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Abstract: The design of a high energy performance building requires an assessment of the various
design options. Energy simulation offers interesting possibilities for clarifying the architect’s decisions
at this level, especially in the initial design phases where the greatest opportunities for optimization
lie. The aim of this work is to develop an approach for the evaluation and optimal use of energy
simulation in the building design phases. To do this, EnergyPlus building simulation software
was used to simulate the energy consumption of the Faculty of Electrical Engineering building at
“Gheorghe Asachi” Technical University in Iasi, in order to identify the factors influencing energy
consumption in buildings. The results of this study show that an increase in the cooling setpoint
temperature from 22 ◦C to 28 ◦C in the roof construction can reduce operating temperatures by 14.2%
and 20.0%, respectively. This optimization could significantly reduce the hours of thermal discomfort,
in a ratio of 6.0 and 3.25, respectively. Consequently, optimizing parameters linked to design and the
heating and cooling systems within the building makes it possible to achieve energy savings and
ensure thermal comfort in buildings.

Keywords: energy simulation; building design; influence factors; passive strategies; energy performance

1. Introduction

Environmentally friendly building architecture helps to minimize the impact of con-
struction on the environment. This may include using sustainable materials, reducing
construction waste, optimizing energy efficiency and minimizing greenhouse gas emis-
sions. Technical and architectural choices impact not only the daily lives of users, but also
the future of the planet: the building sector alone currently contributes 37% of greenhouse
gas emissions linked to energy and operational processes and accounts for more than a
fifth of global emissions [1].

In recent decades, mitigation measures have been gradually put in place to encourage
the design of more eco-sensitive buildings, among other things in terms of energy efficiency.
These measures have resulted in numerical objectives, marking the evolution of more
ecological construction materials and more efficient systems. However, these have not yet
been of much help in the search for an efficient architecture, which, according to studies
by [2,3], is relative to the methods by which the building is designed.

Building with performance in mind requires a holistic approach, for which the energy
question is important in this study. However, this approach is not always obvious if the
design process is linear. The literature also mentions that it is possible to achieve substantial
energy savings if the architect relies on passive strategies in his concept. Consideration
of this aspect, according to studies by Optis et al. [4], is important, since a large part of
energy consumption (nearly 65%) is in the operating phase. It is worth mentioning that, in
mechanics, ASHRAE (American Society of Heating, Refrigerating and Air- Conditioning
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Engineers) constitutes a good database for engineers. However, ASHRAE needs to be
improved concerning electrical and architectural design.

With this in mind, energy simulation offers interesting possibilities for clarifying the
architect’s decisions and thus achieving performance objectives in terms of energy efficiency
in buildings. Thus, in this work, the energy simulation software for buildings EnergyPlus
was used to simulate the energy consumption of the Faculty of Electrical Engineering
building at the “Gheorghe Asachi” Technical University of Iasi, in order to identify factors
influencing energy consumption in buildings.

This study aims to identify the parameters influencing energy consumption and to
develop a methodological approach to the problem of integrating energy simulation at the
start of the process of design and then the use of the building, within the framework of an
architecture targeting a passive strategy to achieve energy performance objectives. This
will involve evaluating and maximizing the energy performance of a building by opting
for passive approaches.

2. Materials and Methods

The objective of this work is to analyze the performance of a building of “Gheorghe
Asachi” Technical University simulated through a space of complete parameters, by esti-
mating the energy consumption of the space based on its design. Particular attention was
paid to occupancy rate, electrical equipment and lighting, as these are the loads most con-
trollable by residents. Below, the overall approach to the modeling process is described: the
occupancy estimation tool, including data; ASHRAE standards [5]; the prototype-building
model; and standards compliance using OpenStudio Standards.

2.1. Theoretical Approach

Figure 1 illustrates the energy optimization technique in the traditional mode pre-
sented in this work. This corresponds to the approach described in the literature [6,7], and
to current practices deduced from case studies [8].
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Figure 1. Analysis of the design process.

