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Abstract

The cinema industry has long been a source of entertainment, drawing audiences from diverse backgrounds to experience the
magic of the silver screen. However, behind the scenes, the management of cinema facilities faces the complex challenge of
maintaining optimal audience comfort while navigating the intricacies of energy consumption. This study delves into the intricate
energy consumption patterns of QFX Cinemas, a prominent theater located at Civil Mall in Kathmandu, established in 2010. The
investigation focuses primarily on the theater’s air conditioning (HVAC) systems, which have been the cornerstone of its climate
control since its inception. This research involves a meticulous analysis of monthly electricity bills and a comprehensive examination
of the theater's HVAC, lighting, and building envelope systems. By scrutinizing these critical components, the study unveils the
multifaceted relationship between ensuring audience comfort and achieving energy efficiency. The findings not only pinpoint
promising avenues for substantial energy savings but also shed light on retrofitting opportunities and the potential advantages
of transitioning to advanced HVAC technologies. This research serves as a valuable resource for cinema operators seeking
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sustainable practices that simultaneously uphold audience satisfaction and environmental responsibility.
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1. Introduction

The landscape of entertainment has undergone a profound
transformation in recent years, with the advent of
home-based streaming platforms and on-demand digital
content delivery. This shift in consumer behavior has created
a dynamic and competitive environment for traditional movie
theatres, challenging their historical dominance as the
primary destination for cinematic experiences. The industry’s
response to these challenges requires a multifaceted
approach, one that not only adapts to changing audience
preferences but also addresses the pressing concerns of
sustainability and operational efficiency.

In the ever-evolving world of cinema, where storytelling
comes alive on the silver screen, there has been a profound
transformation in the pursuit of audience comfort and
sustainability. ~From the early days of cinema, where
audiences endured hard wooden benches and minimalist
surroundings, the quest for comfort became paramount as the
magic of cinema captured hearts. In the 1920s, theatres
transformed into palatial wonders, adorned with plush seats
and extravagant decor. By the 1930s, relief from sweaty
summer days arrived with the advent of air conditioning
systems, allowing for more extensive and comfortable venues
[1]. The 1950s and 1960s brought widescreen formats and
stereo sound, immersing viewers and giving rise to cushioned
seating. The 1980s ushered in the era of multiplexes, with
stadium-style seating and convenience. And today, cinema
has reached new heights, offering luxuries like recliners,
footrests, blankets, and in-seat dining for an unparalleled
cinematic experience [2].

However, this cinematic evolution bears witness to an
emerging concern: the voracious appetite for energy. As
cinema theatres expanded and modernized, their energy
consumption escalated, casting a shadow over both
operational costs and environmental stewardship. This
narrative, encompassing the global cinematic journey, also
finds resonance in the Nepalese context. The history of
theaters in Nepal reflects a remarkable transformation over
the years. In the early days, cinema halls like "Janasewa
Cinema Hall" at Bishal Bazar were marked by their simplicity
and often uncomfortable conditions. People would flock to
these theaters, eager to catch a glimpse of their favorite
Bollywood stars despite the challenges of securing tickets and
the cramped seating arrangements. It was a time when the
love for cinema transcended the inconveniences, and
moviegoers cherished the experience. With the advent of
democracy in 1951, the Nepali cinema landscape started to
evolve, leading to an increase in the number of theaters such
as "Ranjana" and the emergence of Nepali films. The
transition from single-screen theaters to modern multiplexes
like "Kumari Hall" has since revolutionized the
movie-watching experience, with state-of-the-art facilities,
superior sound systems, and impeccable picture quality. In
less than a century, Nepal’s cinema culture has undergone a
remarkable journey, but the enduring passion for movies
among the people remains unaltered [3].

In this unfolding narrative, this research embarks on a focused
exploration through a single case study, dissecting the
intricate relationship between cinema comfort and energy
efficiency within the specific context of a chosen movie
theatre.  The study commences through a thorough
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assessment of the theatre’s existing energy systems, including
detailed examinations of HVAC setups, lighting configurations,
and projection equipment. Rigorous energy audits and data
collection activities were employed to discern patterns of
energy consumption within the theatre’s environment.
Complementing these quantitative analyses, qualitative
methods such as interviews and surveys were utilized to
capture the subjective experiences of both staff and patrons.
By delving into these multifaceted aspects, the research aims
to unravel the challenges faced by the theatre in achieving
optimal energy efficiency while ensuring a comfortable and
inviting atmosphere for its audience.

