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Foreword
The technology of Radio Frequency Identification (RFID) is not
really new as such. It is new that the use of RFID becomes more
interesting and economical in more application areas every
year. In the past only military and large industrial applications
were possible. Today RFID has already an established position
in many B-to-B businesses. It is used where large numbers of
product identifications have to be performed safely in high
speed and large volumes without manual intervention.
Trading companies and warehouses as well as department
store chains are making use of RFID and drive the further development of this technology. The WAN-IFRA Technical Committees “Production” and “Materials and Environment” visited
the Metro Group RFID Innovation Center and European Electronic Product Code (EPC) Competence Center in DüsseldorfNeuss in March 2009 and saw many examples of actual and
future applications.
IFRA published a Special Report on “The Use of Radio
Frequency Indentification in Newspaper Production” in 2007
[IFRA 06] when this technology was still a novelty for the newspaper industry. Since then we see a constant development of
RFID. Components get smaller and device prices drop with
growing numbers. Today RFID tags or parts of them can even be
produced by special printing techniques (“Printed Electronics”).

Time was right to run a real life case study with RFID tagged
newsprint paper reels in newspaper printing environment. Our
committee member Assaf Avrahami suggested to report about
the case study he and his colleagues from the largest Israeli
publisher Yedioth ran in co-operation with paper suppliers and
RFID technology providers.
The Technical Committees “Production” and “Materials
and Environment” acted as assisting working groups during
the review process of this report. The committee members are
listed for information as appendix F of this report.
WAN-IFRA thanks the authors and the supporting companies
for sharing their reports and findings! We also thank the committee members who were very instrumental and supported
the publishing of the report with their valuable comments!

Manfred Werfel
Deputy CEO WAN-IFRA CH
Executive Director Newspaper Production
WAN-IFRA GmbH & Co. KG
Darmstadt, Germany
January 2010
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Introduction

The “Yedioth Ahronoth Group” is a major
media house in Israel. Its newspaper
flagship is the daily newspaper “Yedioth
Ahronoth”. Yedioth has created a special
IT company, called “Yedioth Information
Technologies (YIT)” that develops and
supplies solutions to the group but also
to the general market. Assaf Avrahami
who is the CEO of Yedioth Information
Technologies is a member of the IFRA
Technical Group Production. He and his
team have developed the sources for this
Special Report.
This Report is not specifying a new
IFRA standard of reel identification. It is
a report on a case study that refers to
the experiences of paper reel handling in
the printing houses of Yedioth Ahronoth
and on the developments regarding RFID
tagging and RFID based IT systems at
Yedioth IT. The study aims to deliver an
analysis how in the future RFID could
be used technically and economically
for paper reel tracking and management. This study is also based on the
assumption that in the future RFID tags
will gain in performance and lower in
cost.
A key cost element in the newspaper
printing industry is newsprint, the paper
used for print production, representing
between 20 % and 30 % of total
printing expenditures [IFRA 04]. The price
of printing paper is developing along
economic developments. In recent years
we could see that paper prices went up
according general price levels of raw
materials. In the current world economic
crisis this trend has stopped, but experts
expect that in the long-term newsprint
prices will be on a relatively high level.
This is no surprise since energy costs
develop in the same direction and paper
making is an energy intense process.
There is no doubt that any increase
achieved in operational efficiency in

the area of paper management will
yield considerable cost-savings, thus
improving the firm’s bottom-line.
The supply chain of paper reels begins
with the ordering of the paper (categorised by the different types, sizes,
and suppliers). The reels undergo many
transfers in their lifetime. They must be
transported from the paper mills (often
via an international shipper), received
at the printing company’s warehouse,
placed in storage, moved to an intermediate storage facility, conveyed to
the different production floors, used in
various machines and finally, the paper
remnants and reel cores are sold.
Usually the reels are tracked using
standard barcodes. IFRA published a
reel identification specification already
in 1987 [IFRA 87]1. The IFRA barcode is
an industry standard today used by many
mills and newspaper printers all around
the globe. A barcode on a paper reel
can either be read by a simple handheld barcode reading device or by a fully
automatic barcode identification system
that is equipped with automatic reading
devices installed along the paper workflow in the production facility.
However, there are two disadvantages
of the IFRA barcode system. First, the
barcode is typically attached to the reel
wrapping. As soon as the wrapping is
taken off the reel the barcode identification is no longer connected to the reel.
This can be an issue especially for those

1

In the issue of January 1987 the IFRA magazine “newspaper techniques” reported that the IFRA Newsprint
Committee had decided in favour of a 16-digit bar
code for reel wrappings. The code selected was the
numeric Interleave 2/5. Contained in the 16 digits was
the manufacturer identification code, as demanded by
newspapers, as well as further information, such as the
specific weight of the paper.

printing companies that want to track
and control the paper workflow even
after the unwrapping stage, for example
tracking partially printed rest-reels.
Today this is normally tracked by the reel
management system. The advantage
of the RFID only applies, if no tracking
system is available, or the control got lost
e. g. due to manual transports.
The second disadvantage was no
problem in the beginning but developed into a practical restriction today.
The IFRA barcode combines the reel
identification number with information
about the reel, such as grammage.
Nowadays buyers want to know much
more information about the paper than
a barcode can ever contain. IFRA has
often been approached since the last
years with requests to include one or the
other piece of information into the code
structure of the barcode. Unfortunately
this as not possible any more since the
limited size and structure of the barcode
does not allow any further information
extension. The WAN-IFRA Technical
Committee Production and Materials
and Environment decided in spring 2009
to initiate a project called “Reel Code
2020” to develop a new reel ID with
extended content that shall be independent of the coding technology used, by
this covering bar code and RFID.
In order to prepare for future developments it makes much sense to look
into technical alternatives for product
identification. The electronic “Radio
Frequency Identification” (RFID) method
is developing strongly since a number of
years. Different kinds of RFID tags have
been developed and with the first mass
market applications manufacturers of
those tags could bring prices down year
by year. These were reasons enough
for IFRA to study the basics of RFID
and its possible area of applications for
5
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publishing houses. The result was a first
Special Report on this issue published in
20062.
Since this first report things have
further developed. Yedioth Information
Technologies (YIT) has, in co-operation
with others, developed a prototype
system that works with a new kind of
RFID tag powered by a low-cost printed
battery and has conducted first field
tests and implementations tests.
The full “Supply Chain Management”
(SCM) of paper reels includes also the
part of the chain that takes a place in the
paper mill and contains all the different
parts and stages of the product in the
paper manufacture production floor. In
the actual study we will cover only the
paper workflow in the printing plant.

