Integrating Natural Ventilation and HVAC Systems for Sustainable Building Design.

Abstract

The building industry is working to overcome energy efficiency and environmental sustainability
challenges. One solution gaining traction is combining natural ventilation with HVAC (heating,
ventilation, and air conditioning) systems. This approach aims to create sustainable buildings that
balance energy efficiency, indoor air quality, and occupant comfort. This paper investigates the
advantages and obstacles of merging natural ventilation and HVAC systems, including better air
quality, lower energy use, and increased occupant satisfaction by analyzing existing research and
real-world examples. To enhance the performance of integrated natural ventilation and HVAC
systems, various design approaches and technologies were utilized, including strategic building
orientation, facade design, and intelligent control systems. This study also presents case studies,
explores natural ventilation techniques, and discusses the benefits and challenges of this approach
in achieving energy efficiency and sustainable architecture. The results show that combining
natural ventilation and HVAC systems can substantially lower energy consumption and
environmental impact while improving occupant health and well-being. This research offers
practical guidance for architects, engineers, and building professionals to design sustainable, high-
performance buildings that balance human needs with environmental responsibility.
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indoor air quality; occupant comfort.

Introduction

Global energy demand has risen sharply by more than 50% over the past few decades, mainly due
to the dual factors of population expansion and economic progress [1]. The substantial rise in non-
renewable energy consumption has had far-reaching consequences, imposing significant economic
costs and causing widespread environmental harm, including the release of greenhouse gases,
acceleration of climate change, and intensification of global warming [2][3]. Globally, buildings
represent a significant source of energy consumption, using between 20% to 40% of the world's
total energy output, making them one of the largest energy-using sectors [4]. The majority of
energy consumed by buildings is attributed to heating, ventilation, and air conditioning (HVAC)
systems for temperature control and air quality, and this percentage is projected to increase to 64%
by the year 2100 [5][6]. To address the substantial energy consumption and resulting greenhouse
gas emissions, numerous countries have incorporated energy efficiency into their building codes.
In areas where heating or cooling demands are high, adopting effective passive heating and cooling
techniques offers considerable opportunities to decrease HVAC energy consumption.
Furthermore, the trend of urban densification, fueled by population growth and economic
expansion, has resulted in a surge in the construction of multistory buildings, presenting new
challenges and opportunities for energy-efficient design [7][8].

Despite the potential for energy efficiency, many multistory buildings have been designed
without adequately incorporating passive climate-responsive strategies, leading to unnecessarily
high energy consumption [5]. By embracing efficient passive design strategies for heating and
cooling, multistory buildings can substantially lower their energy consumption, reducing their



reliance on air conditioning systems. One effective approach is natural ventilation, which
harnesses the natural movement of air between indoors and outdoors to enhance thermal comfort,
refresh stale air, and create a healthier indoor environment without the need for mechanical devices
[9]. Natural ventilation offers a cost-effective alternative to mechanical systems for building
ventilation, as it is free from energy costs and requires only minimal upkeep. This advantage is
especially significant in regions where cooling demands are high, as air conditioning systems are
typically the largest energy consumers in buildings, making natural ventilation a valuable strategy
for reducing energy expenses [10]. Although natural ventilation offers numerous benefits,
predicting its effectiveness in building design can be difficult due to the intricate physics involved.
To maximize its potential, it's crucial to conduct accurate predictions early in the design phase,
utilizing suitable methods to evaluate a building's ventilation performance and inform design
decisions that optimize natural ventilation's impact.

The effectiveness of natural ventilation is primarily assessed by examining various fluid
dynamic factors, including airflow patterns, average velocities, airflow rates, pressure
distributions, Mean Age of Air (MAA), and volumetric flow rates. These parameters, along with
derived properties, serve as [9]. By examining fluid dynamic features, researchers can not only
assess natural ventilation performance but also gain insights into a building's overall indoor
environment, including Indoor Air Quality (IAQ) and thermal comfort. A range of techniques
exists for predicting and evaluating natural ventilation effectiveness, each with its strengths and
weaknesses, providing flexibility in choosing the most appropriate method for a given project.
[11]. Therefore, it's crucial to choose the most suitable method or combination of methods,
considering the project's specific requirements, available resources, and design stage, to ensure the
effective evaluation and optimization of natural ventilation [10].