According to the architect’s code of practice, this process is divided into four main stages:

• The site analysis study, which involves seeking the most economical option over the
entire life cycle of the building;

• The architectural model: This phase of the process addresses the architectural aspects,
the identification of the key performance parameters which were considered in the
energy simulation and the analysis of the barriers for which the simulation is still
limited in the traditional design framework, in order to achieve performance;

• The design of the architectural model: This phase consists of identifying the parameters
which influence the performance of the building, such as the envelope, lighting, natural
ventilation, heating and cooling equipment;

• The development of the energy model, which concerns the definition of the thermal
parameters of the building spaces, the setting of temperature and finally the evaluation
of the energy performance of the HVAC equipment.

The first stages of the process (stages 1, 2 and 3) provide the framework for the study,
as they offer the greatest potential for taking advantage of the site’s passive energies.

For each of these aspects, the relevant analysis methods and tools are used. Table 1
presents best practices from the literature, which are detailed in Sections 2.1.1–2.1.4.
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Table 1. Analysis framework for energy simulation according to the literature. Adapted from [9].

Miscellaneous Energy Thermal Lighting

A
sp

ec
ts

to
St

ud
y

M
as

k
Ef

fe
ct

of
Pe

ri
ph

er
al

B
ui

ld
in

gs

Ps
yc

ho
m

et
ri

c
C

ha
rt

Su
n

Po
si

ti
on

W
in

d
Sp

ee
d

D
ir

ec
ta

nd
In

di
re

ct
So

la
r

R
ad

ia
ti

on

H
ea

ti
ng

Sa
vi

ng
s

C
oo

li
ng

Sa
vi

ng
s

Sa
vi

ng
s

in
A

rt
ifi

ci
al

Li
gh

ti
ng

O
ve

ra
ll

En
er

gy
C

on
su

m
pt

io
n

T
he

rm
al

C
on

du
ct

iv
it

y

H
ea

tP
ha

se
Sh

if
t

T
he

rm
al

Lo
ad

s

T
he

rm
al

G
ai

ns
by

D
ay

li
gh

t

G
la

re
A

na
ly

si
s

D
ay

li
gh

tF
ac

to
r/

Li
gh

ti
ng

A
ut

on
om

y

Il
lu

m
in

an
ce

Es
ti

m
at

io
n

A
rc

hi
te

ct
ur

al
Se

tt
in

gs

Analysis of
site

√ √ √ √ √

Shape
√ √ √ √ √ √ √ Volumetry,

Geometry

Orientation
√ √ √ √ √ √ √ √

Optimal orientation

Envelope
√ √ √ √ √ √ √

Thermal conductivity,
Thickness,

Thermal storage capacity,
Fenestration

(WWR, U,
FS, TL)

Lighting
natural

√ √ √ √ √ √ √ √ √ √ WWR, DF optimum,
Glare control

√
: The checkmark corresponds to the validation of the options by the different parameters addressed in the table.

2.1.1. Site Analysis Phase

The analysis of the site, particularly its climatic conditions, allows the architect to
modulate their concept according to the environment. Otherwise, this study aims to
estimate the potential of the site in free energy and evaluate the comfort levels of the spaces
according to the psychometric diagram [9].

Site Analysis Phase

This study includes a basic evaluation:

• Air temperature and humidity using the psychometric diagram;
• Solar gains and sky clearance levels for a rough estimate of daylight and solar heat

gains;
• Wind (speed and direction angles) for a natural ventilation analysis.

The Tools

In choosing the climate file, one that has approximately the same latitude and height
as the site was selected. Also, climate files that cover only one year (test meteorological
data for a reference year) were avoided, because they cannot represent the long-term
meteorological situation [10,11]. The climate analysis was carried out using the Meteonorm
tool presented in Table 2.
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Table 2. Climate analysis tool features.