2

IFRA Special Report 04.2006, Moritz Müller: “The
Use of Radio Frequency Identification in Newspaper
Production”, Darmstadt 2006

6

A possible future alternative to
barcodes is Radio Frequency Identification technology (RFID). RFID marks items
with a tag that broadcasts radio signals
to designated receivers.
This technology today offers different
operation methods. The model used in
this study integrates semi-active tags as
tools for the management of the paper
reel supply chain. Although attempts
have been made to develop models
for the management of paper stocks
[LAI 02], as well as to investigate RFID
technology’s suitability for this purpose [WIN 04] and for print workflow
[IFRA 06], research studies in the area of
paper reel supply chains management –
from the ordering stage to the handling
of paper remnants and reel cores – are
limited in number and fields of interest
covered. The few studies that exist cover
the area only partially.

Goals of the case study research
The research of this study aims to meet
the following goals:
■ Development of a model that forecasts the newspaper printer’s savings in paper reel SCM (supply chain
management) through the implementation of an automatic reel tracking
system based on RFID technology in
comparison to the actually existing
paper handling workflow.
■ Development of a simulation model
that helps forecasting more efficient
management of the supply chain of
paper reels, thus saving unnecessary
expenditure.

WAN-IFRA Special Report 01.2010 Paper Reel Management with RFID Technology – A Case Study
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Literature review

Supply chain and inventory management in the paper reel industry
Few studies that describe paper reel
inventory management in a printing
house and the SCM of paper reels have
been published so far.
Lai, Jue Xue, Guoping and Zhang
[LAI 02] described an optimal solution
for storing and handling paper reels in
printing houses. Their solution is based
on a genetic algorithm for layout design
of a paper reel warehouse with a two
stage heuristic approach. The work
proved that this algorithm enables the
design of an optimal layout for storing
paper reels. The target function was
minimised clamp truck handling of the
stored reels. The work related to unloading the reels, moving them to the storage
facility and later on transporting them to
the production area. They considered a
paper reel storage layout problem where
different classes of paper reels need to
be placed in the cells of the warehouse.
Each paper class has a different reel type
and each reel type has its own inventory
level and demand. In their study they
solved the problem of locating each reel
in the warehouse, so that the total transportation time would be minimised. The
contribution of the work is a comprehensive algorithm for storing paper reels
in a printing house.
Another study by Westerlund and
Isaksson [WES 98] dealt with solving a
production optimisation problem in a
paper-converting mill. In this paper the
problem to be solved was how to produce a set of different paper reels from
one big tambour reel and then transport
and store these reels in the paper mill.
This work is important since it deals with
the paper suppliers’ part of the SCM
process.
One of the most important works in
this field was carried out by the IFRA

Figure 1: A typical passive RFID tag

Newsprint Committee and was published in 1993 under the title “Newsprint
and Newsink Guide” [IFRA 93]3. This
work includes the basic rules for tagging
paper reels with traditional barcodes in
the paper mill according to one standard
and for reading these barcodes at each
stage of the SCM process. The work
introduced the best practice method
whereby reels are wrapped and arranged
in the paper mill, loaded into a shipping container, unloaded from the container at the printing house, stored in
the optimal way and then supplied to
the printing area later on. The method
also considers how to handle the core
and the paper waste at the end. This
research represented first time that one
work covered the full process of paper
reel SCM for the printing industry. It is
very basic and simple and uses generic
models from industrial engineering,
applying them to this specific field. Later
on most printing houses and paper suppliers around the world adopted the
IFRA proposed method.

3

“IFRA Newsprint and Newsink Guide”, Darmstadt
1993. This 530-page guide is intended to serve as an
information source for printers, pressroom supervisors
and technical management, providing up-to-date facts
and advice for dealing with these every-day materials.
The guide has been compiled and approved by the IFRA
Newsprint Committee.

RFID technology and
implementation in generic SCM
RFID technology is a means for marking
items with a tag, which broadcasts radio
signals to designated receivers posted up
to tens of meters away. This technology
aims to replace other product identification methods and can be based on one
of the following RFID tag technologies.
Passive RFID tags (100–135 KHz)
Passive tags do not broadcast data but
just reflect back a signal with information
after being sent a radio wave by a
transmitter. Such passive tags are not
equipped with a power supply, and as
a consequence their lifetime is relatively
long and they are relatively inexpensive.
On the downside of this, their electronic
signal is relatively weak. They are able to
transmit signals only up to one meter of
distance.
Active RFID tags (860–950 MHz)
Active RFID tags are typically equipped
with a battery, capable of broadcasting additional data compared to passive tags. Their lifetime is limited because
the battery’s life is limited. Due to their
battery such types of RFID tags they are
more expensive than passive ones. The
advantage however, offered by these
tags, is their strong signal that can transmit over a distance of up to one hundred
meters. The tag reading system in a gate
for example is equipped with a proximity
7
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sensor that is used to identify the tags
which are passing through. So the reading system can distinguish between
the tags it has to read and those which
are just sitting in the store attached to
storage items.

Figure 2: Example of an active RFID tag

Semi-Active RFID tags (860–950 MHz)
The idea of the development of semiactive RFID tags is to combine the
advantages of passive and active tag
technologies. Semi-active tags should be
as inexpensive as possible (comparable
to passive tags) but also as powerful as
possible with regard to signal strength
(comparable to active tags).
Semi-active tags use a battery-assisted
chip. In order to keep costs low, this
battery is not a conventional device but
a printed battery that gives the tags an
up to two-year life-span and a signal that
reaches up to ten meters. Such tags also
cost much less than active tags, but more
than passive tags. At the time when this
report was written the price per semiactive tag could be up to 20 times lower
than the price of an active tag.
The emerging RFID technology has
generated and enormous amount of
interest in the general supply chain area.
Using this technology, inventory can
be tracked faster and more accurately,
labour costs can be saved and the
8

complete SC from supplier to end-user
can be improved.
In the paper industry however, you
also find a lot of scepticism regarding
the use of RFID for reel tracking. Paper
manufacturers argue that the cost of
the tag is far higher than the current
label costs. This would – in the case of
one paper supplier – represent millions
of dollars per annum, which could be
pushed onto the publishers. Another
paper supplier reported that they hardly
found sufficient benefits to justify the
introduction of RFID reel identification.
Other paper suppliers are investigating the use of RFID and run pilot tests
together with customer and developers.
There is also some hesitation on the
supplier side regarding the placement
of the semi-active tags on the reel core.
One supplier reports about test results:
“We attempted the tag placement as
described (in this report; the author) and
stopped because of winding issues. Placing the tag in each core was very labour
intensive. The only winder that the tag
could work on is a wind belt.” There are
other technical questions regarding the
tag placement as well. One of them is
how to make sure that the tag is not

damaged by cutting large tambours into
single reels. In such a case you need to
know the sizes of the individual reels
created later in advance, before placing
the tags onto the tambour’s reel core.
Another question is how large the reel
diameter can be so that the tag signal
still transmits through the paper to the
outside. Currently there is a trend to use
reels of a higher diameter; 1.5 m can
frequently be found nowadays. RFID
tag signals have to be strong enough
to transmit through a paper reel of
1500 mm diameter. Further development
of RFID technology will certainly provide
such requested signal performance.
Nowadays reel core suppliers offer
cores with integrated passive tags, which
are worked into the reel core multiple
times. The tags are repeatedly positioned
after a certain distance along the reel
core, so that later cutting of the tambour
into single reels has no negative effect
on RFID tag functionality and availability.
This is even true in case it happens that
one tag is damaged by the saw.
Paper is often shipped under extreme
climate conditions. It is no exception
that reels are loaded and transported
at a temperature of – 30° Celsius (e. g.