Research has explored the ventilation performance of dome-shaped roofs and similar
structures, with a particular focus on the effectiveness of wind-induced ventilation in these designs
and the resulting airflow pressure patterns above the domed roofs [12]. An outline of earlier study,
comprising the purpose, methods, and conclusions of experimental, analytical, and numerical CFD
modelling studies, will be provided in this part. In an experimental study, [13] conducted wind
tunnel tests on a 1/10 scale domed roof model to determine its wind pressure coefficient (CP) at
various points. The study focused on the apex and dome collar, examining three scenarios with
different opening configurations. The results showed that the CP peaked at the collar, reaching a
maximum value of 1 in the first two scenarios, while the minimum value of -2.3
occurred at the apex. [14] conducted an analytical study to investigate the potential of domed roofs
to meet thermal requirements during warm seasons. Their analysis considered various factors,
including airflow patterns, solar radiation, radiation heat transfer with the sky and ground, and
opening configurations. The study evaluated the thermal performance of domed roofs covered with
both conventional materials and glazed tiles. The findings revealed that domed roofs covered with
glazed tiles provided better thermal conditions during summer compared to flat roofs, highlighting
their potential for improved thermal performance. The study also found that the openings in the
domed structure created a passive airflow, contributing to a comfortable indoor temperature. The
research investigated the optical and thermal properties of the hemispherical dome, revealing that
the domed skylight admitted less heat and solar radiation than traditional skylights when the sun
was overhead (near-normal zenith angles). However, this advantage diminished when the sun was
lower in the sky (high zenith angles). Furthermore, the study showed that increasing the site's



latitude resulted in higher total daily solar heat gains for the domed skylight compared to the flat
skylight, with increases of 3-9% in summer and up to 232% in winter. [14].

[5] conducted a study to determine the applicability of existing empirical models for
calculating ventilation rates in multi-story buildings, aiming to assess their suitability for this
purpose. By contrasting the outcomes of current empirical approaches with on-site data and CFD
simulation results, the study revealed that single-zone building models are unsuitable for multi-
story buildings, as they cannot account for the differences in ventilation rates across various
building zones. This highlights the need for continued research and development of empirical and
analytical methodologies that cater specifically to the complexities of multi-story buildings. A
parametric study by [15] examined the relationship between fagade design and natural ventilation
in high-rise residential buildings in Singapore. Using an integrated approach that linked BES and
CFD, the researchers assessed the ability of natural ventilation to achieve thermal comfort in these
buildings, identifying key design factors that influence ventilation performance. Using a combined
BES and CFD approach, [15] investigated the effects of various facade designs and ventilation
systems on the indoor thermal comfort of naturally ventilated residential units in Singapore,
providing insights into optimizing design elements for improved thermal comfort. To overcome
the limitation of built-in network airflow models in building energy simulations, which cannot
provide detailed airflow velocity data for interior spaces, a linked method was employed. This
approach involved developing a data exchange interface to facilitate the transfer of data between
Computational Fluid Dynamics (CFD) software and building energy simulation software (ESP-r),
enhancing the accuracy and detail of the thermal comfort study's results.

In summary, the growing prevalence of multi-story buildings, the need for energy
efficiency, the potential of natural ventilation to reduce energy consumption in cooling-dominated
regions, and the challenges of effectively integrating natural ventilation into building design
highlight the importance of utilizing appropriate tools to evaluate and predict natural ventilation
during the design phase of multi-story buildings in these regions. The existing literature reveals
that various methods have been employed to assess the performance of natural ventilation,
emphasizing the need for a comprehensive approach to optimize its benefits. Although existing
research has made progress in understanding natural ventilation, it mostly focuses on specialized
topics, and its applicability throughout the building design process remains unclear. By
understanding the advantages and limitations of each assessment method and considering the
design's resources and needs, a cohesive connection can be made between the approaches and
design stages. This integrated strategy will facilitate the effective implementation of natural
ventilation, reducing energy consumption while preserving occupant thermal comfort.