Features
Tool

Meteonorm Ecotect

Psychometric chart
√ √

Degrees—heating and cooling days
√ √

Sun position
√ √

Direct solar radiation
√ √

Diffuse solar radiation
√ √

Cloud cover
√ √

Wind (speed and direction)
√ √

Temperature, humidity
√ √

Limitations
Only accepts the file in

Energy Plus
Weather format

Limited functionality for
studying natural
ventilation effects

2.1.2. Form and Orientation Phase

Studying building options is an important step early in the design process. Architec-
tural decisions at this level will influence the heating and cooling loads, daylighting and
natural ventilation [12,13].

Figure 2 shows the building that was evaluated and which is located on the campus
of “Gheorghe Asachi” Technical University. It was built in the early 80s and renovated
very recently. The building studied in Figure 3 has a total surface area of 1795 m2 and is
made up of a set of two buildings joined by corridors, one called Corp A (P + 2E) and the
other called Corp B (P + 3E). The main facades of the two buildings face southwest. The
building is a reinforced concrete frame structure, with lightweight concrete masonry walls.
The upper slab is made of reinforced concrete and thermally insulated by a layer of stacked
granulite 25 cm thick. The exterior walls are made of 110 mm double bricks with 50 mm
cavities and 10 mm cement mortar on each side with a U-value of 1.46 W/m2·K. Figure 4
represents the architectural model that was created in SketchUp.
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Study Parameters

Various parameters that affect the building’s consumption were studied to improve its
design and increase its efficiency. Studies on the impact of certain architectural parameters,
such as the shape of the building [14,15], the percentage of opening of the facades, colors
and shading devices [16], as well as occupancy [17], showed that overall consumption and
energy costs fluctuate significantly depending on these parameters.

At this phase of the process, the energy model will be based on approximations of
the site’s climatic conditions and a limited amount of data such as geometries, building
typology, total floor space and floor height, etc. HVAC systems and building materials are
defined by default in the simulation tool (Figure 5).

The Tools

The tools presented in Table 3 are those commonly used in firms for the analysis
of passive options. SketchUp is used in some architectural firms for orientation studies
and mask effects. OpenStudio (SketchUp plug-in) (Figure 6) is a solution which first uses
the architectural model of the building designed in SketchUp, then relies on EnergyPlus,
which is a calculation engine, to evaluate the energy consumption of the building. Thus, it
allows all architectural aspects to be evaluated for this phase. The calculation time is longer,
compared to Ecotect. However, it has limits in terms of the analysis of options (volume,
shape). The advantage of using the latter is that it allows immediate calculations from
limited input data that are suitable criteria for rough sketch calculations.
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Table 3. Comparison of simulation tool options.

Study Settings
Tools

OpenStudio SketchUp Plug-in Ecotect

Building compactness 1

Shape 1

Orientation of facades
√ √

Window/wall ratio
√ √

Energy consumption 1 1

Analysis of solar gains
√

Free software
√

Graphic interface
√ √

Import geometry 2
√

Comments: 1: calculations via EnergyPlus 2: plug-in from SketchUp.

2.1.3. Natural Lighting Phase

A good management of natural light offers the advantage of making substantial energy
savings by reducing the need for artificial lighting and associated cooling loads [18,19].
This passive strategy requires a more sophisticated approach than simply purchasing
windows with a high light transmittance. The integration of this component involves
finding a balance between utilizing daylight, controlling glare and ensuring a uniform light
distribution throughout the building.

In the simulation approach, the most adequate lighting performance measures for
the climatic conditions of Iasi and Lomé were prioritized. This means that the decision
is made to proceed either by the simplified static method, which consists of averaging
the daylight factor, or by the dynamic method, which consists of visualizing the daily
variations in natural lighting [20]. The first approach is often used by designers by referring
to the minimum thresholds indicated by guides and directives. However, this method lacks
precision, since it estimates illuminance levels under a single type of sky, while the sky
model constantly varies depending on the climate. Therefore, it is advantageous to design
this strategy based on dynamic methods to have precise results, predict artificial lighting
consumption and have a better design [21].
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In the second step, the type of sky most compatible with the meteorological conditions
of each site was chosen. Although this step appears simple, it has a considerable impact
on the precision of the results, and it is important to control it well. Depending on the
performance indicator of the lighting strategy chosen, the type of spaces and lighting
thresholds, as well as occupancy times, are also requirements for this study [22]. Based
on all these data, a calculation of the lighting and/or luminance of the spaces will be
carried out.

