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Abstract

For a waste-to-energy plant the combustion control system (CC) is most important concerning the
performance of the plant. Therefore the choice of the fitting system is extremely relevant for the
plant efficiency.
In general there are four different combustion control systems:

e Proportional-Integral-Differential (PID)

e Fuzzy Control (FC)

e Neuronal artificial networks (NN)

e Model control (MC).
GKS has chosen a PID system with indirect coupling to the distributed control system (DCS) by
decision matrixes as the most promising. The installed system delivers a very stable combustion
situation. The comparison of the new operation data with the data before revamping, delivered an
excellent improvement. The flexibility of the installed system offers a further improvement with a
model based control subsystem.
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1 INTRODUCTION

Waste is produced by all of us. To avoid diseases, caused by biological reaction of waste and
vermin, waste has to be handled responsible. The recovery of waste by converting it to energy is
a most ecological and economical way. The combustion treats the waste without danger to health
and is sustainable by avoiding other resources, e.g. fossil fuel.

1.1 GKS Plant

GKS was founded in 1987 to supply heat and power to local shareholders. In 1990 the plan for
building a coal power plant providing environmentally friendly combined heat and power (CHP)
for district heating was realized (Fig. 1.1).

Fig. 1.1: GKS plant

A thermal waste treatment plant was integrated into the CHP-plant since 1994. The residual
waste of the Main-Rhon region is thermally recycled in these facilities and avoids the
combustion of fossil coal by burning waste.

The waste-to-energy section of GKS consists of 3 lines in which about 180.000 t/a of waste are
recovered by burning and converting into power and heat. A flow chart of the main plant is
shown in Fig. 1.2.
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& T o
+

)

@

extleenBioWaste Page 4 =)
SIXTH FRAMEWORK PROGRAMME
main steam coal plant main steam WTEP
110bar#525°C 62bar425°C
® & g i ® } E
coal input waste input
110bar#525°C
!
62bar425°C T
8] a gp D

17 Mwel

pass-out

condensin g turbine

back-pressu

12 Mvel on-site power

g.l kY

re

5 bar back-pressure system

make-up water I steam condensor

cooling tower

=

L

an

P

on-site heating @

district heating
arid

Fig. 1.2: Flow chart of GKS main plant

power feed to common carrier

The waste from the bunker will be conveyed to the combustion chamber (see Fig. 1.3). The hot
flue gases with a temperature of about 1.100 °C enter the 4-pass-boiler to transfer the heat to
water and steam in the boiler tubes. The steam will achieve 435 °C at a pressure of 65 bars. The
flue gas leaves the boiler at a temperature of 220 °C. In a multi-cyclone dust will be removed

and in front of the following spray dryer additives

for adsorption of heavy metals and dioxins are

added. In the spray dryer the excess water from the scrubber has to be evaporated. The additives
are captured in the following fabric filter. HCl and SO, are removed in the next unit that is a
two-step scrubber. The scrubber is left by the clean flue gas at a temperature of 65 °C, is
reheated to 105 °C and blown though the stack by a fan.
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Fig. 1.3: Scheme of the waste-to-energy section of GKS
The steering of the plants power is mainly managed by the control of combustion chamber and
boiler. A detailed plan can be seen in Fig. 1.4.
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Fig. 1.4: Details of combustion chamber and boiler of the WtE-section of GKS
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1.2 Combustion Control — Motivation and Basics

The combustion of a very heterogeneous material, as waste is, needs a complex control system if
a stable combustion is aspired. A stable combustion is aspired to preserve the plant, to get a high
efficiency and to avoid emissions. A controlled combustion allows to react to the most
disturbances during operation and is able the run a plant in the optimal operation point. By an
advanced combustion control system corrosion causing operation modes can be avoided and the
efficiency can be increased by running the plant at the maximum load at any time.

To keep the combustion within an approved operation (that is normally defined in a combustion
capacity diagram (Fig. 1.5)) measures have to be taken.
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Fig. 1.5: Combustion Capacity Diagram for GKS
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Manipulate variables
(grate combustion)

Fuel Combustion
transport air
| | | |
Fuel feed Grate system Primary air Secondary air Recirculation gas

Fig. 1.6: Variables for a grate combustion which can been manipulated

Tab. 1-1: Explicit manipulate variables for the grate combustion at GKS (PA = primary air; SA
= secondary air)

Combustion control

Primary Secondary
manipulate variables manip. variables
Transport Combustion Air

Velocity fuel feed PA zone 1 Total PA
Velocity grate 1 PA zone 2
Velocity grate 2 PA zone 3
Velocity grate 3 PA zone 4

PA zone 5

PA temperature

Plate zone 1

Plate zone 2
Plate zone 3

Plate zone 4
SA Switch of SA

Recirculation air

| Number of MV: [ 4 [ 12 | 2

The number of measures to control the combustion is low. On the one hands side transport of the
fuel (here: waste) can be steered and on the other side the air supply is a variable (see: Fig. 1.6).

The number of manipulate variables (MV) for GKS is 18 (Tab. 1-1). That means that 18
variables only can be taken to influence the process. Fig. 1.7 gives an overview over the
manipulated variables in the process.