This paper introduces a model for seamlessly integrating natural ventilation analysis tools
throughout the building design process. Initially, the paper explores the unique obstacles
encountered when designing natural ventilation systems for multi-story buildings. Following this,
it presents a comprehensive literature review that identifies prevalent methods for analyzing
natural ventilation, with a specific focus on studies examining its efficacy in cooling-dominated
climates and multi-story structures, ensuring a targeted and manageable dataset. The paper then
provides an assessment of the advantages and limitations of existing techniques used to evaluate
natural ventilation performance. This evaluation is a crucial step in establishing a meaningful
connection between the techniques and the design process, and it will aid in selecting the most
suitable tools and identifying potential areas for improvement. Ultimately, this study proposes a
model for the natural ventilation design process, informed by the benefits and drawbacks of the
analysis techniques, to guide the effective integration of natural ventilation into building design.



2.0 Methodology

Wind and buoyancy are the key factors driving natural ventilation in both low-rise and high-rise
buildings. However, designing natural ventilation systems for structures poses a significant
challenge due to the amplified pressure differentials caused by wind and buoyancy at greater
heights. As building height increases, so do wind pressure and speed, resulting in a wider range of
pressure fluctuations on the building's facade, which complicates the design process [16]. Figure
1 depicts the atmospheric boundary layer, demonstrating how wind speed increases with height.
This illustration reveals that wind pressure loading on a building varies dramatically with
elevation, with upper floors experiencing significantly higher wind pressure loads than lower
levels. Consequently, natural ventilation design in high-rise buildings is more complex due to the
increased wind pressure on higher floors, requiring careful consideration of opening size and
shape. Additionally, semi-open areas like balconies on upper floors may become unusable during
strong winds due to excessive exposure. To address this challenge, designers have suggested
alternative strategies, such as double skin fagades, to reduce the impact of wind pressure [17].
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Figure 1: A diagrammatic representation of the atmospheric boundary layer

Buoyancy forces are generated when there is a difference in temperature and height between the
air entering and leaving a space. In high-ceilinged areas and structures with vertical channels, like
chimneys, the height of the space plays a crucial role in determining the pressure differences driven
by buoyancy. According to Etheridge, natural ventilation systems in tall buildings can be
categorized into three main groups [14]. The first group consists of buildings where every floor is
fully enclosed, and floor openings are not linked to vertical spaces. In these cases, buoyancy forces
create a manageable pressure difference, similar to that found in low-rise buildings. However, in
high-rise buildings with large central voids and internal openings, the pressure difference becomes
a concern. These buildings tend to rely on wind for natural ventilation, and their height plays a
significant role in determining the overall pressure difference generated by buoyancy forces,
causing the building to behave like a single, unified system. The pressures drop-in lower units can
become so pronounced that it requires an unacceptably high force to open windows. To address
this issue, [18] suggests dividing the building into separate segments, which helps to reduce the
excessive pressure difference caused by buoyancy forces in buildings with central voids. This



segmentation approach is similar to how low-rise buildings function, where each segment operates
independently, isolated from the others.

2.1 Computational analysis

The literature suggests several simulation techniques, including standalone CFD and CFD
combined with multi-zone models or BES programs. Most studies analyzed in this paper employed
a combined approach, using CFD alongside experimental measurements. This coupled method has
three primary applications:

