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4.3 Programme Objective

The overall objective was, in words, rather simple: replace the legacy MES layer with
a new MES system and harmonize all plants to this system. Furthermore, find and
realize a method to embed Production Accounting for these plants as a basis for
SAP invoicing.

The starting-point was the situation as shown in the picture below.
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The "TO-BE" situation is given underneath.

© Copyright Atos Origin, MESA 2008. All rights reserved.




MES Harmonization in a Multi-Site, Multi-Country and Multi-Cultural Environment

5 SOLUTION DESCRIPTION

5.1 Solution Outline

Now that we would base the future MES system on COTS software we needed to
address costs for licenses and maintenance in relation to employment by the plants.
Also very important would be availability and, crucial for user acceptance, response
time. Then again, we still needed to focus on harmonization. Given these somewhat
perpendicular requirements, we had to find an acceptable middle course. Again, we
found harmonizing means compromising.

5.1.1 A central MES Server

As costs for licenses and maintenance of employing a MES server at each site would
become quite high, we decided to design the total system with one central MES
server and increase network band widths towards the plants. The software vendor
already took care of being efficient with network traffic.

To base this choice based on low licensing costs only would however not be a good
thing to do. The "E" in MES stands for “Execution” as in execution time-critical
transactions in your process. A MES system with a strong “Execution” part belongs
inside the plant. This is something we do not intend to do with this MES solution.

In case you intend to implement a central MES system with a heavy part of real
execution you should also take other elements into consideration. This would be
things like process integrity, crossing legal borders, differences in tax climate, etc.

In our case we do some small “Execution” with setpoint downloads. But then again,
it is not our focus and we are dealing with just one legal company in one European
community. It is not to be considered as a general overall applicable concept.

5.1.2 High Availability

As one MES server would serve all the plants it will need high availability. A
break-down of this server would mean all plants would be deprived of their MES
information. In fact, the whole chain of data flowing from the process control
systems to the MES server should be as much as possible.

Given these starting-points we designed the MES architecture to support high
availability. The hardware of the central MES server was utilized with high
availability components and in the future we will even duplicate the MES server
with automatic failover.
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To secure data acquisition from the local process control systems we installed local
data acquisition nodes with the ability to buffer incoming data in case the MES
server is unavailable, either to hardware failure or to network failure. These local
data acquisition nodes were also equipped with high availability components. In
cases where it is possible we installed duplicate nodes with automatic failover
capabilities.

5.1.3 Client software

Users need to access MES data using dedicated software. Given the number of
plants and the number of future users per plant, the total number of users would
lead up to over 350. In order to keep track of authorizations and software versions
we decided to script the client software installations and use Active Directory for
authorizations. This way we will always have an overview of users using the MES
software and pretty sure everyone is using the same version.

5.2 Solution Issues

Designing a MES architecture is one thing, putting it into practice is another. As
soon as we got started we had to deal with a number of practical elements of
harmonizing in a multi-site, multi-language and multi-cultural environment. Most of
them we anticipated, but some of them were underestimated.

5.2.1 Multiple Plants - One MES System

Having to deal with multiple plants on 1 MES system, you have to take care of

a naming convention and be disciplined to stick to it. As every plant would be
measuring over five thousand points in the plant, it would be very helpful to have
these tags easy traceable to a specific plant. The chlorine plants are very alike, also
in numbering or coding their equipment sections, so the chance of having tags that
are very much alike is very high. End-users and administrators would have trouble
finding the right tags for their plant. It would also make it very convenient, from an
administrative point of view, to make tags identifiable. Therefore we introduced a
dedicated prefix for all tags, users and other elements in the MES system.

5.2.2 Different Languages

We are dealing with chlorine plants in three different countries with different
backgrounds and plants that were acquired from other companies. Although

Akzo Nobel Base Chemicals is a global operating company, inside the plant this
seemed a bit far to fetch. Language was definitely an issue. It turned out to be very
important to have project meetings and instructions in the local languages and,
although difficult for us, it certainly helped if we could have project discussions and
consultations in local languages.
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A second important item in this perspective is software manuals. Manuals from
the vendor were only available in English. For end-users this seemed to be quite

a barrier. We therefore decided to set up a short reference manual and have it
translated in the local languages. This certainly helped to get a higher acceptance
level from end-users.

