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Review by the Foreign Scientific Supervisor

Regarding the PhD dissertation submitted by Nazym Abdlakhatova,
entitled: “Research and Improvement of the Technological regime of a
Binary Power Plant to Increase the Energy Efficiency of Autonomous
Consumers” Submitted in fulfilment of the requirements for the degree
of Doctor of Philosophy (PhD) under the educational program 8DO08702,
“Energy Supply of Agriculture.”

The dissertation by Nazym Abdlakhatova addresses the utilisation of
low-temperature geothermal resources for electricity generation using a
binary power plant based on the Organic Rankine Cycle (ORC), with subsequent
cascade utilisation of residual thermal energy for agricultural applications.

The research topic is relevant. Kazakhstan has significant reserves of
low-temperature geothermal resources. At present, these resources are used
mainly for direct heat applications. Their use for electricity generation remains
limited. The development of ORC-based systems for combined electricity and
heat utilisation is therefore an important direction for improving energy
efficiency, especially for remote and agricultural consumers,

The main contribution of the dissertation is the integrated analysis of
a geothermal ORC system that combines electricity generation with the
utilisation of residual heat. This integration is implemented through a
thermodynamic model that enables evaluation of system performance under
defined operating conditions.

The research is based on a consistent methodological approach, which
includes:

« assessment of geothermal resource parameters based on
available well data;

. development of a thermodynamic model of the ORC system;

« analysis of system performance, including the influence of
working fluid selection and operating conditions.

A strong aspect of the work is the use of empirical data from
geothermal well No. 5539 in the Zharkent region (Almaty area), with a wellhead
temperature of approximately 103 °C and a flow rate of about 50 L/s. These
parameters define realistic conditions for utilising low-temperature
geothermal energy. Based on these data, the candidate demonstrates the
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feasibility of electricity generation using an ORC system and identifies the
availability of residual heat at the condenser stage.

The cascade utilisation of this residual heat represents an important
contribution of the dissertation. The candidate shows that the thermal energy
rejected by the ORC cycle can be used for agricultural applications, such as
greenhouse heating. This approach increases the overall efficiency of the
system and improves the utilisation of the geothermal resource.

The dissertation also includes a comparative analysis of working fluids.
Based on thermodynamic and environmental criteria, R-152a is identified as an
appropriate option for the studied conditions. This selection is supported by
the thermodynamic model results.

The results of the research are presented clearly and in a structured
manner. The developed model allows:

«  estimation of electric power generation;
« identification of suitable operating conditions;

« evaluation of the balance between electricity production and
heat recovery.

The practical significance of the work is evident. The proposed system
can contribute to:

* improvement of energy supply for remote consumers;
* more efficient use of geothermal resources;
«  reduction of dependence on fossil fuels.

The dissertation's scientific results are confirmed by publications,
including a paper in the journal Results in Engineering (Scopus, Q1), and by a
utility model patent.

The dissertation is well structured and logically organised. The
methods used are appropriate for the research objectives. The results are
consistent with the applied methodology.

It should be noted that the results are obtained based on modelling
assumptions, including steady-state operation and defined heat transfer
conditions. These assumptions are acceptable within the scope of the study.
Further work may include experimental validation.
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Conclusion

In my opinion, the dissertation presents a coherent, technically sound
study of the utilisation of geothermal energy for agricultural applications. The
candidate demonstrates the ability to conduct independent research and to
apply engineering methods to practical energy problems.

Based on this assessment, | recommend that the dissertation be
accepted for public defence and encourage the academic committee to
proceed with scheduling the defence accordingly.

Braganca, May 13", 2026

Professor-Coordinator, Doctor of Engineering,
Doctor Honoris Causa in Engineering

Braganca Polytechnic University (IPB), Portugal
Luis Fralén Ribeiro
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