam temperature control. Additionally,
while the control loop 200 of Fig. 4 is illustrated as producing a control signal for controlling

the fuel/air mixture of the fuel provided to the furnace 102, the control loop 200 could

produce other types or kinds of control signals to control the operation of the furnace such as

14
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the fuel to feedwater ratio used to provide fuel and feedwater to the furnace/boiler

combination, the amount or quantity or type of fuel used 1n or provided to the furnace, etc.

[0031] In any event, in the example 1llustrated in Fig. 4, the control block 140 compares
the actual burner tilt positions with an optimal burner tilt position, which may come from off-
line unit characterization (especially for boiler systems manufactured by Combustion
Engineering) or a separate on-line optimization program or other source. Of course, 1n a
different boiler design configuration, if flue gas by-pass damper(s) are used for primary
reheater steam temperature control, then the signals indicative of the desired (or optimal) and
actual burner tilt positions in the control loop 200 may be replaced or supplemented with
signals indicative of or related to the desired (or optimal) and actual damper positions. Stiil
further, instead of or in addition to the burner tilt positions and damper positions, the control
block 140 may use a desired or optimal reheater spray flow setpoint as well as measurements
of reheater spray flow to perform control. In this case, the optimal setpoint is generally the
flow rate of reheater spray that 1s kept at a minimum while still being able to regulate steam
temperature. Still further the control block 140 may use some reheater variable (manipulated
variable) even if that variable itself 1s not used to directly control the reheater steam

temperature.

(0032] It 1s believed that the use ‘of a reheater manipulated and control variable, such as
burner tilt positions, damper positions or reheater spray, to control the operation of the boiler
or furnace 102 provides more direct impact on boiler efficiency and heat rate than, for
example, superheater spray. In particular, 1t is believed that this approach has more direct
and immediate control on boiler efficiency and heat rate than superheater spray vanables, in
addition to controlling the superheat and reheat steam temperatures as usual. For example,

burner tilt positions directly affect the fire-ball position and flame temperature in the furnace,
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which directly affects combustion efficiency. Of course, the optimal setpoint for burner tilt
position or damper position, can be determined by a separate procedure. If reheat steam
temperature is controlled by reheater spray, the amount of spray flow also has a huge impact
on heat rate. In fact, compared with superheater spray flow, the impact of reheater spray flow
on heat rate is believed to be approximately 10 times higher, thus making reheater spray flow
a better control vanable for boiler or furnace control. More particularly, the primary
difference between the cost of reheater and superheater sprays relates to the difference in
additional energy that needs to be added in the boiler for these sprays. For example, if
superheater sprays are used, and they come from the boiler feed pump, the enthalpy entering
the boiler 1s about 320 Btu/lb. If no sprays were used, the same flow would come from final
feedwater and enter the boiler at 480 Btu/lb and so an additional 160 btw/lb needs to be added
from fuel in the boiler for superheater sprays. For reheater sprays, assuming that they also
come from the boiler feed pump at 320 Btuw/lb, cold reheat enthalpy is typically 1300 Btw/ib,
and hot reheat enthalpy 1s typically 1520 Btu/lb. Sd here it 1s necessary to add about 1200
Btu/lIb additional energy, making the use of reheater sprays (or other reheater variables) as a

primary boiler control vanable more effective in increasing boiler efficiency.

[0033] In any event, as will be seen from Fig. 4, the rest of the control loop 200 1s the same
as or 1s similar to the control loop 130 of Fig. 2 and operates in essentially the same manner,
except that the pnmary setpoint and control input into the loop 200 is derived from a reheater
control or manipulated variable, instead of the superheater spray. However, as noted above,
the details and implementation of the control loop 200 may be changed or be varied to control
the operation of the furnace/boiler and the specific details of the control loop 200 shown in
Fig. 4 are not limiting of the invention, which is to control the operation of the furnace/boiler

based on a reheater section manipulated or control variable, such as burner tilt position,
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damper position, reheater spray, etc. Likewise, the control of the superheater spray section
110 may be performed as illustrated in Fig. 2 or 4 or may be changed 1n any desired manner
in Fig. 4. In a similar manner, and the control of the reheater spray section 112 may be
performed in the system of Fig. 4 using the same control scheme shown in Fig. 3 or in any
other desired manner. Also, the use of a reheater section manipulated or control variable in
the control loop 200 of Fig. 4 1s not limited to a control vanable or a manipulated vanable
used to actually control the reheater section 1n a particular instance. Thus, it may be possible
to use a reheater manipulated vanable that 1s not actually used to control the reheater section
108 as an input to the control loop 200 that controls the furnace/boiler operation of the

turbine system.