Figure 3: Example of a semi-active tag, glued onto a reel core in a paper mill.
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shipments from Canada in winter time).
It will need clarification and tests to
ensure that RFID tags can work reliably
under such harsh environmental conditions. It also has to be checked if and
how the batteries of semi-active tags
and their life-time are affected by very
low temperature.
Lee and Cheng [LEE 04] explored
the impact of RFID on a generic supply
chain. They developed a simulation
model to study how RFID can improve
supply chain performance by modelling the impact of RFID in the manufacturer-retailer supply chain. Their
paper provided a quantitative analysis
for measuring the potential benefits of
RFID. They modelled a simple manufacturer-retailer supply chain in a consumer
product business. They then analysed
the dynamic and stochastic behaviours
of supply chains that are affected by the
deployment of RFID. They presented two
simulation models, one without RFID and
one including the use of RFID. The results
of their work was that inventory levels in
the process decreased by 23 %–26 % in
the RFID-assisted supply chain.
Another work by Lee and Ozer [LEE 07]
studied whether RFID could affect
generic supply chains. They summarised
previous research related to RFID and the
effect RFID might have had on each part
of the supply chain. The paper related
to labour cost, improvement of service
(for the supplier), inventory accuracy and
inventory levels.

Printing industry
Research studies regarding the development of the international publishing industry indicate that newspaper
circulation has dropped in the last five
years at the range of 5 %–10 % (including free newspapers). Nevertheless,
newspapers remain leading media
and account for 44 % of the advertising market-share worldwide, while in
Israel they represent 50 % of the market
[TGI 06].
These competitive changes mandate
that the printing companies take the
necessary steps to become more operationally-efficient and constantly improve
their systems, in order to preserve publishers’ revenues and profits.
Paper breaks have a major impact on
the effectiveness of the printing process. When a paper break happens during printing, the print process is stopped
and valuable time is lost by having to
re-web the paper in the press. Paper
breaks are generally the result of one of
the following: a human mistake, wrong
machine settings or false materials handling, a technical problem in the printing
machine or a defect in the paper reel.

RFID in the printing industry
IFRA studied the option of using RFID
in the newspaper printing industry
[IFRA 06]. The report reviewed the
printing industry processes in which RFID
can be implemented, including paper
reel conveyance and storage, plate making, ink handling, mailroom activities and
distribution. Each stage was examined to
see if deployment of RFID was possible
and meaningful now and in the future,
and, if so, what the optimum effect
could be.
Regarding paper reels this work
studied the effects of RFID in very general
terms without getting into each part
of the paper reel supply chain management process. It was the first report that
studied the implementation of RFID in
the newspaper printing industry and
gave a good general overview of using
RFID in the printing process.
Based on and in addition to this first
IFRA report, the results of the actual RFID
case study were presented at a Focus
Session during IFRA Expo in Vienna in
October 2007 [AVR 07].

9
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Present situation and problems
observed

What did we compare in this report? We
compared a non-automatic system with
a potential automatic system based on
RFID technology. Modern automatic tag
recognition is compared with manual
barcode reading or with a half-automatic
system.
You could argue that only a comparison of a fully automatic barcode
based system with a fully automatic
RFID based system would make technical sense. Indeed, there are companies
who use fully automatic barcode systems
without disturbances during delivery and
within the production value chain.
On the other hand, the idea of this case
study report was not so much to provide
a comparison on the highest level of
automation between barcode and RFID
but to open the eyes of many average
newspaper printers who typically do not
run the utmost in reel tracking systems.
In order to touch those potential readers
of the report we decided by intention
to compare an average or even below
average reel tracking system with a fully
automatic system. This automatic system
could be either barcode or RFID based. In
both cases the leap-frog would be comparably large. However, we decided to
use the RFID based solution because we
believe in the future of this technology
and we actively help developing this
technology for newsprint reel tracking.

10

To say it in short: We did not intend to
argue against a barcode based solution,
but we wanted to promote fully automatic tracking systems in contrast to
incomplete tracking systems, which are
still a reality in many cases.
Our reference point for this case study
is a medium-size newspaper printing
house equipped with a barcode system.
This print plant has a paper consumption
of 20 000 tons per year. It has no automatic reel handling system and uses one
main big paper storage in the printing
house. The barcode system is used for
manual reading with hand-held devices.
They use a manually controlled clamp
truck system. As far as we know from
experience in our country‘s market, on
the spectrum of “no automation at all”
on the one hand side up to “fully automated systems” on the other hand side
many of the cases are like this.
Today, paper reel supply-chain
management in the printing industry is
performed using two methods:
1. Completely manually, with no tools
or marking devices (manual lists are
used for managing the complete
process).
2. Traditional barcodes and barcode
optical readers.

Currently, each reel is labelled on its
outer wrapping with an IFRA Barcode
that contains relevant details for this
paper reel (manufacturer, paper mill,
weight, paper type) [IFRA 93]. Many
mills also print the CEPI Unit Identifier
code (UIB) on the belly of the reels that
can be used for easy identification. In
the places where the reel management
system uses barcode reading, it is read in
every station along the supply chain and
the organisation’s computer system is
updated accordingly with the reel status.
Printing plants we have studied in our
country‘s market showed a number of
handling problems:
1. Cost of labour – large amount of
human resources was invested in
manually reading of the reel barcodes
and in appropriately filling in their
status on forms in each and every
stage, as will be further described.
2. Information loss – once the reel wrapping was removed, the reel could no
longer be identified (the barcode is
available only on the reel wrapping).
The wrapping was generally removed
as the reel entered the production
process (printing). Defects were
occasionally found in reels, or a
defect in the reel caused the paper to
break during the production process.
When such defects emerged during
the process, and if the reel barcode
was lost or not recorded, there
was no way of knowing which reel
was flawed. Therefore, the factory

WAN-IFRA Special Report 01.2010 Paper Reel Management with RFID Technology – A Case Study

couldn’t ask the paper supplier for
concrete help.4 Another observed
problem was that since the supplier
was unknown, the paper quality
could not be fully analysed according to suppliers. Such analyses would
have helped when making decisions
regarding future buying of paper
from specific sources.
3. Traditional barcodes do not allow the
location of specific reels paper in the
warehouse to be identified. Hence
there were instances when a reel was
moved for printing, but it turned out
to be the wrong reel. Alternatively,
a certain reel e. g. was sought, but
its storage location was unknown.
In any such event, reels had to be
moved with a clamp truck and any
such shift might damage the paper.
4. Inaccurate inventory monitoring
could be observed as well. All the reel
reading was done manually; a reel
may enter and/or be retrieved from
storage and not be registered due
to human error. Additionally, reels
marked as retrieved for production
(printing) did not appear in inventory
lists even if they were only partially
consumed. These issues mean that
the inventory lists were false and
inaccurate and did not reflect what
was actually sitting in the paper
warehouse.

