C O N S U L T I N G

SINGLE-USE
EQUIPMENT
A WORLD
SAVER?

Pages 3-5

MEETING
PRODUCTION
DEVELOPMENT
CHALLENGES
WITH LEAN
Pages 10-12
INTELLIGENT
LOCALISATION AND
PARAMETRIC
MODELLING

Pages 13-15

SHIP
CONVERSION
INDUSTRY
BLOSSOMING
Pages 23-24

&

E N G I N E E R I N G

Summer 2011

E d i t o r i a l
Competitiveness in 2011
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Single-use equipment
- the latest trend
or potential world saver?

It has been suggested that as a result of
improved technologies it will, in some years,
be possible to analyse the complete human
genome for only 1000 USD. This will enable
members of the public to access their most
basic building blocks for a sum of money
that not so many years ago would have
seemed laughable.
How does this af fect Elomatic, an
engineering company that, amongst others,
provides solutions for new production
facilities and renewal of existing facilities?
Personalized drugs just around
the corner
To find the answer one has to assess how
the above changes will affect the pharmaceutical industry as a whole. In a nutshell,
the new cheaper genome analysis techniques will have a profound and paradigm

shifting effect on production within the industry. Drugs will become increasingly personalized, whic h means smaller production batches
and production facilities. At the same time
gover nments will invest more money
in preventive actions to indetify specific
treatments for predicted diseases.........
It remains to be seen w hether this
process will result in vast decreases in
the production of painkillers and other common drugs. What is certain, however, is that
it will be a lengthy process.
Many avenues are being explored to efficiently
produce per sonalized dr ugs. Some
companies are building small production
units adjacent to hospitals in order to use
patients’ own blood for drug preparation.
O t h e r s a r e i nve s t i g a t i n g w ay s o f
increasing the absorption rates of active
ingredients.
3
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Another approach is the modification of
genes in micro-organisms to make them
cure deseases. An example of this is vaccine
production. These micro-organisms need a
bio-reactor in order to be cultivated in
sufficient numbers to be efficiently applied.
Another interesting and promising trend on
the market is the utilisation of single-use
components as bioreactors and in
downstream purification processes............
Disposable equipment
As the name suggests, single-use
equipment is used once and then disposed
of. The equipment and components can
either be tailor-made or standard delivery.
The availability of single-use equipment and
components is growing rapidly and has
forced unit prices down. In addition the
usability and reliability of these systems has
increased markedly.

A closer look at the advantages and
disadvantages of single-use production
sheds light on why it is increasingly being
seen as a possible future standard in
pharmaceutical drug production...............

Single-use equipment
Plastic bags for storage and
circulation of buffer solutions to
bags made as bioreactors
The volume of the plastic bags can
be up to 3000 litres and the filled
bags are moved around in wheeled
containers
Other pieces of single-use
equipment include columns, filter
housings, filters, hoses, valves,
pump heads, filling needles in filling
machines etc.
The components are used once
after which they are disposed of
The components are connected to
each other manually with sterile
connections. Hoses can be cut by
welding.

Advantages
Reduced investment costs
Process flexibility
Sterility assurance and reduced risk
of cross-contamination
Reduction of utility consumption
Disadvantages
Increased solid waste

The investment required for single-use
equipment, on the other hand, is significantly
less than for a stainless steel factory. The
plastic bags and components are cheaper
than stainless steel equipment and their
cost can be dedicated to each batch
produced. The facility still has to be built or
modified for the single-use production
process, but due to the smaller space
requirements the investment cost will be
smaller compared to the stainless steel
alternative. The hours spent on validation
can also be decreased as no cleaning and
sterilization is needed.
Process flexibility a key resource
Single-use equipment systems are more
flexible than their stainless steel counterparts
as they can be manually connected in
several different configurations. The flexibility
of stainless steel systems can also be
increased with coupling panels and
automation, but permanent pipes or
dedicated hoses are nevertheless required.
One drawback of single-use equipment is
the increased risk of incorrectly connecting
the equipment with plastic hoses. This risk
can however be mitigated by using barcode readers and systems that ensure that
the right connections made. Measurements
of critical process data for single-use
equipment are obtained in the same way
as with stainless steel systems; by
connecting the necessary measuring probes
to the appropriate ports.

Dependence on equipment
suppliers

Lower investment costs
Setting up a traditional pharmaceutical
production facility that houses stainless steel
components requires a substantial
investment. Not only are the components
costly, but such a facility requires extensive
design and construction work for equipment,
tanks, pipes and components. Pharmaceutical producers are also obliged to test
and validate all components in order to show
that the facility is valid for its intended use.
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Sterility assurance and reduced...
risk of cross-contamination..........
Sterilisation of stainless steel components
is a relatively labour intensive and time
consuming task. The components are first
cleaned in place (CIP) with detergents and
clean water and then sterilized in place (SIP)
with clean steam. Extensive testing is also
required to ensure that the existing methods
of cleaning and sterilization are sufficient
at all times. Single-use components, by
contrast, are delivered pre-sterilized to the
facility (usually with gamma irradiation offsite) and are ready for use immediately. The
risk of cross-contamination in single-use
components is also lower due to the
absence of residues from former batches.

extent, depending on the proximity of the
incineration facility. In some cases the
incineration process can, however, result
in energy savings if the facility uses the
energy generated from burning waste to

About the Author

produce heat or electricity. It is also likely
that the recyclability and separability of
single-use materials will improve and thus
decrease waste generation...........................
Can we condclude that single-use
equipment is the latest world
saver?

Reduction of utility consumption
leads to significant savings
The reduced footprint of single-use
components is augmented by the fact that
the clean room grade required (ranges from
grade D to A) is also reduced to grades D
and C (ref 2). The fact that single-use
components require less space not only
decreases the investment cost for the
building, but also the cost of ventilation and
thus heating, cooling and electricity. A
reduction of up to 29 % in electricity
consumption for the HVAC system has been
reported (ref 1). ........................................
As no CIP is required for single use
components the system uses up to 87 %
less water for injection (WFI) (1). In addition
to providing further savings it may also mean
that no WFI-system will be required at all,
thus eliminating the investment and the life
cycle cost of the entire system. The small
amounts of WFI required can be purchased
in single-use plastic bags that can be used
directly in the process.............................
Solid waste a potential problem
The greatest obvious disadvantage of singleuse production is the generation of
additional solid waste. After possible
deactivation, all components that are to be
disposed of have to be transported to an
incineration facility (in most cases). This
additional transport need will increase the
carbon footprint of the facility to a certain

A review of available evidence indicates
that it is indeed possible to achieve more
environmentally-friendly production by
implementing single-use equipment. In
short, the utilisation of single-use production
should be encouraged. Single-use
components are not suitable (not yet
anyway) for all kinds of biopharmaceutical
production, but the technology is evolving
rapidly. Other bio-production industries are
also now assessing the viability of singleuse components in their processes...........
Effects of single-use components
on engineering
Patient safety has always been and will
remain the number one priority in
pharmaceutical production. This means
that risk assessments will have to be
conducted by experts to measure the
suitability of single-use equipment.
Particular attention needs to be paid to
identifying extractables and leachables
from plastic components into the produced
liquids (ref 2). In general, however, it is
expected that single-use components will
be very well suited to most forms of
biopharmaceutical production.
The smaller-sized facilities and reduced
utilities will naturally require less engineering
for planning and construction. It is, however,
likely that more facilities will be constructed
around the world in different locations as
opposed to the current trend with a few
large facilities for generic production.
Engineering companies will, therefore, have
to keep pace with developments in order
to align their service offerings with the
changing demands of the market and
environment.
Finally, any decrease in the impact of
human operations on the environment is
of benefit to us all.
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Flow behavior of a flow valve visualized
with path lines where different colours
indicate different velocity magnitudes.
This provides a better understanding of
fluid flows inside the valve. Depending
on results it could lead for example to
shape optimization in order to reduce
pressure drops.
Images courtesy of Ansys

Going with the flow
- computational fluid dynamics
has endless possibilities

Three dimensional computer-aided design
(CAD) and structural analysis (FEM) are
common engineering tools in modern
engineering offices. Computational fluid
dynamics simulation (CFD) has also come
to the fore strongly in recent years and is
increasingly being used alongside these
methods to solve complex flow analysis
problems. CAD models are an ideal source
of information regarding fluids and the
volumes of surrounding areas that they flow
through. From this point it only requires a
small step to start using and benefitting
from powerful CFD tools in your engineering.
This sounds simple enough, but what is
CFD actually and how can I use it in my
work? These are commonly asked questions
that require our attention.