1. Visualizing and exploring experimental data parameters

2. Providing insights into airflow physics that are hard to obtain experimentally

3. Validating CFD models for future studies with similar goals.

This section focuses on the combined simulation methods, deviating from the experimental
methods section. Computational Fluid Dynamics (CFD) is used to directly calculate the fluid
dynamic parameters that govern airflow movement by solving the fundamental Navier-Stokes
equations, which describe the behavior of fluids in motion [19][20]. This simulation method offers
a comprehensive analysis of airflow patterns in and around buildings, but it comes at a high
computational cost. CFD provides detailed information on temperature, pressure, air velocity, and
particle concentration distributions in the studied area, whether inside or outside. Nevertheless, the
accuracy of CFD results relies on the quality of the grid, proper boundary conditions, and the
reasonableness of assumptions made in the model, all of which impact the reliability of the results.
Extensive research has verified the accuracy of CFD as a predictive tool, confirming its
dependability across various contexts [21]. Furthermore, a detailed examination of CFD's role in
simulating wind-induced natural ventilation in buildings is presented, highlighting the
method's effectiveness. CFD has been extensively used by numerous researchers as the sole
method for investigating natural ventilation, and its popularity continues to grow in airflow-related
studies. A case in point is [22] who utilized CFD to examine natural ventilation in a multi-story
residential building's courtyard, showcasing its effectiveness in this area of research. The study's
outcomes highlighted the benefits of courtyard design in enhancing natural ventilation and air
circulation in multi-story buildings, especially in warm and humid environments. A follow-up
study employed the same approach to examine natural ventilation techniques in subtropical areas,
further expanding the understanding of this concept [22]. The study suggested that while general
guidelines can be useful, more sophisticated methods should be employed as a design evolves.
Furthermore, [18] investigated a innovative double-skin facade design for high-rise office
buildings in hot and humid climates using CFD. CFD was utilized to explore the feasibility of
natural ventilation in a multi-story office building and evaluate the impact of airflow patterns. The
study found that the double-skin facade design proposed can achieve suitable interior thermal
conditions. Additionally, CFD has been employed to investigate the impact of balconies on natural
ventilation, examining their role as a fagade design element and how they influence airflow [23].
The application of CFD in the reviewed papers showcases its versatility in simulating various
topics, design alternatives, and operational scenarios, including diverse temperature and wind
speed conditions. CFD simulations can provide a comprehensive range of flow characteristics and
quantities, which is precisely what makes CFD an invaluable tool for designers, enabling them to
conduct in-depth analysis and informed design decisions.



Several studies on natural ventilation, particularly in multi-story buildings, explored the
combination of CFD with multi-zone and Building Energy Simulation (BES) methods.
Researchers used CFD in conjunction with building thermal analysis to investigate daytime and
nighttime cooling ventilation. CFD modeling predicted airflow patterns, which were then used to
establish boundary conditions for the building thermal analysis. Finally, Fanger's comfort model
was applied to evaluate the building's thermal comfort, based on the results of both thermal
analysis and CFD simulation.

Figure 2 shows the approach that Carrilho da Graca et al., [24]
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Figure 2: Diagram of the coupled strategy [24]

2.3 Governing equation

The governing equations are discretized using an explicit Finite Volume Method. The Fractional
Step Method is employed to resolve the velocity-pressure coupling. By utilizing the enthalpy
method, a fixed grid can be used instead of tracking the interface, simplifying the process.
Additionally, the momentum source term, which accounts for the presence of solids, only needs to
be included in control volumes containing both liquid and solid, rather than in volumes with only
solids. The coefficient (S) of the source term assumes a particular form based on the approximation
used to describe the flow behavior in the mixed-phase "mushy zone". While the solid-liquid
interface should theoretically have zero width at constant phase change temperature, our
simulations impose a minimum width of one control volume. Therefore, the physical formulation
of the source term is relatively unimportant, as long as it successfully reduces velocity to zero in
predominantly solid control volumes and becomes negligible in purely liquid volumes.

2.3.1 Continuity Equation

Governs the conservation of mass and ensures that the rate of mass flow into a control volume
equals the rate of mass flow out.

V.u=0 @
Here, u = (u, v, w) is the velocity vector

2.3.2 Mass Equation

]
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Where,

p is the fluid density

t IS the time



u is the flow velocity vector field

S-m isa Constant

2.3.3 Momentum Equations:

Describes the conservation of momentum for each direction (x, y, z).

In the x-direction:
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In the y-direction
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In the z-direction
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These equations account for the effects of pressure, viscosity (), and external forces like
gravity(g)

Where,
P is the pressure
p Is the air density
\ is the kinematic vicsosity
gx,gy,gz, are the components of the gravitational acceleration

2.3.4 Energy equation

%+a%(p*uj*cp*T):%(h.g—;)+SE (8)
Where,

p is the mass density

Se IS the source term

T is the temperature

Cp is the specific heat capacity at constant pressure

2.3.5 Navier stokes equation
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In this equation, f denotes additional body forces (per unit volume) like gravity or centrifugal force.
The shear stress term V.T is simplified to pv~2v, where p is the dynamic viscosity and V/2
represents the vector Laplacian operator, which describes the rate of change of the velocity field.

The systems are configured to allow air to flow through the tubes, while phase change materials
are positioned in the shell section of the module. A conjugate steady-state CFD heat transfer
analysis [6] has been conducted to study the flow and temperature distribution of the heat
transmission fluid within the system. This analysis enables the optimization and evaluation of
geometrical and flow parameters, as well as the solidification properties of the phase change
materials, under specific boundary conditions.

