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Abstract

Hybrid photovoltaic-thermal (PVT) solar collectors are among the innovative
technologies for converting solar energy into both electricity and heat. These systems,
by combining electricity and heat production in a single unit, increase energy
efficiency and enable optimized energy consumption. Alongside this technology,
vapor-compression heat pumps are considered clean and effective solutions for
meeting the thermal demands of buildings. The integration of these two technologies
into a unified system enables efficient use of renewable energy sources and
contributes to reducing fossil fuel consumption and greenhouse gas emissions. This
review study examines the current status of combined systems incorporating heat
pumps and hybrid solar collectors, and analyzes the integration methods,
configurations, and design of subsystem components. According to scientific studies,
the use of hybrid solar collectors as evaporators in direct-expansion heat pumps
shows better performance compared to indirect-expansion systems. The coefficient
of performance (COP) in these systems ranges from 2.7 to 7, while for indirect-
expansion systems, this value is reported between 2.3 and 4.5. Recent advancements
in control strategies, compressor design, and refrigerant development have had a
positive impact on the performance of these systems. This technology is considered
an effective solution for nearly zero-energy buildings and holds high potential for
energy optimization and carbon emission reduction in the building sector. Further
development and research in this field can enhance the performance and scalability
of these systems.
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1- Introduction

Approximately 30% of the world’s final energy
consumption is allocated to the building sector [1].
In the European Union, this share reaches up to 40%
of total final energy consumption [2]. In response,
the EU has introduced and enforced directives that
set targets for member states, requiring the entire
energy chain—from production to consumption—
to become more efficient, including the building
sector [3]. The Energy Performance of Buildings
Directive (EPBD) was revised and reissued in 2010,
mandating that all new public buildings must
achieve “nearly zero-energy” status by the end of
2020 [4]. In recent decades, the global energy sector
has faced numerous challenges due to growing

energy demand, environmental degradation, and the
depletion of fossil fuels. The world's dependence on
non-renewable resources has not only led to an
energy crisis but has also intensified environmental
concerns such as greenhouse gas emissions and
climate change. As a result, the transition to
renewable energy sources has become an urgent
necessity. Governments, industries, and researchers
are increasingly exploring renewable energy
technologies—such as solar, wind, and biomass—
as sustainable alternatives to conventional energy
sources (International Energy Agency, 2021).
Renewable energy holds the potential to reduce
environmental impacts while offering a long-term,

How to Cite this Article:

[1]I. Shemshadi, "An overview of combining hybrid solar collector and heat pump methods," Journal of Science and Technology in Mechanical Engineering., vol. 4,
no. 1, pp. 67-91, 2025. [Online]. Available: https://doi.org/10.22034/stme.2025.509066.1108 (in Persian)

©2025 the authors. Published by Technical and Vocational University (TVU), Tehran,
Iran. This article is an open-access article distributed under the terms and conditions of
the Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC

E-ISSN: 2981-2232

License) (https://creativecommons.org/licenses/by-nc/4.0/)



https://stmechanics.bmtc.ac.ir/?lang=en
https://doi.org/10.22034/stme.2025.509066.1108
https://doi.org/10.22034/stme.2025.509066.1108
mailto:Shemshadyeman@gmail.com
https://orcid.org/0000-0002-8664-4602

Journal of Science and Technology in Mechanical Engineering

Vol. 4, No. 1, 2025 68

sustainable solution to growing global energy
demand [5]. The EPBD emphasizes the integration
of renewable energy sources—particularly solar
technologies—for decarbonizing the building
sector, especially in densely populated urban areas
with limited space. As evidence, solar thermal
energy has emerged as one of the most important
renewable heating technologies, with 479 GW of
installed capacity. From 2000 to 2019, the
cumulative capacity of solar thermal systems
increased nearly eightfold [6]. Hybrid solar
collectors, representing a new generation of solar
equipment, achieved the highest capacity among
renewable technologies by the end of 2020 [7]. On
the other hand, developing clean technologies for
building climate control is a crucial step forward.
Heat pumps are considered one of the most
promising technologies for utilizing renewable
energy in residential buildings [8], playing a key
role in reducing future CO: emissions [9]. For five
consecutive years, the number of newly installed
heat pumps has doubled across the EU [10], with
global sales growth averaging around 5% in recent
years and expected to reach 22% by 2030 [11]. The
growing adoption of heat pumps and their
integration with hybrid solar collectors can be
attributed to the following reasons:

