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Securing staff competences and

know-how in the scope of

maintaining the technical conditions
of coal-fired units in the period prior
to their replacement by RES

Ewa Trzeszczynska, Jerzy Trzeszczynski and Radostaw Stanek

In the foreseeable future, energy security in
many European countries cannot be ensured
without continuing to operate coal-fired pow-
er plants. This also applies to Poland, where
lignite and hard coal account for approx. 60 %
of electricity generation. The final phase of
coal-fired power plant operation contains
many unknowns. While their operating condi-
tions will be increasingly distant from those
for which they were designed, the economic
effect of their operation may make it difficult
to maintain their technical condition accord-
ing to standards ensuring their availability
required for sources stabilizing the energy sys-
tem. Competence in maintaining the technical
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condition will be crucial to meeting these ex-
pectations. An important part of maintenance
is diagnostics as a source of knowledge about
the current technical condition. Modern ana-
lytical, digital and IT technologies significant-
ly improve its capabilities. Skillfully applied
algorithms can replace specialists, the lack of
which is becoming increasingly visible. A tai-
lored organization of maintenance, including
diagnostic services, can significantly reduce
the risks associated with the longer and more
flexible operation of coal-fired power plants
and entire power plants.

Power sector in Poland -
current status and an attempt
at a forecast

Continuing the operation of coal-fired units,
including those of the 200 MW class, still has
no rational alternative. It creates hope for
covering the forecasted, negative power bal-
ance in the Polish power system after 2025
and can ensure a significant increase in gen-
eration from renewable energy sources, safe
for the National Energy System, at least until
gas-fired units with a capacity adequate to
the needs and energy storage facilities with
an appropriate capacity are built. These pos-
sibilities should be created by around 2030.

The generation of electricity and heat from
hard coal and lignite is systematically de-
creasing. Its share in the current energy mix
is approx. 60%, Figure 1. The share of
energy from renewable energy sources is
systematically growing, however, as Fig-
ure 2 shows, the security of the power sys-
tem in Poland still depends on energy gen-
eration from coal. This will change, regard-
less of the pace of increase in generation
from renewable energy sources, only when
large-scale energy storage facilities are built
and coal units are replaced by gas units,
which, due to their flexible mode of opera-

tion, will have to use support on the Capac-
ity Market or some equivalent thereof.

Each group of thermal-mechanical units/
devices (Figure 1) is specific in many re-
spects —maintenance, including diagnostics,
should take this into account.

The above-mentioned units have been mod-
ernized many times in the past, especially
the 200 MW class units. Some 200 MW units
have an operating time similar to the super-
critical units considered new. The operating
time of the oldest units/devices, especially
in CHP plants, is approaching approx. 350
thousand hours.

It is currently assumed that the coal-fired
units will be in operation for another 10-15
years. During this period, they will be grad-
ually decommissioned in accordance with
the needs of the Operator. Technical capa-
bilities and competences in the field of main-
tenance may be one of the reasons for de-
commissioning.

Change of the coal unit
operating mode -
identification of threats

The displacement of coal-fired units from
the energy market by RES generation means
that their operating time is systematically
shortening, the number of start-ups is grow-
ing and unplanned downtimes are getting
longer. This results in a faster loss of durabil-
ity of some structural elements and nodes as
well as worsening economic conditions of
power plants operating power units in this
mode. Support from the Capacity Market
may not cover all units and the amount of
support may not be sufficient to ensure
maintenance at an appropriate level. This
situation also translates into the economic
condition of repair and diagnostic compa-
nies. It is one of the factors of the deteriorat-
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Fig. 1. Basic information on the current structure of the National Power System according to available generation sources, the number of coal-fired

power units and their capacity.
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Fig. 2. Balancing the needs of the National Power System when generation from weather-

dependent sources is significantly limited.

ing capabilities and competences of compa-
nies servicing power plants.

The operation of coal-fired units in an in-
creasingly flexible mode of operation, neces-
sary for the security of the energy system, is
associated with a number of technical, eco-
nomic and organizational risks.

Flexible operation of coal-fired power units
increases the intensity of thermo-mechani-
cal and physicochemical damage (all types
of corrosion and erosion). The temporary
safety criterion should be supplemented/
replaced by a criterion that takes into ac-
count the history and operating conditions.
Planning the scope of tests should take this
into account. Failure analysis should take
into account the impact of changed operat-
ing conditions and try to recommend solu-
tions that counteract or limit future events
of this type. In addition to high ,classic”
technical competences in the field of diag-
nostics, new ones should be acquired inten-
sively and the exchange of knowledge and
experience should be ensured.

The economic effects of flexible work put
pressure on the need to optimize the ex-
penditure on maintenance of technical con-
dition. The knowledge and competence of
the staff determine the possibility and effec-
tiveness of such a procedure. The organiza-
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tion of maintenance appropriate to the new
needs can significantly reduce the risks re-
lated to the new mode of operation of coal-
fired power plants.