D 2.2.3 Full-scale demonstration of a new advanced control system Copyright © NextGenBioWaste Consortium 2006-2010
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To influence the process, the status of the process has to be known. Therefore numerous of
parameters can be measured by sensors or calculated (Fig 1.8):

1.

2. Control variables CV

Manipulate variables MV (transport velocities; gas flows)

a. Measured: concentration of species; gas temperatures
b. Calculated: heating value by energy balance etc.; height of the fuel bed

3. Disturbance variables DV (fuel mass flow; heating value etc.)

Fig. 1.8: Visualisation of variables at GKS
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In the following there will be given an overview about:

D
)

different kinds of combustion control systems
selection of the combustion control system for GKS
description of the installed combustion control system
evaluation of the capability.

i S
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2 KINDS OF COMBUSTION CONTROL SYSTEMS

In general there are four kinds of combustion control systems:
- Proportional-Integral-Differential Control (PID) - conventional and advanced
- Fuzzy Control (FC)
- Neuronal Artificial Network (NN)
- Model Controlled (MC)

Each of these systems has its advantages and disadvantages.

2.1 Overview

For all control systems there is the same aim: To steer a process to a minimum offset between
set-point and actual value (Fig. 2.1).

Disturbance z

V7<

Control Path

Controller

4
©
) 4
v

' 3

Sensors

w: Set-point value

X: Actual value (feedback by sensors)

e: Offset

y: Manipulated variable

z: Disturbance variable

T: Reaction time in sensors and plant (control path)

Fig. 2.1: Control loop

The main value to be controlled in a boiler system is the steam flow. Beside that other variables
can be controlled: temperature at the end of the grate (indicates the grade of combustion of the
solid fuel); pressure over grate and fuel bed (can indicate local overload on the grate);
temperature field over the fuel bed (indicates area of main combustion); oxygen content in the
flue gas (indicates the grade of gas combustion) etc.
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While integrating more than one control variable, the control system gets more and more
complex (Fig. 2.2).

0
)

Fuel control by Disturbance z
Temp. Zone 5
2
w " € [Controller| Y (Airt PA5) a /., |Controller Control path | Y o—b>
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x: Actual value (feedback by sensors)

e: Offset

y: Manipulated variable

z: Disturbance variable

T: Reaction time in sensors and plant (control path)

Fig. 2.2: Increasing of complexity of a control system with more controlled variables (CC =
Combustion Control; DCS = Distributed Control System; AS = Automation System)

2.2  Control systems

The control systems, as mentioned above, can be use as single systems or can be combined (Fig.
2.3). The single systems are described below.

Combustion Control
Systems (CCS)

PID Fuzzy Control _I\_le_uronale Model Controlled
(FC) Artificial Network (MC)
(NN)
I |
Conventional Advanced Model Predictive
Control
(MPC)
[ ]
Fuzzy Support Neuronal Statistic Model Based
Net

Fig. 2.3: Kinds of Combustion Control Systems
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2.2.1  Proportional-Integral-Differential Control (PID)

)

The PID-controller consists of three components, which are added to one single manipulated
value.

P-unit: The actual value behaves proportional to the offset. The proportional controller
multiplies the offset with an amplification factor Kp and transfers the result directly. A P-
controlled circuit is simple and can be characterised as medium fast. The disadvantage is a
remaining offset.

I-unit: The integral acting controller sums up the offset over the time and multiplies the sum (i.e.
the integral) with the factor Ki. The longer the offset is present, the more the manipulated
variable of the [-unit will increase. The I-controlled circuit can be characterised as slow. The
advantage is that the offset will be eliminated completely.

D-unit: The D-unit appraise the change of an offset (he differentiates) and calculates the velocity
of change. This will be multiplied by the factor Kd. The D-unit is very fast but not able to work
alone. It has to be combined with a P-unit and/or a PI-unit.

If the D-unit is added to the P-unit, the PD-controller reacts on the indication of a change. This
leads to a kind of prediction within the control.

The combination of P- and I-unit to a PI-controller brings the advantages of a P-unit (fast
reaction), with the advantage of the [-unit (precise compensation). The PI-controller is therefore
precise and medium fast.

The PID-controller is the universal, classic controller. He units the good attributes of all
controller components. The PID-controlled circuit is precise and very fast. The application of a
PID-controller in WtE-plants is the “conventional” controller method. Within the use of these
controllers there is a wide range of quality.

2.2.2  Fuzzy Control (FC)

The Fuzzy-controller is a non-linear characteristic field controller. For low-complex systems it
supplies high transparency with good flexibility. The Fuzzy-controller is predestined to integrate
knowledge of the operator into the controller on a linguistically base. Therefore the operator
must not understand the controller and the user must not think about a complex model. Premise
is that the necessary knowledge is available.

If the combustion control, as it is at GKS, is nearly to 100 % in automatic operation, the know-
how of the local operator is not that distinctive. In general the FC is installed in some plants,
where some experience had been made.