[0034] Still further, the control scheme described herein 1s applicable to steam generating
systems that use other types of configurations for superheater and reheater sections than
illustrated or described herein. Thus, while Figs. 1-4 illustrate two superheater sections and
one reheater section, the control scheme descnibed herein may be used with boiler systems
having more or less superheater sections and reheater sections, and which use any other type

of configuration within each of the superheater and reheater sections.

[0035] Although the forgoing text sets forth a detailed description of numerous different
embodiments of the invention, it should be understood that the scope of the invention is
defined by the words of the claims set forth at the end of this patent. The detailed description
1S to be construed as exemplary only and does not describe every possible embodiment of the
invention because describing every possible embodiment would be impractical, if not
impossible. Numerous alternative embodiments could be implemented, using either current
technology or technology developed after the filing date of this patent, which would still fall

within the scope of the claims defining the invention.
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[0036] Thus, many modifications and vanations may be made in the techniques and
structures described and illustrated herein without departing from the spirit and scope of the
present invention. Accordingly, it should be understood that the methods and apparatus

described herein are illustrative only and are not limiting upon the scope of the invention.
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Claims

1. A method of controlling a steam generating boiler system having a furnace, a

superheater section and a reheater section, comprising:
obtaining, at a controller, a first signal, the first signal being indicative of a desired value
of
a reheater control variable, or a reheater manipulated variable, and

the first signal being not indicative of a superheater spray point;

obtaining, at the controller, a second signal indicative of an actual value of the reheater

control variable or the reheater manipulated variable;

using the first signal in conjunction with the second signal to generate, by the controller,

a third signal; and

using the third signal in conjunction with a signal indicative of a firing rate to generate, by

the controller, a fourth signal to control.:

a fuel to feedwater ratio of the furnace and a boiler of the steam generating boiler

system,
a fuel/air mixture provided to the furnace, or
an amount, a quantity or a type of fuel,

to thereby control a steam temperature generated by the superheater section.

2. The method of controlling a steam generating boiler system of claim 1, wherein

obtaining the first signal includes obtaining a signal indicative of a furnace burner tilt position.

3. The method of controlling a steam generating boiler system of claim 1, wherein

obtaining the first signal includes obtaining a signhal indicative of a damper position.

4 The method of controlling a steam generating boiler system of claim 3, wherein
the signal indicative of a damper position comprises a signal indicative of a damper position in a

reheater section of the boiler.
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5. The method of controlling a steam generating boiler system of claim 1, wherein
using the first signal in conjunction with the second signal includes comparing the first signal
with the second signal and using a difference between the first signal and the second signal to

generate the third signal.

6. The method of controlling a steam generating boller system of claim 1, wherein
using the fourth signal to control the fuel/air mixture provided to the furnace includes varying the

fuel/air mixture provided to the furnace to operate the furnace based on changes in the fourth

signal.

7. The method of controlling a steam generating boiler system of claim 1, wherein
using the fourth signal to control the fuel to feedwater ratio of the furnace and the boiler includes
varying the fuel to feedwater ratio used in the furnace and the boiler based on changes in the

fourth signal.

8. The method of controlling a steam generating boiler system of claim 1, wherein
obtaining a first signal includes obtaining a signal indicative of a once-through boiler reheater

manipulated variable used to control steam temperature in the once-through reheater section.

9. The method of controlling a steam generating boiler system of claim 1, wherein:

using the first signal in conjunction with the second signal to generate the third signal
includes using a first proportional-integral-derivative control routine to generate the third signal

based on the first signal and the second signal; and

using the third signal in conjunction with the signal indicative of the firing rate to generate
the fourth signal includes using a second proportional-integral-derivative control routine to

generate the fourth signal based on the third signal and the signal indicative of the firing rate.

10. The method of controlling a steam generating boiler system of claim 1, wherein:
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using the first signal in conjunction with the second signal to generate the third signal
iIncludes using a first multiple-input/multiple-output control routine to generate the third signal

based on the first signal and the second signal; and

using the third signal in conjunction with the signal indicative of the firing rate to generate
the fourth signal includes using a second multiple-input/multiple-output control routine to

generate the fourth signal based on the third signal and the signal indicative of the firing rate.

11. The method of controlling a steam generating boiler system of claim 1, wherein:

using the first signal in conjunction with the second signal to generate the third signal
includes using a first muitiple-input/single-output control routine to generate the third signal

based on the first signal and the second signal; and

. using the third signal in conjunction with the signal indicative of the firing rate to generate
the fourth signal includes using a second multiple-input/single-output control routine to generate

the fourth signal based on the third signal and the signal indicative of the firing rate.

