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Abstract

The paper is focused on researching the behaviour of heating companies in connection with current developments in the
electricity market and flexibility in the context of market behaviour. The work assesses the increase in profitability through
the creation of a technical-economic model using an objective function with profit maximisation. The paper describes the
procedure and methodology for creating a model using the basic scheme integrated into the D2000 system platform. The
result of the work is a comparative analysis of modelled cases of implemented operation deployment according to a defined
time period and modelling modes in selected time series. The description of individual outputs demonstrates the economic
advantage of using combinations of modes of combined electricity and heat production, and non-combined electricity and heat
production, including the use of the heat suppression mode as a result of overproduction of electricity.

Keywords: Heating Industry, Techno-Economic Model, Profit Maximising Objective Function, Combined Production of Electricity and
Heat, Non-Combined Production of Electricity and Heat, Measurement of Heat, Profit

1. Introduction

The rapid development of the energy market has led to
fundamental changes in the behaviour of heat and electricity
market participants. The hitherto stable period was replaced by
high volatility in the prices of energy inputs. This situation has
forced energy companies to change their behaviour in the market,
as well as to change the strategies and approaches used so far. The
use of new technologies has become a necessity for the existence
of the producers themselves, which aim to obtain a necessary
competitive advantage for the future. The mentioned changes
also affect the heating industry, which, among the regulated
network industries, has an important role from the point of view
of ensuring the continuous supply of heat for the population.
The heating industry is linked with other network industries as a
consumer of natural gas and a producer of electricity. The subject
of this work is to focus on this interesting industry. Although the
heating industry does not receive as much attention as the gas
and electricity industries, the ongoing changes in the market are
affecting these struggling companies and dynamising them, which
rightfully attracts attention. Today, heating plants are reflecting
on the changes that are dynamically manifested especially in the
electricity market and the growth in demand for flexibility services.
The slow reaction and unpreparedness of regulatory mechanisms
motivated energy entities to become an active participant in the
electricity market and flexibility, which ultimately has an impact on
the resulting management, production and sale of heat due to their
interdependence. Energy companies balance between the power
plant and heating cycle, or become heating plants with regard to

the available technology of their production source. The input
prices of commodities and the selling price of electricity, as well as
flexibility in the daily market, have an effect on this combination
of production methods. From this point of view, the dynamics
of the electricity market indicated the direction, and the sale of
heat remained statically in the background. Current information
technologies allow production entities to make decisions in real
time and, using a purpose function, determine the combination of
deployment of combined or non-combined production in such a
ratio that the highest possible profit is achieved with the possibility
of an immediate reaction to a new situation in the market.

More efficient achievement of profit maximisation depends
on finding the optimal possible production [1]. Mathematical
modelling consists of creating a simplified model of a real
system or process using mathematical symbols, relationships
and functions. Due to the widespread popularity of optimisation
tools in energy systems, several works can be found in scientific
literature that provide comprehensive overviews of their use. Risto
Lahdelma and Henri Hakonen (2003) see the goal in the use of
optimisation models in combined heat and power (CHP) systems
to minimise production costs, including purchasing the amount of
energy for production during a planning horizon, a defined time
period. The canonical form of the problem in linear programming
with upper bounds is defined using a linear objective function to be
minimised [2]. A holistic overview of energy systems in the case
of modelling, including analytical tools for planning, is presented
in a review study by Palensky et al. (2024) [3]. Among the most
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important benefits that come with optimisation is lower primary
energy consumption and thus operating costs and emissions. Giulia
Manco et al. (2024) describe, on the basis of conducted studies, a
reduction of costs from an economic point of view, usually in the
range of 5% to 25%. Significant benefits can also be achieved when
the optimisation criterion is the reduction of primary energy or
the reduction of CO2 emissions [4]. Optimising operation design
with a focus on achieving synergies and complementary benefits
of subsystems, while maintaining high performance of individual
systems, is addressed in the studies Intelligent Energy Systems: A
Critical Review of Design and Operation Optimisation, in which
Yizhe Xu et al. (2020) compare different objectives, models and
algorithms to optimise the design of a smart energy system [5].
In 2021, a case study was carried out that points to the ability to
increase profitability through the implementation of a complex
system of optimisation and modelling using a methodology based
on a generic formulation of mixed integer linear programming
(MILP). In the case of a model that would cover the solution of
the technological part of the combined production of electricity
and heat, it is possible to distinguish two separate tasks. One
of them is the creation of separate technological components
for modelling the production process and the model that covers
the trading of standardised energy products in energy markets
[6]. The solution of the technical part is closely related to the
ability to predict the heat consumption load for the next period
[7,8]. Commonly available products such as Keras, XGboost
are used for this purpose. Keras uses a high-level, deep learning
API developed by Google to implement neural networks [9-11].
Similarly, XGBoost is a robust machine learning algorithm that
helps to understand the processed data. It supports solving both
regression and classification predictive modelling problems [12].
Both tools can achieve the desired results for the prediction of
heat consumption. Other tools such as LPsolve or Gurobi can be
used to find the optimal deployment of technological equipment.
These instruments use a combination of inputs that may be static
or may change dynamically over time due to market developments
or changes. The interconnectedness of all components is key
to building a functional unit. Gurobi is a commercial software
for solving large-scale linear programming and mixed-integer
problems. It is known for its ability to use multi-core processors
efficiently, thus achieving high computing power compared to the
LPSolve tool [13].

Mathematical modelling has an essential role in quantifying and
comparing the effects and various factors, constraints or objectives
on the performance of a system or process. From a modelling point
of view, it allows finding an optimal or suboptimal solution that
meets the required criteria, maximises or minimises some objective
function [14]. The universal procedure for solving a large set of
linear programming tasks is the so-called simplex method (simplex
algorithm). It is a generally applicable calculation procedure for
determining the optimal solution of typical linear models, i.e.
searching for optimal solutions with limiting conditions [15].
The simplex method works with real variables, where in the case
of creating a mathematical model, it was also necessary to use
binary variables. In the mentioned way, we get mixed-integer-

linear programming (mixed-integer-linear programming) [16].
The complex processing of the mathematical notation of the
objective function, including its conditions, is processed in the
studies Overview of modelling and optimisation of multi-energy
systems, prepared by Giulia Manco et al. [4]. The mentioned study
contains a comprehensive view of the mathematical notation of
linear programming for the purpose of building a power system
model and which can be discarded.