The Fuzzy-controller defines manipulated variable of the offset by three steps: fuzzyfying,
fuzzy-Inference and de-fuzzyfying. The fuzzyfying delivers a linguistic variable for every actual
variable with weighing the relation between “true” = 1 and “false” = 0. The fuzzy-inference is
the formulation of Boole’ian-logical connectivity (similar as “if..., than ...”-relations). The de-
fuzzyfying turns the linguistic description of the problem into a mathematical relation via
weights of normally triangles or trapezes and their mathematical centre of gravity.

D 2.2.3 Full-scale demonstration of a new advanced control system Copyright © NextGenBioWaste Consortium 2006-2010



extlrenBioWWaste Page 14 _
SIXTH FRAMEWORK PROGRAMME

A further development of controller systems is the combination of fuzzy-controller and neuronal
artificial networks.

)

2.2.3  Neuronal Artificial Network (NN)

The neuronal artificial network (NN) bases on the imitation of nature, that build networks of
crosspoints (neurons) — e.g. in the brain. These neurons process single simple tasks. Connected
together to a complex network they are able to solve complex control tasks.

The NN must learn the process and plant behaviour in a teaching phase before the operation at
the plant (e.g. in a similar plant). The learned control situations can be extended during to
operation time at the plant. If the computer performance is good enough, a probable prediction
of the plant behaviour in the near future can be realised. Neuronal artificial networks are, in a
way, statistical systems which are able to solve stochastic problems. A disadvantage of NN is
that not learned situations can not be solved and the plant can, in the worst case, run in damage.
This could happen when the plant runs into a situation in which the NN has no information from
the past. In other words NN models cannot be used for extrapolation.

2.2.4  Model Control (MC)

Basis of this type of controller are physical and chemical models which describe the process.
There are two different model control systems: model predictive control (MPC) and model based
control (MBC).

Model based control (MBC) systems are normally not able to steer a process by themselves.
They need another controller to complete the control circuit. There are no model based
controllers known for WtE-plants as the new system of GKS which is coupled with a PID
system. So the model based control system is presented in Fig. 2.3 as a part of the PID-
controller.

The model predictive controller (MPC) is able to steer the whole process independent of other
controllers. In general there is a problem with the excellence of the model in relation to the real
plant. The MPC is also able to predict a short time of operation and therefore can react
anticipatory. The anticipation is right, if the model is good enough, what is difficult for complex
processes with hardly predictive disturbance variables.

2.3  Combination of Control Systems

The optimisation of complex processes with important disturbance variables will lead to some
combinations of controller systems. It is realised a FC/NN-combination, while the results are not
convincing. The problem of these combined control systems is on the other hand the price and
the complexity of the system.

D 2.2.3 Full-scale demonstration of a new advanced control system Copyright © NextGenBioWaste Consortium 2006-2010
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2.4  Coupling of Control Systems in the District Control System

For the integration of the control system there are two ways:

e Direct integration
e Indirect coupling.

The direct integration into the DCS means the integration of the program within the software of
the CS. The advantage is that there is one programming language and system for CS and DCS.
The main disadvantage is that the complexity of the combustion controller has to be reduced to
the options of the DCS if necessary.

The indirect coupling into the CS is realised by an electronic connection of the DCS to a
separate computer station. The connection is implemented normally by a universal transfer
protocol (e.g. OPC). The disadvantage is that there is a “black™ (the system, especially the
software, inside the computer is not known) or “white” (the operator knows the inside of the
system and can influence the software) box with an independent hard- and software in it. The
advantage is that there are more opportunities for the controller.

The combustion controller in GKS has an indirect coupling to the central control system coupled
via Gateway (Fig. 2.4).

Linie 11 Linie 12 Linie 13

Bus-System
CS 275

Engeneering-Station
Gateway Q& Gateway > Gateway &

i

1

AS: PCS7 + ES

AS: PCS7 + Server AS: PCS7 + Server
Profi-bus
Hydraulic-system Hydraulic-system Hydraulic-system
control control control

Profi-bus

Profi-bus

Remote-maintenance

Fig. 2.4: Coupling of CC into DCS
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The connection from the CC has to be realised by a gateway to the Siemens DCS via a bus
system. A partially visualisation of manipulated and control variables must be managed in the
DCS because of the operation of the plant is managed from this system. Some relevant screen
shots are shown below (Fig. 2.5).
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Fig. 2.5: Screen shots of the CS
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3 SELECTION OF AN ADVANCED COMBUSTION CONTROL
SYSTEM

)

The decision between the four control systems is difficult and in a way it is a question of the
company’s philosophy. GKS developed the following decision matrix (Tab. 3-1).

Tab. 3-1: Decision matrix for combustion control system (++ = very good ... -- = very bad)

Control systems:— PID FC NN MPC
Arguments: |

Experience of GKS control engineer ++ 0 -- --

Acceptance of GKS operators ++ + 0 0

Physical/chemical/technical understanding by ++ + 0 +

GKS staff

Reference situation of the suppliers in WtE-plants ++ + - -

Changes by GKS possible (without others) ++ -- -- --

Perspective in the future ++ 0 + ++

Based on this matrix GKS decided for a PID-controller. Main aims were the reference situation
and to get a system that is accepted and developable at GKS.

