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Introduction

The Polish energy system, despite invest-
ments in renewable sources, still relies pre-
dominantly on coal-fired power plants, with
the largest group being the 200 MW class
units. Many of these units have operated for
over 200,000 hours, exceeding their de-
signed operational lifespan. Some are near-
ing 300,000 hours of operation. However,
these units have undergone numerous re-
pairs and modernizations to extend their
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operational lifetime, enhance efficiency, and
align with current emission limits.

These actions necessitate an individualized
approach when assessing the technical con-
dition of each specific unit. This evaluation
should consider its operational history, con-
ditions, retrospective researches, the scope
of modernizations, quality of repairs, and
information regarding past failures.

To successfully perform diagnostics and en-
sure availability of such devices, virtual
(digital) diagnostic environments based on
expert algorithms and digital twins can be
effectively utilized. These systems enable
the prediction of safe operation by conduct-
ing simulations on the depletion of durabil-
ity reserves under the assumption of the
most probable future operating scenarios.

Over the last 20 years, Pro Novum has been
introducing solutions related to remote di-
agnostics. Starting with the Life Manage-
ment System PRO+®, service, which made it
possible to manage the maintenance of the
technical condition of equipment in power
plants. Along with the increase in possibili-

ties related to digitization, new versions of
products containing much more advanced
algorithms were developed (Figure 1),
e.g. automated analysis of operating condi-
tions (including base load and flexibility
load - regulatory work), admitting elements
to conditional work, risk assessment accord-
ing to the RBM (risk based maintenance)
strategy, etc. The latest version Virtual Diag-
nostic System (VDS), which is still being de-
veloped, already enabled diagnostics of
power devices based on digital twins and
about the Al algorithm.

The article introduces the concept of Pro No-
vum Virtual Diagnostic System, parametric
digital twin and highlights the benefits de-
rived from its application in diagnosing
critical components of long-operating ther-
mal-mechanical devices.

Virtual Diagnostic System

VDS is based on the digitization of processes
and objects being the subject of diagnostics
and communication between the real object
and the Diagnostic Testing Environment
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Fig. 2. Virtual power unit 200 MW class in Virtual Diagnostic System, enabling the display of current
process data, modeled data and simulations.

(Figure 2). It is a universal technology,
giving obvious advantages on older units as
well as on new ones. The basis of VDS opera-
tion is communication between the systems
located in the power plant (measurement
systems, DCS, etc.) and the Pro Novum ex-
pert system in which diagnostic algorithms
are implemented. In the Pro Novum envi-
ronment, tests and calibrations of algo-
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rithms are performed, which are finally in-
stalled at engineering stations in the power
plant — in order to increase the security of
the infrastructure. Thanks to this, Pro No-
vum algorithms can be also a part of the unit
control system (stored in operator logics)

The VDS system allows communication be-
tween power plant experts and Pro Novum
experts (Figure 3). Thanks to the created
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Fig. 3. Remote communication between DCS power unit and Virtual Diagnostic System Pro
Novum via Pro Novumn Engineering Station [6].
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application, authorized persons have
to appropriate dashboards, where they
provided with information about the ¢
condition of devices and installations
(e.g. in the case of property mainte
specialists) prognosed changes of their
bility, along with recommendations for
range of testing and overhaul activities .

Parametric digital twins

For these purposes, digital twins of devi
are implemented in the VDS, allowing
modelling and simulation of the behavi
of various structural nodes and its compe-
nents under actual and changed unit operas
ing conditions (e.g., accelerated startups.
reduced technical minimums, etc.).

Digital twins, representing real components
of a units or installations, enable the simula-
tion of the behaviour of these objects and
provide information about them thas
couldn’t be obtained through measuremens
methods or would be economically unjusti-
fied. Examples of such data include informa-
tion about displacements, thermal condi-
tions, stresses, and forces acting on interact-
ing elements. Understanding the stress state
of an element during its operation allows for
an accurate determination of the reduction
in its durability resulting from actual work-
ing conditions. Additionally, having this
data allows for real-time comparison be-
tween the actual object and its digital mod-
el, enabling the identification of any irregu-
larities in its operation.