CFD in a nutshell
In a typical CFD model the flow area is
divided into small volumes where differential
momentum, energy and continuity equations
are solved in each volume using iterative
methods. This usually requires heavy duty
parallel computing and data storage, which
in years gone by were stumbling blocks to
the widespread use of CFD.
As a result of technical advances in
processing capabilities, basic workstation
computers are now well suited to performing
parallel computing for standard analyses.
More demanding analyses are, however,
often best performed with calculation farms
and cluster computers because of the
complexity of CFD simulation models. CFD
models are built by using commercial
6

software such as ANSYS CFD and Abaqus
CFD. Nowadays CAD software is also better
equipped to create geometries for CFD
purposes.
There is still a human being behind
all the technology
The human factor should also not be
forgotten and an experienced engineer
specialized in CFD modelling is a necessity
if accurate and dependable results are to
be achieved.
Typically CFD specialists are mechanical,
energy and process engineers (B.Sc., M.Sc.
or D.Sc.). What they inevitably all have in
common is the need for extensive training
in order to participate in CFD projects.

CFD can be applied to a myriad of
different flow targets

Filling cylinders with a gasoline-air mixture
is essential when designing engines and
trying to reduce emissions. With CFD-tools
this can be evaluated and visualized with
contour figures and flow path lines. The
contour figures can present temperature,
velocity, pressure or perhaps mixing. The
visualization possibilities are infinite.

CFD can be applied to a wide range of flow
targets. CFD tools can for example be used
to analyse fluid flows, combustion, heat
transfer and multiphase flows for devices
or factories. Temperatures and pressures
can be calculated in the model based on
known boundary conditions of fluid flows.
The Flow physics and reasons for the flows
can be easily traced and visualized in areas
where it is impossible or extremely expensive
to take measurements.
CFD-simulation is an extremely cost effective
and fast way to check designs before
building a prototype and final product. This
aids in delivering more sophisticated and
energy effective products to customers.
New radical designs can be tested virtually
at lower costs and without safety risks.
Environmental and energy saving issues
are important when designing new products
or factories and here CFD provides new
insights for testing safety system
performance, for example, in the case of
gas leakage where ignition of the gas
mixture is a risk.
Imagination sets limits for CFD
application
Your imagination sets the limits of what can
be achieved with CFD analysis and new
application areas are numerous. Areas

About the Author

where CFD is commonly used include
ve h i cl e a e r o d y n a m i c s, w i n d m i l l
performance, pollutant dispersion near
factories, car park and office ventilation,
burning fuels in boilers and multiphase flows
in paper machines.
Multiphysics simulation on the way
It is clear that CFD will be a common
engineering tool of the future. Customers
are increasingly demanding energy and
environmentally efficient products with fast
product development cycles. This provides
engineering companies with the opportunity
to employ CFD technology in order to satisfy
these growing customer needs. Combining
CFD and FEM with multiphysics simulations
is the next exciting step that awaits us in
the simulation world.
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Emission control has become important when new plants are designed from an environmental point of
view. The figure presents air flow pathlines coming out of a power plant cooling tower.
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New generation of integrated automation
systems delivering best results
The advent of automation dates back to the
industrial revolution when significant
innovations changed industry forever. Since
then automation has played a leading role
not only in pursuing optimal productivity,
but also in improving manufacturing
processes and occupational safety and
raising standards of living.

Information architechture

Continuous endeavors to gain better results
have been a fruitful platform for enormous
and continuous development of diverse
technical systems.

The integration of enterprise and plant
systems, applications and devices that
improve operations, engineering, control
and maintenance converts the automation
system into a powerful infor mation
architecture. It delivers infor mation
throughout the system wherever and
whenever required and makes real time
decision making a reality.

Automation reformation underway
The automation of individual pieces of
equipment has been optimized to the fullest
extent. In recent years we have become
aware of the vast possibilities of integrating
diversified systems thanks to technological
advancements in information technology.
A moder n and holistic approach
incorporates an integrated plant-wide
automation and information system. Investors
expect state-of-the-art process control
solutions to deliver increased performance
and productivity as well as environmental
protection, sustainability, predictability and
high degrees of operational comfort.........
With this in mind, the general consensus is
that integrated automation systems deliver
the best results.

The modern integrated automation system
is a combination of diverse components
and software applications that constitute a
system with case specific features where
integration is realized with information
networks and software applications.

Networks and the internet have become
standard methods of providing information
and there is much more to be exploited in
this area. Physical distance is no longer a
dominant restriction for information transfer.
High performance of data management
plays a key role and easy and timely access
to the relevant data is essential. The data is
collected, transformed into meaningful
information and presented to operations,
maintenance, engineering and management
according to user group specifications. High
availability is achieved by industrial grade
IT security, proven network structure and
redundancy of network components..............
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Increased productivity and quality
with Manufacturing Execution
Systems (MES)..............................
Manufacturing operations in factories are
increasingly managed by high-tech
manufacturing execution systems (MES).
MES aims to increase productivity and
quality, reduce down time and ensure that
requirements of traceability are adhered to.
MES is a connecting link between the
process control system and Enterprise
Resource Planning (ERP) system, which is
an integrated information system for
management information. Connectivity
between process computers and other
systems is implemented through standard
links, such as OPC and Ethernet................
Getting to grips with fieldbuses
Instead of a traditional hardware connection,
a fieldbus is a modern means of connecting
field devices to process control systems. In
addition to process information, fieldbuses
offer improved device diagnostics, flexible
design and reduced cabling..................
In conjunction with advanced asset
management and maintenance tools,
fieldbus diagnostics is a powerful instrument
in fault diagnosis and in reducing maintenance time. There are several different

Applications that maximise life
cycle performance
The automation platfor m contains
a p p l i c a t i o n s fo r a d va n c e d a s s e t
management, maintenance and engineering
that provide optimised life cycle
performance. Asset management aims to
enhance asset reliability and productivity
by reducing unnecessary maintenance and
process downtime.
Advanced maintenance applications ensure
rapid trouble-shooting in disturbance
situations. With the aid of condition
monitoring in predictive maintenance, the
occurrence and consequences of failures
are minimized or eliminated.

Image courtesy of TVO

Modern integrated automation systems combine diverse
components and software applications that constitute a
system where integration is realized with information
networks and software applications.

types of fieldbuses, the most common being
Profibus DP, which is used, for example, in
frequency converter controls and distributed
I/O connections....................................
Profibus PA uses an identical communication
protocol, but also delivers power over the
network and meets the intrinsic safety
requirements as set out in fieldbus standard
IEC 61158-2. This makes PA solutions
applicable in explosive atmospheres............
Wireless solutions
Taking a step fur ther, also wireless
communication solutions with high industrial
requirements are provided with automation
systems. Proximity is no longer a requirement
for information transfer and sound technical
solutions for remote access exist................
Continuous monitoring, real-time operations
management and software application
programming can all be conducted via
remote connections. The data can be
transferred over different communication
networks, such as the internet or the mobile
network.

Condition monitoring entails monitoring the
machinery condition parameters to identify
significant changes and to predict emerging
failures. Equipment behaviour history data
can be used in the analysis. Powerful
engineering tools offer easy and efficient
engineering and maintenance of the
applications.
Safety in all situations
Safe operation of industrial processes is
expected in all situations. Handling toxic,
flammable or explosive materials in the
process industry is common, as well as high
temperatures or pressures. Safety
Instrumented Systems (SIS) are used to
prevent the consequences of dangerous
process situations.
Safety applications are either integrated or
at least connected to the process control
system, which enables operators to monitor
the real-time status along with normal
operational functions. The systems are
designed to comply with international safety
standards for functional safety (IEC 61508)
and process industry safety (IEC 61511).
Automation - Quo Vadis?
By peering into the automation crystal ball
it is evident that future development will
focus on creating more sophisticated
platforms with diverse functionalities behind
unified user interfaces.
In addition to accurate control and
monitoring, future automation systems will
offer plenty of beneficial features that serve
production planning, maintenance and
product development. The integration of
9

automation and information technology is
creating new opportunities for data collection
and handling and speeding up information
transfer.
All of this will lead to increased exploitation
of production data to improve productivity
by for example optimizing energy
consumption or the use of raw materials.
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Production development
responses to the eternal
quest for productivity
-something new and something old

identify other measures that directly support
productivity development, which are easier
to measure and develop in operations. Time
related measures such as delivery time,
lead time, set-up time and deliver y
promptness are closer to the shop floor and
are directly linked to productivity
performance. It is here that Lean can help.
Lean and other similar methods are
employed to shorten lead times, improve
delivery promptness, lower inventories and
increase individual productivity. One of the
most tempting characteristics of Lean is its
cost/benefit ratio. With a relatively small
investment (personnel time allocation) a
Lean development project can provide
substantial return on investment. Conversely,
if the project does not deliver the desired
results the loss is minimal. From this
perspective the threshold to start lean
activities should be low, in theory at least.
Old school is back - LEAN