4

If the diameter of the remaining rest reel is not too
small you should be able to read the reel number, which
is printed onto the side of the reel. (The same is true
for the manufacturer information.) In a well organised
printing plant the reel consumption sheet tells you
which reel number ran on which reel-stand, so that you
still can identify the reel even if the barcode is gone.

11
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Paper reel tracking with
RFID technology

Figure 4: Applying the tag at the paper mill

We tested the use of RFID semi-active
tags on paper reel cores in a pilot installation at Yedioth Ahronoth printing
plants in Israel. This system should allow
the paper movement to be monitored
automatically. The monitoring system
comprises two antennas: one for transmitting and one for receiving the signal from the tag. Our solution uses s
semi-active tag, which on one hand
is strong enough and able to transmit
the information through the paper reel
radius (0.5 m–0.7 m) and more up to
four meters through the air, which is
the distance needed to be bridged for
a clamp truck gate. On the other hand
the semi-active tag is by factors less
expensive than an active tag. Each semiactive tag, to be applied at the paper mill
as shown in Figure 4, includes a unique
identification number for the reel.

12

Figure 5: Reading the RFID tag at the wrapping station in the paper mill

The reason for having the tag attached
to the reel core is to enable reel tracking
at every stage. The tag will not disappear
when the reel wrapping is discarded.

Figure 6: Reading gate in the printing plant

In the next stage the paper is wound
onto the core. At the last station in the
paper mill – the wrapping station – the
reel tag identification number is read for
production tracking reasons of the paper
mill. This procedure is shown in Figure 5.
At each control point in the printing
plant you will need a reading gate as
shown at Figure 6. The information from
all the reading points will be collected by
the information system that will apply
the studied supply chain model.
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The cost components in the paper
reel supply chain

Below we describe all steps of the paper
reel supply chain and their cost excluding those in he paper mill. Each stage is
examined to see if it can be streamlined
and improved by using RFID as opposed
to using a barcode system.
1. Ordering – When the stock drops
below a specified minimum, the
order can be automatically issued to
the supplier (subject to the supply
schedule).
Automatic
ordering
depending on the stock level does
not depend on the use of RFID. It
can be done with another product
ID system as well. It needs a system
that allows automatic reading of IDs
and automatic processing. You can
find so called “chaotic paper storage
systems” that are able to do this,
although the reels are just marked
with traditional barcodes. However,
RFID is a modern and future oriented
method of helping to solve this
problem.
2. Data indicating that stock is dropping
below a minimum level will be given
in real-time by means of an RFID
stock analysis (which will include
stock in the production process,
which cannot be done manually). If
your current way of record keeping
does not allow for verification of
stock quantities, paper reels will not
be ordered on time. With an automatic system such as a system based
on RFID, it will be possible to effectively update stock-levels, according
to the historical data on paper reel
usage collected. This will allow the
updating of stock levels of different
types of reels, at any stage and “on
the move”.
3. Land and sea transportation – no difference between manual and RFID
based recording.

4. Unloading – no difference between
manual and RFID based recording.
5. Registration and quality control –
manually registering each reel means
registering each one individually and
manually identifying each reel on the
delivery note. These labour costs are
avoided with an RFID system.
6. The use of barcodes is not automatically identical with a manual
registration. There are IT based
barcode systems that do many of
the processes automatically. It depends on the complexity of the system
employed.
7. Handling to point of storage – no difference between manual and RFID
based recording.
8. Cost of stock – no difference
between manual and RFID based
recording.
9. Moving to day storeroom – no difference between manual and RFID
based recording. The day storeroom
is the place where the reels expected
to be used in the next 24 hours are
kept.
10. Moving to production floor – no difference between manual and RFID
based recording.
11. Detraction from stock – manual
record keeping requires an employee.
Use of RFID saves this cost.5
12. Cost of acclimatisation – each reel
has to remain (still wrapped) for
24 hours in the day storeroom, in
order to adapt to the right printing
temperature. This common practice is useful if high differences in

temperatures exist between the main
warehouse and the day storeroom
In case the reels were exposed to
very low temperatures during transportation they should have an even
longer acclimatisation time. Due
to the fact that by manual record
keeping it is difficult to know the
exact number of reels in the day
storeroom, as well as whether more
are needed, it happens that a reel
may not be fully acclimatised. This
could cause paper breaks during
printing, halting production. These
stoppages cost money (time, labour,
resetting, etc.). Absorption (implementation) of RFID would reduce the
occurrence of such events.6
13. Cost of weighing – manual record
keeping requires weighing of the
reel-ends sold. A press control system
that keeps track of the amount of
paper on the rest reels can, in conjunction with a fully automatic RFID
or barcode based reel identification, provide information about the
weight of the rest reels to be sold
without weighing. Therefore cost
related to the weighing of rest reels
can be saved.
14. Record keeping of the number of
cores of each type sold – this cost will
also be avoided. The exact number
of reels sold and removed from the
plant will be made available by RFID,
without employee intervention.
15. Cost of handling complaints to supplier – at times, during the printing

6
5

A sophisticated paper reel management and tracking

Automatic storage systems can well track every reel that

system can control all this even without RFID identifica-

is coming in and every reel that is going out. RFID is one

tion. Only if you lose track of a reel you have to count

method to identify the reels, but bar-coding is another

the number of reels in the day store room. But if you

method. And there are a number of different fully auto-

keep track, you do not have to count the reels in the

matic barcode reading systems.

stock over and over again.
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process, different types of defects
can be found in the paper reel (the
number of such cases can be defined
by percentages). Each defect must
be documented, clearly identified
and linked to the respective reel.
Well documented complaints filed
with the supplier allow for adequate
compensation. In manual record
keeping much energy is required to
document each event and identify
the respective reel. If the reel is in
the process of printing, it is virtually
impossible to identify it, making it
impossible to file a complaint. Implementation of RFID technology will
enable the identification of the reel
– as well as retrieval of its quality
data – at any stage of the printing
process, allowing the preparation
of an adequate complaint. This also
includes reels that were partly used
and loaded back to the press for
printing. In such cases without an
RFID tag, the reel identification and
quality information is lost.7

7

It is true that the reel ID is lost as soon as the barcode is
taken off with the wrapping. However, there are automatic reel handling systems which take care of the reel