5.2.3 Connecting to the Process Control Layer

For most plants the designed MES architecture would mean that their local process
control systems would be connected to the “bad outside world” for the first time.
There was quite some reluctance, not only from the process control engineers, but
also from the LAN managers who were concerned their LAN would be filled up
with MES traffic and not eager to allow “foreign” equipment to be connected. The
process control layer and the LAN would have to be clearly separated from each
other.

We solved this matter by installing firewalls in between and configured them by
only allowing specific traffic between specific servers to go through. In some cases
this was not even secure enough. We solved this by using a VPN tunnel through the
firewalls. This is almost as secure as you can get.

5.3 Production Accounting

5.3.1 The Issue

An important issue to solve was to find a suitable solution for Production
Accounting. Akzo Nobel Base Chemicals is a supplier of basic chemicals to other
industries. These products are sometimes delivered to their customers by truck
or rail cargo, but in most cases there is a direct pipeline. Goods are therefore not
shipped in tangible quantities but as a continuous flow in for example m3/h.

With the Production Accounting solution the plants need to account for their intake
of raw materials (bulk salt) and utilities, production quantities, stocks and deliveries

to their customers. This needs to be done on a daily, weekly and monthly basis. The
results are input to the ERP system for monthly invoicing.
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5.3.2 How it is solved

As the input for Production Accounting comes from the real-time measurements
of flows, temperatures, pressures, qualities and other process parameters, it is
very much integrated with the MES layer. We therefore decided to embed the
Production Accounting solution in the MES system. The big advantage is that

we would not need another system specific for this purpose and we could store
the Production Accounting figures in the MES database. We could then use the
some client software to report and display normal MES data as well as Production
Accounting data.

5.3.3 Implementing It

The tool we built for Production Accounting purposes certainly fit its purposes,
but to get it accepted was another nut to crack. As plants did not have a specific
PA solution they build something themselves or used outdated legacy systems for
that purpose. Furthermore, input for those systems is mostly manually entered.
Calculations to come from a 30% solution in m3/h to a 100% product quantity in
tonnes are not always clear or easy to track.

Each plant needed a different approach as the point of departure varied per plant.
Some legacy systems were very old and “evolved” over the years leaving rather a
lot of unused rubbish. It would therefore be ineffective to just migrate the systems
contents of calculations towards the new solution, we would then also migrate all
the old rubbish.

We adopted a more practical approach by focusing on the figures that had to be
reported and doing reverse engineering on how these figures are accomplished.
This approach was successful in that we managed to reduce the amount of
Production Accounting calculations for at least 75% in all cases and getting the
same results.

However, the proof of the pudding is in the eating. As Production Accounting

is the base for monthly invoicing, the plants needed evidence the method and
tooling were correct. We did that by means of parallel processing the old legacy
systems with the new method. This turned out be really burdensome in certain
cases. Using calculations specified and validated by the plants themselves there
were still differences to be noted. What is then the truth: The new method or the
old legacy system?
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Just after thorough analysis and reporting in these cases we could prove that the
differences were caused by errors in the old method and systems. Things we found
were rounding errors, due to lower accuracies, averages calculated on individual
values in stead of a mathematical time integral calculus, errors in formulas in the old
systems that have been there over years, etc.

At the end, our findings did convince the plants that the new method and system
were correct and they accepted them after all. By that they were more or less forced
to adapt to a new and better truth. From a controlling point of view this was an
improvement.

5.4 Surprises

5.4.1 Organizational Change

After a while we were fully adapted to the programme and we thought all issues
and unforeseen matters had been dealt with. We had completed the Dutch plants
and were dealing with the rollout to the German plants as a new turn came on our
path. Akzo Nobel decided to restructure their business units by merging several
business units into another. For Akzo Nobel Base Chemicals this meant that the
chlorine plants, bulk salt plants, the energy combined heat power (CHP) plants and,
in a later stage, the MCA plants were to be merged into one larger business unit.