Nations and corporations have over the
years taken on debt based on the
assumption that future productivity
improvements will enable them to service
this debt. Throughout the twentieth century,
production engineers and scientists have,
more often than not, been able to deliver
the innovations to increase productivity. As
with economic growth, there are concerns
that limitations exist with regards to how
sustainable these production efficiency
increases are. In recent times, debt-laden
companies and countries have found it
increasingly problematic to deliver the
required productivity improvements to
honour their financial commitments............
Increasing costs (material, labour, energy
etc.) to the tune of 2-4% per year, combined
with a possible 2-4% decline in sales prices
also indicate that companies must improve
their productivity by 4% annually just to
stay at the same level of performance.............
This means that the manufacturing sector
is faced with the eternal challenge of
maintaining a competitive edge in changing
business environments. The drivers of this
change generally fall outside companies’
influence perimeters. They include factors
such as the recent economic crises,
competitor activities or the impact of China

on the global production set-up. Productionfriendly government policies can provide
momentary relief in the global market, but
the only truly effective tool available is the
ability to react effectively to change.
Numerous tools, principles and technologies
are available for production development
when action is called for. Since the days of
Frederic Taylor and Henry Ford, production
development has always found new ways
to maintain productivity in changing business
environments. A large number of new principles and approaches have been developed
and applied to develop production further,
but many “old” approaches are still valid in
today’s manufacturing environment. The
fundamental parameters used to measure
production performance have not changed
and, as such, productivity (cost/unit), lead
times, delivery promptness, inventory
amounts and quality still separate good from
bad performance.
What is expected of production?
The overriding driving factor in production
is productivity. This is the final measure to
which all development activities should
contribute. Productivity as a metric is often
too vague to create tangible production
development activities. It is important to
10

Lean was the standard until the late 1980s
in production development as a means to
deliver the most productive and responsive
production environments. MRP/ERP
solutions subsequently came to the fore in
the production environment. MRP/ERP had,
in fact, already been used in material and
financial management in the 1970s and
gradually made its way to the production
shop floor.
When ERP was taken up to operate finite
scheduling on the shop floor, it resulted in
the deterioration of production development
capabilities. Resources and focus were
gradually transferred to development and
maintenance of ERP investments, which
meant that production development
resources and capabilities shr unk
considerably. Shop floor scheduling with
ERP has in many cases resulted in longer
lead times, higher WIP value and lower
delivery promptness than was the case
before its implementation. Practical
knowledge of Lean implementation or
production scheduling development is a
rare asset in companies nowadays and it
can even be difficult to acquire capable
external support in the field. This was not
the case 20 years back.
Lean manufacturing has regained
recognition as a method for production
development. The reason for this is the
notion that the use of relatively inflexible IT

has gone too far without decent payback.
Managers have realized that this might not
be the right approach in the long run. It
would arguably be better to take a look back
and consider whether some pre-ERP
methods and balanced use of IT could
deliver better results in the long run.
Combining Lean methods with less IT control
on the shop floor can provide better results
for many manufacturing companies. IT used
at the right junctions and simple Lean-based
operations provide the performance,
flexibility and responsiveness needed for
constant productivity improvements.............

support to get started. A Value Stream Map
provides an overall picture of the process
under development and shows areas of
improvement and what the future process
should look like. It is very scalable by nature
and therefore can be used to describe the
entire order-delivery chain or process of a
production department or cell.

acquired in the development phase. The
continuous Improvement method can also
be used to maintain and develop partial
activities such as 5S.

The A-Z of Lean manufacturing
Lean is a system of beliefs and therefore
sounds more like an abstract philosophy to
some. It is, however, also a collection of
practical methods and tools that can deliver
high productivity to manufacturing
companies. This is, in fact, one of the
greatest challenges of Lean – to understand
it at the level where practical development
work can be started and carried out. It is
important not to get lost in the “philosophy”,
but to see how methods and tools can be
translated into actions and procedures that
improve operations.
There are countless publications, reports,
books and instructions that provide many
different perspectives and recommendations
as to how Lean should be applied. The
following five steps represent a widely
accepted approach in implementing Lean
and warrant closer inspection...................
in LEAN
1. StepsStar
t with implementation
Value Stream Map
with Value5S
Stream Map
2. 1. StartImplement
3. 2. Implement
Reduce5S
set-up times (apply SMED)
set-up
times flow
4. 3. Reduce
Create
continuous
(apply SMED)
5.
Create pull production
4. Create continuous flow
5. Create pull production

Step 2 (5S; workplace organization
methodology) is simple to implement and
can provide substantial productivity
increases in the right environment (eg.
manual assembly). Time and motion studies
can be included as part of 5S. Value Stream
Mapping (step 1) and SMED (Single Minute
Exchange of Die, step 3) are relatively simple
to use, but require some experience and

“False” Lean implementation a
potential pitfall

Value stream map

Steps 4 and 5 (Continuous Flow and Pull
Production) require more experience and
understanding of production control
principles. These steps reduce lead times
and inventories and enable capabilities for
high delivery promptness. In this step other
methods such the Theory of Constraints
(TOC) are available and should be
considered to achieve the best results.....
Sequence of steps needs to be
adhered to

There are unfortunately several ways that
Lean can be implemented “falsely” if care
is not taken to follow the recommended
procedures. An example of this is the use
of continuous improvement as an
independent development activity. It may
work in some cases, but according to Lean
thinking this method is used only after systematic development and implementation.

Throughput time (days)
12
10
8
Non value
added time
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Lean methods must be applied in the right
sequence, otherwise key elements or
practices that require certain methods to
work may be lost. A good example is
continuous flow implementation (a takt time
for a process is defined and implemented),
where the absence of time and motion
studies from 5S, hamper the creation of
reliable and repeatable takt times for manual
assembly operations. If SMED is not applied,
long set-up times may significantly increase
the difficulty of achieving short lead times
(small lot size) in batch manufacturing. These
examples may be somewhat exaggerated,
but indicate that Lean implementation
requires planning and consistent work and
that one Lean activity lays the basis for
the next.
When the steps have been completed (or
the desired state is achieved), a continuous
improvement routine is established to
maintain and develop the process based
on knowledge and capabilities that were
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Lead time and working time analysis make development
areas and potential visible

In the absence of this experience and
knowledge, continuous improvement teams
lack the right focus and understanding for
truly continuous improvement of production.
It must be remembered that almost all Lean
methods require group work and facilitation
capabilities to be correctly implemented.
Involving a group of supervisors and workers

Companies should carefully consider the
opportunities provided by the ERP–Lean
world. The two hemispheres of this world
can and should be brought together, but
the required matchmaking needs a new
way of thinking. We need to find a way to
put the old and existing pieces of the
production puzzle together in a way that
adds greater value than the sum of their
individual contributions.
References:
1.Hopp, Spearman: Factory Physics. pp.109-183.
McGraw- Hill. 2008. 720 p

in a particular area in the Lean process
ensures smoother implementation. Group
work accounts for most training needs as
well as the change management aspects
of implementation.
It should also be kept in mind that Lean
methods don’t involve or require IT to work
even when information intensive solutions
such as shop floor scheduling are
considered. This is Lean’s strength
when functioning; production changes
(development) do not require IT-system
modifications. Lead times and the cost of
changes are kept down and the threshold
for changes is low.
Lean implementation remains the
key challenge
Lean’s results and its applicability to many
industrial and service sectors are proven,
so why has it not become the industry
standard?
The fundamentals of Lean are deeply
ingrained in industrial managers’ thought
processes, even though most do not
consciously consider their thoughts to be
Lean-based. The concepts of waste or
customer demand, which are cornerstones
of Lean thinking, are common discussion
items in production meeting rooms. This
implies that the value of Lean as a
development principle is clearly understood,
but that there is a capability gap in
implementing it. This is not due to a lack of
effective tools, as Lean offers these in
abundance. One can, however, point a finger
at the lack of experience in Lean
implementation, which in many cases can
be blamed for par tial or failed Lean
implementation, or even raise the starting

threshold beyond the reach of most
companies.
Even though Lean principles are easily
understood, key questions regarding their
implementation often prove to be potential
stumbling blocks: How should the
occasionally vague instructions and
guidelines be adapted to suit unique
production environments? Where should
one start with Lean implementation? What
methods should be applied and in what
order? How should these methods be linked
to each other?
To the inexperienced, these questions often
prove daunting or overwhelming. Without
previous Lean experience or a Lean
company culture, production problems may
be too extensive or the impact of
implementation disappointing. The scale of
the project may also be too small, or the
improvement in one sub-process may not
be enough to show any meaningful
measurable benefits.

