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Buildings represent the largest energy-consuming sector; thus,
exploring methods to decrease energy consumption within them is of
utmost importance. Two energy-generating solutions within buildings
are rooftop photovoltaic (PV) systems and PV windows. Additionally,
incorporating Phase Change Materials (PCM) into building walls
presents an energy-saving solution. This research compares the
reduction of energy consumption through PCM with electricity
generation via rooftop PV systems and PV windows. Results indicate
that reductions in electricity consumption for rooftop PV, PV
windows, and PCM are 11.5%, 1.4%, and 2.1%, respectively.
Furthermore, an economic analysis was conducted on the energy
produced by the photovoltaic power plant for sale to Iran’s Ministry of
Energy. Findings reveal that under the condition of selling electricity,

the payback period for a rooftop PV system is 6.3 years.

Introduction

Buildings consistently exhibit the highest levels of
energy consumption, primarily in the form of
electricity and natural gas. Electricity is a crucial
energy carrier worldwide, and its production and
utilization have long been sought after by humans.
Regrettably, due to its inexpensiveness in lIran,
electricity has not received serious attention and has
caused problems for the country in recent years.
Rooftop photovoltaic (PV) systems and PV
windows are two methods for generating electricity
within buildings. The Iranian government has
implemented an incentive policy to encourage
renewable energy production by guaranteeing the
purchase of PV power at a rate higher than the
approved price. This research aims to investigate
the construction of a rooftop PV system and
compare it with PV windows and Phase Change
Materials (PCM) within buildings. Incorporating
PCM into building walls represents a passive
method for energy storage within buildings. While
numerous studies have examined rooftop PV
systems, PV windows, and PCM individually, this
research differs from others by simultaneously
analyzing these three technologies from technical
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and economic perspectives through a case study to
identify effective technology for reducing building
energy consumption.

Materials and methods

Selecting an appropriate research method is a
crucial element of any study. The primary objective
of this research is to conduct a technical and
economic comparison of the use of PCM, rooftop
PV systems, and PV windows. To this end, a
building in Ilam city was chosen as a case study and
modeled using maps and information in Design
Builder and PVsyst software. Figure 1 displays both
the actual and modeled views of the building.

Conclusion

Results indicate that the rooftop PV system
generates 30.92 MWh of electricity annually and is
the most effective solution, with an 11.5% reduction
in electricity consumption. PV windows produce
3.67 MWh per year and reduce building energy
consumption by approximately 1.4%. PCM also
decrease building electricity and gas consumption
by 2.1% and 1.8%, respectively. An economic
analysis of the rooftop PV system reveals that
constructing a 17 kW power plant has a payback
period of 6.3 years under the condition of selling
electricity to the government, as shown in Figure
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2’s cash flow diagram for this power plant. The
analysis indicates that if the electricity generated by
the power plant is utilized solely for the building’s
consumption, the return on investment for the
power plant will not be realized within the 20-year
lifespan of the project. The unaffordability of using

PV power plant electricity for building consumption
is a warning regarding Iran’s low electricity prices;
increasing these prices could pressure building
owners to reduce their electricity consumption and
utilize PV power plants.

Fig. 1. The actual and simulated view of the studied building
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Fig. 2. Cash flow of rooftop PV system
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