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1. Introduction

Population growth, human activities, and immense
consumption of energy resources have caused some
challenges, including climate changes, lack of resources,
and environmental problems. The emergence and
increasing development of new technologies have made it
possible to save energy and realize net-zero energy
buildings (NZEBs) almost anywhere in the world. The
main focus of NZEB is to first decrease energy
consumption and then use renewable energy sources
(RES) to meet the remaining energy consumption during
the year. Among RES, photovoltaic (PV) is of the most
promising and acceptable photoelectric generators in the
design of NZEBs.

The implementation of PV follows the benefit of being a
pro-ecological energy source and has been addressed in
previous research. However, this emerging technology has
some challenges and negative aspects, such as relatively
expensive, high initial investment, life cycle operational
cost, and productivity dependency on location and climatic
conditions. The above-mentioned facts resulted in the
feasibility of PV installation, which has received
increasing attention among researchers worldwide.
Typically, PV modules are used as building-integrated
photovoltaic components (BIPV) in the building’s design
stage and cover part of or the total energy demand of the
building. PV modules can be installed on roofs (roof-top
PV panels), facades, glazing areas of windows, and even
on overhangs to generate electricity.

From a geometrical point of view, there are two
parameters that exert significant influence on the
productivity of PV installation: tilt angle and azimuth.
Generally, previous research confirm that to maximize PV
generation, the optimum tilt angle is nearly equal to the
latitude of the location, and the PV module should face the
equator. However, PV installation should be placed where
the shading effect by surrounding objects is the minimum
as shading causes a significant drop in PV’s efficiency.

On the other hand, considering climatic and location
issues, one cannot turn a blind eye to the fact that the
amount of solar irradiation is a critical factor for the
feasibility of PV installation in a specific location. Since
the PV system and its components cannot convert 100% of
the absorbed light into electricity, some of this energy is
lost in the form of heat, raises the cell’s temperature, and
drops the power output significantly. The detailed review
of previous research indicates that there have been
extensive efforts in PV installation in designing NZEBs
and relevant challenges associated with it have been
scrutinized. PV sizing depends not only on climatic
conditions but also on architectural and urban planning
regulations. For example, shading effects of surroundings
that is related to crossing width, roof type (in terms of flat
or pitched), pitched roof*s slope, as well as window-to-
wall area ratio (WWR) directly affects the thermal and
lighting demand.

Considering all these issues, a systematic study was
performed to evaluate the utilization of PV systems in
achieving an NZEB in the northern Iran climate region.
First, a sensitivity analysis was performed to indicate the
most influential variables that affect building energy
demand and cost. Next, an optimization process was
conducted to concurrently minimize the building energy
consumption and capital cost. Besides, a different
configuration for PV panel installation was used for
quantifying the possibility of achieving NZEB. The results
show that in a residential 3-story building the optimized
configuration of building envelope and systems can reduce
electricity consumption by 20%. The rooftop PV account
for 87.2%, and PV installation on the southern facade
contributed to 12.8% of total electricity generation. PV
installation on the south fagade and roof covers 88.2% of
the building’s electricity demand.

2. Building model
A typical 3-story residential building was presumed as a
case study. The length and width of the building are 12 and
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8 meters, respectively. The height of each floor is 3 meters.
Another building with exactly the same dimensions is
located on the opposite side with a distance of 8 meters. In
the base case model, building characteristics are in
accordance with minimum energy requirements based on
the National Building Code of Iran - Chapter 19. A clear
double-glazing with 3 mm thickness and 13 mm air space
was used for windows structure. Figure 1 shows a
schematic of the building.

Figure 1. Schematic view of the building

3. Sensitivity analysis

In order to perform sensitivity analysis, the regression
method was used. Sensitivity analysis shows that external
wall construction, glazing types, and WWR, as well as an
overhang on the south window, are the most influential
variables that affect both building energy consumption and
capital cost.