Glossary:
ERP

Enterprise Resources Planning (management
information system)
Material Requirements Planning (production
planning and inventory control system)
5S
Workplace organization methodology
SMED Single Minute Exchange of Die (set-up reduction
methodology)
TOC Theory of Constraints (management philosophy)
WIP
Work In ProcessIT
Information Technology
MRP
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Future trends
The next trend in production development
is the integration of IT-systems with Lean
practices from 5S to pull production. Signs
of this development are already visible.
Investments in production related IT are
not always obsolete with regards Lean
manufacturing, but should be better adapted
to Lean principles in order to offer the
required productivity steps and responsiveness to changes in production. The
balancing act between IT and Lean is
underway; how manufacturing companies
solve this issue will determine the bragging
rights of each in the coming years...........

12

Mr Kuhmonen has gained extensive
experience of discrete manufacturing
development inter nationally and
domestically since his M.Sc. graduation
in 1993.
He has participated in numerous factory
development projects in Europe, USA
and Asia implementing e.g. Lean
manufacturing, Theory of Constraints on
shop floors and order-delivery processes.
Mr Kuhmonen has held positions from
production expert to global development
executive and joined Elomatic in 2010.
mika.kuhmonen@elomatic.com

Intelligent localisation and parametric
modelling the way forward
Rapid global economic development has
resulted in increasing numbers of companies establishing operations abroad. These
companies are generally faced with the
alternative of localising their products and
services in chosen local markets, or
delivering standardised packages globally.
Many have recognised the benefit of
localising and re-engineering their offerings,
in order to better suit local conditions and
cost structures. Effectively combining
localisation and re-engineering is a means
of gaining the maximum benefit from
localisation. Parametric modelling has
emerged as a key tool in re-engineering by
speeding up the process and delivering
higher quality.
Understanding product localisation
Generally, localisation refers to translation,
technical modifications or re-design and
takes national standards, local regulations
and local sources into account. Key
elements of product localisation are:
• Technical Translation; Translation of
drawings or instructions into the local
language. This is the simplest case of
localisation.

• Material localisation; Finding
corresponding materials and checking
whether there are any product collisions
(structure not strong enough, too heavy
etc.).
• Component localisation; Finding local
components such as motors, bearings and
flanges. Sometimes there are no
corresponding parts and a replacement
has to be found.
• Technical Conversion; Convert the design
or engineering to suit local rules and
standards.
Silent knowledge
Another important factor in successful
localisation is the identification of “silent
knowledge”. This refers to hidden rules that
are transmitted orally or via experience and
for which no records exist.
In order to gain a better understanding it is
essential to identify silent knowledge and
to ensure that it is transferred to local
manufacturers. The commonly known, yet
often underestimated factor of cultural
differences, also needs careful attention.
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One often encounters various demands for
transferring original designs, especially older
designs. Localisation in these cases involves
much modification and adaptation since
many changes may have been introduced
to best manufacturing practices, procurement methods and ideologies (engineering
to order, manufacturing to order etc.). By
selecting the simplest method of localisation
in these cases, one may achieve an outcome
that is tolerable, but not one that could be
considered the best result, such as a cutting
edge product structure which is easy to
use, maintain and control. In such cases reengineering may be a better choice than
less than optimal localisation.
Combining re-engineering with
localisation makes for a winning
combination
Re-engineering is different from simple
localisation in that it aims for a
comprehensive solution. The goal is to
optimise the product in order to improve
customer satisfaction, lower production and
engineering costs and update product
structure and design. It generally seeks to

create a state-of-the-art success story while
also implementing the necessar y
localisation. In a nutshell it means updating
the product structure and design and
modernising the order-delivery process
Three main categories for this kind of reengineering are available:
1. Product re-engineering – “ Means to
improve physical structure”
2. Production re-engineering – “Feasibiity
and improvements to supply chain”
3. Engineering Automation – “Configuration
tool for mass customisation”

Customers benefit from re-engineering via
improved usability and lower production
costs as a result of more flexible and
applicable solutions as well as optimised
and enhanced work flows. When redesigning production structure, for example,
an attempt is made to minimize the overall
number of items and their work phases that
require controlling. With this goal in mind,
modularisation of the product structure is
an ideal tool. It is furthermore possible to
improve product appearance and overall
user-friendliness with optimised material
costs and structural integrity.

Mass customisation enhances
localisation and re-engineering
In general, localisation and re-engineering
are implemented for customer-tailored
products. In order to implement customized
localisation and re-engineering flexibly and
efficiently, the parametric modeling of mass
customization is a good way forward. Mass
customisation is also regarded as a good
method of reducing production costs while
customer product tailoring is sometimes a
necessity in order to win particular orders.
Mass customisation leads to more feasible
and efficient localisation and re-engineering
via the application of parametric modelling.

Mass customisation approach-parametric design

or project management in the very early
stages of sales projects. The data is
transferred directly to a 3D model template
that is driven by parameter s. This
configuration allows different kinds of model
variations to be tested already in the sales
phase and produces relatively accurate 3D
models and drawings before actual
engineering has started.
Once the project has been handed over
from sales to engineering the initial data is
checked by engineers. The 3D models are
updated and customer drawings generated
with 50 – 70 % shorter lead-times than can
be achieved with conventional engineering.
The use of template models and drawings
also improves the quality and consistency
of design. Data from the final 3D model can
be used in the customer’s ERP (Enterprise
Resource Planning) or PDM (Product Data
Management) systems so that not only bills

of material, but also purchasing lists and
other relevant information related to
procurement can be output from the model.
What exactly is required to
implement parametric modelling?
Improvements in hardware and software
over the last decade have allowed
increasingly complicated configuration tools
and tailored software interfaces to be used
without slowing down interaction with 3D
models. Even the largest plant or ship 3D
models can be designed via parameters
without difficulty. Modelling with parametric
values can be very different from modelling
for one-time use. The modelling structure
requires careful planning and designers
need to have a good overview of the
product, its limitations and variations before
modelling the first solids.

Parametric modelling at work
In order to implement individualization
flexibly, the customer information and
requirements (initial data) are abstracted
and transferred into adjustable parameters.
The initial data can be obtained from sales

Procurement data in
parametric model
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The first steps in making good parametric
models are reminiscent of developing
applications, which means that designers
need to constantly consider the relations
between elements.
Designers not only need to have a good
command of structure and best modelling
practices, but also need to know the product
well to avoid unexpected results while using
the template model. So-called “skeleton”
parts and top-down modelling ease the
logical handling of relations between parts.
Code can also be added to the model for
logic instructions and designers with
programming skills are, therefore,
particularly well suite for the task. The models
must be also tested carefully at every step
in the process.

2

Practical
example
of parametric
modelling

Benefits of parametric modelling
With fine-tuned and carefully tested
parametric models engineering is not only
faster, but quality is also improved.
Restrictions and rules for behaviours in the
models can also be used to minimise human
error. Parametric models can contain a
wealth of “engineering intelligence”, which
is only limited by programming skills and
efforts to, for example, improve automatic
functions in the template models..........
Parametric modelling allows the testing of
different product variations at the very early
stages of conceptual design and enables
cost effects for all changes to be reliably
calculated. By simply selecting the parameters from initial data sheets, a single
model can incorporate multiple languages
and several different standards...................
The quality of the resultant model is
nevertheless limited by the skills of the
designer and inherent limitations of the
product.
As such, the models should always be
checked by an experienced engineer to
verify quality and applicability. This however
does not detract from the vast potential that
parametric modelling has in delivering faster
and higher quality re-engineering and
localisation.