2.1.4. Building Envelope Phase

The envelope, including the external walls, roof and openings, often represents the
greatest energy loss in the building; hence, depending on its characteristics, the heating
and cooling needs will be more or less important.

The way in which the envelope affects the energy needs of the building is a question
of playing on well-defined parameters: the level of insulation must be guaranteed at every
point of the envelope by carefully avoiding thermal bridges (discontinuity in the insulating
layer), because they cause significant thermal losses [23]. Significant thermal inertia avoids
the risk of overheating and ensures a delay in heat input. When designing these parameters,
the climate, the purpose of the building and the behavior of the occupants were taken
into account.

Study Parameters

The energy performance of the envelope was evaluated according to three phenomena:
limitation of heat flows, control of solar radiation and limitation of air leaks.

Table 4 presents the main parameters controlling these flows, which are resistance,
tightness, quality of fenestration and thermal mass [24]. In the stages of the energy simu-
lation of the building, the strategies associated with the structural parameters in order to
improve their performance were considered.

Table 4. Main parameters improving envelope performance.

Thermal Resistance (Opaque Walls, Openings) Limit heat gains or losses due to conduction by providing an envelope with a
low conductivity coefficient. Be very attentive to thermal bridges.

Thermal Mass Recommend heavy materials, especially for premises with prolonged occupancy
presenting significant internal loads and heavily exposed to sunlight.

Glazing Quality Evaluate the trade-off in glazing using low-e material with other
(reflective) coatings.

Waterproofing Limit infiltration and exfiltration as much as possible to ensure continuity of
waterproofing

In the energy model, these parameters are controlled by variables: the thermal mass is
defined by a light, medium-heavy or heavy material. The resistance of the walls depends
on the thickness, as well as the heat transmission coefficient. To effectively optimize the
performance of the envelope, a parametric analysis of all its components was carried out,
also considering the geometry and orientation of the building, the surface area of the
glazing and the shading devices: These data were necessary so that the model could take
into account solar gains and heat losses to predict the performance of the envelope.

This subsection provides an overview of the input ranges and weights that make up
the parameter space for building the model and defining the internal environment of the
building. To facilitate the energy audit of the building, the building was divided into ten
specific zones (Figure 7) according to their utility within the building, while defining a
specific thermal zone for each of the ten zones. Then, the indoor environment parameters
were set. The indoor temperature is 18 ◦C and the feedback temperature is 12 ◦C in winter
for the Iasi climate. The indoor temperature is 25 ◦C and the return temperature is 28 ◦C
in summer for the tropical climate (in Lomé). The humidity control is between 10% and
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90%. Then, the parameters associated with occupancy, lighting, schedule and electrical
equipment were defined in OpenStudio based on real data from the university building [25].
The population density is 0.04 person/m2. The personnel coefficient is 0.9. The lighting
power is 5 W/m2–100 lux. The power of the equipment is 3.58 W/m2. The schedule of the
different rooms was defined according to the schedule of the teaching staff and students of
the different spaces of the university building. Finally, the building envelope was adjusted
to different conditions. The architectural model of the different spaces of the building is
illustrated in Figure 7.
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2.2. Proposed Evaluation Framework

The modeling process comprises three main stages, illustrated in Figure 8. A prototype
model of the university building based on ASHRAE standards [5] is developed and adapted
to the location, age and size of the building. This prototype model is then customized
to represent each space, using data on geometry, envelope properties and internal loads.
A series of HVAC system sizing tests are performed to ensure that the HVAC loads are
estimated correctly based on the size of the building. An analysis of the HVAC system’s
sizing and the operation of the internal loads is performed to ensure that the building
model operates as intended.
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2.2.1. Building Equipment

The data for lighting and equipment are determined from the building data, while as-
sumptions for the equipment and operation of the heating, ventilation and air conditioning
systems are derived from the standards.

