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The second PAPERmatters! event started
from where the last, in 2016, ended.
Around 90 people attended the two day
programme, which featured presentations
ranging from Augmented Reality and
Alternative Fibres to Safeguarding and
Softness, and a lot in between. Of
particular note was the evening social
event which combined a BBQ, Casino and
Sheet-making Competition. Our thanks go
to all who attended, and especially to the
sponsors, without whom it could not have
taken place. See the Conference Report
for full details.
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The computer technique began to push the individual classical
PID controller out from the paper industry about 40 year ago.
Not universally, but everywhere where it has happened the effi-
ciency of production grew. Reporting, alarming visualisation,
these tools simplified process perception and enormously accel-
erated process understanding. However, the control approach
stays unchanged. The computerisation of control task was gen-
erally concentrated towards the transformation of analogue PID
to the digital PID. 
Of course, the smart features enhanced security and precision

of control task, but the control philosophy stays unchanged! The
PID controller reacts to changes of the controlled variable and
starts to recover the required process state only after the process
already deviates from desired value: so-called feedback control.
Even simple processes such as tank level control can be difficult
to control for larger process disturbances.
The delay time between controller’s reaction and resulting ef-

fect is too long for most important processes. Therefore, to keep
process stable the reaction of the controller must be even slower
to avoid oscillation. This is a big disadvantage of feedback con-
trol disabling fast and correct reaction on changes in the process
making control reactions inflexible and unwieldy. This leads to
energy, quality and production losses.

Model Predictive Control “MPC” 
To reduce this weak point of all PID controllers the new type

of control approach MPC was developed about 20 years ago. The
Model is a mathematical function derived from response on one-
step change in the process. Let us suppose change of machine
speed. All process variables start to change with different inten-
sity and different time delay. The paper moisture, paper basis
weight, the air humidity in the machine hood and many other
process variables, as well. The derived model predicts behaviour
of the process as reaction on one-step change. 
This prediction is forwarded to the PID controller as feedfor-

ward signal. The PID controller starts to react before the con-
trolled variable change. The accuracy of MPC prediction
depends strongly on measurement instrumentation, on working
point and used fibers. Therefore, the reliability of this informa-
tion depends on conditions under which the model was derived
and conditions under the model is applied. To reduce possible
negative impact of such prediction, the ratio 70% feedback and
30% feedforward is usually applied for PID controller. Further-
more, the mathematical model is not transparent, difficult to
check and is difficult to tune. This is also the reason for limited
applications in the paper industry.
The technical equipment of existing paper machines enables

incomparable faster adaptation to changes in production program
than the current control technique is able to realise. Let us con-
tinue with the example of machine speed change. Higher speed
means more steam for drying. Usually the steam control reacts
after the paper moisture has risen. Too late! Many controllers are

acting as isolated islands connected only by mass and energy
flows. The dewatering and drying process represent a big com-
plex of dependencies. In order to speed up the control task, the
important control loops have to be driven as one unit in the same
time. 

Advanced process control “APC” 
The weak points of MPC approach are well known. The MPC

method is usually applied only for 1 or 2 control loops and can
only achieve suboptimal results. To overcome the MPC disad-
vantages, the process physical dependences have been imple-
mented into the control algorithm. This type of control covers a
wide spectrum of working points; however, APC usually solves
only specific tasks in the control system for demarcated process
areas. APC algorithm is traditionally directly programed into the
existing DCS software. Therefore, the applicability to other con-
trol systems usually requires the same effort. The repeatability
of such method is limited by available measurement instrumen-
tation as well as by equipment implementation. 
To enhance results of control task the old method “neural net-

work” has been found again as a “data mining” technique. This
technique is generally applied to discover correlations in the pro-
cess using historical data. The data tracking is a weak point of
this method. It misses knowledge of the time delay between
cause and consequences. Not only this, the DCS control task
compensates the disturbance. This means that data mining will
find little correlation in the well-controlled process. This tech-
nique is extremely specific and is mainly used to control the
physical parameters of the paper such us strength, porosity,
breaking length and so on. 