Pro Novum’s digital twins are created as re-
duced parametric models. The creation of
such a twin starts with generating a numeri-
cal model of the device (Figure 4). The
numerical model is based on the real geom-
etry of the structure, determined from tech-
nical documentation and on-site inspections.
The geometric model undergoes discretiza-
tion (Figure 5) into finite elements (FEM),
after which material data are introduced,
boundary conditions are set, based on sup-
ports, interaction with collaborating devices,
and operating conditions (pressure, temper-
ature, and flow of the working medium).
Such a model can be reduced to a matrix sys-
tem allowing real-time calculations and can
be controlled using external parameters.
These parameters influence the fidelity of
the model’s behaviour in comparison to the
real model.

When creating twins of long-operating de-
vices or installations, it’s crucial for the nu-
merical model to incorporate the actual and
current characteristics of the device, such as
material data that might have changed due
to operation. It’s equally important to con-
sider any structural modifications resulting
from upgrades and repairs. Such a prepared
twin enables the determination of stresses in
potential damage zones and identification of
actual damage zones resulting from improp-
er operation or changes in conditions, espe-
cially due to operating in regulatory mode.
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Fig. 4. The process of creating a parametric digital twin of an element or installation.
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Benefits of using parametric
digital twins

Advanced Pro Novum expert systems sup-
plied by data from digital twins can be uti-
lized for various diagnostic tasks. Through
numerical methods, one can more accurate-
ly replicate the effects of variable loads com-
pared to using analytical formulas available,
for instance, in standards [7].

One of the primary tasks of digital twins is to
generate stress data, allowing real-time
monitoring of device safety. This data is also
used to determine fatigue cycles affecting
the remaining life. Such a system has been
repeatedly employed, for instance, for diag-
nostic monitoring of main steam pipelines in
a supercritical parameter unit and for re-
maining life assessment (RLA) for drums
(Figure 6). A digital twin can be effec-
tively utilized, especially when the element
undergoes frequent upgrades and/or re-
pairs that involve local shape changes.

The ability to accurately perform the RLA in
various areas of elements, devices, and in-
stallations allows for determining durability
reserves. As highlighted in article [2], this
enables a more realistic forecast of compo-

Fig. 5. Real element (turbine casing), geometric model, discretized model.

nent durability under different unit operat-
ing scenarios. This approach helps identify
the actual reserve of durability within a spe-
cific element, which can be safely utilized,
creating conditions for more flexible unit
operation (Figure 7). Perhaps the most
appealing feature of parametric digital twins
is their capability to simulate practically any
equipment and component operating sce-
narios. This minimizes the need for costly
tests on the actual unit, allows forecasting
based on assumed future operation scenari-
os, and supervises the safe utilization of the

RLC ca. 0.8
RLC <0.15
RLC<0.2

Bild 6. Stress distribution and remaining life coefficient (RLC).
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Control logic related to process (stress) analysis and monitoring
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Fig. 7. Variable load simulation based on digital twins of critical equipment:

p.
b) lation of
thermo-mechanica

durability reserve, particularly associated
with crack initiation and propagation [8].
This sets the stage for enhancing flexibility,
especially in the case of 200 MW class units,
through the identification and utilization of
durability reserves and control-side reserves,
as utilized in the Pro Novum Method for im-
proving the flexibility of 200 MW class units
developed under the 200+ Units Program.

Expert programs with embedded fracture
mechanics algorithms enable monitoring of
the conditional operation of damaged thick-

ermal (o7) and thermo-mechanical stresses {(o7. p).in the pressure element

walled components. In these programs,
digital twins allow for the utilization of du-
rability reserves within elements exhibiting
operational-type cracks, both during the ini-
tial safety assessment phase and during con-
trolled propagation, following the principles
and criteria described in the BS 9710 stand-
ard [8] (Figure 8).