4. Optimization

Based on sensitivity analysis results, non-influential
variables were removed from the optimization analysis. In
this study, the objectives are capital cost and total
electricity consumption. What we are trying to find is the
optimum trade-off between the objectives which typically
conflict. Energy consumption will decrease by high-
performance and more costly solutions. The genetic
algorithm intelligently selects the solutions which best
match the design objectives and chooses the strongest
balance of solutions to carry forward into subsequent
batches or generations for analysis. In the optimization
model the wall’s u-value, WWR in north and south
facades, south overhang, and glazing type set to 0.4, 20%,
45%, 50 cm, and double Lo-E Clear 6mm air, respectively,
which had the lowest cost in the optimization trade-off.
Optimization reveals that by choosing optimum values for
the configuration of building envelop and systems, the
electricity consumption drops by 20%.

5. Design of PV System

Using PV installation on the south fagade and roof satisfies
88.2% of the building’s electricity demand. In this regard,
the roof-top PV contribution is the highest (87.2%), while
the PV installation on the southern facade is the least
(overall 12.8 %). Table 1 shows the combination of
different energy-generating parts to achieve a building
with net zero energy and related electricity generation and
consumption.

Table 1. The combination of different energy-generating
parts to achieve a building with net zero energy

Facade Rooftop Rooftop Total Consumption

(BIPV) (South) (North) Generation (Wh)
(KWh) (kWh) (kKWh) (KWh)
1st Floor 718.7 17570.7 6656
2nd Floor 962 9745 107 17814 7517
3rd Floor 808 17660 7750
sum 2489 19341 21823

6. Conclusion

Taking all the existing considerations and following all
legal and technical requirements into account, this study
investigated the possibility of designing an NZEB located
in the southern region of the Caspian Sea. At first, different
building configurations to minimize building electricity
loads, including design variables such as insulation,
glazing, and shading devices, were analyzed. Before
optimization, a sensitivity analysis was performed to
decrease the number of variables and, consequently, the
optimization time. Once the building’s shape and system
were selected, photovoltaic panels were installed on the
southern facade to generate as much electricity as possible.
Finally, rooftop PV panels installed on the roof of the
building would meet the remaining energy loads to achieve
an NZEB. Optimization reveals that by choosing optimum
values for the configuration of building envelop and
systems, the electricity consumption drops by 20%. Using
PV installation on the south fagade and roof satisfies
88.2% of the building’s electricity demand. In this regard,
the roof-top PV contribution is the highest (87.2%), while
the PV installation on the southern fagade is the least
(overall 12.8 %.) This means that the application of
vertically-mounted BIPV on the facade will not be cost-
effective due to shading effects and vertical tilt angle.
Thus, achieving an NZE for a 3-story building is not
possible to realize in the examined location but
considering just one floor, covering annual demand with
appropriate PV panels on the roof is feasible. The results
of this study revealed the potential of realizing an NZEB
regarding PV functionality, architectural configuration,
and urban planning restrictions in the studied location. Iran
has a rich diversity regarding climate conditions and solar
irradiation. Hence, similar research can be proposed for
future studies. Moreover, since the life cycle cost and
economic issues associated with the utilization of PV in
the construction and the operational stage are gaining
importance, a more detailed and realistic simulation
enables designers to attain reliable achievements.
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Investigating the Potential of Designing Net-Zero Energy Buildings using Photovoltaic Installation with
Considering Urban Development Plans Requirements

Seyed Sajad Rezaeinasab Abbasali Tayefi Nasrabadi ~ Somayeh Asadi Seiyed Ali Haj Seiyed Taghia

Abstract Due to technological improvement and development of photovoltaic (PV) systems, the application of PV
installation for net-zero energy buildings (NZEBs) is promising. However, to achieve more reliable results, precise energy
analysis is necessary to take into consideration both the urban plans restrictions and the climatic conditions of renewable
energy resources and building energy consumption .This study aims to define the most favorable configuration of building
components and PV installation to meet NZEB requirements, considering urban development plans limits. First, a
sensitivity analysis was performed to indicate the most influential variables that affect building energy demand and cost.
Next, an optimization process was conducted to concurrently minimize the building energy consumption and capital cost.
Besides, a different configuration for PV panel installation was used for quantifying the possibility of achieving NZEB.
The results show that in a residential 3-story building the optimized configuration of building envelope and systems can
reduce electricity consumption by 20%. The rooftop PV account for 87.2%, and PV installation on the southern fagcade
contributed to 12.8% of total electricity generation. PV installation on the south facade and roof covers 88.2% of the
building's electricity demand.

Keywords Net-zero energy buildings, photovoltaic, urban planning requirements, sensitivity analysis, optimization
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