Maintenance skills -
an important factor in energy
security

The decommissioning of coal-fired units is
accompanied by a gradual reduction in the
activities of companies performing mainte-
nance. A noticeable weakening of compe-
tences also in the field of diagnostics is ob-
served. This is a predictable, natural pro-
cess, the negative effects of which can be
largely avoided. For almost twenty years, we
have been creating diagnostics organized in
a systemic manner, the basis of which was
the registration of the history and condi-
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Fig. 3. Virtual Diagnostic Environment enabling joint work of specialists from the diagnostic
company and maintenance of the power plant's production assets and their partners.
The system also provides the possibility of supervision of the implementation of works by
external institutions.
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tions of operation and the analysis of failure
rates [2, 3]. The LM System PRO+® diagnos-
tic system [3] implemented criteria for as-
sessing the technical condition and predict-
ing durability according to available domes-
tic and foreign standards (including vgbe)
and based on our own knowledge and experi-
ence. The above-mentioned diagnostic sys-
tem had many versions and is still evolving.
For several years, it has been accompanied by
avirtual diagnostic environment, which was,
among others, successfully used to imple-
ment a method for improving the flexibility
of 200MW class units (Figure 3) [4]. All
versions of the diagnostic system operate re-
motely and meet cybersecurity requirements.

The latest version of the above-described
system is the Diagnostic System LE-FO®
(Figure 4). It is designed for diagnostic
supervision of power units operated in flex-
ible mode. It uses digital twins of critical ele-
ments of the unit’s thermo-mechanical de-
vices and stress criteria to assess their tech-
nical condition, as well as fracture mechanics
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criteria to assess the safety of elements with
detected cracks and with the possibility of
their conditional operation.

LE-FE System PRO® integrated with the
power unit is the most reliable source of
knowledge and competence in the field of its
technical maintenance, regardless of the
further scenario of the last phase of its op-
eration [1, 5-8]

LTSA supporting competences
in the final phase of coal-fired
units’ operation

Providing the necessary competences of the
personnel as well as the technical capabili-
ties of the companies performing diagnos-
tics and repairs can be achieved with the
best effect by performing service in the LTSA
mode at least in the period from the last ma-
jor overhaul of the unit. Such service should
cover not only the basic thermal and me-
chanical devices but also all those that sig-
nificantly affect the availability of the unit.

Diagnostic System LE - FO®
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Fig. 4. Diagnostic system ensuring ongoing monitoring of the technical condition of coal-fired units
operated in flexible mode also in the operational reserve mode. Critical elements and
pipeline installations were implemented in the form of parametric digital twins.

LTSA/LTDSA service performed by repair
and diagnostic companies seems to be the
easiest way to avoid problems, the presence
of which can already be noticed. For users of
units that have been in operation for a long
time, the LTDSA (Long Time Diagnostic Ser-
vice Agreement) formula is particularly rec-
ommended, which provides diagnostics
with an advantage and autonomy in relation
to diagnostics performed for the needs of
the repair company. This is important not
only when performing post-failure expertise
but can be a source of corporate knowledge,
which may be important when making unu-
sual decisions related to the end of opera-
tion and the further fate of the units. Diag-
nostics, when part of LTSA services, should
have as much autonomy as possible, which
ensures the objectivity of the assessment of
the technical condition.

The most important benefits of LTSA/LTD-
SA services, from the point of view of the
user of units in the final phase of exploita-
tion, are as follows:

- Long-term nature: contracts are conclud-
ed for many years, which ensures cost sta-
bility and the availability of the repair and
diagnostic company.

— Costs: a pre-determined price for a service
or a payment model makes it easier to pre-
dict expenses, manage budgets and plan
costs for maintaining the technical condi-
tion of devices.

— Flexible billing: contracts often include
flexible terms, such as changes to test
schedules depending on the actual techni-
cal condition of the equipment.

— Modernity: as part of the service services,
suppliers provide remote diagnostic sys-
tems that inform the User about irregu-
larities on an ongoing basis.

— Risk management: some of the risk can be
transferred to the service provider, be-
cause they are responsible for ensuring
the correct technical condition of the de-
vices, which minimizes the risk of failures
and unplanned downtime.