Simulation aided control eliminates disadvantages of PID
and MPC 
The digitalisation of technological processes is currently the

way to the most effective control technique. The process is math-
ematically described by physical formulae as a first principle
model in order to simulate and assess real process dependencies.
This is a major difference to the MPC approach where the math-
ematical function is derived from measured signals. 
The first principle model represents behaviour of paper ma-

chine in all working points with precision equal to that of the
best instrumentation available. The biggest advantage of this ap-
proach over the mathematical model, however, is that the first
principal model is based on technical and geometrical parameters
of the paper machine and does not depend on the operating point
or fibres used. 
The model of the paper machine contains individual models

of real equipment like steam box, cylinder, heat exchanger, ven-
tilator and other relevant aggregates. Just like real equipment,
these individual models are connected with energy and mass
flows in the form of physical equations. The model functionality
is independent of processes running on the real machine. Such a
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model of the so called “virtual paper machine” is a mathematical
copy of physical, technical and technological parameters and
functions of the real equipment. One of the big advantages is its
transparency. The architecture of the virtual machine allows for
easy extraction of any process variable from the model. 

Validation of first principles model
Rarely are all the necessary technical parameters of the paper

machine equipment available. The missing parameters are re-
placed by empirical values from earlier installations. In most
cases, they are not far away from the real ones. However, all of
them must be validated. The validation is performed offline by
means of long time process data stored in the database. The set
points and process input values enter into the model, which sim-
ulates the drying process, and the results are compared with the
results of the real machine. Under the term “results”, all the mea-
sured process values have to be understood. 
It looks to be time-consuming, but it is not. The model reads

data, simulates drying process and writes results back automat-
ically. This procedure needs usually only a few minutes to pro-
cess data from the period of a month. Differences between
simulated and real results lead to the correction of corresponding
model parameters. The model with the new parameters will be
proved with the same data set and eventually again corrected
until all simulated results match the measurements. 
The validated model will be subsequently checked with an-

other process data set. Only after this procedure will the model

represent the real process. The precision of simulated results will
be very similar to the precision of the best measurement instru-
mentation installed at paper machine.

Simulation online 
The simulation aided control is based on 2 identical processes

(real and virtual) running in parallel. Basically, there are two con-
trol forms in the control algorithm. The basic form is active dur-
ing the stable production conditions. The set points are identical
for both processes. The model duplicates measured values and
additionally derives difficult-to-measure process variables such
as air humidity, paper dryness after press section, temperature of
cylinder shell surface and many others. Control algorithm uses
this information to increase stability, precision and speed of con-
trol reactions. 
In this control form, the control system continuously evalu-

ates the efficiency of each piece of equipment, compares them
with the best conditions and recalculates the differences as a
more energy consumption.
The second form is active during production change. First,

the new set points are optimised virtually into the future so that
deviations are corrected before they occur in the real process.
The optimised set points from the simulated future carry out the
process to the new targets using the best road there. The new pro-
duction is stabilised in the physically shortest time. Broke is re-
duced to a minimum and energy consumption is significantly
decreased. 
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Figure 1. Validation of simulated
drying process is performed offline.
The identical set points must generate
the same results. Deviations are only
within the scope of instrumentation
accuracy.

Figure 2. Steady state conditions are
used to derive difficult-to-measure
process variables, fibre dewatering
properties and to evaluate equipment
operational efficiency.



Let us follow the example of machine speed change. After the
operator changes the speed set point, the model calculates new
set points for steam pressure, rotation of air ventilators, supply
air temperature and other set points to minimise energy for new
production target. The optimising software ramps simultaneously
all these new set points with allowed speed to the new targets.
The grade change will be realised in the technologically possible
shortest time. 
The water removing efficiency in the press section influences

steam consumption in drying section enormously. Unfortunately,
paper machines seldom have dryness measurement after the
press section. The extreme severe conditions drastically shorten
the lifespan of this measurement equipment. Furthermore, the
calibration is risky issue with questionable precision. The Model
continuously simulates the dryness after press section with pre-
cision near to the precision of the final scanner. 
The optimising software saves these values specific to the