Additionally, the study focuses on identifying energy-intensive
components and potential areas for optimization within the
theatre’s infrastructure. Financial analyses were conducted to
assess the economic feasibility of implementing energy-saving
measures. Through a careful examination of these elements,
the research provides tailored and practical recommendations
that are not only energy-efficient but also financially viable for
the theatre. This focused approach, centered around a single
case study, yields nuanced insights that can serve as a valuable
guide for similar movie theatres striving to strike a balance
between energy conservation and audience comfort,
ultimately contributing to the broader discourse on
sustainable practices within the entertainment industry.

2. Literature Review

In the pursuit of creating cinema comfort and energy
efficiency, a holistic approach is paramount. This approach
seamlessly weaves energy optimization principles into the
fabric of a theater’s design, construction, and operation.
Through collaborative efforts among professionals, an
integrated design strategy incorporates passive techniques
utilizing natural elements and innovative load reduction
technologies. The focus extends to vital building systems,
including HVAC, electrical, and lighting setups, as well as
audio-visual equipment and the building envelope, as
explained below.

2.1 Factors affecting Comfort in Cinemas
2.1.1 Lighting

In the captivating realm of cinema, lighting operates as an
unsung hero, intricately shaping the very essence of the
movie-going experience. Beyond the enchanting narratives
and compelling performances, lighting assumes the role of a
silent architect, seamlessly transforming a routine movie
screening into a mesmerizing journey deep into the heart of
the film. Its significance extends far beyond mere
illumination; it acts as the emotional symphony of the movie,
orchestrating the interplay of light and shadow with
meticulous precision. Filmmakers deftly manipulate these
elements to guide the audience’s gaze, drawing attention to
pivotal characters, objects, and actions. This subtle directorial
touch heightens the impact of critical moments within the
narrative, forging a stronger connection between the viewers
and the unfolding story. Moreover, lighting serves as a potent
catalyst for emotions, evoking a broad spectrum of
feelings—from joy and wonder to suspense and terror. Bright,

cheerful lighting generates optimism and excitement, while
dimly lit scenes shroud the narrative in mystery, suspense, or
even fear. This nuanced interplay enhances visual clarity,
contrast, and overall atmosphere, establishing lighting as an
indispensable element in the art of cinema.

The evolution of cinema lighting has been marked by
continuous technological advancements, ushering in an era of
improved energy efficiency and enhanced visual quality.
Traditional incandescent and halogen lamps, once prevalent
in cinema lighting, have been largely supplanted by
energy-efficient LEDs. LEDs, characterized by significantly
lower power consumption, not only reduce energy costs but
also minimize the environmental footprint of cinema
operations. Furthermore, LED technology offers a multitude
of advantages for cinema lighting. LEDs produce a wider color
gamut, enabling more vibrant and accurate color
reproduction. Their superior dimming capabilities provide
precise control over light intensity, creating dynamic lighting
effects that enhance the cinematic experience. Additionally,
LEDs boast a remarkably long lifespan, lowering maintenance
costs and ensuring seamless continuity in cinema operations
(4].

In addition to energy-efficient lighting technologies, smart
lighting controls have emerged as a pivotal solution for
sustainable cinema environments. These controls ensure that
lighting is utilized only when and where necessary, reducing
unnecessary energy consumption and promoting eco-friendly
practices. Furthermore, daylighting optimization techniques
maximize the utilization of natural daylight during daytime
screenings, minimizing the need for artificial lighting. By
integrating these smart solutions, cinemas can not only
enhance energy efficiency but also create a more
environmentally conscious and immersive movie-going
experience for their audiences.

2.1.2 Heating, Ventilation, and, Air Conditioning (HVAC)

Heating, Ventilation, and Air Conditioning (HVAC) systems
play a crucial role in maintaining a comfortable and controlled
indoor environment in a movie theater. These systems are
responsible for regulating temperature, humidity, air quality,
and ventilation, ensuring that the audience has a pleasant and
enjoyable experience while watching a film. HVAC systems can
account for a substantial portion of a movie theatre’s energy
consumption, often ranging from 30% to 50% or even higher,
therefore, efficient heating, ventilation, and air conditioning
(HVAC) systems play a pivotal role, and require proper sizing,
optimization, and advanced controls [5].

1. Temperature Control

In the realm of movie theaters, temperature control stands
as a linchpin, orchestrating a delicate balance between
audience comfort and the preservation of cinematic
masterpieces. Precise temperature regulation is not merely
a matter of ensuring the audience’s physical well-being; it is
intrinsically linked to the very essence of the cinematic
experience. Fluctuations in temperature can have a
profound impact on the integrity of film reels, potentially
distorting the visual and auditory elements meticulously
crafted by filmmakers. HVAC systems equipped with
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advanced technology play a pivotal role in maintaining a
stable environment, safeguarding the intricate details and
artistic nuances that constitute the soul of every film. By
preserving the film'’s integrity, temperature control ensures
that audiences are immersed in a high-quality,
unadulterated cinematic experience, allowing them to
appreciate the director’s vision in its purest form [6].

