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Optimisation of the ammonia synthesis process is about
determining the most efficient parameters and operating
conditions to achieve the desired goals or maximise
productivity under limited resources and external
factors.

Key areas where optimisation is critical for ammonia
synthesis include

Rational use of resources - optimisation reduces the
consumption of energy, raw materials and chemicals,
which helps to reduce production costs and increase the
efficiency of secondary resources.

Improved product quality - optimisation ensures
consistent production of high quality ammonia, which is
critical for its further use.

Improved process safety - optimal operating conditions
contribute to a safe production environment, minimising
the risk of accidents, fires and explosions.

Stability of equipment operation - optimisation reduces
parameter fluctuations, which has a positive impact on
process reliability and end product quality.

Reduced overall costs - optimisation can minimise the
cost of equipment operation, energy consumption and
maintenance.

Optimisation is an important tool for improving the
efficiency, productivity and sustainability of the ammonia
production process.

This article discusses the application of a discrete-time
control system with a mathematical model of an air-
cooled apparatus (ACA) and analyses the economic
feasibility of implementing this system.

The analysis allows us to determine whether approximate
solutions are acceptable for practical use or whether
there is a need to apply more accurate methods of solving
the problem.

The first step was to choose the optimal degree of
discretisation, which allowed, on the one hand, to
accurately take into account minor changes in values,

and, on the other hand, to avoid an excessive increase in
the number of possible states, which complicates
calculations, especially when working with complex
mathematical models. It has been established that the
economic efficiency of the proposed discrete control
system with a model of a cooling and condensation unit
with a degree of discreteness of 0.5, since it allows to
obtain up to UAH 2.7 million per year due to electricity
savings,

Keywords: air cooling apparatus, mathematical model,
parameter  optimisation, discrete control  system,
economic efficiency.

Introduction. Stability issues in the ammonia
synthesis process are caused by a mismatch between
the operation of the automatic cooling and
condensation (ACC) process and the dynamics of
the synthesis itself. Process parameters, such as
reagent consumption, inlet temperatures of the
cooling unit and external temperature, vary for
various reasons, including changes in the
formulation or production conditions.

These changes can lead to fluctuations in the
synthesis temperature regime and, as a result, in the
temperature of the gas mixture at the column outlet
and inlet to the APU. Operators may attempt to
compensate for these changes by intervening and
adjusting the ventilation of the APU. However, such
interventions can lead to sudden changes in pressure
and reagent flow rates, disrupting the stability of the
ammonia synthesis process.

The problem is exacerbated when the
ventilation is switched on haphazardly, leading to a
sharp drop in temperature. This leads to an increase
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in pressure in the heat exchanger group, further
increasing the pressure drop between the synthesis
column and the compressor. This, in turn, increases
the consumption of reagents and can provoke
uncontrollable changes in the ammonia synthesis
cycle.

In addition, irrational energy consumption can
lead to significant financial costs for the company.
For example, if the equipment is operating at excess
capacity, this will result in overpayments for
electricity. Electricity bills can account for a
significant share of total production costs, so
effective management of electricity consumption is
an important economic objective.

In addition to financial aspects, irrational
electricity consumption can also have a negative
impact on the environment. Excessive energy
consumption leads to emissions of pollutants into
the air and water, which can cause environmental
pollution and affect air quality. In addition,
electricity generation can cause greenhouse gas
emissions, contributing to global warming and
climate change.

Statement of the problem. The task of
implementing a discrete control system is to
climinate instability and (conduct an efficient
process?) energy efficiency of the technological
process of ammonia synthesis. The lack of
consistency in the operation of the automatic
cooling and condensation process (ACP) leads to
fluctuations in process parameters, which can lead
to increased energy consumption and reduced
efficiency. Additionally, inappropriate blower
activation can cause sudden changes in the pressure
and flow rate of the target component, which can
discoordinate the synthesis process.

Purpose. The purpose of this paper is to study
the feasibility of implementing a discrete control
system with a model of an ammonia cooling and
condensation unit in terms of economic efficiency
and ensuring the required product outlet
temperature.

The developed discrete control system is based
on a mathematical model of the cooling and
condensation  unit, which  accounts  for
interdependencies among process parameters and
responds dynamically to changes in heat transfer
conditions. The system determines optimal
operating modes for fans and cooling parameters to
maintain a stable gas temperature at the outlet of the
synthesis column and ensure efficient heat exchange
in the air-cooled heat exchanger (ACHE).
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Discretization in Control System Design.