grade and evaluates changes of water removal efficiency due to
resin and other particles during days and recalculates it as more
steam consumption and steam costs. Cleaning management (as
a part of optimising software) calculates efficiency of felt clean-
ing. Costs of felt washing or felt change are compared to the
steam costs including production limitation and they are eco-
nomically optimised. This function increases production capac-
ity, reduces specific steam consumption, saves cleaning
chemicals and extends felt operational life. 
This is only one example from many of how the simulation

aided control improves process efficiency. The information func-
tions of this control method evaluate and improve efficiency of
other equipment like the steam box, heat exchanger, cylinder
syphon, airfoils, infrared dryer and others. This automatic highly
efficiency analysis of individual equipment and connected opti-
misation of operational costs is only possible by this control tech-
nique.
Many attempts have been made to apply APC technique in

the press section. The majority of them failed, because they were
based on paper drainage parameters that were measured in lab-
oratories. The laboratory procedure can hardly replicate real con-

ditions in the plant. Simulation based control uses continuously
press section results to calculate paper drainage parameters,
which are of course, grade specific. 
The main power of this control technique is in its control

functions. After entering the new production target, the system
calculates its feasibility under the mill current condition and final
set points of all control variables. Subsequently, the optimisation
software drives all these set points to the final position at the per-
mitted speed. The control of steam pressure for different pressure
groups, air humidity and temperature in hoods, limitation of
overdrying and other functions make it possible to use the last 5
to 10% of the unused capacity. The broke will be reduced to ab-
solute minimum and the specific steam consumption will be re-
duced up to 10%. 

Conclusion
The physical background of the drying process is known and

has been published countless times. This knowhow is seldom
used in production, and if so, only individually for specific tasks
(APC). With the existing knowhow, the entire drying process is
represented by physical equations in the form of virtual drying
process. This virtual process copies the functionality of the real
one with the accuracy of installed measurement instrumentation.
This solution brings tremendous transparency into the process,
as in addition to the “normal” measured values, parallel unlim-
ited quantities of far more difficult-to-measure process values
are simulated and visualised.
This new derived information brings significant improvement

into the process control. The simulation aided control is currently
the most efficient control technology and can be easy imple-
mented with low capital investment. This technology brings the
reduction of specific steam consumption up to 10% and exten-
sion of drying capacity up to 5%. The industrial revolution 4.0
has transformed quantity of different control techniques into a
new quality: simulation aided control.
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Figure 3. The changes in the production such as grade change start up, production limitation and others are simulated in the virtual
future, the set points are optimised and then used in the real process. 



Paper matters! The title says it all. Not just because we all
work in the industry but, since its invention around two millennia
hence, the material has slowly revolutionised the world, helping
to make it what we see today. Coming up to date, the Paper In-
dustry globally is huge, producing around 400Mt of product an-
nually. The UK contribution accounts for around 1% of this
which makes our indigenous industry not inconsiderable in size.
It is for that reason that over 90 delegates, mainly from the UK
but including some from Austria, Germany, Finland, Italy, and
even one naturalised Netherlander and another naturalised
Swede, gathered at Lancaster University in late September to
hear what is new or novel in our great industry. A flavour of each
presentation can be found in these pages; the full presentations
will soon be posted on our website. For details and enquiries
about each presentation, please contact the individual speakers.

Session 1 – Papermaking in the UK 
The Keynote Speech was given this year by Andrew Large