2. Experimental Framework

From the analysis of the current state at home and abroad in the
addressed issue, it follows that the existing modelling tools can
significantly improve the efficiency of independent production
of heat and electricity as well as its distribution to places of
consumption. By means of mathematical models, the optimal
method of operating technological devices with the highest possible
efficiency is sought, especially in the case of a combination of
several technological units with different production characteristics
of the operation. From the point of view of society-wide goals,
which include the reduction of environmental impacts in the
production of heat and electricity, we note an increasing share
of planned and implemented projects to increase the share of
renewable resources as well as pressure for more efficient operation
of current facilities. By using regulatory frameworks, rules are set
defining the conditions of both access to the energy market for
new entities, as well as the conditions that determine the direction
of existing resources from the point of view of the operation of
current technology and the introduction of new technology into
the production process. Among the largest sources of heat and
electricity production in the Slovak Republic are heating plants,
which ensure the supply of heat to the population. Changes in the
electricity market bring new possibilities in the area of regulated
flexibility and production of peak electricity, where the possibilities
of increasing the usability of existing resources and revenues
are opening up, which is extremely motivating for existing
resources. Seizing new opportunities is closely linked to the use
of a sophisticated approach using software tools and mathematical
modelling and the interconnectedness of production and business
functions. With the said synergy, it is possible to achieve positive
economic results, not only by reducing operating costs, but also by
maximising profit by providing flexibility. In this case, I propose
a technical-economic model for managing and determining
alternative ways of managing the operation of a heating plant
using a purpose function. The objective function of the model
aims to maximise the profit of the heating company, including
the use of flexibility services. Based on technical principles and
market conditions (regulation, development of input prices and
output prices), the model provides a tool for the production entity
to make decisions about the operation of technological equipment
with the motivation of achieving maximum profit. The subject of
the research is the verification of the increase in the profitability of
the company using modelling.

3. Defining the Technological Part of the Model
The production block of a heating plant composed of technological
units for the production of electricity and heat, through a renewable
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energy source, such as a fully gasified biomass steam boiler with
a steam counter-pressure turbine, was included in the research.
The block includes four hot water boilers and three cogeneration
units. An accumulation tank for heat storage is connected to the
mentioned block. In order to establish technical connections,
the basic technological scheme of the connection of production
equipment and basic parameters were analysed [17,18]. For the
creation of the model, an extensive analysis of the technology was
carried out in order to parameterise all production equipment that
participates in the production process and has a primary impact on
the economy of operation. The following approaches are used for
the parameterisation of technological devices to ensure the correct
function of the technological part of the model:

* Record processing according to technical documentation:

¢ manufacturer's documentation,

* implementation project,

* operating regulations.

* Analysis of measured data:

* manually recorded data from electricity meters and heat meters,
¢ data export of available control systems.

From the mentioned documentation, the key components of the
model are defined, divided into basic balance groups. In the case
of components, I define the inputs and outputs of the model. The
components of the model are visualised in Figure 1 Model scheme.
Autonomous production of heat

Steam boiler K

¢ P2 - Output — Fuel — Natural gas

¢ P3 - Output — Fuel — Chips

* T2 - Input — Heat — High pressure steam
* O5 - Output — Emissions, Motohours
* Hot-water boiler 1

¢ P1 - Output — Fuel — Natural gas

* T1 - Input — Heat — Hot water

* O1 - Output — Emissions, Motohours
* Hot-water boiler 2

¢ P2 - Output — Fuel — Natural gas

* T2 - Input — Heat — Hot water

* 02 - Output — Emissions, Motohours
* Hot-water boiler 3

¢ P3 - Output — Fuel — Natural gas

* T3 - Input — Heat — Hot water

* O3 - Output — Emissions, Motohours
* Hot-water boiler 4

* P4 - Output — Fuel — Natural gas

* T4 - Input — Heat — Hot water

* O4 - Output — Emissions, Motohours

¢ Electricity production

* Turbo generator

* T5 - Output — Heat — Para

* E1 - Output — Electricity

* T8 - Input — Heat — Para / Hot water

* OS5 - Output — Motohours

* Heat production and electricity production

* Cogeneration unit 1

* P7 - Output — Fuel — Natural gas

¢ E2 - Output — Electricity

* T9 - Input — Heat — Hot water

* T13 - Output — Heat — Combustion gasses

* O6 - Output — Emissions, Motohours

* Cogeneration unit 2

* P8 - Output — Fuel — Natural gas

* E3 - Output — Electricity

* T10 - Input — Heat — Hot water

* T14 - Output — Heat — Combustion gasses

* O7 - Output — Emissions, Motohours

* Cogeneration unit 3

* P9 - Output — Fuel — Natural gas

* E4 - Output — Electricity

* T11 - Input — Heat — Hot water

* T15 - Output — Heat — Combustion gasses

* O8 - Output — Emissions, Motohours

* Heat consumption

* T16 — Hot-water grid 1 — Input

* T17 — Hot-water grid 2 — Input

¢ T7- Technological heat consumption— Output — Para
* T6 — Internal heat consumption — Input — Hot water
¢ Electricity consumption

* E4 — Technological electricity consumption— Output — Electricity
* E5 — Internal electricity consumption — Input — Electricity
¢ Heat storage

* T18 — Storage tank 1 — Input / Output — Hot water

According to the mentioned analyses, the basic model is compiled
through the balance display in Figure 1. Model scheme. The model
contains functional links with input and output value determination
according to the defined direction. The basic priority of the model
is the fulfilment of the heat supply at the threshold of the heating
plant according to the requirement of the economically demanded
heat, i.e. the fulfilment of the energy consumption in the hot water
network marked no. T16-17. From a technological point of view,
it is a basic model of heat and electricity production in CHP mode,
which achieves the highest efficiency from the point of view of
energy conversion.
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Figure 1: Model Scheme

However, in the case of economic modelling, the requirements
may change, which means the inclusion of additional deployment
modes that are operationally feasible from a technological point of
view and will have economic rationality. The model can take on
these deployment modes from this point of view:

CHP heating mode (shown in the picture),

* power plant mode with heat suppression (heat production above
the amount of economically demandable heat, including excess
electricity production),

* Non-CHP mode (exclusive heat supply without electricity
production — non-combined production).

The mentioned modes can be alternated and combined based on
the development of input and output parameters as a result of
technical-economic modelling.

3.1 Defining Market Links to Ensure the Economic Side of the
Model

For the correct decision-making of the model, it is necessary to
define comprehensively the market ties that influence the resulting
method of deploying the operation of heating plants.

4. Electricity

The secondary product of heat production in CHP mode is
electricity, which is sold on the electricity market. The sale of
electricity in the Slovak Republic is ensured by the Short-term
Electricity Market Operator (hereinafter OKTE). The sale of
electricity is regulated on the basis of Act no. 251/2012 Coll.
on energy [19], Act no. 250/2012 Coll. on regulation in network
industries [20] and the Decree of the Office for Regulation of
Network Industries no. 207/2023 Coll., which establishes the rules
for the functioning of the internal electricity market and the rules
for the functioning of the internal gas market [21]. When selling
electricity, heating entities use options according to applicable
market rules and conditions. The time frames of the field of defined
electricity sale rules are set by the short-term market organiser and
define the time schedule of the process that must be followed in the
case of electricity sales. In connection with the sale of electricity,
companies commonly use the basic methods for selling electricity

in the form of [22]:

* Day market / DayAhead (closes by 1:30 p.m. for the next day).
¢ Intraday market (closing 30 minutes before the trading window).

