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Abstract

This study examines the principal energy performance indicators of a building
heating and cooling system that integrates solar energy, a heat pump and thermal
energy storage. It establishes the need to optimise the PVT solar panel and
collector, heat pump capacity, storage volume and control system together.
Approaches to heat balance, automatic control and energy storage reported in
local and international research are synthesised for a hybrid system suited to
Uzbekistan’s sharply continental climate.

Keywords: Solar collector, PVT, heat pump, ISK, ESK, thermal energy storage,
MISK, optimization.

Introduction

Integrating renewable energy sources with high-efficiency heat pumps is an
important way to reduce the energy used for building heating and cooling. Solar
energy availability and building demand do not fully coincide over time. An
efficient hybrid system must therefore combine a solar collector and PVT panel,
a heat pump, thermal energy storage and an adaptive control algorithm as a single
energy system.

13| Page



N
b B

N

SCIENTINERCYN CONFERENCES

(0 EXGONFERENCIA

World Conference on Agricultural and Earth Sciences

Hosted Online from Istanbul, Turkey
Date: 20™ October, 2026
Website: https://econferencia.com

Developing a hybrid heating and cooling system suited to Uzbekistan,
formulating its mathematical model and optimising its main parameters are key
tasks. A review of the literature indicates that the coefficient of performance
(ISK) and energy efficiency ratio (ESK) depend strongly on evaporation and
condensation temperatures. Solar heat can reduce compressor load by raising the
temperature at the evaporator inlet [1-3].

The simplified energy balance of the hybrid system is given by the following
equation:

Oquyosh + Qin + Qia = Qiyuk + Qiabg + Qiy (1)

Oquyosh — useful thermal power obtained from solar energy;

Oin — thermal power produced by the heat pump;

Oia — thermal power discharged from the thermal energy store;

Oiyuk — the building’s heating or cooling load;

Qiabq — thermal power supplied to the thermal energy store for charging;

Oiy — the rate of heat loss in the system.

In heating mode, the heat pump’s principal performance indicator is ISK = Qin;
in cooling mode, it is ESK = Qiyuk. For annual assessment, it is appropriate to
use the seasonal performance indicator (MISK), which accounts not only for
compressor electricity consumption but also for that of circulation pumps, fans
and auxiliary equipment.

Research on solar greenhouses also provides useful methodological findings for
hybrid building systems. When losses through the transparent envelope and soil
were calculated using a heat balance, the losses through a single-layer covering
were 508 W/m? at a solar irradiance of 620 W/m?, while losses through the soil
were 58 W/m? [4]. This finding shows that, alongside increasing the energy input,
reducing losses through the system envelope is one of the main ways to improve
overall performance.
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Studies of greenhouses with transformable enclosures have considered adapting
the heated volume to changes in outdoor temperature as a means of minimising
energy consumption [5]. A study of automated thermal control recommended
limiting the auxiliary heating source when solar energy is sufficient and activating
a backup source when it is not [6]. In a hybrid building system, this logic can be
used to allocate priority automatically among solar energy, thermal storage and
the heat pump.

Four key parameters should be considered together when configuring an optimal
system: the solar collector/PVT area A, the nominal heat pump capacity Ping,
the storage volume Viax and the automatic control settings. A larger A, increases
the solar fraction but also raises the risk of excess heat and increases capital costs.
A larger Pinq can meet peak loads more rapidly, but may increase cycling and
electricity demand at partial load. Viax makes it possible to shift solar energy to
evening demand; however, heat losses also increase as the storage volume grows.
The main objective should therefore be to minimise annual electricity
consumption and levelised energy cost while maximising MISK and the share of
the building’s heating or cooling demand met by solar energy. For Uzbekistan’s
climate, calculations should use hourly meteorological data, with separate control
algorithms configured for winter and summer. In winter, solar heat is directed
towards warming the evaporator source and charging the thermal store; in
summer, electricity generated by the PVT system is used to meet compressor
demand.
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Table 1. Key Parameters for Optimising the Hybrid Heating and Cooling
System and Their Effects

Parameter to be optimised Main effect

Solar fraction and evaporator source

A — collector/PVT area
temperature

Pinq — heat pump capacity Peak load and part-load performance

Load shifting over time and compressor

Viax — storage volume )
cycling

Tbh — set-point temperature ISK, ESK and pump electricity consumption

An important feature of the proposed methodology is that the hybrid system’s
design parameters and control algorithm are not treated separately. For example,
if storage-tank volume is selected solely on the basis of daily heat demand,
storage capacity may be excessive during periods of high solar irradiance and
insufficient during cold, cloudy periods. The value of Viax should therefore be
determined together with the hourly load profile, solar collector/PVT output and
the heat pump’s minimum stable operating time.

Three operating conditions are proposed for system control. In the first, solar
energy exceeds the building load and the surplus is directed to thermal storage.
In the second, solar input meets part of the load and the heat pump supplies the
remaining capacity. In the third, solar energy is very limited, so the stored reserve
and heat pump operate together. Transitions between these modes should be made
automatically on the basis of temperature and energy indicators.

Another important consideration for the local climate is the marked difference
between the heating and cooling seasons. In winter, the priority is to keep the
evaporator inlet temperature as high as possible and reduce the compressor
pressure ratio. In summer, priority shifts to using electricity from PVT modules
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in line with the cooling load. If surplus thermal energy is available, directing it to
hot-water production or another process demand can improve the system’s
overall annual performance.

For experimental research, it is recommended that at least the following quantities
be measured continuously: collector/PVT inlet and outlet temperatures; heat-
transfer-fluid mass flow rate; temperatures at different layers of the thermal store;
heat pump electrical power; indoor and outdoor air temperatures; solar irradiance;
and the building’s heating or cooling load. These data provide a sufficient basis
for checking the energy balance, determining ISK, ESK and MISK, and
identifying model parameters. This makes it possible to establish experimentally
recommended optimal ratios of collector area, heat pump capacity and storage
capacity for conditions in Uzbekistan [7—17].

Conclusion

A hybrid heating and cooling system based on solar energy and a heat pump is a
promising solution for providing energy-efficient buildings in Uzbekistan.
System performance is determined not only by the efficiency or ISK of individual
devices, but also by how well the collector/PVT area, heat pump capacity, storage
capacity and control strategy work together. Research on heat balance, energy
storage and automatic control can provide a direct methodological basis for
developing a dynamic model of this system for local conditions. The next stage
should use parametric modelling and an experimental rig to identify optimal
ranges for annual MISK, solar fraction and economic performance.
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