To enhance the performance of building structures, a comparative analysis was performed
using CFD research. The study employed ANSYS code to investigate various CFD models with
different configurations, including tubes with heat transfer fluid (HTF) and pins or fins, as well as
phase change material (PCM) surrounding the tube. The CFD-DEM model enabled the simulation
of complex fluid-solid or fluid-particle interactions, allowing for the evaluation of different design
configurations, such as fin arrangements, to optimize building structure efficacy. A typical CFD-
DEM model utilizes the Discrete Element Method (DEM) to track the motion of discrete particles
or solids by applying Newton's laws of motion to each particle. In contrast, the flow of continuous
fluids is governed by the locally averaged Navier-Stokes equations, solvable by conventional CFD
methods. Newton's third law provides a robust framework for modeling the interactions between
the fluid and solid phases, capturing the equal and opposite forces exchanged between them.

This is the area's geometry used in the simulation. It makes up the room and the site plan.
Figure 3 displays the cross-ventilated building model that was utilized for this model. The
dimensions of the computational model were Area x Loop Length = 1200 mm x 260 mm. The
reference length scale H was the building height. The back of both windward walls had two holes
built, measuring 120 mm by 40 m (height by breadth). The site's environmental conditions include
a temperature range of 28.5 to 40°C, relative humidity between 35% and 90%, and wind speeds
varying from 4.0 to 7.0 m/s. For the computational study's worst-case scenario, the minimum wind
speed of 4.0 m/s was used as the maximum value. The governing equations are then discretized
and solved for each subdomain after meshing. This study utilized ANSY'S Fluent for simulations,
which employs the finite volume method to discretize the equations.

2.3.6 Boundary conditions.

For a comparative analysis with experimental data, CFD results for two wind direction angles, 6 =
0° and 6 = 35°, were selected from the TPU database. The boundary conditions for the external
domain's planes are adjusted based on their normal direction, denoted as n. Specifically, an inlet
boundary condition is applied if the dot product of the inlet velocity (U_in) and n is positive, an
outflow boundary (with zero static pressure) if the dot product is negative, and a symmetry
condition (with zero normal velocity and gradients) if the dot product is zero. To replicate the
velocity and turbulence profiles from wind tunnel studies, an Atmospheric Boundary Layer (ABL)
based on the logarithmic law is applied to the inlet patches, which determines the inlet velocity
and turbulence variables (k and €).

U* Uu*2 u*3
|Uin| = ?ln((z + ZO)/ZO) where K = —,

\/C_u €= K(z+z¢)
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The equation includes the friction velocity (U*), von Karman's constant (k) of 0.41, turbulent
viscosity coefficient (C_p) of 0.09, vertical coordinate (z) with z = 0 representing the ground, and
surface roughness height (z_0) of 0.04 m. The friction velocity (U*) is estimated using this
equation.
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Figure 3: Mesh geometry domain
3. Result and Discussion
3.1 Air quality analysis

A CFD analysis was performed to assess the air characteristics in a lecture room. The initial
simulation showed an air change rate of 3.1 per hour at a low wind velocity of 0.05 m/s, which
increases with higher wind velocities. In contrast, Ansys Fluent 2023 simulations revealed a higher
average air change rate of 4-6 per hour in a lecture room with moderate wind velocities (5-20 m/s),
as depicted in Figure 5. The computational analysis of air quality yielded important insights, with
simulation results indicating that areas with high population density and traffic congestion had the
highest concentrations of particulate matter, as illustrated in Figure 4. This suggests that human
activities are major contributors to air pollution in urban areas. Furthermore, the analysis revealed
that ventilation rates in buildings significantly impact indoor air quality, with buildings having
higher ventilation rates showing lower levels of various pollutants. This underscores the crucial
role of thoughtful building design and ventilation strategies in preserving excellent indoor air
quality. Additionally, the research revealed that air purifiers and filters can substantially decrease
indoor pollutant levels, but their efficacy varies based on factors like filter type, airflow rate, and
pollutant type. Finally, the computational analysis demonstrated that combining natural ventilation
with HVAC systems can enhance air quality while reducing energy consumption, indicating that
a hybrid approach to building design and operation can yield numerous benefits for both occupants
and the environment.
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Figure 4 Velocity streamlines of wind in the mechanical lecture room under different inlet velocity
conditions