(CPI) on the contentious topic of Brexit. Indeed, this was easily
the most controversial subject touched upon during the event,
and elicited a large number of questions. Obviously, the speaker
was unable to come to a definite conclusion about anything; the
politicians are still arguing about the subject, and will continue
to do so (presumably even after it is concluded). Rather, Andrew
described the complexity as relating directly to the paper and
paper-related industries, then went on to discuss how as yet un-
foreseen problems with industries further down the line (such as
logistics) may have major detrimental effects on paper manufac-
turing. The bottom line according to Andrew involves Commu-
nication: communicate early with suppliers, customers and
contractors, and continue the dialogue as the formalities of Brexit
become more concrete. Hope for the best, but be prepared for
the worst.
Following on was a much less querulous subject, described

most eloquently by Mark Cropper (James Cropper plc). Paper
has played a pivotal part in the development of society, providing
as it does a cheap and reliable material for packaging, hygiene
and knowledge transmission. However, most people do not con-
sider its importance in the scheme of mankind; paper is a throw-
away commodity. Enter Mark Cropper, who is setting up The
Cropper Foundation in Burneside, both to capture and display
the important history of the material, and to act as a focus for re-
generation of the village. Current plans involve some form of
visitor attraction, alongside hand paper manufacturing and pos-
sibly paper conservation. The paper mill used to be the main
focus of the village, but is no more; this project, which is backed
by the Parish Council and other local stakeholders, aims to renew
the link and so regenerate the village and local area.
In this highly diversified section, the third speaker was Oliver

Rosevear (Costa Coffee) who described the problems and op-
portunities associated with single-use beverage cups. In the UK
we use around 2.5Bn each year, with Costa being responsible for
around 400M. These cups are a source of high quality chemical
fibre, but recycling has been limited mainly by the presence of a

plastic film. However, James Cropper is already using cups as a
furnish raw material, and DS Smith has run trials in Germany
with around 40t of waste cups. So the technology exists to handle
these materials. The problem then becomes one of recovering
cups in sufficient number, and with minimal other contamina-
tion, to make it a feasible raw material. Sheffield University re-
searched the final destinations of coffee cups and found most
(around 80%) end up at home, making kerbside collection fea-
sible. Other destinations are street bins (very poor quality) and
offices (much better prospect). Work is ongoing with ACE UK
to see how to improve collection of this valuable resource.
The first session ended with a session on that most tenuous

of ‘soft skills’ – leadership – by David Buffin (Buffin Leader-
ship). Traditionally it was thought that you were a ‘born leader’,
or you were not. Now we understand that leadership involves a
complex but learnable series of traits and skills. David gave a
compelling run-through of the importance of Focus, and how by
applying Energy and Action you get Results. Leadership is partly
a state of mind, and as long as you stay committed it is learn-
able.

Session 2: Energy, Environment & Regulatory Affairs 
The first two speakers after lunch were David Morgan (CPI)

and Arjan Geveke (BEIS) who together gave an update on the
2050 Roadmap. David gave part of the history of this project,
showing how far the UK has come to date (current figures show
a 67% reduction in GHG emissions by 2017 relative to 1990).
Furthermore our annual UK fossil fuel CO2 emissions are cur-
rently around 2.2Mt, compared with 20Mt for Iron and Steel, a
similar amount for Chemicals, and 10Mt for Food & Drink. So
Pulp & Paper is not one of the major industrial emitters in the
UK – indeed, we contribute only around 0.6% to the total fossil
fuel emissions of the UK which in 2017 numbered 367Mt CO2.
To go further and reach the 80% CO2 reduction required by cur-
rent legislation will require fuel switching, such as to biomass,
electrification or injection of renewable hydrogen into the gas
grid. Arjan then gave a short follow-up, highlighting in particular
sources of finance for energy efficiency and decarbonisation-re-
lated investments. There is money available for certain types of
project; in the meantime, the industry still needs to push ahead
in order to negotiate a sector deal with Government.
The next talk took us from legislation to practical energy re-

duction strategies, by using advanced mathematical modelling
to control processes within our industry. Peter Fisera (ProcSim)
is someone who has published many articles on this area in PTI
(for example see p.22 of this edition). ProcSim combine a series
of equations to model systems, particularly drying processes,
using software developed by AutomationX (part of the GAW
Group). These are then fed with real data points, and the model
is used to optimise control of the process. Currently the technol-
ogy is being screened by the Carbon Trust, so we hope to have
news of a trial in the UK sometime soon; in the meantime it is
already in use elsewhere by major companies such as Mondi,
Voith and Ircon. 
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