Summary

Pro Novum has implemented and integrated
over 30 digital twins of critical components

igital twins created for assessing the conditional exploitation of damaged equipment.
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operating in 200 MW class units within its
expert systems. A significant portion of
these twins has been created to assess capa-
bilities and monitor safety after changes in
unit operation regimes (increasing their
flexibility). They oversee the conditional op-
eration of components such as coolers and
outlet chambers of steam superheaters.

Pro Novum'’s digital twins serve as modern
tools supporting the availability and safety
of critical thermal-mechanical device com-
ponents, particularly in 200 MW class units,
during the extension of their operation in
new, regulatory operating modes. Based on
numerical models of real objects, these
twins can be developed for individual com-
ponents as well as entire installations and
implemented in VDS.

The use of digital twins in Pro Novum sys-
tems allows for monitoring the technical
condition of thick-walled elements until the
complete depletion of their durability and
within the scope of safe crack propagation
(as part of supervising the conditional op-
eration of damaged elements that cannot be
repaired or quickly replaced). Monitoring
can occur in real-time or periodically. The
ability to simulate various working condi-
tions and their consequences enables the
determination of durability forecasts for dif-
ferent future operating scenarios, subse-
quently verifying them continuously during
the operation of an energy unit.
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Kurzfassung

Einsatz von Ferndiagnosesystemen
auf der Grundlage einer virtuellen
Umgebung und digitaler Zwillinge zur
Bewertung der Lebensdauer von
Energieanlagen

Das polnische Energiesystem stiitzt sich trotz
Investitionen in erneuerbare Energiequellen
immer noch iiberwiegend auf Kohlekraft-
werke, wobei die grofSte Gruppe die Blocke
der 200-MW-Klasse sind. Viele dieser Blocke
sind seit mehr als 200.000 Stunden in Be-
trieb und haben damit ihre vorgesehene Be-
triebsdauer iiberschritten. Einige ndhern
sich 300.000 Betriebsstunden. Diese Blocke
wurden instandgehalten und Modernisie-
rungen unterzogen, um ihre Lebensdauer zu
verldngern, die Effizienz zu verbessern und
die aktuellen Emissionsgrenzwerte einzuhal-
ten. Diese Mafsnahmen erfordern einen indi-

GBE-5-010-00-2023-08-EN

formerly VGB-S-010-T-00;2011-12.EN
154 5., 46 Abb., 24 Tab., vgbe energy e.V. & vgbe energy service GmbH,

viduellen Ansatz bei der Bewertung des tech-
nischen Zustands jeder einzelnen Anlage.
Um eine erfolgreiche Diagnose durchzufiih-
ren und die Verfiigharkeit der Anlagen zu
gewdhrleisten, konnen virtuelle (digitale)
Diagnoseumgebungen auf der Grundlage
von Expertenalgorithmen und digitalen
Zwillingen effektiv eingesetzt werden. Diese
Systeme ermoglichen eine Prognose fiir si-
cheren Betrieb, indem sie Simulationen iiber
die Erschopfung der Lebensdauerreserven
unter der Annahme der wahrscheinlichsten
zukiinftigen Betriebsszenarien durchfiihren.

Der Artikel stellt das Konzept des virtuellen
Diagnosesystems Pro Novum, eines paramet-
rischen digitalen Zwillings, vor und beschreibt
die Vorteile, die sich aus seiner Anwendung
bei der Diagnose kritischer Komponenten von
thermomechanischen Komponenten mit lan-
ger Betriebsdauer ergeben. “l
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vgbe energy e.V. hereby presents a revised version of the VGB-Standard VGB-5-010 for “Feed
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The present vgbe-Standard summarises the latest and updated experiences gained within water-steam chemistry world-
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with process steam production for all pressure ranges.
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