We do not consider a long-term contract (month, quarter, year in
products) due to the low usability of the model in the case of a
stable electricity price. OKTE is the source of power electricity
price data in the €/ MWh market through the D2000 system module.

In addition to the sale of power electricity, the mentioned process
affects the possibility of placing flexibility in the form of the sale
of a guaranteed service for Slovak Electricity Transmission System
(hereinafter SEPS) or a non-guaranteed service for regulation,
according to the system deviation in connection with the billing
of the deviation from OKTE. Support services (hereinafter PpS)
are services that the transmission system operator of the Slovak
Republic purchases to ensure the provision of system services
necessary to maintain the quality of electricity supply and to
ensure the operational reliability of the electrification system of
the Slovak Republic, while the result of their activation is the
supply of regulating electricity. PpS are procured on the basis
of a tender procedure by fulfilling the conditions set out in the
SEPS Technical Conditions for the types of services provided [23].
Based on the valid technical conditions, I present the parameters of
the individual services that are included in the model.

Primary regulation of active power and frequency (Frequency
Containment Reserve - FCR) maintains the balance between
production and consumption of electricity within the synchronous
area, by means of speed regulation or active power of the device
providing PpS. The goal of FCR is to ensure the operational
security of the power system in the synchronous area and stabilise
the system frequency at the equilibrium value after a fault, within
a time frame of tens of seconds, but without restoring the desired
value of the planned exchanges of active power (balance). FCR is
an automatic change in the active power of devices providing PpS
dependent only on frequency deviations in the system compared
to the planned frequency value. The regulation must meet the
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following [23]:

Secondary regulation of active power and frequency aFRR
maintains the balance between production and consumption of
electricity within each regulation area or of the control block,
without disturbing the operation of the FCR, which works in the
synchronous area. The aFRR service is activated from the PPS
dispatching central controller, which determines the actual values
of the active power of the PpS providing devices involved in this
service, especially for the positive aFRR+ direction and especially
for the negative aFRR- direction. It is an automatic remote control
of the active power of the devices in a predefined regulatory range
with an agreed rate of changes in the power of the devices, which
must not be higher than the value found during the aFRR+ or
aFRR- certification. This agreed rate of change, i.e. j. the speed of
ramping in the relevant direction is set according to the value of
the trend of the change in active power according to the annex to
the Framework Agreement on the provision of PpS and RE [23].

The entire range of the device or only its available part can be
used to provide mFRR+ positive regulation. The mFRR+ service
is any required manual or automatic change in the active power of
devices by moving their working points, which corresponds to the
need in terms of size at a given time [23].

In connection with the purchase of support services, entities
commonly use the basic methods for their purchase in the
following form:

¢ Annual tender.

* Monthly tender.

¢ Daily tender.

From the point of view of modelling and defining the goals set in
this work, I will assess the generation of additional revenues from
support services, based on the assumptions of a significant impact
on the modelling result, for functions with profit maximisation.

The surcharge for electricity is calculated in the case of fulfilment
of the conditions specified in Act 309/2009 [24] for the electricity
produced at the generator terminals, net of technological electricity
consumption. The surcharge for electricity is defined based on the
decision of the URSO for a specific technological device, namely a
fixed price in €/ MWh if the price of electricity is lower, i.e. below
the level of the specified surcharge. The size of the surcharge in
€/MWh is equal to the difference between the price based on the
decision of the URSO in €/MWh and the weighted average of the
electricity prices of the daily market in €/ MWh. The surcharge
applies to the amount of electricity produced at the terminals of
a particular generator of technological equipment, after deducting
the technological own consumption of electricity according to
URSO decree no. 599/2009 Coll. [25]. If the specified conditions
are met, the amount of the surcharge is displayed in the output
part of the model and added to the profit based on the deployed
electricity production.

5. Fuel

In the case of purchasing fuel for the energy conversion process, we
consider natural gas and biomass. The price of wood fuel is mostly
fixed for the long term, in the form of a contractual agreement for
a given volume for the annual period (in €/ton). Natural gas fuel is
taken on the basis of standard gas products [26]:

* Year (€E/MWh)

* Season (€/MWh)

* Quarter (E/MWh)

* Month (€/MWh)

* Week (€/MWh)

* Weekend (€/MWh)

* Day (€/MWh)

Year and Quarter products are most often used by heating
companies. Some companies are also starting to use products with
a lower time series or a combination of them, i.e. long-term and
short-term trade. Using short-term contracts can bring additional
profit, but also increases the level of risk in terms of price increases.
Conversely, in the case of long-term contracts, the risk is lower
and the price is stable. If we look at the planning method from the
point of view of heat producers as regulated entities, the subject
of approval of the heat price proposal is the verifier and approver
of the price proposal URSO, which is based on the calculation
of eligible costs for the next planning period. For this reason,
manufacturing companies prefer long-term contracts. In the case
of modelling, I will consider the static price of biomass and natural
gas (in €/MWh).

6. Heat

The maximum heat prices are determined by the URSO Decision
for the variable heat component in €/kWh and the fixed power
component in €/kW. The decision is defined and specified for each
entity separately, according to the calculation of eligible costs.
In the case of modelling, a variable component for heat will be
used. This item has no impact on the modelling itself due to the
static variable price for heat and the constant requirement for the
supplied volume of demand heat during the unit time period.

6.1 Consumption Tax

In the case of the use of non-combined heat production (non-CPH),
according to Act 609/2007 on excise duty on electricity, coal and
natural gas, the consumption of natural gas is charged with excise
duty in (€/MWh). This tax will be added to the price of gas in the
case of operation of hot water boilers [27].

6.1.1 Emissions

Heat producers are among the major sources of emissions. Fees for
emissions from a large source, a medium source and a small source
are defined on the basis of Act 190/2023 Coll. on charges for air
pollution 28[66]. Emissions charged by law include:

¢ solid pollutants (TZL),

¢ sulphur oxides expressed as sulphur dioxide (SO2),

* nitrogen oxides expressed as nitrogen dioxide (NOX),

¢ carbon monoxide (CO),

* ammonia (NH3),

* organic substances in the gas phase expressed as total organic
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carbon (TOC).

From the point of view of the economic impact, according to the
analysis, these costs are negligible (less than 1.0% of costs). For
this reason, the mentioned part of the fees will not be calculated.
The calculation of emission costs also includes the purchase of
permits for produced CO2, the market price of which is significant
from the point of view of costs. The fee for CO2 emissions is
the burdened burning of natural gas in cogeneration units and
hot water boilers with a static price (in €/ton). On the basis of
implementing regulation 2018/2066 on the monitoring and
reporting of greenhouse gas emissions, biomass whose emission
factor CO2 =0 t/TJ [28].