5.4.2 Effect on the Programme

This would also have effect on the running harmonization programme. Akzo Nobel
Base Chemicals decided to also adopt these added plants into this programme. For
us as a project team this meant a serious enlargement of scope.

The enlargement consists of:

e 8 additional plants

e 3 different production processes to add

e 3 additional ERP systems to deal with

¢ 6 additional process control systems to interface with
e over 10 additional third party systems to get data from
e 8 additional legacy systems to migrate

e 1 additional country to adopt
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This is best illustrated with the new starting-point in the following picture,
a bit of a mess.
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5.4.3 Consequences

The decision was made by corporate management to also incorporate these
additional plants into the programme, so for us it was just a matter of analyzing the
conseguences on concept, design, time and costs.

It was evidently clear that having to harmonize more plants would take more time
and add more cost. The big question was to verify if the concept and design would
also fit for the new ultimate situation. It turned out that our concept and design
was really solid. We just needed to resize the central MES server to be able to cope
with more data. Other parts of the concept were to be filled in locally, such as
interfacing with the process control layers and other local third party systems.

We also did not need to change our project approach. Our approach of carrying out
the project on a country-by-country basis would still hold. After we have finished
the chlorine plants we will continue with one other different type plant, learn new
findings with this type of plant and put the new lessons-learned into practice for
the other plants of that type.
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The new objective is illustrated in the next picture, the MES we are targeting for.

ERP S';P
Production Accounting
MES '
New MES

t ¢+ 1 1ttt XXX K

Honey- Honey-
DCS ABB Emerson Emerson  Honey- Emerson EmersonMelso Honey- ,op well well  Honeywell

IR i VA N
o b bbb b ok bk ok kb kok

Chlorine Chlorine Chlorine  MCA  Chlerine Chlorine MCA  Salt Salt Salt Energy Energy Energy
BIT IRN DZL DZL RDM SHL SHL DZL HGL MGR DZL HGL RDM
| Gemany | Netherlands | Sweden | Netherlands Denmarl  Netherlands |

5.5 Current State

At the time of writing this case study we have progressed for about 75% of the
initial harmonization programme (i.e. after the organization change). We have
finished the chlorine and MCA plants, learned from the rollout to the first salt plant
and started a rollout to the first cogeneration plant.

So, what are our findings so far, what have we learned and what have we gained?
These are questions that will be touched upon in the next chapters.
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6 RESULTS

At this moment we have the chlorine plants ready, they are harmonized on the same
MES system using the same Production Accounting method. At this stage we can
strike a balance. What have we gained so far? Did we fulfill expectations? Did we
get our money’s worth? How are we standing with respect to the new MESA model?

6.1 Overall Performance Overview

One of the first things we did as a side-step is to build some general overviews for
corporate management. By this, already in an early stage we could show corporate
management one of the benefits that could be expected from the total programme.
This turned out to be a perfect hit.

Corporate management in Amersfoort (central of The Netherlands) was now
able to witness live how the plants are running without having to ask for input
first. Moreover, they could now see in real time the overall performance and how
individual plants are performing in relation to each other. The plant managers
themselves were not so pleased, because they were now getting phone calls from
corporate management asking what was going on.

6.2 Improvement of Production Insights

A second quick benefit was the improvement of production insights. Previously
people had to deal with a daily report showing how the production went yesterday.
Nowadays, the actual production figures can now be seen in real-time. In the old
situation people only had access to some predefined reports, now it is possible to
request real-time and historical data from every single measurement available.

On-line calculations make it possible to view the real-time production in tonnes in
stead of m3/h. Free-format trending enables process engineers to combine several
process parameters into one trend and by that find relations that couldn’t be found
before. Other visualizations give process engineers the opportunity for root cause
analysis, etc.