3.1.2 Airflow and temperature distribution in the lecture hall

Figure 5 illustrates that air velocities are more pronounced near the windows, consistent with
Bernoulli's principle, which states that airflow slows down and pressure increases as it enters the
room through the windows and expands into the space. Notably, the room's core and perimeter
regions show negligible air circulation. The initial configuration, where air enters from the side
with two windows, may not be ideal for occupants in those areas, leading to stagnant air. However,
when the airflow enters from the sides with three windows, a greater portion of the space
experiences noticeable air circulation, improving ventilation.

The stratified distribution of air temperature over the entire space is shown in Figure 6.
Interestingly, the side with three windows has the lowest temperature, and the areas with two
windows have the highest temperature. The higher convective heat transfer close to the three-
window side and the increased velocities brought on by the venturi effect are the causes of this
phenomenon. As a result, the areas nearest the three windows get more ventilation than the areas
nearest the two windows, demonstrating how the number of windows affects the dynamics of
airflow. The computational analysis of the lecture hall revealed several key findings related to flow
and thermal conditions. the simulation results showed that the air flow pattern in the lecture hall
was characterized by a stratified flow regime, with warmer air accumulating near the ceiling and
cooler air sinking to the floor. This led to a temperature gradient of up to 2°C between the head
and foot levels, which could potentially cause discomfort for occupants. Also, the analysis revealed
that the ventilation system was unable to effectively remove heat gains from the occupants and
equipment, leading to a rise in temperature during peak usage hours. This highlights the need for
a more efficient ventilation strategy, such as the use of personalized ventilation or radiant cooling
systems. This study found that the placement of supply and exhaust grilles had a significant impact
on the flow and thermal conditions in the lecture hall. Specifically, the location of supply grilles
near the ceiling led to a significant amount of cool air being wasted, while the placement of exhaust
grilles near the floor resulted in a lack of removal of warm air. The computational analysis showed
that the use of natural ventilation strategies, such as opening windows and using solar chimneys,



could significantly improve the flow and thermal conditions in the lecture hall. However, this

would require careful design and control to avoid overheating and discomfort during peak summer
months.

Table 1 illustrates the impact of air mass flow rate on both thermal comfort and air quality,
revealing a direct correlation between increased mass flow rate and improved air quality. Initially,
an air mass flow rate of 2.8 kg/s achieves an air change rate of 3.10 per hour. Notably, ASHRAE
guidelines recommend a ventilation rate of 7.5 cfm per person for public spaces like classrooms.
Consequently, a well-ventilated system for a 100-student classroom should provide 750 cfm to
maintain optimal air quality.
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Figure 5. Pressure and temperature vector of air in the mechanical lecture room at different inlet
velocities
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Figure 6. Streamlines of air in the mechanical lecture room.

Table 1. Mass flow rate and corresponding indoor air quality (ACH).

Wind velocity (m/s) Mass flow (kg/s) ACH (1/h)
0.05 2.8 3.10
0.5 28.68 31.79
1.0 57.36 63.58
1.5 86.04 95.36
2.0 114.72 127.15

3.3 Room ventilation improvement methods

These models have clearly shown that the lecture hall lacks proper ventilation, especially during
low wind speeds. Various approaches are necessary to fix this. The first thing we advise doing is
adding more apertures to the current ventilation system. These apertures could be vents or windows
placed in strategic locations. By doing this, we can improve the amount of fresh air entering the
space and promote healthier circulation. Moreover, take into account how these apertures are
arranged in space. Reorienting opening pairs such that they face one another and create crossflows
can greatly enhance air exchange. Furthermore, vents near the top of the room facilitate the more
effective escape of hot, stale air. This buoyancy effect that occurs naturally helps to keep the
interior comfortable. Envision a lecture hall that is enveloped in a harmonious circulation pattern,
with warm air exiting on one side and cool air entering through strategically positioned vents.
These deliberate design changes improve indoor air quality (IAQ) for speakers and attendees while



also optimizing thermal comfort. A lecture room chimney model was created using Equation (7),
yielding the graph seen in Figure 7. Notably, Figure 8 shows how the lecture hall's interior air
quality can be improved by installing a passive ventilation system, such as a solar chimney that is
the right size. It's interesting to note that the graph displays a parabolic tendency, suggesting that
certain chimney diameters could not work well in the given area. As chimney size increases, the
air change per hour declines beyond the peak value of 100 ma.
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Figure 7: Thread-line graph of solar chimney model
3.4 Mechanical ventilation system’s cost analysis