6.1.2 Maintenance and Other Factors

¢ Other calculated costs include:

¢ fixed price of oil for cogeneration units (in €/Mth),

¢ fixed price of NOx Amid additives (in € MWh of burned gas),

¢ fixed cost for equipment maintenance (in €/Mth of operated
equipment),

¢ fees for electricity self-consumption of technological equipment,
¢ tariff for operating the system - TPS (v €/ MWh),

¢ tariff for TSS system services (in €/ MWh).

6.1.3 Defining of Limiting Conditions

In the case of conditions that have a fundamental influence on the
behaviour of the model, we speak of limiting conditions that we
can characterise as non-market. We divide the stated conditions
into two groups:

¢ Technological or regulatory conditions:

¢ Inthe context of the model, these are additional conditions that
do notresult directly from the market environment, but are intended
to ensure the fulfilment of a legislative or other technological
requirements. Legislative conditions, from the regulation point of
view, are the following:

* compliance with primary energy saving,

¢ achieving the minimum efficiency of heat and electricity
production.

¢ Simulation conditions of behaviour:

For the purposes of inducing the desired behaviour of the model,
conditions are used that ensure the fulfilment of logical behaviour
in a strictly mathematical model. These conditions prevent
unwanted behaviour that is correct but undesirable from the point
of view of mathematical notation, such as frequent cycling of
starting and stopping equipment, maximising performance at a low
margin, and the like. The simulation conditions are solved through

penalties, priorities or by defining boundaries.

6.1.4 Solution Scheme

To ensure the modelling process, a software scheme was designed,
based on the basic integration platform from IPESOFT in the
D2000 system. The basic scheme is shown in Figure 2 Basic
scheme. A set of modules was created and used for the functionality
and parameterisation of the model:

* OKTE module (ensures the integration of electricity market
data). Communication is established within the D2000 system via
a native API for downloading market data published on OKTE
portals.

¢ SEPS module (ensures the integration of market data with
support services). The module provides communication to the
Damas Energy system managed by SESP. In the given system,
currently valid support service contracts are downloaded to the
D2000 system, including sending the daily PpS purchase and its
evaluation. This module integrates the business functionality of
the Damas Energy system for support services.

* Prediction module (provides demand prediction based on
meteorological data using the Keras model and XGBoost). The
resulting prediction enters GUROBI in the form of a clock vector.
¢ Keras is a high-level, deep learning API developed by Google for
implementing neural networks. It is written in Python and is used
to facilitate the implementation of neural networks. This tool is
compatible with libraries like JAX, TensorFlow and PyTorch [29].
* XGBoost is a robust machine learning algorithm that helps to
understand the processed data. It supports solving both regression
and classification predictive modelling problems. A parameterised
model in a defined setting is used to search for dependencies
between meteorological data and the development of heat
consumption in the distribution network [30].

* Optimisation model (uses the Gurobi system).

* Gurobi is a commercial software for solving large-scale linear
programming problems that falls under the category of solvers.

The program supports solving integer problems. It automates
and optimises planning decisions using an easy-to-implement
application programming interface.

¢ The parameterisation module of the D2000 system allows you to
define technological properties through:

* static parameters (all device parameters),

* curves (conversion curves, for example, efficiency).

* Vectors (archiving of all-time series with a step of 15 min.).

* Database (integrated PostgreSQL database).
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Figure 2: Basic Scheme

6.1.5 Parameterisation of the Model

The parameterisation of the model is carried out on the basis of the
identified requirements from the model functionality point of view.
Parameterisation is required by every technological as well as non-

or economic parameters employed by the model are used. In the
case of the realisation of the model, 406 parameterisation units
were used. As an example, I present the parameterisation of the
storage tank in the following table:

technological device. In this way, technical and physical properties

Device Input/Output | Parameter Description Units Type

AKU Input Accumulator heat losses (%/hour) %/hod Static. param.
AKU Input Amount of heat in the AKU MWh Vector

AKU Input Percentage of capacity utilisation % Static. param.
AKU Input Charging capacity MWt/hour MWt/hour | Characteristics
AKU Input Discharge power MWt/hour MWt/hour | Characteristics
AKU Input Heat exchanger efficiency % Static. param.
AKU Input Density of water in the accumulator t/m3 Vector

AKU Input Average accumulator water temperature °C Static. param.
AKU Input Current battery volume t Vector

AKU Input Current battery volume m3 Vector

AKU Input Auvailable battery capacity MWh Vector

AKU Input Controlled available capacity of AKU MWh Vector

AKU Input Enthalpy input GJ/t Vector

AKU Input Enthalpy output GJ/it Vector

AKU Input Difference of eanthalpies Glit Vector

AKU Input Return water temperature - HW IN °C Vector

AKU Input Max allowed temperature in AKU °C Static. param.
AKU Input Max. pump flow rate t’/h Static. param.
AKU Input Min. pump flow rate t/h Static. param.
AKU Input Min. charging power MW Vector

AKU Input Max. charging power MW Vector

AKU Input Own consumption curve MWt Characteristics

Table 1: Parameterisation Units
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Research Methodology

* In order to obtain correct outputs, I use the constructed heating
plant model to calculate production deployment variants in the
context of the development of the market situation. In order to
analyse deployment within the power ranges of the heating source,
it is necessary to include the basic operating modes of heating
production and its performance limits, which I define as follows:
¢ summer operation (load up to 30% of power),

* operation during the transition period - beginning of the heating
season (load from 30% to 60%),

* winter operation - heating season (load from 60% to 100%).

The mentioned regimes have an impact on the amount of deployed
resources from the point of view of the amount of power used for
the heat and electricity production, as well as the available power
in the form of active or passive backup. For the mentioned modes,
we define the testing modes included in the time periods: Summer
Operation, Transition Period Operation and Winter Operation.
Deployments for the following modes will be modelled in each
time period:

* Real Mode - Real deployment performed by the user according
to defined requirements and degree of freedom (performed by an
anonymised producer of heat and electricity). The parameterised
model was put into real operation. In this mode, the user manually
defined the requirement for the operation of the equipment, the
size of the electrical diagram and the requirement for the supply
of support services. In this way, the freedom of the model for
finding the optimal solution was reduced to a minimum, which
resulted in a significant limitation of the profit maximisation
function. The Real Mode generally covers the user's preference
according to habits

* Max.Mode - The model's maximum degree of freedom. In this
case, the model looks for the combination that achieves the highest
profit.

* Max. without PpS Mode - Model high degree of freedom
without providing support services.

The specified time periods and deployment modes are defined in
the matrix of model inputs and parameters.

Time Period Operation Mode | HW Load Electricity Price | PpS Other Parameters
Provision
Summer Operation | Max. Load curve - identical | Course of ISOT | Model optimisation | Same setting for all
Real input for modes (range | prices - identically | {yqer request time periods and

Max. without PpS

up to 30% power)

for the mentioned
modes
periods

and time

Without PpS

Model optimisation

modes

Transition Period Max. Load curve - identical
Real input for the mentioned
modes (range from

Max. without PpS 30%-=60% pOWCr)

Winter Operation | Max. Load cycle - identical
Real input for the mentioned
Max. without PpS | modes (range from

60%+100% power)

User request
Without PpS

Model optimisation

User request
Without PpS

Table 2: Matric of the Specified Time Periods

All deployment time periods are based on the same configuration
of inputs to the model, such as static parameters, curves and
vectors of defined market links and limiting conditions according
to the parameterisation of the production resource model, except
for the difference in the requirement of deployed heat according
to the deployment time periods. In the results, I evaluated selected
production indicators, the meaning of which is as follows:

* Heat delivered to heating pipes according to the load:

* The supply of heat depends on consumption prediction based on
meteorological data.