For choosing the supplier of an advanced PID system a new matrix was designed (Tab 3-2).
(Examples for suppliers for the other systems are:

e FC: Gierend

e NN: Powitec

e MPC: TNO)

Tab. 3-2: Decision matrix for PID suppliers (last 4)

Companies:— SAR, Babcock-Noell, | Thyssen-Krupp, | KH-Automation,
Arguments: | Dingolfing Wiirzburg Duisburg Fuldabriick
References in ++ ++ 0 -
WtE-plants
Competence in ++ ++ + --
discussion
(controller/process
engineering)
Flexibility for ++ + . -
integration of
MBC
Detail solutions ++ ++ + +
Price ++ ++ 0 0

Beside the control system itself the additional equipment for detecting the control variables is as
important and the integration of these data into the control philosophy. Here is a potential to
increase the system price very much. For example the NN-system was only offered with an
infra-red camera which doubles the price of the system. On the other hand it has to be
considered that the gained information of a detailed localised temperature profile over the width

D 2.2.3 Full-scale demonstration of a new advanced control system Copyright © NextGenBioWaste Consortium 2006-2010
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of the grate can not been used because the primary air can not be varied over the width. Five
infra-red temperature detectors (which cost about 10 % of an infrared camera) deliver the same
useful information (combustion temperature over the length of the grate, which can be used to
control the distribution of the primary air). The equipment for the main measurable control
variables:

e Temperature

e Pressure

e Volume flow

e Concentration (e.g. Oy)
should be selected with respect to the control options.

0
)

D 2.2.3 Full-scale demonstration of a new advanced control system Copyright © NextGenBioWaste Consortium 2006-2010
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4 DESCRIPTION OF THE NEW ADVANCED COMBUSTION
CONTROL SYSTEM

One of the premises of the installed combustion control system (CC) was to have a
comprehensible structure. Together with GKS the supplier SAR developed an overview of the

controller structure (Fig. 4.1). It can be seen, that there are two branches of each of the both
groups of manipulated variables:

e Transport
e Combustion air.
Each branch contains a base tablet, a trimming tablet, a section for the weighing of the different

variables and delivers at the end the set-values. Additionally a number of charts and data tables
can be chosen.
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Fig. 4.1: Overview over the controller structure

4.1 Detailed description

At first in the base tablets the maximum and minimum performance of the plant has to be noted
for the transportation and air supply (example for transportation: Fig. 4.2). It can be seen, that
the maximum speed of the grate is defined as the maximum number of grate strokes per hour
(dH/h). The maximum length of one stroke is 370 mm for the grate and 1,050 mm for the feeder.

The so called “base tables” (Fig. 4.3) give the relation between the plant load and the demand of
fuel transport parameters respective of air flow variables. The data between the minimum load,
here 60 %, and the maximum approved load of 110 % are given by theoretical calculations and
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practical tests. In the table there can be seen the values of the 60 % load case at the left and the
maximum load of 110 % at the right. In between there are the other load points in steps of 10 %.
The actual value for example the air supply is calculated in the last row. The different flows are
added reasonably at the right side of the table.

Technische anlagengrenzen |

Aufgabe Hibe 100% = 16,4 dHjh
Rost 1 Hibe 100% = 300,0 dHjh
Rost 2 Hiibe 100% = 300,0 dHjh
Rost 3 Hilbe 100% = 180,0 dHjh

Aufgabe Hublange 100% = 1150,0 mm
Rost 1 thlhaa 100% = 370,0 i
Rost 2 I'l.blﬁnp 100% = 370,0 mm
Rost 3 Hublénge 100% = 370,0 mm

Fig. 4.2: Maximum values for the transportation units

“a 60,0 10,0 az,0 k)
Lastpuni th 15,0 27,5 23,0 tih
UMW Luftdruck, mbar 23,0 28,0 26,4 mbar
Basiskorrektur_F km3fhiN) 32 4,1 4,1 km3fhin|
Shekl] LW kA 100,0 100,0 100,0 %
Stekl FL E 30,0 30,0 T
L
Gesamtluft k3fhiN) 16,0 27,2 =4 knyhin|
+ | +
Primathaft Mas. kmfhing) 12,8 22,3 20,5 km3fhiN) Basiswerte Korrigierte Werte
e MMittedwart ‘Ragelhand Mittelwert ‘Rage\hﬁnd
Priméruft Min, km3jhih) 11,5 20,3 19,0 kmethond|
% Unterwind M, kafhity) 7,9 14,3 12,6 kmihiny)
% Unterwind Min, km3hi) 7,3 13,8 12,5 km 3lh(!‘\iﬂ 100 %o UW
| Untepwind 21 km3fhil) 0,5 Basiswerts Korrigisrte Werts
,
IMittehwert \Ragalhand Mittelwert \Rage\baﬂd
Unterwind 22 km*fhid) 1,5 126 |t 00 126 [T 0,0 |kmi/hiny
Untersind 25 kmzfhil) 30
63,6 |+ 02 63,8 0,2 e
Unterind 74 kmzfhi) 2,0
Unteraind 75 km3fhin) 0,5