6.3 Real-time Insights in Deliveries and Stocks

A third quick win was found at the logistics department at corporate headquarters.
Logistics deals with chemicals to sell to customers. For that purpose they need to
know which quantity of which chemical product is available in which plant. In the
pre-harmonization days, logistics needed to retrieve that information via faxes,
phone calls and E-mails getting information that was always outdated. An actual
stock overview was impossible to obtain.
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With every chlorine plant connected to the new MES system all the tank level and
delivery information available is now in real-time. It was then a low-cost effort to
set up overviews showing actual tank levels in tonnes and the actual deliveries to
pipeline customers. This lightened the work for the logistics department and lead to
an improvement of production planning.

6.4 Accessibility from Every Seat at Every Site

One objective from the total programme was to make production data available
for everyone within the organization. This would however lead to high costs on
licenses for the necessary client software. This issue was solved by building a portal
from which everyone (having access) is now able to view production information
and reports using only the intranet. View-only users now do not need specific MES
software on their pc to view this information. The return on investment of this
particular part of the total harmonization programme was within a year.

6.5 Results portrayed at the new MESA Model

So far you have been reading about a MES implementation programme and their
results. You might now be interested how this case study and its results are related
to the new MESA Model.

6.6 Manufacturing and Production Operations

First thing needed for information is to have data. We therefore implemented real-
time interfaces with all production and manufacturing Control systems like PLC’s,
SCADA and DCS systems, Energy systems, Laboratory systems and weighbridge
systems available. Our Data Collection and Acquisition is really in place, gathering
thousands of events every second or minute from all plants connected.

[IETEY
Collection
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Product Resource “
Tracking & Allgcation | "erfermance Process

Genealogy A & Status Analysis Management

Dispatching Logistics

Quality Labor Controls:

Management § Management

Production Focused:
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Operators and process engineers are using these events for Performance Analysis
purposes allowing them to get real-time insights in the process they have never
had before. Laboratory people and process engineers are now able to combine
laboratory data with process data. This gives them better opportunities to improve
product Quality Management.

Shift-leaders and production management now have richer reporting and trending
tools at their disposal allowing them to better in depth analysis and trouble
shooting of specific production problems or supporting them in better investigating
possible process improvements.

From a Logistics focus we now have a real-time insight in available stocks of
chemical products in storage tanks at all plants. Real-time measurements of tank-
level solutions (in percentages) are in real-time computed to tonnes of a 100%
product. This really has improved the logistics insights and process.

6.7 Business Operations

Improvements and benefits really grow when you bring it to the next level. You
need to incorporate your MES system to the Business Operations level to really
exploit the possibilities.

Customer Financial & Product Compliance Supply
Focused: Performance Focused: Focused: Focused:
CRM, Service § Focused: BI CAD, CAM, Doc Mgmt Procurement

Mgmt ERP, EAM PLM 180, EH&S SCP

BUSINESS OPERATIONS

From a Performance Focus point of view we now have a real-time insight in

how the plants are running and we have the ability to easily benchmark plant
performance with each other — real-time performance management. From a
Financial Focus point of view we are now using the same Production Accounting
application to calculate for intake, production, stocks and deliveries to our pipeline
customers. We are now able to perform a nearly real-time monthly financial closure,
which gives us a fast and accurate financial performance overview every month.

From a Compliance Focus point of view we now are better equipped to

deliver accurate EH&S reports to the government. We are now measuring all
environmental emissions, storing them in one system and reporting them to the
government agencies.

From a Customer and Supply Focus point of view we now have a real-time insight
in the available stocks of every product at every plant. We now can instantly decide
what stocks are still open for selling and we can quickly react to a customer’s
request for certain products.
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6.8 Strategic Initiatives

We are in fact dealing with a Real Time Enterprise. To be competitive in today’s
manufacturing market you need to know how you're business is running. You
don’t need to know how it was running yesterday or last week, but you need to
know how it is running today and at this moment. You need to have an overview at
corporate level, reaching across plants, sites and even countries.

Additional

Lean Quality and Product ;
Initiatives

: Regulatory Lifecycle
Manaaipe Compliance Mgmt

Real Time
Enterprise

STRATEGIC INITIATIVES

The information needs to be accurate, real-time, quickly available, presented in a
common way and with different views. This gives your personnel the information
needed to make better tactical decisions, to be more responsive to market demands
and to be in better alignment with enterprise goals.