One of the key aspects in implementing a
discrete control system is the selection of an
appropriate discretization level. The discretization
level defines how finely a continuous variable or
domain is partitioned into discrete units. A smaller
discretization step allows for more accurate
representation of subtle variations in the process
variables.

However, decreasing the discretization interval
increases the number of possible states or
combinations within the model, which can
significantly raise computational complexity—
especially when dealing with sophisticated
mathematical models. Thus, choosing the optimal
discretization level involves a trade-off between
model accuracy and computational efficiency. It is
crucial to balance the need for precise
representation of physical phenomena with the
constraints of data processing and resource
consumption.

In particular, reducing the temperature
measurement discretization step may hinder the
system’s ability to detect minor fluctuations. If the
discretization step approaches the absolute
measurement error of the temperature sensor (0.5°C
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in this case), most small variations in temperature
may be perceived as noise rather than actual process
changes.

To address this, incorporating temperature
readings from the inlet of the cooling unit can
enhance the system's ability to forecast changes in
thermal conditions in response to variations in target
component flow rate. The control algorithm can
then dynamically adjust the operation of the fans at
each air-cooled heat exchanger (ACHE) based on
these input values, ensuring optimal cooling and
condensation regimes for the gas mixture.

This approach helps prevent uncontrolled
temperature  spikes, pressure  surges, and
disturbances that commonly occur with manual fan
operation. Instead, the system dynamically responds
to changes in flow rate and continuously adapts the
operation of the ACHEs to maintain process
stability within the ammonia synthesis loop.

Impact of Contamination as a Disturbance
in Discrete Control of the Cooling and
Condensation Unit.

Considering contamination as a disturbance
variable in the automated control scheme of the
cooling and condensation unit, the application of a
discrete control system offers the potential for more
precise and efficient process regulation. This can
lead to improved performance and the maintenance
of optimal operating conditions.

The fundamental principle of a discrete control
system lies in operating within a finite set of
predefined states or modes. By transitioning
between these states in response to contamination
levels and other process variables, the system can
effectively optimize the functioning of the cooling
and condensation unit.

One practical approach to discrete control is to
adjust the operating modes of fans and other cooling
clements based on the measured degree of
contamination. As contamination increases, the
control system can automatically increase fan speed
or modify cooling parameters to sustain optimal
heat transfer efficiency.

Furthermore, the discrete control system can be
enhanced with decision-making logic algorithms
that take contamination levels and other relevant
parameters into account. This enables the system to
autonomously implement optimal control actions to
ensure effective and stable operation of the cooling
and condensation processes.

Monitoring and Control of Fouling in Air-
Cooled Heat Exchangers Using a Discrete
Control System

To monitor the fouling level of air-cooled heat
exchangers (ACHESs), various sensors can be

deployed on the heat exchanger surfaces and other
components within the system. These sensors track
parameters indicative of surface contamination,
enabling the control system to respond in a timely
manner and initiate corrective actions.

The proposed discrete control system,
integrated with a mathematical model of the cooling
and condensation unit, enables the estimation of the
fouling coefficient of ACHE surfaces by
continuously monitoring and analyzing key heat
transfer parameters and the system's response to
contamination.

The system includes sensors for measuring
temperature, pressure, and heat flux, among others.
The collected data are transmitted to the cooling and
condensation unit’s model, which employs logical
operators and analytical algorithms to process and
interpret the information.

Based on this data analysis, the system can
detect changes in heat transfer performance and
assess the degree of fouling on the surfaces of heat
exchangers and other ACHE components. For
example, a decline in thermal efficiency may
indicate the onset of surface fouling.

Using historical operational data or predefined
threshold values, the system can approximate the
current fouling coefficient by comparing real-time
parameters against expected baseline values. This
estimation supports proactive control measures.

By considering different combinations of fan
activation and cooling settings, the discrete control
system can implement optimal operational modes to
maintain effective heat transfer and mitigate the
adverse effects of fouling. This ensures the stable
performance of the cooling and condensation
processes and enhances the overall efficiency of the
ammonia synthesis loop.

Energy Efficiency and Decision-Making in
Discrete Control of the Cooling and
Condensation Unit.