Moreover, the significance of temperature control extends
beyond the immediate viewing pleasure, influencing the
overall atmosphere within the theater. A carefully regulated
climate not only fosters a sense of relaxation and
contentment among the audience but also serves as an
unspoken facilitator of emotional connection. In a
comfortably tempered environment, viewers are more
likely to engage deeply with the storyline, characters, and
aesthetics of the film. Absent distractions, they can fully
absorb the narrative, experiencing the intended emotions
and enhancing their overall satisfaction. Additionally, the
conscientious management of temperature aligns theaters
with energy-efficient practices, contributing to broader
sustainability efforts. Acknowledging the pivotal role of
temperature control is not just about ensuring audience
comfort; it is a commitment to preserving the essence of
cinema while embracing environmental responsibility,
creating a harmonious blend of cinematic excellence and
eco-conscious practices.

In the contemporary cinematic landscape, the integration
of advanced HVAC systems stands as a pivotal
advancement, safeguarding the essence of every film
through precise temperature control. Smart thermostats,
programmed to adapt temperature settings according to
occupancy schedules and ambient conditions, optimize
energy usage and curb wastage. These innovations not only
preserve the artistic nuances of films but also contribute
significantly to environmental conservation efforts.

. Ventilation

Ventilation in movie theaters holds a position of
paramount importance, serving as a silent guardian of both
audience health and the overall viewing experience.
Beyond its role in ensuring a steady flow of fresh air,
ventilation systems play a crucial part in maintaining
optimal air quality within the theater space. The
continuous circulation of air prevents the buildup of
pollutants, including dust, odors, and potentially harmful
particles, creating a clean and breathable atmosphere for
moviegoers. In essence, proper ventilation acts as a shield,
shielding audiences from potential allergens and irritants,
thereby fostering a healthier indoor environment.

Moreover, ventilation systems contribute significantly to
audience well-being by regulating the theater’s
temperature and humidity levels. By providing a consistent
supply of fresh, properly conditioned air, these systems
create a comfortable atmosphere essential for a positive
viewing experience. Proper ventilation ensures that
theaters remain cool and well-ventilated, preventing the
audience from feeling stuffy or suffocated, particularly in
crowded or enclosed spaces. This enhanced comfort
enables audiences to fully immerse themselves in the film,
enhancing their focus, relaxation, and overall enjoyment.

Additionally, efficient ventilation plays a vital role in
minimizing odors, ensuring that the theater environment
remains pleasant, free from distractions, and conducive to
an enriching cinematic experience. Embracing the
significance of ventilation in movie theaters not only
promotes audience health but also enriches the quality of
the film-watching experience, making it an indispensable
aspect of modern cinema infrastructure [7].

The evolution of ventilation technology has ushered in a
new era of energy efficiency and improved air quality in
movie theaters, with energy-recovery ventilators (ERVs) at
the forefront of this transformation. ERVs utilize innovative
heat exchange mechanisms to transfer heat between
incoming and outgoing airstreams, significantly reducing
energy consumption for heating and cooling purposes.
This advancement not only lowers the energy footprint of
ventilation systems but also aligns cinema operations with
sustainable practices. To further enhance ventilation
performance and energy efficiency, cinema operators can
adopt best practices such as demand-controlled
ventilation (DCV) systems, adjusting ventilation rates
based on occupancy and CO, concentrations to ensure
optimal usage [8]. Efficient ductwork design, regular
maintenance of filters and fans, and staff education on
energy-saving practices also play vital roles in maximizing
the efficiency of ventilation systems. By integrating these
technological innovations and proactive measures, cinema
operators can create a sustainable and energy-efficient
ventilation system, fostering a healthy and comfortable
environment for moviegoers while minimizing the
environmental impact of their operations.

. Humidity Control

Humidity control in movie theaters is indispensable for
creating a pleasant and immersive environment for
audiences while simultaneously safeguarding cinematic
treasures. Maintaining optimal humidity levels ensures
that patrons are free from discomfort caused by excessive
moisture, such as stickiness and clamminess, allowing
them to fully engage with the movie without distractions.
Additionally, well-regulated humidity is crucial for
preserving the structural integrity of the theater itself,
preventing issues like mold growth and damage to
electronic equipment. Proper humidity control also
extends its significance to film preservation, where delicate
reels are highly susceptible to environmental fluctuations
[9]. Excessive moisture can lead to the degradation of films,
causing warping and mold growth, while overly dry
conditions result in brittleness and deterioration. By
maintaining stable humidity levels, theaters protect not
only the audience’s viewing experience but also the
cinematic heritage, ensuring that classic films remain
intact and accessible for future generations.