1,
% Plattenluf Ma, kmvafhiN) 4,9 78 7,2 fm3 ()
/ 100 % PL
" &7
% \ Flatkznluft Min, km3h(M) 4,3 i 72t Basiswerte Korrigisrte Wetke

Mitkehwert ‘RBUElbdﬂd Hittelwert ‘Rege\baﬂd

+]

_ Plafteniuftzl  kmefhiN) 2,5 72 |t oo 72 [T oo ki Jh{kD

Plattenluft 72 kb 1,1 +
4 |* oz E 0.2 e

Platteniuft 73 krn3fhiN) 0,6 +

[ Platteniuft 24 kmfhi) 0,5 |+

% sekundsrhuft Max ko) 4,5 63 64 kb
] 100 % SL
Sekundariuft Min kmzthin) 3,2 4,9 49 km 3lh(!‘\iﬂ EETEE Korrigierte Werte

worderwand km3thiy 21 25 2,5  kmifhih) : BT Mitt:\;uart Eegﬂen;and
Riickwand kb 1,7 a1 3,1 kephif—w | )

ReziGas kmafhih) 7,3 73 73 krnﬂh(N)l

Fig. 4.3: “Base table” for air variables
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A load change or a set-point variation shall not be too fast for the more or less low velocity of
the overall system as the grate combustion is. Therefore ramp functions are integrated in the
program and can be parameterised (Fig. 4.4).

Rampen, Sollwert |

L e
23,0 th
=X th 92,0 %
5,0 th —P_
0,0 th —= |
1,0 tih

[ e ey ) T

th 0 I ] f Y th
P g | AdiverSowert Transport [ [ | Aktiver Solwert ghft] e
% 2,0 i . | 22,8 s,
A
Sofimins 4,0 | Rampe Solwert Redukbion Transport | Tampe Scbwert Reduldion Luft 40 8, frriy
%fmin 5,0 | Rampe Sollwert Erhdhung Transport | ILTM_IE""ER chung Luft 50 %imn

02 i Sobwert, Redubtion Luft 00 v
20 vl

Fig. 4.4: Ramp function parameterisation

The calculated data from the base table can be trimmed by the operator to react on special
situations on the grate (normally caused by the disturbance variable “waste”).
The strength of the trimming can be defined in the combustion control program (Fig. 4.5).

| Unkerwind ‘

Wertrimraung | Zone 1 | Z0one 2 Zone 3 I Zone 4 I Zone § | Surnmen
fmjh 0,75 2,62 4,18 3,36 0,63 11,75 | kmeh
1,02 kra¥/h
[
+s i ‘erte nach Vertrimmung km#ih 0,96 3,02 4,359 3,57 0,54 12,77 km#/h
weriger 4| . | mehr

Wertrimmung Werteilung e -40,00 -80,00 -80,00 480,00 +80,00

‘erte nach Vertrimmung km#fh 0,96 3,02 4,359 3,57 0,54 12,77 km#/h

+0 %

n. hinten 4| | | *|n. vorne

Fig. 4.5: Trimming of transport and air flow parameter (here primary air)

The data from the base table will be corrected by the trimming and deliver a new output value.

All the gained control and manipulable values have to be put into a relation to each other.
Reason for that is that the tendency of one variable can for example have another direction as
from another variable. Therefore a weighting is necessary. This weighting is done in a weighting
table (Fig. 4.6).

The weighting table is one of the central units in the advanced combustion control system. It
offers the possibility to weight the control variables in their influence on the manipulable
variables. Within the advanced combustion control system the programming is that flexible, that
it offers to add other control variables directly. In the future it will be very easy to integrate new
control variables without changing the complete program (see EXT 1 to 6). Some of the external
variables will be data taken out of the combustion model.

The weighted data are mathematically connected and the calculation (Fig. 4.7) delivers the
values for the PID-controller (Fig. 4.8). The advanced PID-controller calculates the direct
manipulated variable. In difference to normal PID-controllers several correction terms can be
added.
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ZONE 1 g ZONE 2 o
Gewichtung [ Korrekkurfakk, Gewichtung [ Korrekkurfakk,

Dampfmenge -0,01 -0,03
+15
+5,0

Oz-Luft +0,0 +0,00 -0,02
FT-Lufk +0,0 +0,00 -0,03

| Feuerrauntenp. £1 | | +5,0 +0,05 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
+0,0 +0,00 +0,0 +0,00
Summe +0,01 Summe -0,13

Bassiswert 1,0 km3h| || |Bassiswerk 3,0 kmEh

Bassishor, 4,1 km3jh || |Bassiskor. 4,1 km3h

Korrekburwert 0,0 km3fh| || |Korrekburwert -0,5 km3fh

Sollwert 1,0 kmzh( | | Solaert 2,5 kmih

Fig. 4.6: Weighting of the control variables onto the manipulable variables in the “weighting
table”

