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1. Introduction

Modern-day buildings have become the third-largest consumer of energy, after indus-
try and agriculture, and energy consumption in buildings contributes up to 40% of the total
energy use in developed countries. Energy consumption is rapidly increasing with the
growth of population, urbanisation, and demands of building services and comfort levels.
Thus, reducing building energy consumption plays a very crucial role in controlling global
energy demand and mitigating climate change.

A useful measure to reduce building energy use is hybrid photovoltaic/thermal
(PV/T) system. PV/T panels combine two well-established renewable energy technologies—
solar photovoltaic modules and solar thermal collectors—into one integrated component
that removes generated heat from the solar photovoltaics, thereby improving electrical
efficiencies [1,2]. The electrical performance of more recently installed PV/T systems does
show an overall increase in the annual electrical energy output of 4–12% in comparison
with solar PV systems in the same situation. Using PV/T the generation potential per
square meter can be substantially increased. This is particularly advantageous when
space for installation can be limited, such as on domestic roofs. In some systems, it is
possible to obtain the same energy output as a side-by-side installation of solar PV and
solar thermal in 40% less area. PV/T systems can also integrate with energy-use equipment,
such as heat pumps and absorption chillers, to provide heating or cooling for buildings [1].
Moreover, solar thermal and power technologies can also integrate with distributed energy
storage systems and building demand response technologies to improve the flexibility and
reliability of both utility grids and buildings.

This Special Issue presents a collection of original articles and case studies focusing
on investment economic benefits of solar photovoltaic systems, performance assessment,
cooling and temperature control, as well as integration of solar photovoltaic technology
with other renewable systems.

2. Overview of Contributions to the Special Issue

This Special Issue comprehends four research articles, with the scope investigated
being mainly representative of the UK, EU, Korea, and Saudi Arabia. A brief description
and discussion of the contributions to this Special Issue are reported in this section. It is
worth noting that the order in which the contributions are presented does not imply any
judgment of merit, and it is dictated only by narrative purposes.

Solar PV panels are typically 20% efficient, and a significant fraction of the absorbed
sunlight rays are converted into heat. The generated heat increases the temperature of the
panel, resulting in a decrease in the electrical efficiency and, consequently, a poor economic
scenario. In this regard, Haidar et al. [3] performed comprehensive experimental and
modelling studies on the cooling of PV panels using the evaporative cooling (EC) principle.
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A new EC design to cool the bottom surface of a PV panel was fabricated, tested, and
modelled, in order to assess the effectiveness of the EC method for solar PVs. A series
of experimentation under realistic outdoor conditions was performed in Riyadh, Saudi
Arabia, in July. To better understand the cooling process of the PV panel and perform a
detailed, parametric study, a steady-state heat and mass transfer model was implemented
and compared with the experimental data. The results showed that the uncooled PV panel
temperature can reach about 73 ◦C, while the temperature of the evaporatively cooled
panel does not exceed 65 ◦C (over 10 ◦C cooling using the proposed cooling technique).
This results in an average efficiency gain of 6.7% and power output improvement of 5%.
Additionally, they observed that the evaporative cooling reduced the PV temperature
fluctuation, which results in better regulation of electrical power output and reduces the
uncertainty associated with solar PV systems.

Kim et al. [4] studied building-integrated PVT (BIPVT) systems which can simultane-
ously produce electricity and heat for buildings that require heating and offer higher solar
energy use per unit area of installation than conventional BIPV systems. They designed and
built a new air-type PVT collector with perforated baffles and conducted outdoor experi-
mental tests to assess the performance of the proposed system. The tests were performed
from April to May 2020, in Cheonan, South Kora, under a radiation intensity of at least
700 W/m2 on the inclined plane and varying inlet/outlet airflow rates of 100, 150, and
200 m3/h. They found that the thermal efficiency of the proposed air-type PVT collector
was 47% at an airflow of 200 m3/h. During peak solar radiation of about 950 W/m2,
the thermal efficiency was between 34.7% and 49.9%, for the flow rate in the range of
100–200 m3/h. The electrical efficiency of the system dropped from 16.6% to 16.1% when
the PV module rear temperature rose from 44 ◦C to 52 ◦C. Under the outside temperature
range of 21–31 ◦C and radiation of 825–958 W/m2, the electrical efficiency decreased by
0.375% for every 1 ◦C increase in PV module rear temperature. Their exergy analysis
showed that the total exergy efficiency of the air-type PVT collector with perforated baffles
is 24.8–30.5%, almost half of the total energy efficiency which is 44.1–63.3%.