* The prediction is performed in hourly steps in [MWh].

oCourse of ISOT prices:

° Electricity prices in the daily market in [€/MWh] are published
for the previous day, downloaded from OKTE. A statistical method
is used to predict prices for the day ahead.

oComplete sales chart:

*The resulting deployed diagram of electricity at the threshold of
the production plant in [MWh], which will be traded on the daily
market and the producer undertakes to produce and deliver it.
oPpS range provided:

° The total amount of support services in [MW/h], which consists
of existing long-term contracts, including the proposal of a model
for the implementation of the daily purchase of support services.
oRevenue for PpS availability:

* Calculated revenue value in € based on the volume of the
provided support service and the price for the support service. The
price of the contract is set in [E/MWh] by a static parameter filled
in by the user based on the market development.

oFuel consumption:

* Total fuel consumption in [MWh] calculated on the basis of
efficiency curves according to heat or electricity production for
each individual device.

o Profit:

* The resulting profit in [€] after deducting variable costs from the
total revenue for the sale of electricity and heat, including support
services without regulating electricity.

oQmar — wasted heat:

* Calculated and deployed heat production, which is redundant
from the point of view of the predicted amount of heat. This heat
cannot be placed in the accumulator and is either released into the
air or the parameters of the heat-carrying medium into the hot pipe

Eng OA, 2024

Volume 2 | Issue 3 | 8



are increased.

oAbsolute value of accumulation:

* It expresses the total amount of energy charged and discharged
by the accumulator in MWh.

oShare of heat production CGU/K+TG/HK [%]:

* It expresses the percentage of heat produced by technological
units such as combined cogeneration units, a steam boiler including
a steam turbine and hot water boilers. The percentage is calculated
according to the total heat supply of technological equipment to
the hot water network.

To perform the calculations in the proposed model, the input data
of market prices, including their trends based on real prices for the
year 2023, are used. The same size of the time series was used for
the individual regimes in the relevant time period of deployment.

I use comparative analysis to describe the deployment results.
Comparative analysis is a research method that focuses on
comparing different objects, systems, processes or groups in order
to identify similarities and differences. In this article, I compare
the modelling results according to defined time periods and
deployment modes. I process the results based on the evaluation
of time periods and modelling modes. In this case, the deployment
result is evaluated in the form of a graphic comparison, the
summary achievement of the result in the time period and a
percentage comparison between the individual deployment modes.
The output from the modelling contains a number of parameters
for the specified time period. Among the compared and processed
data are included the main markers presenting the essence of the
resulting deployment of the model:

¢ overall heat delivered to heating pipes according to the load
(MWh),

¢ average load power of the heating pipes (MW),

* minimal load power of the heating pipes (MW),

* maximum load power of the heating pipes (MW),

¢ course of ISOT prices (€/MWh),

¢ ISOT average price (€/MWh),

¢ overall sale diagram by model (MWh),

* average sale diagram — power (MW),

* minimal sale diagram — power (MW),

* maximum sale diagram — power (MW),

¢ overall PpS scope provided (MWh),

¢ overall fuel consumption (MWh),

« efficiency of electricity and heat production,

* total profit (MWh),

* he overall amount of heat produced by non-combined production
of heat and electricity (MWh),

* Qmar — overall wasted heat (MWh).

The evaluated results are processed into overview tables and
graphs with a corresponding comment on the differences, based on

the comparison of the achieved results from the evaluation of time
periods and modelling modes.

7. Findings and Discussion

To ensure a sufficient sample of data, deployment calculations
were performed, according to defined time periods and deployment
modes, at least in the range of 2,760 operating hours (115 days of
operation). During the modelled cases, the criterion for achieving
a surcharge was not met, due to the low price of electricity defined
on the basis of the URSO decision and the higher average market
price of electricity.

In the context of data anonymisation, only the necessary statistics
and data for demonstrating differences in the calculation of the
overall economy of production were presented in the results,
due to the undesirable disclosure of real costs and revenues in
the operation of the production resource. The following section
presents the modelling results in individual time periods and
deployment modes according to defined criteria. Before the actual
evaluation of the time periods, the function of the model with heat
suppression during summer operation was tested to confirm clearly
the function of this mode, outside of the main modelled cases.

7.1 Time Segment: Summer Operation

The summer operation of heating sources is characterised by low
performance in the supply of heat due to shut-down heating and
priority heat consumption for the treatment of domestic hot water
or the production of cold. The low load of the hot water system
is transferred to the height of the available range in the form of a
power reserve. The use of this reserve is conditioned by the ability
to accumulate or dissipate heat, the overproduction of which
would be reflected in significant overheating of the hot water
network. The use of heat rejection means releasing the produced
heat into the atmosphere by bypassing combustion gases, steam
or cooling hot water in a cooling tower. An efficient method is
the use of accumulation, which results in the postponement of
heat for its later consumption. In the case of using accumulated
heat, it is necessary to reduce the electricity production plan by
an aliquot amount for the following hours or days, which enables
the supply of heat by discharging the accumulator. The usability
of the storage is related to the ratio between the thermal capacity
of the storage and the minimum heat removal performance in the
hot water network. During the summer months, the capacity of
the accumulator significantly exceeds the actual heat consumption,
which makes it difficult to discharge the accumulator.

The modelled period of summer operation is based on an average
load of the hot pipe of 18.1 MW. The minimum load power is 8.5
MW with a maximum consumption of 29.2 MW. The course of
the load of the hot pipe is shown in Figure 3. Heat deployment
requirement. For clarity, we present a section of 240 hours.
Meeting the heat requirement is a priority from the point of view
of modelling the operation of the heating plant.
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Heat Requirement

Required Heat
[MW]

Timeline [hours]

Figure 3: Requirement to Activate Heat

The supply of heat to the hot pipe can be produced and supplied by a
different combination of equipment in the CHP or non-CHP mode,
with different costs for the production of heat or electricity, which
results in a different profit. In the following modelling, I focused
on achieving the results of deploying the model in Max.mode and
Max.withoutPpS mode, which I compare with a real deployment
of Real mode. In the modelling, I used the same heat requirement
in all modes of the Summer Operation time period with different

model freedom settings. A comparison of the basic outputs of
the model is shown in the following Table 3. Summarisation of
deployment modes in the Summer Operation period, which is
assessed in more detail in the following subsections.