The proposed discrete control system not only
enables the detection of fouling levels but also
facilitates decision-making to optimize heat transfer
performance and ensure efficient operation of the
cooling and condensation unit.

When the estimated fouling coefficient reaches
its maximum allowable threshold, the system
triggers the self-cleaning mechanism of the air-
cooled heat exchanger (ACHE). In parallel, an
important objective of the control strategy is the
minimization of energy consumption. Since the fans
are activated only when necessary to compensate
for temperature deviations, energy usage can be
optimized, significantly reducing the operating
costs of the ammonia synthesis process.
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The economic feasibility of using a discrete
control system for an air-cooling apparatus (ACA)
is considered in detail

The following assumptions were used to
calculate the economic feasibility:

1. Power of one fan N = 100 kW (according to
the regulations).

2. Electricity cost C = 4.06 UAH per 1 kW
(average value in Ukraine for enterprises).

3. The duration of the unit's operation in the
warm season, H - 5000 hours/year (specified in the
text).

4. Number of possible fan combinations, K -
256 (as discussed earlier).

To simplify the calculations, let us assume that
the average difference in power consumption
between fan combinations is 5/6 N (equal to
approximately 83.33 kW).

Let's first determine the cost of electricity for
each possible combination:

1. The cost of electricity for each combination,
CC, is the cost of electricity per 1 kW multiplied by
the power of the combination:

Cc=C-Pc (18)

We choose the combination that has the lowest
power consumption among those that meet the
temperature requirements (as described in Section
3).

Next, calculate the difference in power
consumption between the standard operating mode
and the selected combination.

Multiply the difference in power consumption
by the number of hours of operation per year (in
your case, 5000 hours) and the cost of electricity per
1 kWh (4.06 UAH).

Analysis of the data shows that among the
combinations that give a given value of the
temperature at the outlet of the APO £1 °C in terms
of energy efficiency is combination 248, i.e. we
have achieved the maximum possible efficiency of
electricity use for this process.

We have found a saving in the cost of
electricity per hour when using the optimal
combination compared to other combinations that
give the set temperature at the outlet of the APO.

The minimum savings per hour are:

1082.7 -947.3 = 135.4 UAH.

The maximum savings per hour are:

1488.7 - 947.3 = 541.4 UAH.

Accordingly, the minimum savings per year
are:

135.4 - 5000 = 677,000 UAH.

The maximum savings for the year is:

541.4 - 5000 = UAH 2,707,000.

Conclusion. The analysis of the discrete
control system incorporating a model of the cooling
and condensation unit under varying temperature
conditions has demonstrated its significant potential
in enhancing both energy efficiency and operational
stability in ammonia production processes.

The proposed control strategy, employing a
discretization step of 0.5, has been shown to achieve
substantial economic benefits—yielding annual
electricity savings of up to 2.7 million UAH. This
result highlights the cost-effectiveness of the system
and its practical value in reducing energy
consumption without compromising process
quality.

In addition to energy savings, the system
addresses the critical issue of fouling on heat
exchange surfaces within the air-cooled heat
exchangers (ACHE). By monitoring the fouling
coefficient, the system is capable of activating the
self-cleaning mechanism once the critical threshold
is reached—without the need to interrupt the
synthesis stage. This feature enables in-process
cleaning, which further minimizes energy losses
and improves the efficiency of gas—ammonia
mixture cooling and condensation.

Overall, the integration of a discrete control
system with a model-based approach for the
ammonia cooling and condensation unit
significantly enhances equipment performance,
reduces electricity consumption, and increases the
overall stability and reliability of the ammonia
synthesis process.
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Oypumes O.A, Ko63apes €. B., I'ypin O.M,,
Jlopia M.I. JlocmigKeHHA BIUVIMBY [MCKPETHOTO
YIpaBIiHHA BY3/IOM OXO/IOMKEHHA Ta KOHJEHcallil Ha
e eKTUBHICTD BUPOGHUIITBA amiaky

Onmumizayis npoyecy cunmesy amiaxy nojsedc y
BU3HAYEHH] HAUOLTbW ehexmUSHUX napamempis i ymos
pobomu 015 00CACHEeHHsT NOCMAGIeHUX yine abo
Makcumizayii npoOyKmMuGHOCMi 6 YMOBAX 0OMEHCEHUX
pecypcis i 308HIWHIX (pakmopis.