MAR
Eezeichnung Gevx“k:i“”g Regler LI Gewichtung e Anpassfzkror +1,0
Gewichtung Werr Mittelwert
0 0,3 5
G{FD) I o +3,5 +15,0 i Basiskorrekturmenge | +4,1 | kmih +1,4 | kmih
| | 1.0
(1] +0,0 —
G(oZ) r +21,7 +0,0
+0,0 —»  K(FD) +0,01
HL +0,0
GI(FT) r i +100,0 +0,0 [+ Kz | +0,00
|| +0,0 Sallvert
[a] v = k() | +0,00 +1,4 | km3h
G(FT Z1) F +4,9 +5,0 2
0,1 I+ keFTz1) | +0,00
[} +0,0
GIFT 22) r +40,3 +0,0 [* k(FTzz) | +0,00
L +0,0
> k(FTz3) | -0,0% MIN Absalut
(] +0,0 SUM ey
G(FT 23) =4 = +57,3 -5,0 ™
] -0,3 F+ KEXT1) | +0,00 | KA
G{EXT1) r +0,0 +0,0 oo [+ K(EXTZ) | +0,00 Bagr. Sollvert
+0.0 +1,4 | kmih
|+ kExTa) | +0.00
0 +0,0
G(EXTZ) r +0,0 +0,0 oo
— 2 [F_K(EXT4) | +0,00 Korrekturmenge PL
GIEXT3) r +0,0 +0,0 0.0 I+ KkExTs | +0,00 80 km3/h
L +0,0
] +0,0 > KkExTe) | +0,00
G(EXT4) r +0,0 +0,0 oo — 3
SWF
0,0
G(EXTS) r +0,0 +0,0 +D . M
C +0,
O +0,0 Geregelter Sollwert
Sy C — = +0,0 +L4 | kmih

Fig. 4.7: Calculation of the “corrected” manipulated values
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#* stetigregler

BETRIEBSART | _ Sallwerthearbeitung Sollwertrampe Regelparameter Regeldiff, Uberwachung
27 500 SP stoRfrei ~ .
EXTERNJNTERN | [[EXTERN Positiv Lall Alarm Aus
MachfSP=P¥ [©
MNegatiy Tl 05 ER:HH alarm 100
op ,— Rampe ALUS I
23,0 _ ™ [ 0s ER:LLalam IW
1375 Py W Bediendgrenzen Stellwert
l—’ SP high limit 275 Il 100 % TOTH. 0 ER hysteresis 01
AN -10,2 %
imi Lag time S
0,1 % (SR SF lowlimit Hin 100 R Soll-flst-Balken
0,000 Man MAR high lirnit 100 —— 75
Solllst Out mit [ 100
00 % 0 fap || 100 BarLL 0
|
oy 1 |§5‘3|E§|>.;|§Eg§| =N L R A= -~ L
57500 : Dratum |Zeit | Klasse |Status| Ermgnlé 30507 100
! Alarm Ein 22.05.07 19:10:38.527  [Warnung [KiG Py Wia o5 o5 74
22.05.07 19:10:48526  Alarm KG
PV HH alarm 3 20dan{ ¥
16
: 15415
1375 PV H alarm 275 I . : 1 M
HYST. L B
54 54 71
Py: L alarm r od olim
0,000 PV LL alarm r 25.05.07 11:36:00 11:52:00 12:05:00 12:24:00

Fig. 4.8: Advanced PID-controller

All the data for the manipulated variables are visualised in one screen (Fig. 4.9). Here the base
value, trimmed value, corrected value, set-point value and actual value for transportation and air
supply are listed in a column diagram. By this tool the effects of all the control measures can be
overviewed.

AUFGABE ROSTI  ROST2  ROST3 UL UwZ2 UWZ3 Uw2e m pl,n uu m.u pLz4
3 & ﬁ% 5 & 13&-% “,Ez 58 3 njz 5 az w B2
FEL ] HEL o> m>3$ lhb hbli\i
100%
0%| ! m m m ! M ! !
Basiswert 5,54 34,70 2620 17,60 dHih Basiswert 0,71 392 | 3,5 312 1,61 | 1,58 2,54 | 3,10  kmojhiN)
Vertrimmt 5,54 70 2620 17,60 dHih Vertrimmt 1,28 3, 35 470 | 39 | o sa 33 b e By g, Ds 315 | 2,90  kmjhiv)
- Korrekturwert -2,41 -29,73 -20,88 -1,78 dHh Korrekturwert  -0,11 0,73 0,49 0,77 0,17 0,00 0,00 0,00 0,00 0,00 0,00  kejhiN)
a Ger. Sollwert 3,13 5,00 5,32 15,82 dHth Ger. Sollwert 1,17 2,65 4,21 3% 0,85 333 1,82 1,79 1,08 3,33 3,11 kmfhih)
2 Ger.Istwert 1,24 2,73 4,30 | 402 0,8 32 N oyes B oa77 W 100 ki)
(]
c
E mm? W LUFT SLLUFT PLLUFT  Rezr
- ..‘.: 3-2 m::' ; = ..*3. % z
12,57 7,19 2,30 | km*h(N)
numm 11,02 5,64 7,19 kand (P}
Vertrimmt 13,23 6,05 8,01 k2 fhiN)
Korrekturwert 0,00 0,40 0,3 0,00 k?hiN)
Ger. Sollwert 27,29 12,83 6,44 3,01 kanfh(h}
Ger. Istwert 27,66 13,16 6,44 8,02 6,38 kmyh(N)