We are now able to make better informed decisions and can respond to situations
in real-time. We now have real-time decision support and real-time performance
management at our disposal and are learning to deploy them further. Examples
are the real-time insight in deliveries and stocks and the real-time performance
management. It is also recognized that the overall programme is showing good
opportunities for other Strategic Initiatives, like Enterprise Asset Management. The
next chapter will go into more detail on this subject.
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7 NEW OPPORTUNITIES

Besides the quick results found in an early stage on Business Operations level,
there is also a number of opportunities that deserve further investigation. These
opportunities are in most cases to be found on the Strategic Initiatives level

Additional

Lean Quality and Product ;
Initiatives

: Regulatory Lifecycle
Manaaipe Compliance Mgmt

Real Time
Enterprise

STRATEGIC INITIATIVES

Functions of which we certainly think have future prospects are:
e QOperational Excellence
e Manufacturing Excellence

e Real Time Enterprise
7.1 Operational Excellence

7.1.1 Improve Plant Availability

Ask yourself this question: What are your earnings if you can improve your plant
availability by 1%? Of all industries, the continuous chemicals process industry is
one of the industries where production time can be vital. The more production time
you have, the more you produce, the more you can sell (depending on the market,
which is good for bulk chemicals).

If fact it is a simple mathematical equation. Hypothetically speaking, if you produce
5 tonnes of product per hour and you can sell it for 1.000 per tonne, then an
improvement of 1% more production time in a year would mean about 90 more
production hours. Suppose you have 20% profit on sales, then this would mean
90.000 more profit per year. The figure itself isn't that large, but in this case we can
multiply it with 13 plants and then it becomes worthwhile for further investigation.

7.1.2 Improve Plant Performance

High costs in this type of industry are equipment and most of all energy
consumption. An important KPI is therefore the amount of energy used to produce
1 tonne of product. Now that there is more plant data available in the MES layer, it
might very well be possible that there are improvements on plant performance to
be found.
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7.2 Maintenance Excellence

Another interesting question would be: What if you could lower your yearly
maintenance costs with 10%? Assets in a continuous chemicals production process
are costly and so is maintenance on these assets. Maintenance costs money for
materials and hours, but also due to loss of valuable production time. You then
want to minimize loss of production time due to maintenance, but you also want to
prevent unsolicited loss of production time due to plant break-downs.

In the 80's plant maintenance was performed in a reactive way “when it breaks
down we fix it”. In the 90's it was more commonly accepted to have a proactive
approach: calendar based with fixed intervals or preventive with specific frequencies.
Findings are that maintenance still costs money and questions rose like:

e Was it necessary to perform maintenance now?
e Are we not replacing good filters?
e \Was that pump even used since the last lubrication?

Maintenance is evolving. New learnings are that we should maintain a piece of
equipment only when a potential failure is at hand and identified. In other words,
we should base our maintenance strategy on the condition of the equipment.

Proactive

© Copyright Atos Origin, MESA 2008. All rights reserved.




MES Harmonization in a Multi-Site, Multi-Country and Multi-Cultural Environment

In case we want to base our maintenance strategy on the condition of the
equipment, the first step is to actually measure equipment parameters that are of
interest. Our finding so far is that in most cases this is already the case. We already
do measure:

e Operating time of equipment

Vibrations

Temperature of rotating equipment

Flows through filters

Suction speed of pumps
e Environmental emissions

Next step would then be to define targets for these measurements and continuously
monitor them against their targets. In case a target is about to be reached, an alert
can be send on beforehand and maintenance can be scheduled at appropriate time.
With a MES system in place this can all be done in real-time and automated. This is
an opportunity which certainly deserves our attention.

7.3 Real Time Enterprise

Now that we have lots of interesting information available in the MES layer, it is
interesting to take look at which of that information can be made available for
other systems. Amongst others the ERP system is used for plant maintenance,
inventory and sales. The MES system contains very useful information to support
these processes.