Basic Formulas
The basic formulas for costing paper reel
SCM may change after adding RFID.
1. Effects of stock-reduction on total
cost (TC):
TC = AD / Q + CD + hQ / 2
where:
A Fixed cost per order
D Demand per time-unit
Q Ordered quantity
h Cost of stock per unit
C Cost per unit.
This value represents the overall
cost per time-unit (including the
cost of raw material) according to
the “Economic Ordering Quantity”
(EOQ) model. Excluding the cost of
raw material:
TC = AD / Q + hQ / 2
The following cost will be relevant
for each item in stock:
N

∑ TC

n

= ADn / Qn + hQn / 2

n=1

2. Rn – reel
C – Costs of registration and qualitycontrol
3. Rn – Reel.
C1 – Cost of registration at delivery
N

∑R

n

4. BR – Number of paper breaks with RFID
B – Number of breaks without RFID
CB – Cost of a paper break
B · CB – BR · CB
5. Wn – Number of reel-end weighing
events
C3 – Cost per weighing event
N

∑W ·C
n

6. Rn – Reel.
C2 – Cost of sale registration
N

∑R

rest reel off after printing. They even know how much
paper is left on the rest reel and they store it and use
it again in case it fits the production requirements. All
this can be done independently of the coding system
(barcode or RFID). Maybe it can be done easier in case
of RFID coding, but still, it can also be done without
RFID, because the paper logistic system knows which
reel has been put into which place. It is all a matter of
investment and how much you want to spend for your
automatic paper logistic system. In real life mainly large
printing houses invest into such complex systems.

14

· C2

n=1

7. (%) D1 – Number of defects per reel
found before usage
(%) D2 – Number of defects per reel
found during usage
C4 – Cost of defect documentation
per reel
C5 – Compensation received per
defective reel

when it enters the production area. They put the right
reel into the right reel stand on time. They also take the

3

n=1

n

Type of items in stock is n = 1, 2, 3, ...

· C1

n=1

N

D1 ·

∑R

n

n=1

N

· C4 + D2 ·

∑R ·C
2

n=1

5
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The simulation model

Non-automated reel
management process
In a case study we compared a non-automated process of paper reel tracking and
control with a possible fully automated
process of reel identification, tracking
and control. Our assumption was that
the automated process would be based
on RFID technology.
We developed a model that simulates
the process undergone by each paper
reel in the printing house from ordering
to selling of the cores. The simulation
model was developed using ARENA
software. The model includes four different parts:
■ Inventory management – includes
the mechanism that is responsible for
adding new orders and the orders that
have arrived to the stock level.
■ Orders – compares the actual stock
level to the minimum stock level that
was predetermined for each product,
and if the level is lower, then determines that an order for a specific
quantity (Q) should be prepared/
issued.
■ Demand – includes the demand for
every reel type. This demand is determined and known.
■ Production – includes all the processes
through which the reel goes once it
arrived at the production floor.

Automated reel
management process
Below we describe the changes in the
model if an automatic and RFID based
system is used.
1. Generally the need of manual
recording of the reel is eliminated in
the automatic process.
2. The effective order point changed
so the known stock inventory now
includes the real stock level in the
entire printing plant (including daily
storage and printing room).
3. Since the location of each reel is
known there will be less transportation and less paper damage.
This also means that the transportation working time and the
degree of paper damage is reduced.
4. Since – based on improved reel
tracking and control – each reel will
stay in the day storage for the time
needed to acclimate, the reel condition will be optimised and there
will be less paper breaks. We could
reduce the percentage of total paper
breaks.
5. Reels that were only partly used can
now be identified as well as those of
substandard quality. This information
can be used in the communication
with the paper supplier.

Each part includes the mathematical
rules and actions that belong to this
stage. These mathematical rules and
actions can not be described in detail in
this report.
In order to input the data for each
process we conducted a time study to
check how long every process takes and
what resources are used in this process.
Appendix A shows all the measurements
that were taken for each of the activities.

15
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The experiment

We performed a series of model executions aimed at examining and verifying
the following two hypotheses:
1. The non-automatic model correctly
simulates the current situation.
2. The automatic and RFID based model
is economically worthwhile compared to the non-automatic version.
In order to examine the first hypothesis
we took the following steps:
1. We used collected data of the
resources consumed during management of the supply chain as they
appear in the organisation’s IT
system.
2. We measured the times of the
various processes for the non-automatic model (Appendix A) and fed
this information into the various
stages of the model.
3. We simulated the non-automatic
model by software, processed it and
sampled the output of each resource
at the end of each month.
4. We validated the non-automatic
model by comparing its data with
the actual data. This comparison was
done using a T-test. The T-test is a
statistical tool that compares sets of
data and finds out if there is a correlation between them.

16

The second part of the experiment
examined the second hypothesis (does
the automatic RFID tag based model
consume fewer resources than the nonautomatic model?). In order to perform
this test we took the following steps:
1. We ran the non-automatic model
for 24 months in the computer
simulation program, checking the
resource consumption at the end of
each month.
2. We ran the automatic model,
checking the resource consumption
at the end of each month.
3. We compared the non-automatic
model to the automatic model using
a T-test, and found the differences
between.
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Results

The results can be broken down into three different parts. The ﬁrst part is the real situation existing at the printing house. This data
was taken from the printing house’s IT system. It includes the value for each month and for each parameter over a period of two
years.
Month

Paper damage
(ton)

Clamp truck
hours

Person
hours

Average
stock level

Paper
breaks

Paper breaks
without reel IDs

1

1.75

54

120

24

3

2

1.78

55

119

25

4

3

1.79

54

118

23

2

4

1.65

55

122

22

3

5

1.6

56

119

21

1

6

1.5

53

120

20

3

7

1.75

54

121

28

3

8

1.7

54.5

117

24

5

9

1.72

55

122

22

4

10

1.8

56

119

21

4

11

1.85

53

119

22

5

12

1.9

55

118

23

3

13

1.8

54

118

25

5

14

1.8

55

119

22

3

15

1.9

54

120

20

2

16

1.9

53

121

22

0

17

1.85

53.5

117

23

3

18

1.85

55

120

22

6

19

1.83

54

121

26

3

20

1.82

55

122

25

2

21

1.84

53

117

24

1

22

1.86

54

118

25

4

23

1.83

55

119

24

3

24

1.8

54

119

22

3

Table 1: Data taken from the IT system8
Paper breaks without reel identiﬁcation – the total number of paper breaks where we cannot know the reel identiﬁcation
Paper breaks – the total number of paper breaks in one month
Person hours – the total man hours needed for the entire process including all the stages that the reel is going through
Paper damage – the total damage that happens in the printing house because of handling the reels with the clamp truck
Clamp truck hours – the total clamp truck hours that are needed for the entire process
Month – the 24 months in which data were collected

8

There are no data in the column “Average stock level” because we did not have these data in the Enterprise Resource Planning (ERP) system.
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The next two sections comprise the data generated by our simulation models. The first was the non-automated model. The results
for 24 months for this model are shown in table 2.
Month

Paper damage
(ton)