The comparison of deployed modes is shown graphically in Figure
4. Deployment of production in the Summer time period.
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Figure 4: Deployment of Production in the Summer Time Period
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Costing Items Operating Modes

Real Max.withoutPpS | Max. Units
Heat delivered to heating pipes 4336 MWh
according to the load:
Course of ISOT prices 106,9 €/MWh
Average sale diagram 23 1,33 1,28 MWh
Overall sale diagram 553,02 319,81 306,92 | MWh
PpS scope provided 4167 0 7386 | MWh
Revenue for PpS 223 0 422 €
availability 081 905
Fuel consumption 7 052 6 464 6450 | MWh
Profit 263 152 536 €

681 818 943
Non-combined heat production 0 0 0 MWh
Qmar — Wasted heat 0 1 1 MWh
Absolute value of accumulation 684 775 786 MWh
Share of heat production K+TG/CGU/HK | 99/1/0 96/2/2 99/1/0 | %

Table 3: Summarisation of Deployment Modes in the Summer Operation Time Period

In the context of comparing real deployment Real and deployment
with profit maximisation Max., as well as profit maximisation
without providing support services Max.withoutPpS, I analyse
the differences in the behaviour of the model, according to the
deployment results. Modelling is carried out on the basis of the
same requirement of heat to the hot pipe and the same selling
price of electricity according to ISOT courses. In the Real mode,
production is deployed according to the operator's request based
on manual overload of values such as equipment operation,
electrical power and a number of support services. In Max.mode
there is the modelled deployment with the greatest freedom of the
model without constraints. The Max.withoutPpS mode is based on
a similar setting as the Max.mode, except for the manually entered
requirement for zero supply of support services.

To cover the heat supply, there is a visible difference between
the use of technology in the Real mode with a higher use of
cogeneration units compared to the Max.mode and the Max.
withoutPpS mode, which uses a more productive boiler block and
a steam turbine. The said deployment causes a difference in the
produced power electricity, which dominates in the Real mode at
553 MWh with an 80% increase compared to the other modes. As
can be seen in the resulting profit, support services play a significant
role for the mentioned deployment modes. This fact can be seen
by a significant decrease in profit from €263,681 in the Max.
withoutPpS mode to a zero value, where this mode did not deploy
support services. On the contrary, a significant increase in profit is
recorded in the Max.mode, which used the full power range of free
availability for their purchase with a resulting yield of €536,943.
In this context, it should be noted that the final realisation of the
purchase of support services depends on the total offer of services
on the daily market. If we compare the market with electricity and
the market with support services, we will find that the PpS market

is less liquid depending on the type of support service.

In conclusion, it should be noted that the Max. or Max.withoutPpS
was able to use technological equipment more efficiently, due
to lower fuel consumption, higher utilisation of planned heat
accumulation. In both modes, fuel consumption decreased by
more than 8%. In the case of placing the entire volume of PpS
on the market, the modelled profit of the Max.mode compared
to the Real mode, it is higher by 77.3%, which indicates a more
efficient use of the free range for the purchase of PpS. In the above
comparison, higher efficiency with lower fuel consumption and
higher profitability by increasing revenue from the provision of
support services is demonstrated through modelling.

7.1.2 Time Segment: Transitional Period

The transitional period is characterised by the start and stop of the
heating during the alternation of cold and warm days. From the
point of view of planning the production of a heating resource, this
is the most difficult period. A typical course is the requirement for
morning superheating during the morning peaks and increased heat
consumption in the evening. Devices with a quick start-up, such as
cogeneration units and hot water boilers, are used for such a supply
of peak energy. Significant cutting of the morning and evening
peak is ensured by means of an accumulator or accumulation in the
hot water network. The mentioned nature of the operation causes
a reduction in the availability of free power during peak times of
equipment for the provision of support services.

The time period for the transitional period is based on the average
load of the hot pipe of 39.8 MW, which is shown in Figure 5.
Demand for heat deployment during the transition period. The
minimum load power is 31.4 MW with a maximum consumption
of' 53.2 MW. For clarity, we present a section of 240 hours. Meeting
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the heat requirement is a priority from a modelling point of view.
The supply of heat to the hot pipe can be produced and supplied
by a different combination of equipment in the CHP or non-CHP
mode, with different costs for the production of heat or electricity,
which results in a different profit. In the context of comparing real

deployment and deployment with profit maximisation as well as
profit maximisation without the provision of support services, I
analyse the differences in the model behaviour according to the
deployment results.
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Figure 5: Requirement to Deploy Heat During the Transition Period

In the following modelling, I focused on achieving the results of
deploying the model in Max.mode and Max.withoutPpS mode,
which I compare with the real deployment of the Real mode. In
the modelling, I used the same heat demand in all deployment
modes during the Transition period with different model freedom

settings. A comparison of the basic outputs of the model is shown
in Table 4. Summarisation of the modes of deployment in the
Transition period. The comparison is shown graphically in Figure
6. Deployment of production in the time period - Transition period.
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Figure 6: Deployment of Production in the Transition Time Period
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Costing Items Operating Modes

Real Max. without PpS Max. Units
Heat delivered to heating pipes 8442 MWh
according to the load:
Course of ISOT prices 111,5 €/MWh
Average sale diagram 7,6 4,6 44 MWh
Overall sale diagram 1 624 972 929 MWh
PpS scope provided 3678 0 6716 MWh
Revenue for availability 162 169 0 317 023 €
Fuel Consumption 14 977 13518 13 468 MWh
Profit 357 357 340 459 654 204 €
Non-combined heat production 87 89 128 MWh
Qmar — Wasted heat 340 0 0 MWh
Absolute value of accumulation 945 819 894 MWh
Share of heat production K+TG/ 95/4/1 99/0/1 98/0/2 %
CGU/HK

Table 4: Summarisation of the Modes of Deployment in the Transition Time Period

In the context of comparing real deployment of the Real mode
and deployment with profit maximisation of Max.mode, as well
as profit maximisation without providing support services Max.
withoutPpS mode, I compare the differences in model behaviour
from the deployment results. The modelling was carried out on
the basis of the same demand for heat to the hot pipe and the
same selling price of electricity, according to ISOT courses in all
simulated modes. In the Real mode, the production was deployed
according to the user's request by means of manual overloading of
values such as equipment operation, electrical power and a number
of support services. Max.mode is modelled with the greatest model
freedom compared to the other modes. The Max.withoutPpS mode
is based on the Max.mode with a manually entered request for zero
supply of support services.