12. A controller unit for use in a steam generating boiler system having a boiler with

a furnace, a superheater section and a reheater section, the controller unit comprising:

a first input to receive a setpoint corresponding to at least one of a reheater steam
temperature control variable or a reheater steam temperature manipulated variable, wherein the

setpoint does not correspond to a superheater spray;

a second input to receive a signal indicative of an actual value of the at least one of the
reheater steam temperature control variable or the reheater steam temperature manipulated

variable:

a control routine that uses the signal indicative of the actual value of the at least one of
the reheater steam temperature control variable or the reheater steam temperature manipulated
variable and the setpoint associated with the at least one of the reheater steam temperature
control variable or the reheater steam temperature manipulated variable to develop a first
signal, and that uses the first signal and a signal indicative of a firing rate to develop a control

signal; and

an output to provide the control signal to the furnace to control:

21



CA 02633277 2014-11-21

a fuel to feedwater ratio of the furnace and a boiler of the steam generating boller
system,

a fuel/air mixture provided to the furnace, or

an amount, a quantity or a type of fuel,

thereby controlling a steam temperature generated by the superheater section.

13. The controller unit of claim 12, wherein the at least one of the reheater steam
temperature control variable or the reheater steam temperature manipulated variable is

indicative of a burner tilt position in the furnace.

14, The controller unit of claim 12, wherein the at least one of the reheater steam
temperature control variable or the reheater steam temperature manipulated variable is

iIndicative of a damper position of a damper in the boiler.

15. The controller unit of claim 12, wherein the control routine compares the actual
value of the at least one of the reheater steam temperature control variable or the reheater
steam temperature manipulated variable with the setpoint and uses a difference between the
actual value of the at least one of the reheater steam temperature control variable or the

reheater steam temperature manipulated variable and the setpoint to develop the first signal.

16. The controller unit of claim 12, wherein the control signal developed at the output

operates to vary the fuel/air mixture provided to the furnace to operate the furnace based on

changes in the at least one of the reheater steam temperature control variable or the reheater

steam temperature manipulated variable.

17. The controller unit of claim 12, wherein the control signal developed at the output
operates to vary the fuel to feedwater ratio used in the furnace and the boiler to operate the
furnace based on changes in the at least one of the reheater steam temperature control variable

or the reheater steam temperature manipulated variable.
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18. The controller unit of claim 12, wherein the control routine implements a

proportional-integral-derivative control routine to generate the control signal.

19. The controller unit of claim 12, wherein the control routine implements a multiple-

input/multiple-output control routine to generate the control signal.

20. The controller unit of claim 12, wherein the control routine implements a multiple-

input/single-output control routine to generate the control signal.

21. A steam generating boiler system, comprising:

a boiler having a furnace, a superheater section and a reheater section coupled to the

superheater section; and

a controller communicatively coupled to the boiler to control operation of the boiler, the
controller being communicatively connected to the reheater section to receive a signal, the
signal being indicative of a desired value of at least one of a reheater steam temperature control
variable or a reheater steam temperature manipulated variable, and the signal being not

indicative of a superheater spray setpoint, and the controller including:

a first routine that uses the signal indicative of the desired value of at least one of
the reheater steam temperature control variable or the reheater steam temperature

manipulated variable to produce a first signal, and

a second routine that uses the first signal and a second signal indicative of a

firing rate to generate a control signal to be used to control:

a fuel to feedwater ratio of the furnace and a boiler of the steam

generating boiler system,

a fuel/air mixture provided to the furnace, or

an amount, a quantity or a type of fuel,

thereby controlling a steam temperature generated by the superheater section.
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22. The steam generating boiler system of claim 21, wherein the boliler includes one

or more dampers for directing flow of gas through the superheater section and the reheater
section and wherein the signal indicative of the desired value of the at least one of the reheater

steam temperature control variable or the reheater steam temperature manipulated variable Is

indicative of a desired position of the one or more dampers.

23. The steam generating boiler system of claim 21, wherein the furnace includes

one or more tiltable burners for effecting a temperature of gas in the superheater section and
the reheater section and wherein the signal indicative of the desired value of the at least one of

the reheater steam temperature control variable or the reheater steam temperature manipulated

variable is indicative of a tilt position of the one or more tiltable burners.

24 The steam generating boiler system of claim 21, wherein the boiler is a once-

through boller.

25, The steam generating boiler system of claim 21, further including a reheater
spray unit for controlling steam temperature at an output of the reheater section and wherein the

controller includes a further control routine for controlling the operation of the reheater spray

unit.

