
P r o d u c t i o nPage 10� CHEManager Europe 12/2008 

� chemanager-europe@gitverlag.com

Optimal Operating Sta-

tus – Within the framework of 

its Vigilant Plant Automation 

concept, Yokogawa is integrat-

ing substantial components with 

the new Centum VP process and 

production control system on 

the way towards comprehensive 

Operational Excellence.

Centum VP has been designed as 
a central operating information 
platform and combines well-
tried solutions for safety, asset 
and production excellence, as 
well as the normal high reliabil-
ity, availability and scalability of 
the Centum system. Additionally 
with complete downward com-
patibility and continuity of the 
system architecture. In addition 
there are numerous improve-
ments and new features, such 
as a user-friendly, intuitive and 
task-oriented interface design 
as well as integrated software 
solutions.

Vigilant Plant – the Concept  
for Operational Excellence

Vigilant Plant is Yokogawa’s 
comprehensive automation con- 
cept. It is designed to not only 
enable the safe, reliable and 
profitable operation of techni-
cal process plants but also to 
implement them systemati-
cally.

The goal is to achieve a 
condition of operational excel-
lence in which the personnel 
can always act in a vigilant, 
prudent and properly informed 
manner. These employees can 
take appropriate action at any 
time that leads to an optimal 
operating status and a optimal 
tuning of production with the 
economic conditions. The con-
cept thus prevents unplanned 
stoppages, improves the utili-
zation of the plant and permits 
a rapid and efficient adjustment 
of production to changed mar-
ket conditions. 

Vigilant Plant is a multi lay-
ered network of complemen-
tary core components. Thus, in 
2005 the company brought first 
solutions for Safety Excellence, 
in 2006 for Asset Excellence 
and finally in 2007 for Produc-
tion Excellence onto the mar-
ket. These tools enable safety 
engineering, process monitor-
ing and production control to 
be lastingly optimized. With 
the market introduction of the 
new generation of control sys-
tems, the Vigilant Plant initia-
tive takes the step into its next 
evolutionary stage. The three 
aforementioned excellence so-
lution packages are integrated 
into a single Operational Excel-
lence platform. 

Centum VP – More than a  
Process Control System

Since 1975, the Yokogawa 
Electric Corporation has been 
building and implementing 
process control systems. World-
wide there are approximately 
20,000 installations. Some 
first generation systems are 
still in service today, because 
compatibility and consistency 
of the architecture have high 
priority.

Centum VP is the latest sys-
tem generation from Yokogawa, 
release 4.01. The Vigilant Plant 
concept is the godfather for the 
name suffix of the new plat-
form: VP. The youngest mem-
ber of the Centum suite follows 
the Centum CS 3000 system. 
The full downward compat-
ibility and proven consistency 
with the predecessor systems 
is maintained. Therefore, a 
simple and flexible migration 
path is guaranteed for all ear-
lier control systems in the Cen-
tum suite.

Compatible with All Standard  
Communication Interfaces

Centum VP also uses Yokogawa’s 
unique Pair & Spare technology 
for validating data in real time, 
which doesn’t give sources of 
error a chance and achieves a 
system availability that has not 
been equalled in the industry of 
99.99999 % (seven 9s). Like its 
predecessor systems, Centum 
VP also supports all standard 
communication interfaces with 
field devices, from Foundation 
Fieldbus, Profibus DP, Modbus 
and Devicenet to various Ether-
net-based protocols.

At the same time, Centum 
VP defines a new role for a 
process control system. The 
system crosses the boundaries 
of a traditional DCS (Distrib-
uted Control System), whose 
task mainly consisted of process 
control and monitoring. Beyond 
these, it offers integrated access 
to functions of the corporate 
information management, asset 
management, and to supporting 
functionalities. For the operat-
ing crew, a uniform, homoge-
neous working environment is 
thus created. This integrated 
process and production con-
trol system smoothes the way 
much more than any previous 
solution in order to establish 
a true operational excellence 
efficiently and comprehen-
sively in everyday operations. 

It makes information available 
even better than before in the 
logical connection and enables 
role-based access to all key in-
formation.