1. Solar thermal collectors are weather-
dependent and often cannot meet the entire heating
demand in cold regions, requiring integration with
other systems [12].

2. Biomass remains the most widely used
renewable heat source [13], but supply chain
management complexity [14] and local pollutant
emissions may limit its suitability in densely
populated areas [15], where zero-carbon renewable
energy is preferred.

3. Heat pumps can utilize low-temperature
sources such as ambient air, ground, or geothermal
wells to provide heat at higher temperatures. When
operated in reverse, they can also meet cooling
demands—an increasingly important feature in light
of global warming [16] .

In recent years, researchers have paid increasing
attention to hybrid systems combining heat pumps
and hybrid solar collectors [18]. While first-
generation thermal panels (producing either heat or

electricity) are still commonly used, the application
of hybrid collectors is expanding due to their
capability to simultaneously generate thermal and
electrical energy . The aim of this paper is to provide
a comprehensive overview of the integrated system
combining heat pumps with hybrid solar collectors.
In addition, various configurations of this system
are analyzed and discussed.

2- Heat Pump with First-Generation Solar
Panels

A heat pump transfers heat from a low-temperature
point to a high-temperature point and requires a
driving force to perform this function [19]. This
driving force can be mechanical, electrical, or
thermal. Heat pumps typically operate based on the
vapor-compression refrigeration cycle. As part of a
central heating and cooling system, a heat pump
uses outdoor air to heat indoor spaces during winter
and cool them during summer. These systems are
increasingly used to meet the thermal demands of
buildings [20-21]. Studies have shown that vapor-
compression refrigeration systems yield better
outcomes in terms of economics [23], energy
efficiency [24], and cost savings [28], compared to
traditional heating systems such as hot water boilers
and gas-fired packages [25]. The first concept of
integrating heat pumps with solar energy was
proposed by Sporn and Ambrose in 1955 [26], and
later gained more attention during the 1970s.
Subsequently, various opportunities for heating
water for domestic and other low-temperature
applications were explored [27]. The advantages of
combining heat pumps with solar systems—such as
good performance at low temperatures and reduced
need for defrosting—have been clearly stated [28].
Geothermal heat pumps can also benefit from
elevated evaporation temperatures [29].

3- Heat Pump with Hybrid Solar Collectors

These systems face challenges in maintaining
optimal operating temperatures, especially at high
latitudes and during the winter season [30], such
that they alone are unable to meet the entire heating
demand [31]. The integration of hybrid solar
collectors with heat pumps enables the provision of
thermal needs using solar energy [32]. Heat pumps
can utilize the thermal energy generated by hybrid
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solar collectors to satisfy building energy demands.
Additionally, the electricity produced by the hybrid
solar collectors can supply power to the heat pump
compressor, which in turn reduces primary energy
consumption. In this system and under these
conditions, the share of renewable energy generated
and consumed on-site increases, yielding significant
benefits in reducing carbon dioxide emissions.

4- Conclusions and Future Perspectives

Solar-assisted heat pump systems with hybrid solar
collectors offer a promising solution for nearly zero-
energy buildings by meeting thermal demands with
high renewable energy use. Integrating these
collectors with heat pumps improves efficiency and
solar utilization. Thermal storage and advanced
control systems further enhance performance but
add complexity and cost. Few studies have analyzed
economic viability, highlighting the need for
detailed cost assessments. Advancing the
technology readiness level, increasing real-world
testing, comparing performance in different
climates, and developing accurate modeling tools
are also crucial for broader adoption and
optimization.
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