Clamp truck
hours

Person
hours

Average stock
level (units)

Paper
breaks

Paper breaks
without reel IDs

1

1.22

56

120

5178

25

4

2

1.24

55

118

5179

24

5

3

1.25

54

118

5176

23

2

4

1.27

55

122

5178

26

3

5

1.22

56

119

5175

24

2

6

1.24

54

120

5174

23

3

7

1.23

46

120

5173

22

3

8

1.24

55

118

5172

24

4

9

1.22

55

121

5170

22

4

10

1.22

56

119

5178

25

5

11

1.25

53

119

5179

23

5

12

1.22

55

118

5178

22

3

13

1.24

56

118

5173

20

3

14

1.23

55

119

5173

21

2

15

1.23

54

119

5171

26

2

16

1.22

54

121

5178

28

1

17

1.23

55

118

5178

22

3

18

1.22

55

120

5180

24

3

19

1.23

55

121

5181

25

4

20

1.22

55

122

5178

26

2

21

1.21

55

117

5174

24

1

22

1.21

54

118

5175

25

3

23

1.22

55

119

5174

23

4

24

1.22

55

119

5174

24

3

Table 2: Data from the non-RFID-based model simulation
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Table 3 shows the results of running the RFID-based model in our simulation software. Again we simulated two years of production
or 24 months.
Month

Paper damage
(ton)

Clamp truck
hours

Person
hours

Average stock level
(units)

Paper breaks
with reel ID

1

0.53

36

36

5008

22

2

0.54

37

37

5007

23

3

0.52

38

38

5006

24

4

0.53

36

36

5009

21

5

0.52

36

36

5010

20

6

0.53

37

37

5007

22

7

0.56

37

37

5006

23

8

0.54

38

38

5005

21

9

0.55

35

35

5005

22

10

0.52

34

34

5009

23

11

0.54

37

37

5010

21

12

0.53

35

35

5009

22

13

0.52

34

34

5010

23

14

0.55

38

38

5004

22

15

0.52

36

36

5003

21

16

0.51

37

37

5002

22

17

0.53

38

38

5006

23

18

0.54

37

37

5008

21

19

0.53

36

36

5008

23

20

0.52

37

37

5011

21

21

0.51

38

38

5012

22

22

0.53

34

34

5009

23

23

0.55

35

35

5012

21

24

0.53

37

37

5008

22

Table 3: Data from the automatic model simulation

Analysis
First, to validate our model we conducted hypothesis tests, so called T-tests,
to compare our model with a real-life
situation. We conducted T-tests for each
variable separately. The results of the
T-test show that there are no statistical
differences between the two variables in

each case (Appendix B). The only variable
whose correlation is not clear is “paper
damage“. This might have happened
because our model may omit a stage
where additional damage could occur.
The next step was to determine if and
where the automatic model and the
non-automatic model differed. To this

end we conducted a T-test and found
that there is a difference (Appendix C).
In other words, the data confirmed
our hypothesis that there is a difference
between the automatic and the nonautomatic model. Our next objective was
to analyse the financial aspects of this
difference.
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The economical aspects

It is interesting to translate the differences we found between the two
simulated models into monetary values.
We calculated the total savings for one
year.
The calculation was done by subtracting the outcome of one year of the
automatic model from those of the nonautomatic model after having calculated
the average of each variable reached in
the T-test (see appendix C). The price
for each resource is also described in
appendix D. We can see that the total
savings for one year is about 50 000 US$.
The investment for the installation of
an automatic and RFID based system
would be as follows.
1. The cost of tagging the reels (yearly
expense):
2. 20 000 reels, about 0,5 US$ per tag
= 10 000 US$
3. The cost of maintenance for the
gates and the software (yearly
expense):
4. 10 000 US$
5. System software, one time investment: 25 000 US$
6. Installation of 10 RFID gates, one
time investment:
7. 3 500 US$ per gate = 35 000 US$
The pay-back period
In calculating the pay-back period (PBP)
we will consider the capital investment
for the software and the gates, which
sums up to a total of 60 000 US$. In
order to calculate the possible net total
savings for one year we have to take into
consideration the cost of the tags that
have to be purchased, which reduces
our savings per year to 30 000 US$.9

9

Net Present Value model
To calculate the net present value (NPV)
we assumed an interest rate of 5 % for
one year. We calculated the NPV for four
years. We assumed that we will pay the
tags at the end of each year. The cashflow for these years would be as shown
in table 4.
The total NPV for the period would be
46 379 US$. The NPV at an interest rate
of 7 % would be 41 629 US$ and the
NPV at an interest rate of 3 % would be
49 346 US$.

Expenditure and
income calculation
Expenditures
Income

would have possibly to be added to the calculation.

Return On Investment model
We calculated the return on investment
(ROI) with the data from the NPV model
above. The ROI would be calculated like
this: (gain-cost) divided by (gain). The
ROI would be: (106 378-60 000 US$) /
60 000 US$ = 0.77.
N

NPV = 0 = Expenditures +

∑ C / (1 + IRR)

In our case IRR = 0.349 = (34.9 %). This
rate is better then any internal rate given
by a bank.

Year 1
1000 US$

Year 2
1000 US$

Year 3
1000 US$

Year 4
1000 US$

60

20

20

20

20

—

50

50

50

50

Total

– 60

30

30

30

30

Total in present value

– 60

29

27

26

25

Year 0
1000 US$

Year 1
1000 US$

Year 2
1000 US$

Year 3
1000 US$

Year 4
1000 US$

60

20

20

20

20

—

50

50

50

50

– 60

30

30

30

30

Table 4

IRR10 model
Expenditure and
income calculation
Expenditures
Income
Total
Table 5

10 IRR stands for “Internal Return Rate”, which is another
financial indicator.

t

t

n=1

Year 0
1000 US$

Costs for the application of the tags in the paper mill
are not part of this calculation. In practice this cost

20

Therefore the entire PBP would last two
years: 60 000 US$ investment divided by
30 000 US$ savings/year = 2 years. After
two years we can start benefiting from
an automatic RFID based system in this
hypothetical case study. 10
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Summary and conclusions

Assimilating the RFID technology in
the paper reel supply chain is worthwhile considering. Automated systems
based on RFID technology can offer considerable savings. We found that for a
relatively small investment and reasonable yearly outlay, significant cost savings are possible as well as a reasonable
investment recovery.
This study did not deal with three
additional components that must, in the
future, be investigated thoroughly.
1. The cost components and overall
stages of the paper reel supply chain
in the paper mill must be analysed
and studied. Following this, two
simulation models should be built: a
model based on the average current
state-of-the-art practice and an automatic system based on RFID technology. It will be critical to find the
costs and benefits of the current and
of a possible future scenario for the
paper mill and the potentials for saving in this stage.