In order to achieve these 
goals, Centum VP has been 
equipped with a variety of 
new and improved features 
and capabilities. The platform 
offers an inherent interface 
with numerous system com-
ponents in the context of the 
operational excellence soft-
ware suite. In addition proven 
functionalities are continued 
and made more accessible and 
user-friendly.

The New ICC – Task-Oriented Working

The functions of the ICC as the 
central human-machine in-
terface (HMI) have been com-
pletely re-designed and further 
improved and extended. With 
complete compatibility with the 
predecessor systems, the new 
consoles have a configurable and 
intuitively-operated working en-
vironment. The screen contents 
are ergonomically designed and 
optimally arranged in order to 
prevent operator fatigue and to 
help them concentrate on the 
important information in the 
normal range.

The normal range always 
has a status border at the upper 
edge of screen for current plant 
information. Underneath are 

navigation and working areas 
depending upon the varying 
task within the normal range. 
Like the entire working area, 
a part of the navigation range 
is also freely configurable, at 
the lower edge of screen is, as 
expected from other computer 
applications, the operating sys-
tem border.

A tab-supported window 
architecture in the work area, 
similar to modern web brows-
ers, makes it possible to sum-
marize specific task settings 
from up to five windows on 
one tab page and to arrange 
up to five of these tabs directly 
in the work area, so that they 
are directly accessible with 
a click of the mouse. Thus, a 
plant manager can handle up 
to five complex tasks – for in-
stance the monitoring of certain 
apparatus functions or alarm 
constellations – immediately 
accessible for handing over to 
the person on the next shift for 
further monitoring. In addition, 
such tab configurations can be 
saved and are then accessible 
over the navigation range. For 
more strongly visually-oriented 
operators there is also the pos-
sibility of offering miniature 
views of tabs in a window for 
selection. 

These and other useful aids 
allow operational processes to 
be structured logically and er-
gonomically. Acquired know-
how can be applied and passed 
on, for example by the selection 
and appropriate arrangement 
of significant view windows. 
Since this reflects the specific 
thinking structures of the plant 
manager, more efficient, spe-
cifically task-oriented working 
is facilitated. 

The new ICC optimally in-
cludes all the capabilities of 
the new, Centum VP integrated 
process and production control 
system. It ensures that all users 
receive information weighted 
according to their meaning as 
a direct basis for decisions, 
instead of an unstructured data 
flow.

Both the ICCs and engineer-
ing workstations can be oper-
ated under both Windows XP 
and Windows Vista. This guar-
antees a maximum of future 
security for the appropriate 
investments. 

Everything Under One Roof

For the operation of a technical 
process plant, numerous func-
tions must be realized concern-
ing processing control and mon-
itoring, asset management and 
operational support of the plant 
managers. Normally different 
systems from different manu-
facturers provide these func-
tionalities. As a result, a collec-
tion of diverse systems controls 
the operating processes, so that 
gaps remain and barriers arise, 
preventing a smooth, integrated 
operation. 

Centum VP is constructed 
around a single, uniform op-
erating database, which can 
support all key functionalities 
in real time and thus enables 
a homogeneous working envi-
ronment. This uniform archi-
tecture permits more efficient 
information handling and in-
creases safety and flexibility in 
the company.

The single operating data-
base also enables the seam-
less integration of advances 
applications, processing op-
erating information, stabiliz-
ing processes and increasing 
operational efficiency. The 
simple and flexible introduc-
tion of such applications ena-
bles users to make continuous 
improvements in safety, avail-
ability and profitability within 
their operations. The integra-
tion of third-party information 
systems through OPC interfaces 
is also achieved through the 
use of Yokogawa extensions. 
Through these, this approach 
also facilitates the planning 
and implementation of future 
changes and contributes in 
such a way to reducing the to-
tal cost of ownership over the 
entire lifetime of the plant.

The Evolution Continues

Integration and the clear visu-
alization of operating informa-
tion are important features of 
the latest state of development, 
which is reflected in the latest 
release of Centum VP, just as an 
intelligent equipment availabil-
ity analysis and efficient diag-
nostic functions.