OcHo6HI acnekmu, 6 AKUX ONMUMI3AYI Ma€e
BUPIUATIbHE 3HAYUEHHS OISl CUHMe3Y aMiaKy, 6KI0Uams

Payionanvne BUKOPUCTNAHHSL pecypcié -
ONMUMI3AYISA SMEHULYE CHOMCUBAHHS eHepali, CUPOBUHU
ma  XiMIYHUX — PEeYoGUH, WO  CHPUAE  3HUICEHHIO
BUPOOHUYUX eumpam | NIOBUWEHHIO epheKxmueHocmi
BUKOPUCTNAHHS BMOPUHHUX PECYPCIE.

THoxkpawenus sxocmi npooykyii - onmumizayis
3abes3neuye cmaditbhe SUPOOHUYMBO AMIAKY BUCOKOL
AKOCMI, WO € KPUMUYHO GaAXNCIUBUM Ol 11020
n00aIbUIO20 BUKOPUCTIAHHSL.

Iiosuwenns besnexu npoyecy - ONMUMATbHI YMOBU
ekcniyamayii  cnpusloms  CMEOPEHHI0  De3NneuH020
BUPOOHUYO2O — Ccepedosuyd, — MIHIMI3YIOUU — PUBUK
HeWAacHUx UNAOKis, noxcexic ma eubyxis.

Cmabinouicms pobomu 061a0HAHNSA - ONMUMI3AYIs
SMEHWYE KONUBAHHA NApAMempis, wo NO3UMUEHO
BNIUBAE HA HAOIUHICMb npoyecy ma SKICmb KiHYeso2o

npooOyKmy.

3uudicenna  3aeanvhux eumpam - ORMUMIZAYIA
Modice  MIHIMIZy8amu eumpamu Ha eKCnayamayiro
0071a0HANHHA,  CNOJCUBAHHS.  eHepeli ma  mexHiune
00C1Y208Y6aHHS.

Onmumizayis €  aXMCIUBUM  THCIMIPYMEHMOM
niosuwents  epekmusHoOCmi, NPOOYKMUGHOCMI — Md
cmanocmi npoyecy 6UpPOOHUYMBA AMIAKY.

Y yin  cmammi  posenamymo  3acmocyeanms

cucmemu OUCKPEMHO20 KepYBAHHA 3 MAMeMAmuiHo
MoOenno anapama nosimpsano2o 0xonooxcenns (AI10O)
ma npoamnanizoeano EKOHOMIUHY doyinbHicmy
6npP0oBadIICceHHs Yici cucmemu.

B pesynemami aunanizy moowcna eusHavumu, uu
NPUUHAMHI  HAOMUICEHI PO38'a3KU Ol NPAKMUYHO2O
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BUKOPUCTAHHSL, YU € HeOOXIOHICb 3aCMOCY8anHsl Oiibu
MOYHUX MemoOi8 po36'a3aHHs 3a0aui.

Hepwum kpoxom Oys 6ubip ONMUMAILHOZO
cmyneHs OUCKpemu3ayii, aKutl 003601U8, 3 00H020 OOKY,
MOYHO 8PAXY8AMU HE3HAYHI 3MIHU 8ETUYUH, 4 3 THUIO20 -
VHUKHYMU — HAOMIpHO20 — 30ilblleHHs — KilbKocmi
MOJNCIUGUX — CMAHIB, WO  YCKIAOHIOE — PO3PAXYHKU,
0c006aU60 Npu podOMi 3i CKAAOHUMU MATNEMAMULHUMU
MOOeNAMU. Bcemanosneno, wo eKOHOMIYHA
eghekmusHicms 3anponoHo8anoi OUCKpemHoi cucmemu
Kepy8aHHs 3 MOOeWI0 8Y3IOM OXONOONMCEHHA Mda
KoHOencayii 3i cmynenem ouckpemuocmi 0,5, adace 3a
PDAXYHOK eKOHOMII eleKmpuuHoi eHepeii 6oHa 00360715€
ompumamu 00 2,7 MIH. 2pH/PIK;

Knrwouoei cnosa: anapam NOBIMpsHO20
OXOJIOOJK’EHH}Z, mamemamudHa MO()@]lb, onmuMisauiﬂ
napamempis, OucKkpemna — cucmema — Kepy8aHHs,

EeKOHOMIYHA eheKmUBHICb.
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