2. Sensitivity analysis of the model
presented in this study – a study
should be performed to examine
the influence of changes in different
components on the entire model.
It needs to be decided which are
the model components that might
change, and in what possible range.
Subsequently, these changes should
be gradually embedded in the model
and a sensitivity analysis should
be performed according to these
changes.
3. Building a stochastic model with components of uncertainty – the model
we presented in this study was based
only on deterministic components.
The resources, demands, inventory
levels and processes were all known
and obvious, with known expectancy. A model for a non-automatic
process, when uncertainty variables
are within known limits, should be
built. Then a model for an automatic
process based on RFID technology
with stochastic components needs to
be built and the difference between
these two stochastic models should
be determined.

This study identified the savings that
can be expected by implementing automatic paper reel tracking and management systems based on RFID. It is likely
that RFID technology develops further
on and will be used in many more
applications including identification of
consumer goods. It will be worth while
following this development in order to
suggest the right measures for the industry at the right time.
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Appendices

Appendix A
The time study data that we had for each activity. We did not make any use of the standard deviation data.
Activities

Time in seconds
Average

Unload

Standard Deviation

42.40

8.48

Record to stock level

14.53

4.52

Transfer to storage

30.02

6.28

Transfer to day storage

56.86

5.30

Detract from storage

14.53

4.52

Detract from daily storage

14.53

4.52

Transfer to printing
Preparation
Recording paper information

85.09

12.75

398.11

15.52

40.10

1.89

Table 6: The average of the time study
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Appendix B
The results of the T-test for the ERP data comparing to the model without RFID data. Variable 1 stands for ERP data, variable 2 for
the model without reel IDs.
Paper damage
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference

Variable 1 (ERP data)

Variable 2 (model without reel IDs)

1.786250

1.229167

0.009338

0.000199

24.000000

24.000000

0.004768
0.000000

df

46.000000

t Stat

27.946340

P(T<=t) one-tail

8.32E-31

t Critical one-tail

1.678660

P(T<=t) two-tail

1.66E-30

t Critical two-tail

2.012896

Table 7: Paper damage

Clamp truck
Mean
Variance
Observations

Variable 1 (ERP data)

Variable 2 (model without reel IDs)

54.333330

54.500000

0.775362

3.826087

24.000000

24.000000

Pooled Variance

2.300725

Hypothesized Mean Difference

0.000000

df

46.000000

t Stat

– 0.380630

P(T<=t) one-tail

0.352614

t Critical one-tail

1.678660

P(T<=t) two-tail

0.705227

t Critical two-tail

2.012896

Table 8: Clamp truck

Labour
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
Df

Variable 1 (ERP data)

119.291700

2.418478

1.867754

24.000000

24.000000

2.143116
0.000000
46.000000

t Stat

0.197191

P(T<=t) one-tail

0.422273

t Critical one-tail

1.678660

P(T<=t) two-tail

0.844547

t Critical two-tail

2.012896

Table 9: Labour
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Variable 2 (model without reel IDs)

119.375000
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Paper breaks
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference

Variable 1 (ERP data)

Variable 2 (model without reel IDs)

23.125000

23.791670

3.766304

3.302536

24.000000

24.000000

3.534420
0.000000

Df

46.000000

t Stat

– 1.228400

P(T<=t) one-tail

0.112772

t Critical one-tail

1.678660

P(T<=t) two-tail

0.225544

t Critical two-tail

2.012896

Table 10: Paper breaks

Paper breaks with unknown reel ID
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
Df

Variable 1 (ERP data)

Variable 2 (model without reel IDs)

3.125000

3.083333

1.940217

1.297101

24.000000

24.000000

1.618659
0.000000
46.000000

t Stat

0.113449

P(T<=t) one-tail

0.455084

t Critical one-tail

1.678660

P(T<=t) two-tail

0.910168

t Critical two-tail

2.012896

Table 11: Paper breaks with unknown reel ID
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Appendix C
The results of the T-test for without RFID data compared to the model with RFID. Variable 1 stands for the model without RFID,
variable 2 stands for the model with RFID.
Paper damage
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat

Variable 1 (without RFID)

Variable 2 (with RFID)

1.229167

0.531250

0.000199

0.000168

24.000000

24.000000

0.000184
0.000000
46.000000
178.423400

P(T<=t) one-tail

2.69E-67

t Critical one-tail

1.678660

P(T<=t) two-tail

5.38E-67

t Critical two-tail

2.012896

Table 12: Paper damage

Clamp truck
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference

Variable 1 (without RFID)
54.500000

Variable 2 (with RFID)
36.375000

3.826087

1.722826

24.000000

24.000000

2.774457
0.000000

df

46.000000

t Stat

37.694650

P(T<=t) one-tail

1.55E-36

t Critical one-tail

1.678660

P(T<=t) two-tail

3.1E-36

t Critical two-tail

2.012896

Table 13: Clamp truck

Paper breaks
Mean
Variance
Observations

Variable 1 (without RFID)

Variable 2 (with RFID)

23.791670

22.000000

3.302536

0.956522

24.000000

24.000000

Pooled Variance

2.129529

Hypothesized Mean Difference

0.000000

df

46.000000

t Stat

4.253105

P(T<=t) one-tail

5.11E-05

t Critical one-tail

1.678660

P(T<=t) two-tail

0.000102

t Critical two-tail

2.012896

Table 14: Paper breaks
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Labour
Mean
Variance
Observations
Pooled Variance
Hypothesized Mean Difference
df
t Stat

Variable 1 (without RFID)
119.291700

Variable 2 (with RFID)
36.375000

1.867754

1.722826

24.000000

24.000000

1.795290
0.000000
46.000000
214.370600

P(T<=t) one-tail

5.85E-71

t Critical one-tail

1.678660

P(T<=t) two-tail

1.17E-70

t Critical two-tail

2.012896

Table 15: Labour

Paper breaks with unknown reel ID

Variable 1 (without RFID)

Variable 2 (with RFID)

Mean

3.083333

2.291667

Variance

1.297101

0.302536

24.000000

24.000000

Observations
Pooled Variance
Hypothesized Mean Difference
df

0.799819
0.000000
46.000000

t Stat

3.066459

P(T<=t) one-tail

0.001810

t Critical one-tail

1.678660

P(T<=t) two-tail

0.003621

t Critical two-tail

2.012896

Table 16: Paper breaks with unknown reel ID

Inventory level
Mean
Variance
Observations

Variable 1 (without RFID)
5175.792000

5007.667000

9.041667

7.101449

24.000000

24.000000

Pooled Variance

8.071558

Hypothesized Mean Difference

0.000000

df
T Stat

Variable 2 (with RFID)

46.000000
204.995500

P(T<=t) one-tail

4.57E-70

T Critical one-tail

1.678660

P(T<=t) two-tail

9.13E-70

T Critical two-tail

2.012896
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Table 17: Inventory level

Appendix D
Total cost savings for one year
Area

Number

Price, US$

Total price, US$

Working hours

995

20

Clamp-truck hours

218

30

6525

Stock level (ton)