In the next stage of develop-
ment, the compression of per-
formance information into KPIs 
(key performance indicators) for 
target-oriented plant operation 
is a priority, as well as the cor-
relation of key parameters of 
the economic and process level. 
In addition, increased use will 
be made of a model-based de-
scription of whole units as well 
as data mining strategies. 

The third step, which we 
can foresee today, will be 
characterized by the compre-
hensive, foresighted handling 
of all assets, supported by 
operation-wide valid model 
descriptions as well as continu-
ous diagnostic, simulation and 
logic software. In connection 
with this, a further change of 
generations is also foreseeable 
with hardware and software 
systems.

The evolutionary develop-
ment of the management will 
finally reach the stage of a 
prognosis-based process, based 
on up-to-date status-oriented 
reports concerning a KPI-ori-
ented plant operation, whose 
basis will be reliable forecasts 
of the future operating status of 
all equipment and plant com-
ponents.
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Catching-Up – Despite the 

rapid adoption of the process 

analytical technology (PAT) ini-

tiative by the petrochemical and 

pharmaceutical industries, the 

implementation of PAT in biotech-

nology has been slow, primarily 

owing to the complexity of large 

molecular products and the living 

organisms that produce them. The 

benefits of embracing PAT in bio-

processing are significant, because 

understanding the bioprocess and 

optimizing production efficiency 

directly result in improving the 

product and yield.

Traditionally, PAT involved the 
implementation of sensors or 
analytical instrumentation for 
process control. The stringent 
steam-in-place (SIP) and clean-
in-place (CIP) sterilization re-
quirements for traditional bio-
reactors precluded many sensor 
technologies from being applied, 
or if a sensor could be designed 
to satisfy the requirements, 
its high cost could not be eco-
nomically justified. Moreover, 
in many cases, the bioreactors 
themselves, being of a 20-year-
old design with a limited number 
of measurement ports, could not 
be easily modified to retrofit ad-
ditional sensors.

More recently, the PAT initia-
tive has evolved into a broader 
context, specifically the identifi-
cation and control of sources of 
variability in bioprocesses. With 
this broader definition, PAT in-
cludes the bioreactor and con-
trol system design as well.

The ideal implementation 
of PAT is to introduce new 
technologies quickly into R&D, 
with the intent of implement-
ing them early in the design of 
manufacturing process for new 
products, before they are vali-
dated, and provides three core 
capabilities to a bioprocess:

Analyze in real-time the up-
take of nutrients, growth and 
viability of the cell population, 
as well as the concentration 
and composition of active and 
side products in bioprocess

Model and predict the proc-
ess so as to actively control it 
in real-time

Manage and store all process 
data, from R&D through cGMP 
manufacturing, in order to gen-
erate a complete genealogy of 
the process.

The Single-use Revolution

Due to the requirements for 
handling hydrostatic pressure 
and the pressure associated 
with cleaning/sterilization pro-
cedures, bioreactors have gen-
erally been constructed from 
stainless steel such as 316L. 
The initial cost of such a biore-
actor and associated plumbing 
is substantial. The energy cost 

to run the impeller, the aerator 
and to cool/heat the bioreactor 
is also sizable. Finally, the costs 
of cleaning and sterilizing such 
a reactor after use and dispos-
ing of the waste water from 
the cleaning process, are non-
negligible. 

Given the high capital and 
operating costs associated 
with conventional bioreactors, 
single-use bioreactors have be-
come increasingly prevalent in 
upstream processing. These are 
constructed using plastic films 
which have been proven to 
be biocompatible and animal-
derived-component free. One 
popular design uses a rocking 
motion to mix and aerate the 
bag whereas the predominant 
design uses the more conven-
tional stirred-tank approach 
with plastic impellers that es-
sentially mimic traditional 
bioreactors. All disposable bag 
reactors include gas/liquid inlet 
and outlet ports, filters, pres-

sure control valves and addi-
tional ports for sensors. 