Internal Loads

Electric lighting and electrical loads are treated separately. The occupancy density,
expressed as the number of people per floor area, is calculated for university spaces.
Additional controls related to internal loads and schedules have been applied during the
analysis. The following checks have been performed on the internal parameters to ensure
that the loads are reasonable and function as expected:

• Facilities, lighting and occupancy follow schedules generated by the Create Parametric
Schedules command in the OpenStudio software version 3.6.1. For a given number of
operating hours per week, the measurement generates internal load schedules typical
for an office and university space;

• Equipment, lighting and occupancy programming is carried out for 24 h time slots;
they are presented and discussed in the Section 3.
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Plug and Process Loads

To estimate the outlet loads, occupant information was used to determine the power
density of the equipment in each room of the building. For each type of space, the number
of electrical equipment items set in the space is defined. The power of the equipment is
estimated based on the number of residents. Equipment schedules are created based on the
number of weekly operating hours.

The Equipment Power Density (EPD) was calculated using Equation (1). The annual
energy consumption of the equipment in kBtu can then be calculated using the EPD, floor
area and weekly operating hours. The annual site energy consumption can be accurately
estimated using Equation (2). Equation (3) provides the annual energy consumption of
the source in kBtu/ft2, which is calculated by multiplying the site energy by a conversion
factor of 2.8 and dividing by the building area.

EPD
(

W
f t2

)
=

∑(peak powerconv(W)× quantityconv)

tenant f loor area ( f t2)
(1)

TECE = EPD
(

W
f t2

)
× tenant f loor area

(
f t2)× (2.59 + 0.0285 × hours per week

+(i f hours per week > 60 then 0.1, else 0))
(2)

2.2.2. The Hypotheses

The main assumptions relate in particular to the presence of people and electrical
equipment. Sizing checks were carried out to determine whether the selected HVAC
systems could meet the thermal loads of the building spaces. Several hypotheses concerning
the sizing of the systems were made and are summarized below:

• For all models, the assumption of an unoccupied building (zero internal load) was
used to size the HVAC systems, as engineers usually do. In practice, there is always a
certain base load due to lighting and equipment. Therefore, sizing HVAC systems with
a zero base load is a conservative approach and generally results in some oversizing.

• Dimensioning factors of 1.25 for cooling and 1.15 for heating in OpenStudio were
utilized. A factor greater than 1 provides an additional margin of safety for extreme
weather conditions and unusually high loads.

• A standard sizing routine for non-matching installations was used for all models.
This means that sizing decisions for the sized HVAC systems are based on the total
distributed loads of the area, regardless of when they occur. Coincidental design is the
maximum sum of all loads at a given time, typically represented in design assuming a
diversity factor of ~70% on the sum of non-coincidental loads. Inadequate sizing is
another conservative approach that contributes to the oversizing of HVAC equipment.
A system sizing analysis is performed by considering idle time, partial load factors
and several other validation checks.

• Validation: Checking the pressure losses of the fans, the HVAC systems of the building
being equipped with a controller for the activation and deactivation of the system were
verified, which made it possible to carry out control tests on the economizers installed
in the operation heating and cooling loads, and to check the energy consumption of
the heating, ventilation and air conditioning systems as a function of temperature and
their influences. Thus, the HVAC energy consumption was estimated as a function
of temperature: to ensure that the HVAC systems worked as expected and reacted
correctly to the outside temperature of the two climate zones (Figures 9 and 10), the
energy consumption HVAC versus outdoor air-dry bulb temperature was tracked for
each climate zone and HVAC system type. The results obtained after the simulation
were compared with the energy balances of the building over the last three years.
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3. Results and Discussion

An energy consumption analysis was carried out on the building structure. For this
model, two energy sources were introduced in the case of the building in Iasi. The structure
of the primary energy source is closely related to the type of heating/cooling system in this
case. For the Lome city model, the building has only one source for cooling throughout
the year. The diagrams shown in Figures 9 and 10 allow you to visualize at a glance the
energy consumption data from the primary energy source for both climate zones. These
are categorized according to the energy demand and activity of each space in the building.