Eko and Paul [5] analysed the integration of solar photovoltaic systems with other
energy sources in sub-Saharan Africa, Malawi region, in order to address a key research
question: “How can the low electricity access rate in Malawi be addressed?” They consid-
ered the integration of multiple possible off-grid, integrated, sustainable energy systems
based on locally available energy resources including solar photovoltaic, wind turbine,
diesel generators, and battery storage. The multiyear and sensitivity analysis function of
HOMER Pro microgrid simulation software is used to analyse the off-grid performance of
the proposed integrated system, to provide electricity for an estimate of 400 households in
Machinga Boma, a community in the southern region of Malawi. They found that among
various integrated systems, the system comprising a solar photovoltaic array (750 kWp),
a diesel generator (460 kW), and a 3000 kWh nominal capacity battery bank is the most
optimal system, with an overall energy cost of USD 0.339/kWh. Based on the cost simula-
tion result, the lithium-ion battery component accounts for 49% of the total system initial
capital cost of the proposed system. While USD 0.339/kWh is in line with other studies
in the literature, the electricity tariffs in Malawi for residential and non-residential use
are USD 0.13/kWh and USD 0.16/kWh, respectively. This means that the reposed hybrid
energy system offers a higher price per kWh of electricity, possibly due to the inclusion
of a diesel generator and battery storage in the system. While technically feasible, this
highly hybrid system’s energy cost poses a constraint on the rate of acceptance of the
system by the users, due to the familiarity of a lower cost per kWh (tariff structure) in
Malawi. Finally, in comparison with a diesel-generator-only system, their proposed hybrid
system is significantly more environmentally benign, producing CO2 of only 10% of the
average CO2 produced by a diesel system. The environmental impact of the system is an
essential consideration, especially as the Malawian energy policy goal centres on reducing
the dependence on traditional biomass and traditional fuels.
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Using a panel data approach, Tomczak et al. [6] determined whether investing in
so-called ‘green’ companies that are associated with the production of photovoltaic (PV)
components offers a greater return on an investment relative to investing in ‘red’ companies
that do not manufacture PV components. They used a sample for the period of 2015–2018
and applied a new approach to panel data for the sector, taking into account 92 ratios
derived from balance sheets, profit and loss accounts, cash flow, and market value data.
They deployed the classification trees, the k-nearest neighbour methods, and the Altman
model to investigate whether companies that manufacture solar modules, solar cells,
solar silicon rods, solar wafers, solar power, solar photovoltaic products, and related
equipment (green companies) can be differentiated from other enterprises in the sector
that are not associated with renewable energy and whether these companies are in a better
financial state. Their analysis showed that the green companies can be distinguished
from red companies at classification accuracies of 90%, 86%, and 93% for the chi-squared
automatic interaction detector (CHAID), classification and regression trees (CRT), and
k-nearest neighbour algorithms, respectively. On the basis of an assessment of the financial
performance of enterprises using two variants of the Altman model, they conclude that
red enterprises perform better financially, compared with green enterprises. Such a finding
was in agreement with the recent literature, with studies suggesting that investment in
green companies is not lucrative, going green does not increase revenue, and/or that fossil
fuel companies tend to perform better financially. However, green enterprises exhibit an
upward trend in ratios, as indicated by an analysis of crucial ratios. This finding implies
that in the near future, financial indicators for green companies may equal or exceed
those of red companies if this upward trend continues. Importantly, this suggests that the
profitability of green companies is increasing and, thus, investing in green companies has
the potential for profitability.
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