An evaluation of the potential energy savings contrasted mechanical and passive ventilation.
Installation Cost: The installation cost includes the cost of the system's purchase as well as the
installation of the fans. Table 3 displays the yearly energy cost of the mechanical ventilation system
device, and Table 2 displays the energy demand data of a ventilation unit. The average cost of
each fan was 310,000, and the installation cost was 3¥1000. Figure 8 illustrates how the size of the
solar chimney affects the amount of air that enters the lecture hall each hour. The relationship
between solar chimney and fan expenses over time is depicted in Figure 9. Notably, annualised
costs for operating mechanical ventilation (fans) grew by more than 30%, whereas expenses for
passive ventilation stayed lower at about 12.5%. This demonstrates how solar chimneys are an
economical and energy-efficient option for ventilation. The relative cost rise when employing fans
over time is seen in Figure 10. In particular, fans caused a 63.63% increase in cost over the course
of seven years in a lecture hall when compared to solar chimneys. These results highlight the
advantages of passive ventilated systems over mechanical ventilation in terms of energy and cost
savings. Table 4 presents the overall cost implications, while Table 5 presents cumulative expenses
together with the corresponding percentage increases.
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Figure 8. Effect of solar chimney size on the air change per hour of the lecture room.
Table 2. Energy demand information of a unit of the ventilation device.

system Unit watt(  Number of Energy Hours/day =~ Kwh/day Kwh/year

w) fans demand
Fan 25 10 0.225 8 1.8 657
Table 3. Annual energy cost for the mechanical ventilation system.
System Cost (N¥) per Cost/day (¥) Cost/month (N) Cost/year (N)
kWh
1 fan 25 5 150 1825
10 fans 250 50 1500 18,250
Table 4. Total cost of ventilation systems.
DC (N¥) IC (N¥) OC (™) MC (N¥) TT (N¥)
Mechanical 46,000 16,420 4500 66,920
System
(Fans)
Passive 25,000 10,000 5000 40,000
System (Solar
Chimney)
Table 5. Cumulative cost and percentage increase.
Years MVS (¥) PVS (N¥) Increase (N) %0 Increase
1 66,920 40,000 26,920 40.23
2 87,840 45,000 42,840 48.77
3 108,760 50,000 58,760 54.03
4 129,680 55,000 74,680 57.59
5 150,600 60,000 90,600 60.16
6 171,520 65,000 106,520 62.10
7 192,440 70,000 122,440 63.63
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Figure 9. Graph of the cost of solar chimney and fans against number of years

o 80.00
(71}
o 60.00 /,4—”-‘"
=
£
S 40.00
an
£ 2000 —+— 9% INCREASE
o
§ 000
0 5 10 15

Year

Figure 10. Graph of percentage increase against number of years.
4. Conclusion

To achieve sustainable building design, integrating natural ventilation with HVAC systems is vital.
By merging the benefits of natural ventilation with the reliability of HVAC systems, designers and
engineers can create buildings that prioritize energy efficiency and occupant well-being. This
research demonstrates that integrated systems can significantly reduce energy consumption,
improve indoor air quality, and increase occupant satisfaction. Effective implementation requires
a holistic design approach that considers factors like building orientation, facade design, and smart
controls to create buildings that excel in performance and sustainability. By embracing an
integrated approach, the building industry can shift towards designing sustainable, resilient, and
healthy buildings that minimize environmental impact while promoting occupant health,
productivity, and well-being. As the sector continues to advance, it's crucial to prioritize innovative
and sustainable design solutions that tackle pressing issues like climate change, energy efficiency,
and human health. By combining natural ventilation and HVAC systems, we can create buildings
that reduce their environmental footprint while providing a healthier, more comfortable, and
productive environment for occupants. This research seeks to advance sustainable building design
practices that balance human needs with environmental stewardship, ultimately contributing to a
healthier planet and its inhabitants.
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