7.3.1 Plant Maintenance

Support for plant maintenance can for instance be found in uploading operating
hours of rotating equipment on the basis of which maintenance can be scheduled
at an appropriate moment. Also other equipment maintenance parameters can

be measured through MES and uploaded to ERP. This would reduce the effort of
manual logging and entries and improve accuracy of information, because it would
then be based on real-time data.
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Supplying the ERP system with up-to-date real-time maintenance data will give
you the opportunity to better plan or schedule maintenance. By that you can
reduce overtime, because there will be less corrective maintenance and more
planned maintenance. This will improve your plant reliability and of course improve
production time.

7.3.2 Production Planning

Production planning is a balance between sales, stocks and production availability.
Production planners use the sales orders from ERP to plan which production facility
can deliver the requested amount of products to the customer. Would it then not
be convenient to have the necessary stock and production information available in
the ERP layer? And would it not also be convenient to have allocated sales orders
information available in the MES layer? Yes, we think it would and that is why we
need to investigate this opportunity further.
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8 CONCLUSION

The benefits of a harmonization programme are best illustrated by the following
metaphor.

It begins with planting a tree. There are no benefits yet, you have to nurse it
and make sure it does not become affected by bugs. You expect it to bear fruit
over time, but you have to be patient. Next you let it grow. The first benefits

are that the tree will bring you shade when it’s big enough. Then you notice the
tree starts to blossom and it becomes of interest for bees and butterflies. You
now not only have shade but the tree also looks nice and smells good. Before
you know it the blossom starts turning into fruit. Only a few in the first year, but
it becomes more and more over years as the tree becomes more mature. That's
the moment when it really is bearing fruit.

There are a few one-liners expressed at MESA conferences that are of interest to
come to a conclusion.

8.1 Commonality is the Key to Success

We believe that commonality is one of the keys to success, or else we wouldn’t
have started this harmonization programme at all. And looking back we indeed
notice that it is one of the keys to success. With the harmonization programme we
have realized the following commonality:

e Common manufacturing language

e Common KPI definition

e Common way-of-working

e Common MES product

e Uniformity on Production Accounting
e Harmonized definition of plant data

You need commonality to be able to fulfil functions in the Business Operations level
of the MESA Model.
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8.2 Those with MES and Dashboards Perform Better

This is also very true. We did not start this programme just to become harmonized,
but more of all to perform better. To perform better you need insights in your
performance and for that you need plant data and a system to combine this data
to become information. Furthermore you need the tools to view, report and analyze
this information to find improvements.

¢ One MES system for all plants
e A dashboard to view and report MES information on every site and every seat

Especially a dashboard makes your plant information available to a larger public at
every level in your enterprise. With a dashboard you really can get into the Business
Operations level and even into the Strategic Initiatives level.

8.3 MES Commonality is the Key to Success

With this new one-liner we want to underline that the combination of both is in our
case the key to success. MES commonality made it possible for us to realize MES
functions in the Business Operations level and the Strategic Initiatives level. These
lead to the following benefits:

e Good plant benchmarking possibilities

e Better view on overall performance

e Better view on consumptions, stocks and deliveries
e Improved Production Planning

e Improved operational insights

e Improvements for production itself

To get back to the metaphor: our tree is in its first year bearing fruit. The harvest
is not big yet, but the predictions look good. We will certainly nurse our tree and
expect the harvest to become bigger over the years.
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from business systems down to the shop floor. By combining manufacturing domain
knowledge with the latest technologies we offer a complete service product portfolio
covering the complete manufacturing IT landscape. Being the largest European MES
system integrator, we are uniquely positioned in the manufacturing IT market.

About MESA: MESA promotes the exchange of best practices, strategies and
innovation in managing manufacturing operations and in achieving plant-floor
execution excellence. MESA's industry events, symposiums, and publications
help manufacturers, systems integrators and vendors achieve manufacturing
leadership by deploying practical solutions that combine information, business,
manufacturing and supply chain processes and technologies. Visit us online at
http://www.mesa.org.

© Copyright Atos Origin, MESA 2008. All rights reserved.