Parametric modeling allows for extremely
quick modifications to be made to a single
element that has a direct effect on an entire
object. In practice this means that end
consumers’ requests and specifications
can be easily and quickly incorporated to
make changes to an end design...........
As a very simple example one can
consider the parametric platform model
above as a starting point (1). The platform
consists of 4 fixed frame beams and 4
stiffeners that are driven by parameters
(dimension, numbers of stiffeners, beam
size, etc.). The openings in the frame
beams are dependent on the number of
stiffeners and the stiffener notches are
dependent on the beam size.
In order to control the parameters, we use
“skeleton” parts and top-down modeling
to ease the logical handling of relations
between parts. In this model the user only
needs to input length and width
parameters. The model then automatically
calculates the beam size, notch size and
number of stiffeners based on the input
i n fo r m at i o n . Wh e n t h e d e s i g n e r
clicks the update button the platform is
updated (2).
Drawings and bills of materials can be
linked to the 3D model and are updated
automatically based on modifications made
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in the 3D model. The template models
enable the lead-time for engineering to be
reduced dramatically and minimize human
error. The parameters can also be easily
imported from upper level assembly or
even from exter nal documents for
procurement. The Bill of Materials (BOM)
can also be linked to other systems.
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Standards as a positive force
in guiding business development –

ISO 9001 and beyond
The Inter national Organization for
Standardization published its first standards
relating to quality management systems as
early as 1987. The so-called ISO 9000
standards were created to assist
organizations in meeting the demands and
needs of their customers and other company
stakeholders. They have since become the
global stamp of approval for operations
quality and have been implemented with
varying degrees of success by a wide range
of engineering and consulting companies
worldwide. Elomatic was no exception in
this regard and applied for certification in
1990. With hindsight it is easy to see how
the ISO standards and customer
requirements have acted as fundamental
and positive guiding forces in developing
quality management and integrated

management systems. A similar effort that
was put into improving quality management
over the last two decades is now required
to foster innovation as the core source of
increased competitiveness in the years
ahead.
The early days - getting off to a
shaky start
Implementing standards is often easier said
than done and as with most changes the
greatest difficulties are encountered when
getting started. The first ISO 9001 quality
manuals in the early 1990s were produced
in paper form and were not particularly
reliable. This was mainly due to the fact that
they adhered too closely to the ISO 9001
classification, which did not take operational
differences across industries and business
16

areas into account. The classification was
created with manufacturing companies in
mind and as such was not ideal for
engineering operations. The standards
furthermore placed great emphasis on
traceability and document production, which
meant that different quality documents
ballooned in size and became rather
cumbersome to handle. These early
difficulties paved the way for changes that
led to the implementation of the ISO
9001:2000 standard.
Process thinking behind wave of
changes
At the end of the 1990s the time had come
for the standards to be renewed. The central
premise of the new ISO 9001:2000 standard
was the description of core business

processes and identification of supporting
processes. This meant that quality
documents had to be completely reclassified
and it was subsequently decided at Elomatic
to replace the quality system with a more
comprehensive integrated management
system. In addition to describing core
processes, it was also decided to fully
describe supporting processes, even though
this was not demanded by the standard.
Where possible old quality manuals were
used to support process descriptions and
instructions, but much work had to be done
from scratch, for example in describing
ingrained business practices for which no
documentation existed at all.
Process work parties were organized to
eliminate process differences that existed
between companies within the Elomatic
group; the overriding principle was the
selection and implementation of the best
possible way of working throughout the
Elomatic group. This procedure started a
whole new era of continuous improvement.
When ISO 9001 is not enough
ISO 9001 standard requirements did not
cover all Elomatic’s needs and other
standards were therefore systematically
investigated and applied as appropriate.
The goal was to create an integrated
management system that incorporated
descriptions of all the company’s activities.
The resultant operations descriptions
reflected the central requirements of the
different standards. In drawing up the
integrated management system standards
for information security, environmental
systems as well as vocational health and

safety were used as aids. Commonly known
criteria such as IIP (Investors in People) and
EFQM (European Foundation for Quality
Management) were also taken into
consideration.
Don’t forget the customer
Standards have had the most significant
role in guiding operations development, but
customer requirements have also played a
major role in this regard, and so they should.
Standards by default foster customer
orientation in all operations and at Elomatic
customer requirements were particularly
important in developing project tasks (orderdelivery process) and information security.
These developments were made possible
only by working closely with customers who
themselves paid close attention to the quality
of their operations.

In the 1980s standards were instrumental
in elevating Finnish product quality to the
top of the pile and a similar efficiency
injection (standards etc.) is required now to
catapult enterprise innovation to entirely
new levels again. Exactly how companies
are able to maintain effective innovation
levels is quickly becoming the basic premise
upon which continuous and sustainable
operations will be built.

About the Author

Where to from here?
It is evident that implementing ISO standards
for quality management can and has
assisted many companies in improving the
quality, predictability and reliability of their
operations. In Elomatic’s case it has assisted
in creating an integrated management
system that functions as an internal guide
and a window to our way of working. So
where to from here?
The current decade has come along with a
new set of challenges for companies.
Operations development is naturally still
important and efficiencies are constantly
sought by streamlining processes. Innovation
in all company processes has come strongly
to the fore and is set to be a guiding light
for the foreseeable future.
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ISO TRENDS
OF THE FUTURE
– Insights from Inspecta
Sertifiointi Oy
The current version of the ISO 9001
management system standard dates back
to 2008. The 2000 revision was the largest
to date and focused on customer satisfaction
and continuous improvement. The 2008
revision introduced no new requirements
and was mainly focused in improving the
wording of the standard and on increasing
its compatibility with the ISO 14001 for
environmental management.

According to Ms Anne Qvintus from Inspecta
Sertifiointi Oy (Inspecta), an inspection,
testing, measurement and certification
services provider, it is not really an option
to leave the standard unchanged, but that
development is most likely to start from point
four in aforementioned list.
“In my opinion, the application of different
types of maturity models will be one of the
development trends in the future, either as
a part of ISO, or separately. In this case,
the ISO 9001 based system forms the basis
and the maturity ambition level is defined
according to the organization’s own needs.
That also suppor ts the focusing of

A recent trend has been the unification of
the common contents in ISO 9001, 14001
and OHSAS 18001, thus helping
organizations to merge all the requirements
into one management system and also
streamlining system maintenance.............
Revisions coming up in 2013
ISO rules state that standards shall be
revised frequently and the next ISO 9001
revision will come out in 2013.
The following revisions are currently under
discussion:
1. Leave it unchanged – re-confirm “as-is”
for next five years.
2. Revision based on the suggestions from
a user sur vey, with all requirements
remaining equally mandatory.
3. ISO 9001 unchanged and development
of another standard with an enhanced
(higher level) set of Quality Management
System requirements for sustained success.
4. ISO 9001 unchanged and development
of another standard with a reduced (lighter
version) set of requirements for organizations
providing low-risk products.
5. Replacement of ISO 9001 with a series
of three documents with higher, middle and
lower sets of requirements depending on
the risk and criticality of the organization’s
products.
6. Replacement of ISO 9001 with a single
standard that would include a much broader
range of higher and lower sets of
requirements, allowing organizations a
greater choice depending on risk and
criticality of the organization’s products.
7. Replacement of ISO 9001 with a single
standard including a full range of higher,
middle and lower sets of requirements, with
points-based maturity assessment..............

development efforts in the organization. One
also has to keep in mind that the impact of
ISO 9001 and ISO 14001 on organizational
practices and on trade has stimulated the
development of other ISO standards and
deliverables that adapt the generic
management system approach to specific
sectors or aspects. Social responsibility
(ISO 26000), risk management (ISO 31000),
food safety (ISO 22000) or information
security (ISO 27001) standards come to
mind”, Ms Qvintus explains.
“These also make it possible for
organizations to focus their development
efforts in areas that are important for their
own business. It is good to keep in mind
that ISO 9001 lays down the requirements
a quality system must meet, but does not
dictate how they should be met in any
particular organization. This leaves flexibility
for implementation in different business
sectors and business cultures, as well as
in different, national cultures. Organizations
may engage the services of an independent
quality system certification body to obtain
an ISO 9001:2008 certificate of conformity.
This has proved popular in the market
because of the perceived credibility of an
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independent assessment. The organization
may thus avoid multiple audits by its clients,
or reduce the frequency or duration of client
audits. The certificate can also serve as a
business reference, especially when
suppliers and clients are new to each other,
or far apart geographically, as in an export
context”, Ms Qvintus points out.
From quality policing to
sparring partner
According to Helena Kunttu from Inspecta
the role of external auditors has changed
from being ”quality police” to being quality
sparring partners, who work with customers
to identify ways to develop the customer’s
operations to conform to the
challenges posed by the
ever-changing operational
environment.
“External audits are based
on sampling and therefore
always provide a picture
of the prevailing quality level of the
activities assessed. Whereas sampling
normally only scratches the surface, it is
extremely important that organizations with
large numbers of different branches and
numerous sites implement their own followup methods to ensure quality excellence
and process functioning”, indicates Ms
Kunttu.
“Elomatic has developed numerous followup methods for its project management,
personnel development and process
management. The biggest challenge now
lies in maintaining the balance between
keeping the basic requirement level in order
and developing operations. These
challenges have already been tackled at
Elomatic by searching for new aspects with
the help of specific standards and theme
audits offered by Inspecta”, Ms Kunttu
concludes.