Thanks to the assumptions on these systems, the HVAC energy consumption was
estimated as a function of temperature. Figure 11 shows the building in Iasi, Romania,
with a VAV (Variable Air Volume) ventilation system to independently regulate the air flow
and ventilation parameters in each room of the building. The heating energy far exceeds
cooling in a cold climate like Iasi, which is normal. On the other hand, Figure 12 shows
the building in Lomé, Togo, with a PVAV system with PFP boxes (electric cooling, electric
heating). The calculations show that the impact of warming on annual HVAC energy
(reduction or increase) depends significantly on the climate category. This aligns with the
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work of Kharseh et al. [26], who demonstrated that the variation in annual HVAC systems
energy depends on the climate, varying from cold to hot climates. In mild climates, such
as Lome, it has been shown that warming does not significantly impact on the annual
energy of HVAC systems. Improving building design parameters can mitigate the impact
of warming. The histograms presented in Figures 11 and 12 show the demands of the
HVAC systems and the temperature required to achieve thermal comfort.

Tests on the ventilation rate and the infiltration effect of the building were carried out.
The results showed that they have a significant impact on the thermal comfort of students
and the energy consumption of the building, which is in agreement with the results of
previous studies [27,28]. One of the primary causes of infiltration was the difference in
atmospheric pressure across the building envelope. This is due to differences in indoor and
outdoor air temperatures (stack effect), the operation of the mechanical ventilation system
and wind movement [29,30]. Ventilation and infiltration rates affect the heating/cooling
load, as well as indoor air temperature and indoor air humidity levels in buildings [31,32].
The infiltration rate is affected by exterior environmental variables, architecture, building
age and construction materials. It should be noted that closing air leakage cracks can reduce
the energy consumption of the building by reducing the infiltration rate [33].
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In this study, sensitivity analyses revealed that the mechanical ventilation rate per zone
positively influences both the thermal discomfort of students and the building’s energy
consumption. Increased ventilation rates lead to lower air and operating temperatures,
which can contribute to thermal discomfort. The optimal energy consumption was achieved
with a zone mechanical ventilation rate of six, while the lowest hours of thermal discomfort
were observed with a rate of zero. These results are in agreement with the work of A.
Franco et al. and of R. Maddaa-lena et al. [34,35]. Conversely, a study by Scherer et al. [36]
highlights that inadequate ventilation rates result in thermal discomfort and excessive
energy consumption. Current thermal comfort regulations concerning Indoor Air Quality
(IAQ) are not universally defined, leading to varied minimum ventilation rates for similar
buildings across different countries [37]. This variation explains the inverse relationship
between mechanical ventilation rates and thermal comfort, which subsequently affects the
building’s energy consumption.

Understanding a building’s HVAC system can be complex and often inaccessible to
occupants, limiting their detailed knowledge of its operation. Therefore predetermined
HVAC systems in OpenStudio are assigned based on building size, following the guide-
lines in Appendix G of ASHRAE 90.1 [38]. This approach streamlines building modeling
and reduces complexity. However, analyzing HVAC energy consumption for individual
spaces within a larger building system presents additional challenges due to uncertainties
associated with HVAC systems. Due to the uncertainties associated with HVAC systems,
the online tool provides a range for annual HVAC energy consumption.

Figures 13 and 14, respectively, show the occupancy schedule and lighting and occu-
pancy programming for 24 h time slots. Reasonable internal loads and time slots operating
as expected could be achieved. Figure 13 shows the parametric occupancy schedule for a
work week. This schedule assumes shortened work days from Monday to Friday and low
occupancy on Saturday and Sunday. Figure 14 outlines the lighting schedule for weekdays,
with minimal usage during weekends. Overall, weekend energy consumption remains
notably lower than on weekdays.
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The definition of interior lighting was made by considering the luminous flux re-
ceived per unit area depending on the type of space in the building, with an estimate
of approximately 5 W/m2. The model has been equipped with standard equipment to
ensure the proper functioning of various space types, including electrical equipment offices,
laboratories, and classrooms in accordance with their installation.
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Figure 14. Parametric lighting program and electrical equipment based on space occupancy over 24 h
time slot.