To cover the heat supply, the CGU technology is used more in the
Real mode compared to the Max.mode and the Max.withoutPpS
mode, which preferred production only on the K+TG block (block
washed boiler and steam turbine) due to lower fuel costs. The
mentioned deployment causes a difference in the produced power
electricity, which is 75% higher in the Real mode compared to
the other modes with a total difference of 695 MWh compared to
the other modes. From this point of view, one can see the user's
effort to increase the production of power electricity, in case of
an increase in its market price. Despite the higher production of
electricity and its sale in the Real mode, production costs are not
sufficiently covered compared to the Max.mode, which achieves
an 83% increase in the calculated profit of €296,847, mainly by
providing PpS. The Max.withoutPpS mode achieves a slightly
lower level of profit compared to the Real mode, and this is due to
the absence of support services. Deployment Max.mode and Max.

withoutPpS modes use more efficient deployment of resources,
resulting in lower fuel consumption by almost 10%. In this period
of time, I confirm that in the Max.mode or Max.withoutPpS mode,
a computationally more efficient deployment of technological
equipment was implemented from the point of view of the resulting
profit, mainly due to lower fuel consumption compared to the
resulting sale of electricity with identical coverage of the required
heat supply. Overall, it can be assessed that support services play
an important role in the mentioned deployment modes. As in the
previous cases, it should be noted that the resulting realisation of the
purchase of support services depends on the total offer of services
on the daily market and their real realisation on the market, which
in the case of PpS has lower liquidity than the electricity market.
The success of sales of support services can affect the final amount
of profit for calculated modes.

7.1.3 Time Segment: Winter Period

During the Winter period, the highest performance in the
production of heat and electricity is achieved. The supply of heat
for heating is directly dependent on the meteorological situation
and is carried out continuously. The time segment Winter period
is based on the average load of the hot pipe of 45.9 MW. The
minimum load power is 29.8 MW with a maximum consumption
of 60.9 MW. In the case of the Winter period, a higher average
temperature is reached above the long-term average, at the level
of 2.9°C, which has a significant impact on the course of the heat
supply load. For comparison with the Transition period mode, the
average temperature reaches the level of 1.5°C. The course of the
hot pipe heat supply is shown in Figure 7. The requirement for the
deployment of heat during the Winter period. For clarity, I present
a section of 240 hours.
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Figure 7: Requirement for Deployment of Heat During the Winter Period

The supply of heat to the hot pipe can be produced and supplied by a
combination of equipment in CHP or non-CHP mode with different
costs for the production of heat or electricity, which achieves a
different profit. In the context of comparing real deployment and
deployment with profit maximisation as well as profit maximisation
without the provision of support services, I analyse the differences
in model behaviour according to the deployment results. In the

following modelling, I focus on achieving the results of deploying
the model in Max.mode and Max.withoutPpS, which I compare
with the real deployment of the Real mode. In the modelling, 1
used the same heat requirement in all deployment modes during
the Winter operation section with different model freedom settings.
Defined criteria and modelling modes. A comparison of the basic
outputs of the model is shown in Table 5.
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Figure 8: Deployment of Production in the Winter Time Period
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Costing Items Operating Modes

Real Max. without PpS Max. Units
Heat delivered to heating pipes 10 775 MWh
according to the load:
Course of ISOT prices 119,5 €/MWh
Average electricity sale diagram 20,4 8,1 5,0 MWh
Overall electricity sale diagram 4904 1956 11%4 MWh
PpS scope provided 3256 0 7525 MWh
Revenue for availability 60 665 0 344 898 €
Fuel Consumption 21573 17 873 16 898 MWh
Profit -230 060 333322 692 142 €
Qmar — wasted heat 251 0 0 MWh
Non-combined heat production 0 237 980 MWh
Absolute value of accumulation 734 928 920 MWh
Share of heat production K+TG/ 69/31/0 90/7/3 90/1/9 %
CGU/HK

Table 5: Summarization of Deployment Modes in the Winter Operation Time Period

In the context of comparing real deployment Real and deployment
with profit maximisation Max., as well as profit maximisation
without providing support services Max.withoutPpS, I analyse
the differences in the behaviour of the model according to the
deployment results.

Real mode, Max.mode and Max.withoutPpS mode are analysed
in the Winter period. Modelling is carried out on the basis of the
same demand for heat to the hot pipe and the same selling price
of electricity according to ISOT courses in all simulated modes.
In the Real mode, production is deployed according to the user's
request, with the help of manual overloading of values such as
equipment operation, electrical power and a number of support
services. In this way, the function of the model is significantly
limited by forcing the operation of the preferred heat and electricity
production facilities through cogeneration units. The result of such
a deployment is a profit that reaches negative values during the
modelled time period.

In Max.mode we model the deployment with the greatest freedom
of the model, without restrictions. The Max.withoutPpS mode is
based on the setting of the Max.mode with a manually entered
request for zero supply of support services. As mentioned, CGU
technology was used more in the Real mode to cover the heat
supply compared to the Max.mode and the Max.withoutPpS mode,
which preferred performance only on the K+TG unit (washed
boiler and steam turbine unit) on the basis of lower operating costs.
The mentioned deployment in the Real mode causes a difference
in the produced power electricity, which is higher by 310% with
a total increase of 3,710 MWh compared to the other modes. The
modelled time period falls into the period of the beginning of the
year, which is characterised by the low selling price of electricity
during the first few days of the year, as well as the change in the
costs of heat and electricity production, depending on the valid
agreement contracts of the production entity. In such a situation, the

production of electricity is not profitable and causing a significant
loss of revenue in the production of electricity. I can attribute
this particular situation to the complete absence of economic
calculations by the manufacturer, due to the use of the manual
mode of updating prices, which does not change the usual way of
shifting the technology of heating production into real operation
as often. Changes in the market are thus reflected on a change
basis and on demand. Such a method of operation can generate
significant costs for the production of electricity compared to low
revenues from its sale. The stated fact can be read from the Max.
mode and Max.withoutPpS mode, which preferred the deployment
of a lower electricity production diagram with a drop of up to
60%. The main operating equipment in this case is the equipment
with the lowest variable heat costs, which is supplied through
the operation of a steam boiler and turbine, with the occasional
use of hot water boilers. Hot water boilers, even though they use
more expensive fuel for heat production and it is the same as for
cogeneration units, achieve a high efficiency of heat production
without the need to produce electricity, which means that no loss
is achieved in covering the demand for heat in the model period.

In this time period, I confirm that in the Max.withoutPpS modes,
a more computationally efficient deployment of technological
devices is implemented. In this mode, a profit in the amount of
€333,322 is achieved during the same period of time. In Max.
mode the highest profit is modelled through the use of CGU to
provide PpS on standing devices ready for activation. In the case
of Max.withoutPpS mode and Max.mode, a significant fuel saving
is achieved by more efficient deployment of technology above the
level of 17% compared to the Real mode. As in the previous cases,
it should be noted that the resulting realisation of the purchase of
support services depends on the total offer of services on the daily
market and their actual realisation on the market, which in the case
of PpS has lower liquidity than the electricity market. The success
of sales of support services can affect the final amount of profit for
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calculated modes.