Inspecta Sertifiointi Oy’s Lead Auditor, Ms Helena Kunttu
(left) and Managing Director, Ms Anne Qvintus (right)

Image courtesy of TVO

Optimizing power generation
processes - getting the most out of
power plant automation
The role of energy industry automation is
becoming progressively important in view
of sometimes rapidly changing production
needs, varying fuel qualities and tightening
environmental requirements. In order to
remain profitable it is essential for energy
producers to have the capability to
optimize power generation processes under
these constantly changing production
circumstances.
Power plant automation levels have
increased markedly in recent times due to
tougher safety regulations and the amount
of automation loops attached to safety
related systems are constantly on the rise.
Automation solutions are also significantly
more complex and the automation
engineering itself takes more time. In
addition power plant automation has to
comply with tougher emission targets, which
place fur ther strains on the selected
automation system. It goes without saying
that the power plant automation system is
one of the most crucial elements in
optimizing the power generation process.
Understanding the role of power
plant automation
Automation systems are generally designed
to manage production and other processes

in real time. They should, as a rule, be
compatible with the level of operator use in
the plant; the smaller the shift crew and the
wider the responsibility of each operator is,
the more extensive and complete the
automation system required. Automation
systems commonly have long life cycles and
a key challenge is ensuring that spare parts
are always available and that the systems
retain flexibility throughout their operational
lifespan.
Rise of solid fuel boilers brings unique
automation challenges
Solid fuel boilers and, in particular, bubbling
fluidized bed (BFB) boilers have become
common alternatives in energy production (in
Finland). Fluidized bed technology is suitable
for all solid fuels and is capable of burning
various wood-based fuels and process sludge.
Fluidized bed combustion is regarded by
many to be the premier solution for different
fuel use that produces non-homogeneous as
well as low NOx and unburned emissions.
Combustion control key target for
automation of BFB boilers
Controlling combustion is the most important
automation challenge for bubbling fluidized
bed boilers. It is vital to maintain a stable bed
temperature where rapid combustion of fuel
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BFB Boiler illustration by Metso Ltd

and combustion air set specific requirements
for manageability. Fuel issues account for
about 90 % of firing incidents; fuel quality
and uneven flow to the furnace cause
unwanted combustion variations. Rapid load
and asymmetric combustion changes
increase the level of emissions and result
in deteriorating combustion efficiency. In a
multi-fuel boiler the fuel calorific value can
differ greatly, which must be taken into
account in boiler room control where the
total air volume calculation is based on the
calculated fuel load. The goal is to control
the combustion air supply and to keep it as
close to the complete and incomplete

combustion limits as possible. At the same
time combustion efficiency should be
maximized and power consumption flue
gases should be minimized.
Taking control of the power plant
A power plant’s main controls are steam
pressure controls and production inputs.
Steam pressure can be controlled on either
side of the turbine steam consumption with
turbine main control valves (inlet pressure
control) or on the steam generation side
with fuel power. Electrical power is adjusted
so that both the steam pressure-regulators
are free to open. If the steam pressure is
adjusted with fuel power then electrical
power is adjusted with the turbine pressure
regulators and vice versa.
The purpose of the main controls is to keep
the load power production equal to
instantaneous consumption.
The most important power plant production
entities include electrical power, back
pressure, outgoing district heating water
temperature and live steam pressure control.
It is essential to stabilize controls such as
steam temperatures, steam drum feed water
levels and flue gas oxygen content in order
to keep the process quantities as close to
their set points as possible. This
compensates for disruptions and loadchange impacts.
Safety first
Protection systems (safety-related systems,
SRS) are crucial in preventing injury or
damage to personnel, the environment and
equipment. In the event of malfunction
operators should be able to rely on safety
systems so that they can focus on controlling
production.
In case of an emergency, protection systems
stop process equipment and control
actuators to ensure safe shut-off states.
The protection systems are triggered by
binary messages or by signals indicating
that limit values have been exceeded. The
main protection systems in power plants
are the boiler, turbine and generator
protection systems.
Due to stringent reliability requirements
placed on power plants the safety systems
and technical implementation of instruments
can often be clearly distinguished from those
used in other process automation systems.
The most important protection systems are

Image courtesy of Vapo

Power plant automation levels have increased markedly
in recent times due to tougher safety regulations and
the amount of automation loops attached to safety
related systems are constantly on the rise.
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Power plants are often constructed close to or within
city limits. This places extra demands on the safety
systems required. Image courtesy of Helsingin Energia.

redundant. This means that the protection
systems have parallels, which ensure that
a single error does not prevent the systems
from functioning. In some cases the
protection circuit is doubled and it is not
uncommon to have three sensors that
operate according to the 2 out of 3 principle
to ensure continuous operation.
ATEX criteria for power plants
Power plant automation engineering needs
to take ATEX (explosive atmospheres) criteria
into account. This is particularly important
at the burner level as well as the solid fuel
and chemical inlet areas. Gas plant safety
features in gas monitoring equipment are
critical devices as fires or explosions can
lead to serious injury or loss of life. Sensors
and concentration transmitters that are
installed in power plants should be catalyst,
semiconductor or nondispersive infrared
(NDIR) sensors depending on the target
and conditions. Sensors and transmitters in
ATEX areas have to be ATEX accepted
device types.
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Glossary:
ATEX (ATmospheres EXplosibles)
The term ATEX is used for potentially explosive
atmospheres in European Community directives; 94/9EY
(Device Directive) and 1999/92/EC (Circumstance
Directive). The Directives are designed to protect workers
in potentially explosive atmospheres and to provide
harmonization and guidelines for machinery and
equipment throughout the EU.

Plant engineering solutions focussing on
life cycle and asset managment
In today’s competitive industrial business
environment, efficiency and longevity are
non-negotiable. Industrial plants have to be
managed with the aim of securing the greatest source of sustained income and profitability throughout the operational lifespan
of the asset.
The pieces that make up the jigsaw of efficiency are divergent and each one deserves
particular attention. One of the core pieces
in our efficiency jigsa w is undoubtedly the
management of asset information and, in
particular, how all the information regarding
the asset can best be packaged, delivered
to and used by the Owner/Operators of the
asset to achieve the aforementioned goals.

profits – only expenditures. Most of the costs
are, nevertheless , determined in the design
phase. It not onl y produces technical information but has a great impact on plant
operation and maintenance. This technical
information actually indirectly governs the
amount of capital invested in the plant.
Therefore, the investment in the format and
administration of technical information can
be seen as an investment in the fixed assets
of the company. The figure below clarifies
the development of project costs and the
possibilities to affect costs.
How should technical data be
maintained?

The ideal situation would be for the first
decision regarding how the technical information is maintained to be made before the
process is actually started. Will the maintenance , operation and asset management
in general be based on non-integrated databases and documents that hold thousands
of independent drawings, other documents
and data, or will an intelligent 3D-based
virtual model of the plant be chosen to be
used as the core of the asset management
system?
A solution tha t integrates all
corporate data management
systems with the virtual 3D model

COSTS

From the life cycle and asset management Cadmatic is able to provide a system where
In industrial plant projects this information
point of view it is important to be able to the virtual 3D model works as the core of
is generated during the design and engiconnect data that is created in the engineer- the asset management solution............
neering phase of the plant. This includes
ing of the initial investment with data that
The following factors form the basis for the
amongst other s pipe and equipment data,
iscreated and updated in the operation and technical maintenance of a plant:.........
suppliers’ information, manufacturing details
maintenance phase.
etc . It generally takes only 1The asset management
3 years to generate the asset
solution of a modern process
Project Success for Your Plant Engineering
information but the value of the
plant integrates different data
information becomes apparent
management systems. This
when one considers that it has
includes e.g. design and
40%
to be used over the entire
engineering systems, mainlifespan of the asset, which
tenance and document
typically can be 30 years or
management systems, risk
Engineering costs
more.
analysis, process control
25%
Frame for life cycle costs
systems and inspections
is defined in the early
sytems.
design phases
15%
Engineering and construction
10%
is often seen as an unprofitable
3%
1%
6%
Reduced Asset Management Costs
phase of the life cycle of the
plant. The importance of enPurchasing
User
Plant
Basic
Detail
gineering in determining the
Comissioning Start up
... 3 ... 4 ... 5 ...
... 38 ... 39 ... 40
requirement
concept
engineering Engineering and
handling
total investment cost is not
often understood. At that point
Project Phase (1-3years)
Operation and Maintence ( 30years)
the plant does not yet turn
The investment in the quality of the technical information in the engineering phase can be seen as an investment
in fixed assets. The target is to reduce life cycle and asset management costs.
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This entity can be seen as the asset management solution of the plant.
The information gathered in design must
be utilized effectively when controlling design and implementation.