Following the hypothesis applied to the model, it was observed that the climatic
conditions experienced by the building have a significant impact on heating and cool-
ing needs and on the evolution of the overall electrical consumption of the building
(see Figures 11 and 12). As a result, this affects the energy performance of the building.
Figure 15 shows that the city of Iasi has a percentage of energy demand and expenditure
that fluctuates depending on the winter and summer seasons.
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On the other hand, when the model is subject to the climatic constraints of the city of
Lomé (Figure 16), a trend reversal of the energy needs of buildings is observed in terms of
comfort and the use of electrical equipment. This means that in the case of Lomé, electrical
equipment requires much more power to operate optimally than in the case of Iasi. Indeed,
in the case of the city of Lomé, electrical appliances are constantly exposed to heat, and
thermal conditions are unfavorable for the proper functioning of electrical appliances,
which leads to poor performance and the reduced efficiency of the equipment. The energy
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expenditure linked to HVAC systems is higher in the city of Iasi than that of Lomé, with a
difference of 20% for the same electrical equipment used.

Technical and electrical equipment contributes significantly to the overall environmen-
tal impacts of the building. These results are in agreement with the work of Hoxha et al. [39],
who showed the impact of technical and electrical equipment in a building and recom-
mended including impacts linked to technical and electrical equipment through detailed
calculations from the phase of building design.

An analysis of factors influencing energy consumption by region was conducted. In
this study, data were collected from meteorological files and design days for each climatic
zone. As with Shiker et al. [40], a correlation analysis (Pearson’s correlation coefficient) was
used to evaluate the degree of correlation between the influencing factors and the intensity
of total energy consumption, as well as the intensity of energy consumption of the HVAC
system. The Pearson correlation coefficient is the covariance of two variables divided by
the product of their standard deviations. The Pearson correlation coefficient is determined
by Equation (3):

ρ =
Cov(x, y)√
D(x)

√
D(y)

(3)
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The value of ρ ranges from −1 to 1, where 1 indicates a positive linear correlation,
while −1 indicates a negative correlation. A statistical test is then implemented to deter-
mine whether the correlation is significant. The relationship between lighting and energy
consumption was calculated using Equation (3), resulting in a value of 0.775. This value,
being close to 1, indicates a strong influence of the number of openings, the location of
windows and shading devices on the interior lighting level of the building. Indeed, all
orientations provide natural lighting, but it is, however, preferable to place the openings in
such a way that the sun can penetrate inside the room when it is most used. In addition,
natural light varies depending on the orientation of the building. This result is in agreement
with the work of Piotrowska et al. [41], who reduced the energy consumption of a university
building by automatically controlling lighting based on the amount of sunlight entering
the rooms.

Furthermore, Figures 11 and 12 show that the power requested by HVAC systems
changes with the set temperature. The analysis of the energy consumption intensities of
HVAC systems shows that it directly depends on the level of occupancy and the surround-
ing weather conditions. Hussin et al. [42] studied the correlation coefficient of influencing
factors and found that the coefficient of heat sources was higher than those of cooling
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sources in an academic building. These test results are consistent with the results obtained
in the present work. On the other hand, Figures 15 and 16 show that the evolution of energy
consumption is mainly explained by the local climatic conditions to which the building is
exposed in each zone. Figure 14 outlines the lighting schedule for weekdays, with minimal
usage during weekends. Overall, weekend energy consumption remains notably lower
than on weekdays. To obtain a more precise estimate of the annual energy consumption of
the HVAC, a measurement carrying out a sizing cycle for the entire building was carried out,
and the efficiency value of the system was extracted to replace the efficiency in the building
space design cycle. However, a limitation of this approach is potential discrepancies in
part-load operation between individual spaces and the entire building.