20. The steam generating boiler system of claim 25, further including a superheater
spray unit for controlling steam temperature at an output of the superheater section and wherein

the controller includes a further control routine for controlling the operation of the superheater

spray unit.

27 The steam generating boller system of claim 21, further including a superheater
spray unit for controlling steam temperature at an output of the superheater section and wherein

the controller includes a further control routine for controlling the operation of the superheater

spray unit.
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28. The steam generating boiler system of claim 21, wherein the control routine is a

proportional-integral-derivative control routine.

29. The steam generating boiler system of claim 21, wherein the control routine is a

multiple-input/multiple-output control routine.

30. The steam generating boiler system of claim 21, wherein the control routine is a

multiple-input/single-output control routine.

31. A once-through boiler system, comprising:

a furnace;
a superheater section:;

a first turbine coupled to the output of the superheater section;
a reheater section coupled to the first turbine;
a second turbine coupled to the output of the reheater section; and

a controller to control operation of the furnace, the controller being communicatively
connected to the reheater section to receive a first signal, the first signal being indicative of a
desired value of one of a reheater steam temperature control variable or a reheater steam
temperature manipulated variable, and the first signal being not indicative of a superheater

spray setpoint, and the controller including:

a first routine that uses the first signal and a second signal indicative of an actual
value of the one of the reheater steam temperature control variable or the reheater

steam temperature manipulated variable to produce a third signal; and

a second routine that uses the third signal and a signal indicative of a firing rate

to produce a control signal, the control signal to be used to control.

a fuel to feedwater ratio of the furnace and a boiler of the steam

generating boiler system,
a fuel/air mixture provided to the furnace, or
an amount, a quantity or a type of fuel,
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thereby controlling a steam temperature at the output of the superheater section.

32. The once-through boiler system of claim 31, further including one or more
dampers for directing flow of gas through the superheater section and the reheater section and
wherein the one of the reheater steam temperature control variable or the reheater steam

temperature manipulated variable is indicative of a position of the one or more dampers.

33. The once-through boiler system of claim 31, wherein the furnace includes one or

more tiltable burners for effecting the temperature of gas in the superheater section and the
reheater section and wherein the one of the reheater steam temperature control variable or the

reheater steam temperature manipulated variable is indicative of a tilt position of the one or

more tiltable burners.

34. The method of controlling a steam generating boiler system of claim 1:

wherein the first signal is indicative of the desired value of the reheater manipulated

variable;

the method further comprises obtaining, at the controller, a fifth signal indicative of the

reheater control variable used in the reheater section; and

wherein using the first signal in conjunction with the second signal to generate the third
signal comprises using the first signal and the fifth signal in conjunction with the second signal

to generate the third signal.

39. A controller unit of claim 12, wherein the signal indicative of the actual value of
the at least one of the reheater steam temperature control variable or the reheater steam

temperature manipulated variable is a signal indicative of the actual value of the reheater steam

temperature manipulated variable, and the controller unit further comprises:

a third input to receive a signal indicative of the actual value of the reheater steam

temperature control variable used in steam temperature control of the reheater section; and

a fourth input to receive a setpoint associated with the reheater steam temperature

control variable,
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wherein the control routine uses the signal indicative of the actual value of the reheater

steam temperature control variable, the setpoint associated with the reheater steam
temperature control variable, the signal indicative of the actual value of the reheater steam

temperature manipulated variable, and the setpoint associated with the reheater steam

temperature manipulated variable to develop the control signal.

36. The steam generating boiler system of claim 21, wherein:

the signal indicative of the desired value of the at least one of the reheater steam
temperature control variable or the reheater steam temperature manipulated variable is a signal

iIndicative of the desired value of the reheater steam temperature manipulated variable,

the controller Is communicatively connected to the reheater section to further receive a

signal indicative of the desired value of the reheater steam temperature control variable, and

the routine included in the controller uses the signal indicative of the desired value of the
reheater steam temperature control variable and the signal indicative of the desired value of the

reneater steam temperature manipulated variable to produce the first signal.

37. The once-through boiler system of claim 31, wherein:

the first signal is indicative of the desired value of the reheater steam temperature

manipulated variable,

the controller is communicatively connected to the reheater section to further receive a
fourth signal indicative of the desired value of the reheater steam temperature control variable,

and

the routine included in the controller uses the first signal, the second signal, indicative of
the reheater steam temperature control variable and the fourth signal indicative of the reheater
steam temperature manipulated variable to produce the third signal to be used to control the

fuel to feedwater ratio, the fuel/air mixture, or the amount, the quantity or the type of fuel.
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