3D
3D
model
model

The information that emerged in the design and engineering phase must be utilised
as efficiently as possible immediately after
implementation.
It is vital that the information can be found
easily and rapidly and that it can be relied
on in both phases: the project and the maintenance phase. The information may be in
different places or in different formats.........
Updating information must be easy and
reliable in the maintenance phase in order
to make sure that all the essential issues
are updated.
The information in the systems must be
an entity. This means that a piece of
information is not maintained in several
different places at different time intervals.
Some of the main functions of Cadmatic’s
asset management solution are:......
Cadmatic’s effective modelling tools make
it possible to create and update the
engineering data easily and rapidly........
Cadmatic’s easy-to-use model and data
browsing tools are the bases for the real
asset management solution and enable easy

Document
management

Maintenance

Risk
analysis
Inspection
data

By moving the cursor in the model over
equipment, pipes or other objects is possible
to access all the technical data (figures) from
different sources, e.g. equipment, pipeline,
service, inspection data, and documents.

The virtual 3D model works as a reporting
tool to visualize and show the location and
status of equipment, pipes, ducts and other
structures. This provides the user with excellent
opportunities to visualize and present the
Process results of risk analysis, inspection data and
analysis e.g. how to drain piping systems for
maintenance.

Technical opportunities are available
searching, viewing and updating of data.
Cadmatic’s renowned and popular eBrowser Intelligent 3D information is also increasingly
tool is a vital part of the solution................... beeing used for life time use and for asset
management. The technical opportunities are
As the core of the asset management
inbuilt mostly as a result of the open, flexible
solution the virtual 3D model integrates
and customisable system and the modern
thetechnical data in different databases and
modelling and browser applications. While
sources. The Cadmatic eBrowser includes
Cadmatic has standardized the offered solution,
standard APIs for easy and fast integrations
the most important starting point for a smoothly
and is compatible with most the data
functioning asset management solution is
for mats,including other 3D models,
always the client’s requirements.
engineering, maintenance and operation.
Cadmatic wants to listen and understand the
The virtual 3D model works as the hub
client’s requirements and targets and to provide
and user interface to easily find data and
a customized solution with standard software
information from different databases and
components that best covers the client’s
sources. As it is a web-based application
specific requirements.
the solution is really easy to use by all the
people in engineering, maintenance and
Asset Management has been part of
operation.
Cadmatic thinking since the very
beginning
Asset Management has been part of the
Cadmatic development ethos since the mid
1990s and will continue to be a guiding force
for the foreseeable future.
Already in 1995 Cadmatic began delivering
asset management solutions when M-Real
decided to use Cadmatic for the design of
their paper mill in Kirkniemi, Finland. The
resultant 3D model was used as an interface
to maintenance data of the plant.............
In 1997 the virtual walk-around feature was
added along with 3D integrations between the
vir tual 3D model and maintenance and
document management systems...............

With the launch of eBrowser in 2002, the first
of its kind in the world, Cadmatic had made
An example of how the inspection points and risk levels are visualized and colour coded for
maintenance engineering in Cadmatic’s asset management
great leaps in easing model visualization, virtual
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walk-arounds and integrations with
maintenance and document management
systems.
In 2005 standard application program
interfaces were launched to make it easier
to create integrations between third party
applications.

Ship conversion
industry blossoming

In 2009 & 2010 were developed advanced
functionality to manage maintenance
engineering directly in vir tual 3D
environment, e.g. risk alalyses, inspection
information and process data.
This development has continued with tools
that increase interoperability with other 3D
CAD systems, including PDS and PDMS.
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courtesy of Wärtsilä Finland

Jukka Rantala
M.Sc (Tech.)
Jukka Rantala holds a Master of Science
degree in Industrial Engineering and
Management. He has 25 years of
experience in different areas of plant
and ship design and engineering, as well
as utilizing, developing and implementing
plant and ship design and data
management solutions. Jukka Rantala
joined Elomatic 1997 and is currently
president of Cadmatic Oy, software
company of Elomatic.
jukka.rantala@cadmatic.com

New regulations for atmospheric emissions
that are gradually kicking in are providing
the (Finnish) ship conversion industry with
opportunities for business growth. The
legislation heralds a new era for cleaner
shipping across the English Channel,
Northern Sea and Baltic Sea areas thanks
to strict limits for sulphur content in ship
bunker fuels. These areas are so-called
Sulphur Emission Control Areas (SECA).......
To achieve these limits ship owners only
have a few alternatives available. They can
use better quality oil-based fuels, which is
much more expensive, or they can convert
their ships. There are two hot technologies
available to tackle the sulphur challenge,
both of which have been well studied in
Finland where the leading company in this
area is Wärtsilä Finland.

benefit of this solution is that it requires a
rather simple conversion of the ship and
allows the use of the same bunkering fuels
as before.
There are different scrubber types available;
open-loop, closed-loop and hybrid scrubbers.
While the open-loop principle uses sea water
for SOx purification, the closed-loop principle
uses technical fresh water containing alkali.
The main benefit of the closed-loop concept
is that less new piping needs to be installed
and a zero-discharge policy for “waste water”
can be utilized, which is especially important
for passenger ships operating in the SECA
region. A hybrid scrubber combines

Cleaning emissions with scrubbers
A SOx scrubber is a device that removes
the sulphur emissions from the exhaust gas
flow by washing it either with sea water or
fresh water with alkali additives. The main LNG installation, courtesy of Wärtsilä Finland.
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the working principles of the two previously
mentioned concepts.
The scrubbers can also be divided into
main stream scrubbers, which are mainly
intended for single engine cargo vessels,
and integrated scrubbers, which are
intended for multiengine installations.
Switching ships to LNG
One option for ship owners is to change the
ship’s fuel system completely and use LNG
as a source of energy. Since LNG contains
no sulphur there in no need for scrubbing.
However, it requires quite an expensive
conversion and the availability of LNG is
quite limited in the SECA region; this will
change in the near future though...........
LNG requires modifications to the diesel
engines onboard the vessel and new tanks
for the fuel itself. LNG storage is feasible
when it is cooled down to approximately

135 oC at five bar pressure, which of course
creates challenges for bunkering and other
fuel handling systems onboard and while
in port.

About the Author

From present to future
Regardless which of the above solutions
are chosen, the conversions create a lot of
work for engineers and shipbuilders in the
marine industry. There are currently two
ongoing Finnish projects that will lay down
benchmarks for the future. Finnish ship
owner Containerships Oy is currently
installing a closed-loop scrubber unit into
their Containerships VII vessel and Swedish
ship owner Tarbit Shipping AB is installing
a LNG-system on their Tarbit tanker vessel.
Both projects are managed from Finland
and are being completed by Finnish
designers. These conversions will take place
later this year.
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Targeting emissions to air
- fighting the good fight

Environmental considerations, energy
efficiency and emissions into the atmosphere
have become everyday topics in the field
of engineering. This applies to all
combustion processes ranging from
everything between land based power plants
and industrial facilities to the maritime
industry spanning the globe. Taking emission
levels and reductions into account when
designing plants or ships requires thorough
competence, knowledge and skills. This
applies equally to design and engineering
of equipment intended for reducing
emissions.
Emissions to air – basic facts
Emissions from various combustion
processes such as boilers or diesel engines
are unavoidable to some extent. It is,
however, possible to reduce the most harmful
emissions with the help of various
techniques.
Air emissions that are considered the most
significant in affecting the environment,
human health and the climate include carbon
dioxide (CO 2 ), carbon monoxide (CO),
nitrogen oxides (NOX), sulphur oxides (SOX),
particulate matters (PM) and volatile organic
compounds (VOC), which also include
p o lya r o m at i c hyd r o c a r b o n s ( PA H )