Fig. 4.9: Summed up overview for the manipulated variables as base value, trimmed value,
corrected value, set-point value and actual value
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To get an idea in which load the plant (respective the line) is running, a firing capacity diagram
(FCD) visualises the situation. The position of the cross in Fig. 4.10 gives a fast view of the
mechanical throughput (fuel in tonnes per hour), the firing capacity (in MW) and the lower
heating value (in kJ/kg).

Brennstoffwarmeleistung [Mw]
&
REIE 12500 Wkﬂ 11300 Kkl/kg
9500 k/kg
| ‘I l"‘
X o
21l
,’ " 8
110% L : 1 Heizwert
23,22 o
o
224~ 4 e
-
£ 1 Wairmeleistung
2 -
21,11 100% Z -
o
204 e 7500 k/ka HFUSIIAL
e =, Enthalpie
E
- =
18]l o e =
P o P 1 L Millmenge
e / 7
16] <
Py .. 6000 k)/kg
_____
NN 77277 |
14] 6690 = hie™
-~ 6
by Ll o - —* g
12| 4" R e e S5
i A P
.O“.
1] .
8
} # Brennstoffdurchsatz [ka/h]
3000 1000 5000 600D 7000 8000 9000 10000 11000

Fig. 4.10: Visualisation of the plant load within a firing capacity diagram (FCD)

4.2 Main differences between old and new combustion controller

Although the former combustion controller (CC) had been a PID-controller as well, the new
advanced controller has some better and new features.

421  Airflow

In the old CC a change in the combustion situation was followed by a change of air flow
between primary air (PA) and the air cooled side walls. This transfer is not given any more.
Instead of this the PA is switched between the 5 zones (Fig. 4.11). A more direct effect on the
combustion is induced and a better, independent control of the side wall temperature is possible.

A temperature influenced distribution over the five PA-zones is integrated. Therefore the
temperatures in the combustion chamber are measured by infra-red detectors (zone 1 — 3) and
thermocouple (zone 4 —5).
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Gewichtungen Regelung Unterwind

20ME 1 a ZONE 2 o Z0NE 3 o Z0NE 4 o Z20NE & a

Gewichtung | Korrekburfakt, Gewichbung | Karrekburfakt, Gewichtung [ Korrekburfakk, Gewichtung | Korrekburfakt, Gewichtung | Korrekturfakk,
Damnpfmengs [+30] -om -0,08 -0,02 +0,08 -150 +0,01
+0,0 +0,00 -0,02 -0,03 +0,04 +0,00
0,0 +0,00 [+50 | -0,03 +0.0 +0,00 [0 ]  +0.04 +0.0 +0,00
Feuerraumtemp, Z1 [+=0 ] +0,08 40,0 +0,00 [=0 ] +0,00 [zo] +0.00 +00 +0,00
+0,0 +0,00 +0,0 +0,00 +0,0 +0,00 +0,0 +0,00 +0,0 +0,00
[=0 ] -0,03 [1me ] -0,03 [ #m ] -0,02 [+1m0]  +oos [vom | +0,00
+0,0 +0,00 +0,0 +0,00 +0,0 +0,00 +0,0 +0,00 +0.0 +0,00

Fig. 4.11: Weighting of primary air

4.2.2  Height of the fuel bed

The height of the fuel bed is important because it can be, especially at the end of the grate, a
synonym for complete or incomplete combustion. If for example a huge bulk of waste is not yet
incinerated and lays on the grate in primary air zone 4 or 5, it can be assumed, that the remaining
slag in the deslagger, when this fuel enters the deslagger, will not undercut the limit value of 3 %
total carbon. Different methods to measure the bed height had been tested:

e Hydraulic pressure of the grate transport,
e Pressure drop of primary air through the grate bars and the fuel bed.

Unfortunately none of the both methods deliver reproducible results. The measurements were
stopped and a calculation of the bulk on the grate out of the combustion model will be taken into
consideration.

4.2.3  Oxygen control

The oxygen content in the boiler is in a strong relation to temperatures and to the volume flow of
flue gas. The higher the oxygen content in the flue gas, the larger the volume flow. The flue gas
fan has maximum capacity as a function of volume flow and pressure drop. Over the operation
time, with increasing pressure drop, the capacity of the flue gas fan can be the bottle neck of the
plant capacity. Therefore a reduction of the oxygen content can increase the capacity of the plant
over the full operation time. That is the reason to include the optimisation of the oxygen content
stronger into the new advanced combustion control system.
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3) EVALUATION OF THE NEW ADVANCED COMBUSTION
CONTROL SYSTEM

Normally for the comparison of two conditions of a plant line-diagrams over the linear time are
taken. As can be seen in Fig. 5.1 the comparison is difficult and imprecise and can lead to
incorrect conclusions.
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Fig. 5.1: Comparison of old and new steam values by time charts

A more reliable illustration of the relations can be delivered by the presentation of the deviation
of the actual plant data (i.e. steam flow) from the set-point.