Compared to the relationship between occupancy and electrical energy consumption,
following monthly consumption peaks and using equation 4, the strength of the relationship
between occupancy and energy consumption is 0.870, which indicates a strong positive
correlation for this factor. The influence of this factor is significant regardless of the two
climatic zones (see Figure 14). Ambient heat tends to increase the power required by
air conditioners to maintain a cool temperature in the space, and vice versa for heating
units during winter. However, regardless of the configuration of the HVAC system in
the building, when it operates at a constant regime, its energy consumption is reduced.
This is in good correlation with the results obtained by Solano et al. [43], where it is found
that maintaining a constant mode satisfies over 80% of potential occupants with interior
temperatures more than 90% of the time.

In this model, spaces covering a large surface area are those that consume the most
energy. Part of this energy expenditure is due to the artificial lighting systems installed. But
the vast majority of consumption is due to the use of equipment by the occupants of these
spaces. The simulations that were carried out in the two areas show that 75.6% of the overall
variation in energy consumption is directly linked to the occupation of the building spaces.
Note that for a fixed building, the performance of its envelope structure is fixed, but not the
behavior of its occupants. Zhang et al. [44] proposed new parameters to build correlation
models between energy consumption and user behavior to predict energy consumption in
academic buildings. They were able to predict the evolution of consumption based on the
behavior of the occupants. The evolution of energy consumption is directly linked to the
behavior of occupants regarding the use and management of this energy.

With the electrical equipment used, the evolution of consumption is fundamentally
driven by the commissions and adjustments made by the occupants, which are linked to
their behavior. An analysis of the results revealed that 70% of the total variation in energy
consumption was due to the equipment used in the building. This is again in line with the
value of 68.4% reported by Hussin et al. [42], who used the Pearson correlation coefficient
to measure the impact of the use of electrical appliances on the energy consumption of a
university building.

In both climatic environments, power demand varies throughout the day and across
seasons, with variations of 20% for equipment and almost 30.76% for HVAC systems. A
comparative analysis of the results of the two case studies leads to the same conclusion.
This means that in most cases, the parameters affecting the building’s consumption are
more linked to the discomfort felt by the occupants. Alghamdi et al. [45] showed in a
study that correctly determining the set temperature of an HVAC system can significantly
reduce operating temperatures. These reductions can result in a significant reduction in
heat discomfort and improve energy efficiency.

4. Conclusions

In the context of a shortage of fossil resources and high energy needs, buildings
constitute potential sources of energy savings, particularly with heating and lighting
systems. Hence the importance of identifying them and finding solutions to optimize
consumption and reduce bills. This work contributes to the advancement of knowledge by
proposing evaluation and optimization methods for integration into the energy simulation
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of a building. In this work, the study was aimed at university architecture, relying on
passive strategies in order to achieve performance objectives.

Thus, an evaluation of HVAC systems, occupancy, thermal comfort and energy con-
sumption was carried out using simulation software, in order to identify the parameters
of greatest concern and to show their real impacts in a university building placed in two
different climatic conditions. From the analysis, several conclusions emerged: the simula-
tion results identified the parameters that influence consumption and showed significant
potential for optimizing these parameters within the building, in order to achieve energy
savings and thermal comfort in educational buildings.

Parametric and sensitivity analyses revealed a strong correlation between student occu-
pancy hours and the building’s cooling/heating load. Adjustments to cooling and heating
setpoint temperatures, along with roof construction details, significantly influenced these
design parameters’ sensitivity, impacting both energy consumption and student comfort.

Increasing the cooling setpoint temperature from 22 ◦C to 28 ◦C in roof construction can
reduce operating temperatures by 14.2% and 20.0%, respectively. This optimization could
significantly reduce the hours of thermal discomfort, in a ratio of 6.0 and 3.25, respectively.

This study offers actionable insights for architectural design teams, facilitating informed
decisions on prioritizing sensitive building parameters based on simulation outcomes.
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