Air emission control and legislation
Some emissions such as CO2 are global
and are more or less evenly spread around
in the atmosphere of our planet. A great
part of emissions on the other hand affect
our environment regionally (ships or vehicles)
or locally, especially near combustion
facilities (power plants). This creates an
interesting dilemma for legislators.
A trade mechanism has been established
for CO2 emissions. Every country in the EU
has a share of emission rights which they
have distributed to the emission right holders
in each country. Companies can trade
unused surplus emission quotas with other
interested par ties at a price that is
determined in a special trade establishment.
There is, in addition, both national and EU
wide legislation that regulates emissions.
The European Integrated Pollution Prevention
and Control (IPPC) Bureau exchanges
information between European member
states and industry on Best Available
Techniques (BAT), associated monitoring
and related developments.
The European IPPC Bureau publishes
reference documents, so-called BREFs, on
Best Available Techniques. BREFs are the
main reference documents used by

25

competent authorities when issuing
operating permits for installations that
represent a significant pollution potential in
Europe. There are about 50.000 of these
installations in Europe.
In the international context, the European
information exchange on best available
techniques is considered to be an EU
contribution to the global process initiated
in 2002 at the World Summit on Sustainable
Development so that non-EU countries can
also reap the benefits of this ambitious work.
In general the emission limits follow the BAT
directive (Best Available Technology) to
maintain emissions uniformly within the
European Union. In addition some tighter
national restrictions may apply.
Maritime legislation
The emissions related inter national
legislation for the maritime industry, regulated
through the Marpol Convention under the
International Maritime Organization (IMO)
and regionally through amongst others EU
and US directives, has become much more
stringent in recent years. This applies to
both NOX and SOX emissions, but CO2 is
naturally also on the agenda. The NO X
requirements have for some time already

targeted mainly new diesel
engines, whereas the SO X
emissions related to fuel
sulphur content limits, will
force a number of shipowners
and operators to switch to low
sulphur fuels or install
abatement technology on a
great number on existing
ships.

affect the combustion process
using various kinds of water or
humid air solutions and naturally
through the diesel engine design
itself.
For the reduction of SOX emissions,
scrubber solutions have entered
the maritime industr y as an
alternative to highly expensive low
sulphur fuels and distillates. A
limited number of scrubbers have
to date been installed on ships. It
is to be expected that this number
will increase significantly in the near
future leading to high demand for
both design and engineering as
well as equipment supply in order
to meet the deadlines.

A t a g l o b a l l eve l t h e
introduction of sulphur limits
stretches all the way to 2020
with some inter mediate
milestones. However, within
emission control areas (ECA),
w hich are geografically
defined areas verified by IMO,
the schedule is much more
stringent and will require
actions already today in order
to be prepared for the
approaching due date........

As an alternative to heavy fuel oils
(HFO), diesel oils (MDO) or gas oil
(GO), liquefied natural gas (LNG)
will become more common fuels
also on ships. In addition to the fact
For shipping in the Baltic Sea
that LNG contains no sulphur, NOX
area, for example, this means
emissions will be reduced by up
a cap on SO X -emissons
to 90 % and CO2 emissions by up
corresponding to a maximum
to 30 %. LNG as fuel has high
sulphur content of 0,1 % in
potential in areas where bunkering
2015.
logistics can be solved and will
The maritime industry will face a number of challenges in order to meet the new emission
mainly be seen on new ships in the
reduction requirements
future. Conversions of existing ships using
Air emission reduction techniques temperature and by obtaining an optimal
HFO or MDO is also a possibility and are
air/fuel ratio, NO X and various volatile
actually taking place already today.........
compounds
can
be
reduced.
Effective control of the combustion process
itself can reduce NOX and PAH emissions
in particular. It is therefore essential to
possess accurate knowledge of the
conditions (such as pressure, temperature
and oxygen amount) in the various parts of
a furnace or engine.
Fuel related emissions to air, such as SOX,
can be reduced before or after the
combustion process. By removing sulphur
from crude oil, for example, in the
petrochemical process before using the fuel
for combustion, we can reduce emissions
to some extent. This measure may require
extensive investments in refineries. The
alternative is to reduce emissions after the
combustion process by cleaning flue gases.
Often the best and most economical way to
reduce emissions is via effective combustion
control. By controlling the combustion

For some fuel components this is, however,
not nearly enough. Particles can be collected
in scr ubber s or with electrostatic
precipitators, known as an ESP for short. In
addition sulphurous compounds can be
removed from flue gases with a scrubber.
Reducing air emissions in the
maritime industry
There are a number of approaches and
technologies under development or on the
market to reduce emissions to air from
shipping. They are partly similar to solutions
used shoreside.
For a number of years NOX emissions have
b e e n t a ck l e d t h r o u g h a b at e m e n t
technologies such as selective catalytic
reactors (SCR) or through technologies that
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Future ships will also see alternative energy
sources such as wind and solar power as
auxiliary power contributors as well as fuel
cells that use LNG or hydrogen..............
The role of design and engineering
Designing and selecting the right solutions
are essential elements in controlling and
reducing emissions. What may be the best
solution in one case may not be the optimum
one in another. We at Elomatic are working
throughout the design process; from
evaluation of solutions and conceptual
design of plants or ships to the detail design
and engineering of emission reducing
equipment and components. Each case is
unique and should be evaluated thoroughly
both technically and economically...............

GEA BISCHOFF - a key
player in flue gas
cleaning market

assembly teams, customer documentation
and GEA Bischoff sales people benefit from
the high quality and possibility to quickly
gain access to updated and customized
drawings for various purposes.

Text by GEA BISCHOFF Oy
Managing Director, Timo Seppälä
GEA Bischoff Oy is the daughter company
of GEA Bischoff GmbH in Essen, Germany
and part of the GEA Group. The history of
GEA Bischoff dates back to 1897 when
Lurgi was founded for environmental
engineering and emission control inside
Metallurgische Gesellschaft. They have
delivered more than 15,000 flue gas cleaning
units all over the word.

GEA Bischoff has ISO 9001 and SCC**
certification and the improved quality and
clarity of documentation are clearly
beneficial in this regard. Costs have also
been reduced, not only as the result of
saving in mechanical engineering, but also
due to the detailed “IKEA” type erection and
assembly guide books, which will reduce
supervision in distant locations. We are
confident that the Elomatic mechanical
engineering documentation will be delivered
on time and at the expected high quality for
our future projects.

ION BLAST™ electrostatic
precipitators (ESP)
With Ion Blast ESP technology GEA Bischoff
has also entered the biomass incineration
flue gas cleaning market.
Ion Blast ESP technology has been
developed in Finland and Germany during
the last 15 years and there are already about
200 ESP’s operating in various industrial
factories and energy plants. Since ESP
technology has already been on the market
for more than a century, ESPs can be
regarded as mature investment products
that do not leave too much room for major
development. The Ion Blast ESP technology
has however introduced radical changes
and improvements.
The precipitation in Ion Blast ESP is based
on endorsing ionic wind by doubling the
secondary voltage levels inside the ESP.
While the trend in conventional ESP
technology has been towards wider ESP
passages – from 200 mm to 500 mm, the
Ion Blast ESP collection electrodes may be
1-2 meters apart.
Due to tightening emission norms the most
difficult and most dangerous particle sizes,
PM2.5 (2,5 µm and smaller) have to be
precipitated more effectively. The ionic wind
is the ideal tool for this task. The wide open
self supporting honeycomb structure of the
Ion Blast ESP also means a significant
reduction in steel weight – the biggest cost
factor for the ESP investment. This new ESP
technology also reduces energy consumption, has no internal moving parts and
is much easier to maintain.

Cut-out view showing the honeycomb structure
of Ion Blast ESP

About the Author s

Standardisation process with
Elomatic
In order to maximize the competitiveness
and other benefits of Ion Blast ESP
technology, the technology has to reach at
least the same standardization level as its
conventional competitors, if possible even
better. The standardization of Ion Blast ESP
technology has started already in the
important dimensioning process for reaching
optimal capacity in order to obtain the
required precipitation efficiency. All Ion Blast
ESPs are built from similar steel components
much the same a lego pieces.
Elomatic is currently developing this
standardization for GEA Bischoff. All
standard steel components are
parameterized in such a way that the
designer can utilize the continuously
developing drawing bank in an optimal way.
It is also impor tant that the various
calculations and modeling work is done
under the same roof where the actual
mechanical design is done. Otherwise the
objective to save materials and reach
solutions, which save manufacturing and
erection work would not be reached.
As an outcome of this development, the
quality of GEA Bischoff documentation has
reached optimum levels. Not only
manufacturing, but also erection and
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