168

50

8406

Paper breaks
Paper damage (ton)
Refund from supplier (ton)

19900

22

195

4300

8

628

5025

10

570

5700

Total cost

49856

Total investment
Number
Tags
Software
Reading gates
Total investment
Table 18. Total savings for one year and total investment
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Price, US$

Total price, US$

20000

0.5

10000

1

25000.0

25000

10

3500.0

35000
70000
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Appendix E
The drawing below shows all the different stages that the reel is going through.
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Appendix F
Members of the WAN-IFRA Technical Committee Materials and Environment, as of 17 December 2009:
■ Rick Stunt (Chair), Associated Newspapers Ltd, London, United Kingdom
■ Anders Åström, Aylesford Newsprint Ltd, Aylesford, Kent, United Kingdom
■ Beatrix Beckmann, WAN-IFRA GmbH & Co. KG, Darmstadt, Germany
■ Per Carleson, DNEX Tryckeriet AB, Kista, Sweden
■ Paul Casey, Sun Chemical Ltd Newspaper Division, Orpington, Kent, United Kingdom
■ Laurent Favier, SPPP – Société professionnelle des papiers de presse, Paris, France
■ Ralf Henninger, Papierfabrik Palm GmbH & Co. KG, Aalen-Neukochen, Germany
■ Fried Hoenderboom, de Persgroep Printing Amsterdam bv, Amsterdam, Netherlands
■ David Keenan, AbitibiBowater, Niagara Falls, Canada
■ Graham Macfarlane, Felix Böttcher GmbH & Co. KG, Köln
■ Patrick O’Brien, Knutsford, Cheshire, United Kingdom
■ Klemens Peters, Siegwerk Druckfarben AG, Siegburg, Germany
■ Jörg Schönemann, Axel Springer AG – Verlagshaus Berlin, Germany
■ Martin Schorn, UPM-Kymmene Sales GmbH, Hamburg, Germany
■ Claes Skoglund, Stora Enso Hylte AB, Hyltebruk, Sweden
■ Peter Terins, Holmen Paper AB, Norrköping, Sweden
■ Bjørn K. Thomassen, Norske Skog FOCUS, Skien, Norway
■ Carlo van Spijker, Flint Group Belgium S.A., Lessines, Belgium
■ Klaus Walther, Hostmann-Steinberg GmbH, Celle, Germany
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Members of the WAN-IFRA Technical Committee Production, as of 17 December 2009:
■ Manfred Werfel (Chair), WAN-IFRA GmbH & Co. KG, Darmstadt, Germany
■ Olof Aurell, Tolerans AB, Tyresö, Sweden
■ Assaf Avrahami, Yedioth IT, Tel Aviv, Israel
■ Kasturi Balaji, Kasturi & Sons Ltd, Chennai, India
■ Michael Bendel, Verlag Nürnberger Presse – Druckhaus Nürnberg GmbH & Co., Nürnberg, Germany
■ P. T. Bhasi, The Mathrubhumi Printing & Publishing Co Ltd, Kozhikode, India
■ Alberto Borgarelli, Il Sole 24 ORE Spa – Editrice, Milano, Italy
■ Ove Borndalen, Schur Packaging Systems AB, Eksjö, Sweden
■ Martin Brunschwiler, Ferag AG – Förder- und Verarbeitungssysteme, Hinwil/Zürich, Switzerland
■ José Angel Cabezón Rico, La Voz de Galicia SA, Coruña, Spain
■ Norbert Dylla, manroland AG, Germany
■ Bernhard Harant, Koenig & Bauer AG, Würzburg, Germany
■ Kenneth A. Harding, Harding Consulting Alliance LLC, Denver, USA
■ Didier Havard, Goss Systèmes Graphiques Nantes SA, Nantes, France
■ Sanat Hazra, Bennett, Coleman & Co Ltd, Mumbai, India
■ Robert Heitzer, Süddeutscher Verlag Zeitungsdruck GmbH, München, Germany
■ Rinus Hoebeke, Kodak Nederland B.V., GB Bunschoten, Netherlands
■ Thomas Hoppe, Druck- und Verlagshaus Frankfurt am Main GmbH, Neu-Isenburg, Germnay
■ Herbert Kaiser, Koenig & Bauer AG, Würzburg, Germany
■ Masahiko Kibune, Tokyo Kikai Seisakusho Ltd (TKS), Tokyo, Japan
■ Thomas Kögl, BEIL Registersysteme GmbH, Abensberg, Germany
■ Ilija Kovacevic, Mitsubishi Heavy Industries Europe, Ltd., Leeds, United Kingdom
■ Jermu Laine, TS-Yhtymä OY, Turku, Finland
■ Volker Leonhardt, Müller Martini Versand-Systeme AG, Zofingen, Switzerland
■ Carl Conrad Mäder, Ferag AG – Förder- und Verarbeitungssysteme, Hinwil/Zürich, Switzerland
■ Bernhard Muth, WIFAG Maschinenfabrik AG, Bern, Switzerland
■ Koji Nishiyama, Mitsubishi Heavy Industries Ltd, Hiroshima, Japan
■ Jean Claude Pautrat, Goss International Montataire SA, Montataire, France
■ Gerhard Raab, ppi Media GmbH, Hamburg, Germany
■ Frank Schornsheim, Verlag Lensing-Wolff GmbH & Co. KG, Dortmund, Germany
■ Heiko Schröder, TMI Service GmbH, Ahrensburg, Germany
■ Peder Schumacher, V-TAB AB, Göteborg, Sweden
■ Moritz B. Schwarz, WAN-IFRA GmbH & Co. KG, Darmstadt, Germany
■ Emiel Sweevers, Agfa Graphics NV, Mortsel, Belgium
■ Roland Thees, WAN-IFRA GmbH & Co. KG, Darmstadt, Germany
■ Jeannot Theis, Saint-Paul Luxembourg S.A., Luxembourg-Gasperich, Luxembourg
■ Matthias Tietz, Rheinisch-Bergische Druckerei GmbH & Co. KG, Düsseldorf, Germany
■ Ziad F. Tuéni, Cooperative Printing Company S.A.L., Beirut, Lebanon
■ Takashi Uchiu, Mitsubishi Heavy Industries Ltd, Hiroshima, Japan
■ Werner Wager, Continental Printing Inks, Cape Town, South Africa
■ Thomas Wenge, Aschendorff Druck und Dienstleistungen GmbH & Co. KG, Münster, Germany
■ Detlef Wiedenhöft, Aschendorff Druck und Dienstleistungen GmbH & Co. KG, Münster, Germany

32

WAN-IFRA
World Association of Newspapers and News Publishers
Darmstadt · Paris · Lyon · Stockholm · Madrid · Chennai · Singapore
Phone headquarter Darmstadt: +49.6151.733-6
Phone headquarter Paris: +33.1.47.42.85.00
info@wan-ifra.org

www.wan-ifra.org