Single-use bioreactors rep-
resent a unique opportunity 
for implementing PAT ideology. 
They are at an early stage in the 
adoption cycle, being brought 
into R&D for evaluation, prior 
to being deployed into manu-
facturing. Therefore, new sen-
sors and control methods can 
be tested without risking costly 
FDA approval. Any process 
transitioned from a traditional 
to a disposable bioreactor must 
be re-validated, so that meas-
urement and control strategies 
can be changed. Moreover, most 
traditional sensor technologies 
are too large or cumbersome 
for single-use applications, 
creating an opportunity for new 
technologies. 

Many off-line process analyt-
ical tools, such as basic HPLC or 
blood analyzers are in use with 
single-use bioreactors today. 
However, a fundamental need 

for in-process, real-time sen-
sors remain. 

Novel Optical Technologies

Single-use bioreactors have a 
flexible port design, utilize gam-
ma radiation-based sterilization 
and are optically translucent, 
thereby lending themselves very 
well to the integration of optical 
sensors. Optical measurements 
for PAT can utilize any part of 
the electromagnetic spectrum 
including ultra-violet (UV), vis-
ible (VIS), near-infrared (NIR), 
and mid-infrared (MIR) radia-
tion to probe the biochemical 
or chemical system inside the 
bioreactor bag. 

The collected data can be 
directly or indirectly indicative 
of the state of the bioreactor 
medium. Virtually any method 
that can be directly correlated 
to an analyte of interest allows 
for a useful PAT sensor. 

Two key optical sensor tech-
nologies for single-use bioreac-
tors allow the measurement of 
dissolved oxygen (DO) and pH. 
Both techniques apply phase 
fluorimetry and utilize a dye 
which has a fluorescent lifetime 
that is quenched by the pres-
ence of the analyte in question. 
The spot must be in contact 
with the bioprocess inside the 
bioreactor bag. The excitation 
radiation must be delivered to 
the spot, and the emission ra-
diation from the spot must be 
delivered to the detection sys-
tem. The optical and electrical 

system resides outside of the 
bioreactor bag. 

Most of the spot-based ap-
proaches involve either inte-
grating a patch (that holds the 
spots) with the bag or using 
a fiber-based optical delivery 
system into the bag via a port. 
The former method has the 
disadvantage that the spots 
and the optical system must be 
mechanically aligned in close 
proximity, whereas the latter 
method has the disadvantage 
that fiber-based systems are 
optically inefficient and expen-
sive. In both cases, significant 
optical radiation must be deliv-
ered to the spot, which results 
in accelerated photo-bleaching 
of the dye and long-term meas-
urement drift. This issue is of 
particular concern for pH, and 
has delayed the adoption of op-
tical sensors for PAT. 

An alternative approach uses 
a micro-optic light engine for ra-
diation delivery to and collection 
from the spot, and is already 
showing better drift results. The 
spot is housed on a sheath that 
is inserted into a 12 mm port 
in the bioreactor bag prior to 
sterilization. The seal between 
the port and sheath assures that 
sterility is preserved. The optical 
reader is rated for NEMA 4X, al-
lowing it to be used throughout 
scale-up from R&D to produc-
tion. RFID tags are used to enter 
calibration data for each sheath 
automatically and eliminate hu-
man error. The menu-driven 
transmitter is highly capable and 

has two analog outputs for easy 
integration into an automation 
system. Overall, TruFluor opti-
cal DO and pH sensor features 
are ideally suited for single-use 
PAT applications.

In the future, optical meth-
ods will also be applied for 
real-time, in-line measurements 
of nutrients, additives, waste 
products, and end products. A 
tremendous improvement in 
the new optical technologies for 
bio-processing is expected in 
the next two to five years. The 
advent of these technologies 
will fundamentally and perma-
nently change PAT in single-use 
upstream manufacturing.

Finally, it should be noted 
that potential PAT measurement 
methods for single-use systems 
are not limited to optical meth-
ods, but can include a diversity 
of alternative physical mecha-
nisms: electrical (RF and DC 
electrical fields), chemical, bio-
chemical, acoustic, magnetic, 
and micro-fluidic techniques, or 
any combination thereof. Other 
measurements can involve min-
iaturized or on-chip mass spec-
trometry, liquid chromatogra-
phy, flow cytometry, or nuclear 
magnetic resonance (NMR).
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