Fig. 5.2 shows the deviation of the actual value of steam production in relation to the set point in
percent for month April 2007 on basis of 5-minutes-actual-values. It is obvious that the new
combustion control system has a much less deviation. More than 95 % of the values of the new
combustion control system are in an interval 26 = 2,6 % while the old system has a standard
deviation of 7,6 %. To demonstrate that there is a fluctuation in different months, the data of an
extremely good month with the old combustion control are shown in Fig. 5.3. In May 2007 the
standard deviation for the new system is 3,3%, for the old CC 3,8 %. The comparison of
different months leads to medium standard deviations as:

e new CCS: ~3%
e o0ld CCS: =~ 6 %.

Although the old CCS is - compared to other plants - a quite good system, the new advanced
combustion control system delivers excellent results concerning the steam values, that leads to a
higher efficiency because of operating closer to the maximum load, and is an impressive
improvement of the stability of the combustion, which can avoid damage to the plants
components. Additionally a positive impact can be given to environmental aspects.
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&3 new combustion control system

1 old combustion control system

Fig. 5.2: Comparison of old and new steam production values by a deviation function as
deviation of offset from steam production in April 2007
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Fig. 5.3: Comparison of old and new steam production values by a deviation function as
deviation of offset from steam production in May 2007
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Fig. 5.4: O, concentration: old CC compared with new CC

number of values [%]
ey
—

N
\—, V\

1
_/n‘ﬂ/

0,2 1 18 26 34 42 5 58 66 74 82 9 98 106 11,4 122 13 138 14,6 154 16,2 17 17,8 18,6 194 20
CO concentration [mg/m3]

‘ Onew combustion control system

DOold combustion control system

Fig. 5.5: CO concentration: old CC compared with new CC
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While the oxygen content (Fig. 5.4) in the flue gas does show a slight advantage only for the
new system referred to the old one, the CO content (Fig. 5.5) is decreased by about 15 %. The
average in the old system was 9 mg/m’, the new system releases 7.7 mg/m’ (all concentrations
referred to standard conditions and 11 % O2).

This environmentally issue was not the primary aim of the project and was not really expected.
Nevertheless this is an interesting effect, which shows the advantage of the new advanced
combustion control system. It can be stated, that the project has brought an economical and
ecological improvement for the plant.
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6 SUMMARY AND OUTLOOK

0
)

The old PID combustion control system of line 11 of the GKS waste-to-energy plant was
replaced by a new advanced combustion control system. The new system has a complex but
clearly arranged systematic with high flexibility to implement further modern control variables.

The results of the new combustion control system, compared as the deviation of the actual
values to set point values, are impressive good in relation to the old system and in contrast to
other plants. The average deviations for the steam production are:

e new CCS: ~3%
e o0ld CCS: ~ 6 %.

which is an improvement of about 100 %. The enhancement of operation allows on the one
hands side a closer operation to the maximum load and on the other hands side a more gentle
operation of the plant. The second point can for example lead to a decrease of corrosion, what
has to be investigated in the future.

Beside the improvement of operation, environmental aspects are gained. The CO content in the
flue gas was reduced by about 15 %.

All in all the new advanced combustion control system has stated its economical and ecological
improvements. The system decision can be recommended to other operators.

Extention:
Temperature
measurement
with IR

Temperature
measurementwith IR
Inventory

=

Temperature
measurementwith
thermocouples

Fig. 6.1: Extended measurements for optimisation of the controller
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Nevertheless, also an excellent system can be improved.

Sometimes there is a situation during operation in which no precise decision of the status of
combustion can be made. When the steam flow decreases it is not clear if there is enough fuel on
the grate or if the fuel on the grate was not ignited, respectively the fuel was to wet. Than the
control system has two possibilities: to convey more fuel on the grate (1* case) or to ignite the
fuel on the bed by preheating the primary air or by distributing to primary air. In these cases
temperature measurements near the front and rear wall in the lower 1% pass can give an
indication of the cases. This will be implemented in the coming future.

To get further information of the fuel bed a physical model was developed. This is able to
calculate the height of the fuel bed on the basis of input data as the manipulated variables. The
integration into the new combustion control system has to be realised as well as the validation of
the calculation will be aim of the deliverable 2.2.4.

Q@ -0 I
=]
o
o

[m] 0,35 -

IREES 492 492 59 MoallEolel oz,c Ama 427 4Nt AR4 AR9 348 26,2

0,05 - 492 493 497 509 lval 116,00 126,2 136,0 | 137,4 138,8 140,1 141,4 142,6
I | | | | | | | | |
450 5,10 570 630 69 740 7,80 8,20 860 900 940
= Length [m]

Fig. 6.2: Height of the fuel bed calculated by a physical model

To sum up the results of this task it can be stated that the installation of the new advanced
combustion control system was economically and ecologically very successful.
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