8. Discussion

The development of heating enterprises has come a long way in
increasing the efficiency of heat production and distribution. The
gradual transformation of the steam medium into a hot-water
and later a warm-water network increased the ratio of electricity
production to heat production. By reducing the temperature of the
distribution network, the potential for the use of waste heat has
increased due to the extensive distribution network system. For
a long time, there has been a trend of increasing the efficiency of
equipment in the thermal energy industry. From the experience so
far, it can be concluded that a significant focus of technologists
and technical workers is precisely on the search for sources of
inefficiency or lower efficiency, which occur in the form of small
condensate leaks, occasional steaming of valves, deteriorated
condition of insulation, insufficiently designed exchange surfaces,
etc. In some enterprises over the past ten years, a large number of
shortcomings have been eliminated, which cost a lot of energy and
effort in the continuous improvement of the existing technological
process.

If we put this effort in the context of a wrong business decision,
such as buying CO2 allowances at the wrong time, or making the
wrong choice to buy natural gas, it is possible with one single
decision to undo several years of effort by a team of people
who diligently searched for and eliminated the shortcomings
of heat production and electricity. In this way, the importance
of increasing production efficiency should not be negated, but
attention should be focused on the importance of the symbiosis
between the technical and economic point of view. From this point
of view comes the need to look for a suitable form of connection
between production management itself, technology and economic
efficiency of operation. In the case of a correct understanding of the
mutual cooperation of these articles, there can be an increase in the
income of the production resource through an adequate response
to the current market setting, through an appropriate combination
of the use of production resources. The results presented in this
article were processed for the presentation of the stated claims.
At the same time, consequences can be retroactively confirmed
or refuted in this way, based on the correctness of implemented
technical and economic decisions. The achieved outputs contribute
to the understanding of the need to change behaviour in the case of
the planning and management process, which will help production
companies in the field of energy to discover the potential and
benefit of using sophisticated tools to support their management.
It was the lack of information, which is based on the lack of
retrospective analyses of the production and sale of electricity,
which was the impetus for the creation of the methodology used in
this work. The testing method used was preceded by the design and
creation of a technical-economic model for calculating the optimal
deployment of production resources, from the point of view of
maximising the heating company's profit and its active use. The
proposed procedure uses both realistically created deployment
plans, according to the user's preference, as well as modelling
variant plans, according to defined modes. The user did not use

the full capabilities of the model, due to the usual preference for
the operation of technological devices. In this way, the model was
created and used in a similar way as in manual planning, only with
a slightly more effective result. This fact is proven by the way of
entering user requests in Real modes in all time periods. Such use
of the model limited the freedom of the model to a minimum, and
thus did not use the function of the model - profit maximisation.
Subsequently, the other modes were modelled, according to the
defined criteria, with limited and complete freedom of the model.
In the comparison of the results, a lot of data was processed, which
were extracted into basic technical and economic indicators in the
results. The resulting published data serve to fulfil the goals defined
in this work, and at the same time make it impossible to identify
the exact unit costs and components of the reference entity.

9. Conclusion

This paper was devoted to a technical-economic model
for the optimisation of the production process through an
objective function formulated as maximising the profit of the
heating company. The purpose of the model is to use available
technological devices for optimal deployment in the process
of heat and electricity production. The current function of the
model is to use the available performance ranges to provide
flexibility in the form of support services. The goal of the model
is to use market information and perform optimal deployment of
available technology, with the aim of maximising the resulting
profit resulting from their operation. The creation of this model
was preceded by an analysis of central heat supply systems and
their legislative environment. From the point of view of the
correct function of the model, it was necessary to define correctly
the technological process as well as the technological devices
themselves and their basic production links. The mentioned
technological units had to be put into the context of the production
function, which established the basic economic foundations within
the principle of the activities of heating companies. The technical-
economic model is compiled on the basis of parameterisation of
production equipment, identification of conditions from the point
of view of regulation as well as the establishment of defined
market links. To solve similar tasks, several studies were carried
out abroad and in this country, which dealt with the tasks of
optimising production processes, as well as using a combination
of different types of production and renewable energy sources.
The mentioned approach, however, lacked specific data based
on the use of the required approach, with the use of production
equipment in heating blocks. According to the available research,
the most suitable tool for solving the optimisation task was the
use of linear programming through an objective function based
on maximising the profit of the heating company. Subsequently,
a complex system was designed and assessed as part of the work,
which could ensure the overall process of planning and trading
of the electricity and heat producer with a connection to business
functions. To handle extensive tasks, the solution scheme was
designed using software tools using the D2000 system integration
platform. The foundations of the compiled model were based on
technical knowledge of the functions of heating companies, which
come from many years of experience in planning and managing
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the production and sale of heat and electricity. In order to perform
the overall parameterisation, it was necessary to analyse a lot of
technical documentation, as well as the legislation itself and its
impact from the point of view of valid regulation. In this context,
limits were sought that would restrict the function of the model
from the point of view of profit maximisation. After researching
the legislative situation, a condition for calculating the additional
payment for electricity was incorporated into the model, which,
if the conditions are met, plays an important role by changing
part of the income from the production and sale of electricity. The
condition for payment of the supplement is the fulfilment of the
minimum efficiency of the source and the saving of primary energy,
which was also included in the calculation. Despite performing a
number of recalculations of the deployment of the model, there
were no situations where the condition of payment of the surcharge
was met, due to the higher price of ISOT electricity in 2023, which
exceeded the specified maximum price of the surcharge.

The compiled model was able to show the results of the decision
making of the production subject in the context of the motivation of
profit maximisation. The deployment results were comparatively
assessed according to the basic modes of operation classified into
individual time periods. With the help of defined time periods,
it was possible to capture the difference in the result from the
optimisation calculation through basic technical and economic
indicators. From the point of view of profit maximisation, it was
possible to compare the real operation deployment according to
the user's preferences (with minimum model clearance) and modes
with profit maximisation without restrictions (maximum model
clearance) and with profit maximisation without providing support
services (high model clearance). In this way, it was possible to
determine the difference between the resulting profit of the defined
modes in time periods as well as cumulatively.

The result of the work is the determination of the size of the
increase in profitability through the use of software tools. The use
of a mathematical model in the form of profit maximisation has a
significantly positive effect on increasing the final profit of heating
companies resulting from the optimal deployment of production,
sale of heat, electricity and maximisation of the use of flexibility.
Optimum deployment of resources has a significant impact on cost
savings as a result of efficient use of technological equipment,
resulting in fuel savings in the range of 9+17.2% and resulting cost
savings. The presented results demonstrate a significant economic
motivation in selling electricity and providing flexibility. Optimal
deployment of resources has a significant impact on cost savings
as a result of efficient use of technological equipment. The use of
modelling responds sensitively to dynamic changes in economic
inputs and outputs, thus ensuring the achievement of the maximum
level of profit resulting from the freedom of the model and the
available performance of technological devices. In this way, there
is a change in the use of standard heating production in the regime
of combined production of electricity and heat with a transition to
non-combined production, as well as the use of heat suppression
due to the increase in income from the sale of electricity. Based
on the results achieved by using the technical-economic model,

an increase in profit from 49% was achieved, namely through the
optimal deployment of technological equipment in the context of
using market opportunities in the sale of electricity and flexibility.
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