Summary

Coal-fired power plants, in the final phase of
operation, have an important role to play,
they should ensure the safe transformation
of the power system with a growing share of
generation from weather-dependent renew-
able energy sources. The lack of large-scale
energy storage means that their operation is
becoming increasingly regulated, which is
why their operating costs are increasing,
production assets are subject to faster degra-
dation, while their most expected feature is
high availability. This process makes the role
of competences and technical capabilities of
service companies ensuring the mainte-
nance of the technical condition of critical
infrastructure at an appropriately high level
increasingly aware. This type of situation
could be relatively easily predicted, hence
the described approach to ensuring compe-
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tences has a long, almost 20-year history.
Based on knowledge from advanced diag-
nostics supplemented with the experience
of foreign companies and institutions, it was
implemented in diagnostic systems, giving
diagnostics a systemic and remote character.
The use of digital twins in an appropriate
software environment allows the use of
stress criteria, more accurate than tempera-
ture criteria, when assessing the current
safety of critical elements of thermo-me-
chanical devices. This enables safe use of
durability reserves, which is especially at-
tractive for users of long-operated units, as it
reduces the costs of adapting them to flexi-
ble operation. For the unfortunately de-
creasing group of specialists with the high-
est qualifications, a Virtual Diagnostic Envi-
ronment has been created, connected via an
engineering station with specialists in main-
taining the assets in the power plant and the
unit operator. The closure of the system,
which should provide competences at a level
ensuring the availability of units stabilising
the power system, should be the mainte-
nance of the technical condition of the units
in the LTSA mode, preferably in its LTDSA
version, because it provides knowledge
about the current technical condition of the
power unit not only to the company appoint-
ed to maintain the technical condition but
also, at the same time, to its user.
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Sicherung der Kompetenzen und
des Know-hows flir den Betrieb
von Kohlekraftwerken in Zeiten
ihres Ersatzes durch erneuerbare
Energiequellen

Fiir absehbare Zeite kann die Energieversor-
gungssichertheit in vielen europdischen Ldn-
dern ohne den weiteren Betrieb von Kohle-
kraftwerken nicht gewdhrleistet werden.
Dies gilt auch fiir Polen, wo Braunkohle und
Steinkohle etwa 60 % der Stromerzeugung
sichern. Die letzte Phase des Betriebs von
Kohlekraftwerken ist mit vielen Unbekann-
ten verbunden. Wihrend ihre Betriebsbedin-
gungen zgunehmend von denen abweichen
werden, fiir die sie ausgelegt wurden, koénnte
es aufgrund der wirtschaftlichen Auswir-
kungen auf den Betrieb eine Herausforde-
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Cooling Water Systems and Cooling Water Treatment

92 p., 13 fig., partially in colour, 13 tab., 2023, DIN A4, print/ebook
English and German edition available
Price for vgbe-members* 200.- €, non-members 300.- €, + postage, package and VAT

This vgbe standard “Cooling Water Systems and Cooling Water Treatment”, VGBE-
S-455-00-2022, replaces the previous VGB Cooling Water Guideline VGB-R 455e, the second
edition of which was published in January 2000.
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rung sein, ihren technischen Zustand ent-
sprechen Standards aufrechtzuerhalten, die
fiir ihre Verfiigbarkeit als flexible und stabi-
lisierende Energiequelle erforderlich sind.
Kompetenzen und Know-how bei der Auf-
rechterhaltung des technischen Zustands
werden entscheidend sein, um diese Erwar-
tungen zu erfiillen.

Ein wichtiger Teil der Instandhaltung ist die
Diagnose als Quelle fiir Erkenntnisse iiber
den aktuellen technischen Zustand. Moder-
ne analytische, digitale und IT-Technologien
verbessern ihre Moglichkeiten erheblich. Ge-
schickt eingesetzte Algorithmen konnen
Fachkrdfte ersetzen, deren Mangel immer
deutlicher wird. Eine mafSgeschneiderte Or-
ganisation der Instandhaltung, einschliefs-
lich Diagnosedienstleistungen, kann die Risi-
ken, die mit dem ldngeren und flexibleren
Betrieb von Kohlekraftwerken verbunden
sind, erheblich reduzieren.

vede

vgbe-Standard
Cooling Water Systems
and Cooling Water Treatment

VGBES-455-00-2022:12 EN
(formerty VGE-R 455¢)

This standard has been revised in great detail and consequently reflects the current state of the art and legal requirements.
It covers not only the cooling systems of classical thermal power plants, but also cooling systems in industrial applications
such as refineries and the chemical industry. European and international standards have also been taken into account as

The scope has been significantly increased from that of the previous version. One new addition, for example, is the consid-
eration of hygienic aspects for open cooling systems. On the one hand, the essential aspects of cooling water chemistry and
cooling water treatment are explained better and more precisely in order to present the most important details to all par-
ties involved. On the other hand, the standard is intended to compensate, at least to some extent, for a loss of knowledge,
without claiming to be a textbook. Accordingly, many further reading references are included.

* Access for ebooks (PDF files) is included in the membership fees for Ordinary Members (operators, plant owners) of vgbe energy e.V.
Fur Ordentliche Mitglieder des vgbe energy e.V. ist der Bezug von ebooks im Mitgliedsbeitrag enthalten. ® pulse.vgbe.energy
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