Modern advancements in humidity control systems have
revolutionized the way cinemas maintain optimal moisture
levels while simultaneously reducing energy consumption.
Desiccant dehumidifiers, in particular, exemplify this
progress by utilizing innovative technologies such as
rotating desiccant wheels to absorb moisture from the air.
During the regeneration process, the absorbed moisture is
released as heat, a valuable byproduct that can be
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harnessed for other purposes like preheating water or
space heating, thereby minimizing energy wastage and
enhancing overall efficiency.

. Noise Control

Noise control in movie theaters is pivotal for creating a
serene environment where the magic of cinema can unfold
seamlessly. By mitigating external noises and preventing
internal disturbances, theaters can provide an immersive
experience that captivates audiences. External noise, such
as traffic sounds or urban commotion, can intrude upon
the theater space, disrupting the delicate balance of audio
within a film. Effective noise control, through
soundproofing techniques and architectural design, acts as
a shield, ensuring that the immersive world on screen
remains undisturbed. Internally, noise from HVAC systems,
projector fans, or other mechanical sources can detract
from the movie-watching experience. Strategic insulation
and noise reduction measures prevent these distractions,
allowing viewers to focus entirely on the film’s dialogue,
music, and special effects [10].

Moreover, noise control contributes significantly to
audience satisfaction and overall enjoyment. A quiet
environment amplifies the impact of subtle nuances,
making emotional moments more poignant and thrilling
scenes more exhilarating. The absence of disruptive noise
ensures that every whispered conversation and every rustle
of clothing is heard with crystal clarity, enhancing the film’s
depth and emotional resonance. Audience members,
enveloped in the silence crafted by effective noise control,
can fully immerse themselves in the cinematic narrative,
deepening their connection with the characters and
storyline. In essence, noise control transforms a movie
theater into a sanctuary where stories come to life,
underscoring its crucial role in providing a truly enriching
and unforgettable movie-going experience.

2.1.3 Acoustics

Acoustics in movie theaters are paramount, shaping the
auditory landscape and profoundly influencing the overall
cinematic experience. The strategic design and precise
calibration of sound systems, in harmony with the theater’s
architectural acoustics, are fundamental in delivering
high-quality audio to the audience. Clear, balanced sound not
only allows viewers to hear dialogue, music, and special
effects with unparalleled clarity but also enhances the
emotional impact of the film. Acoustic treatments within the
theater space, such as sound-absorbing panels and carefully
positioned speakers, minimize echoes and distortions,
ensuring that every note of the soundtrack and every spoken
word resonate crisply and authentically [11].

Furthermore, acoustics play a pivotal role in creating
immersive experiences. Through techniques like surround
sound and spatial audio, theaters can replicate
three-dimensional soundscapes, enveloping the audience in
the movie’s world. This immersive quality enhances the
suspension of disbelief, transporting viewers deep into the
narrative. Acoustically optimized theaters provide an auditory
journey that complements the visual spectacle, evoking a
heightened sense of realism and engagement. A well-designed

acoustic environment doesn't just deliver sound; it crafts an
auditory adventure, making audiences feel like active
participants in the unfolding story. Thus, acknowledging the
importance of acoustics is central to ensuring that moviegoers
don't just watch movies but truly experience them, making
each visit to the theater a memorable and captivating event.

In the realm of cinema acoustics, technological innovations
have revolutionized the way theaters deliver immersive
auditory experiences while prioritizing energy efficiency.
Digital Beamforming Arrays, employing multiple speakers
emitting controlled sound waves, create focused audio beams
directed precisely toward the audience, minimizing power
amplification needs and significantly reducing energy
consumption without compromising sound quality. Acoustic
Room Modeling Software allows theaters to simulate sound
propagation, aiding in optimal speaker placement and
efficient acoustic treatments. Moreover, choosing
high-efficiency speakers ensures superior sound production
with minimal energy consumption, translating to reduced
costs and a smaller environmental footprint.

2.1.4 Projection Equipment

Projection equipment serves as the lifeblood of any cinema,
bridging the gap between the creative vision of filmmakers
and the hearts of the audience. Its role is paramount,
translating the meticulous details, vivid hues, and immersive
imagery of a film into a larger-than-life spectacle on the big
screen. With the advent of cutting-edge digital technology,
projection equipment has become the conduit through which
cinematic magic is unleashed. The clarity, sharpness, and
brilliance it delivers not only showcase the artistry behind
every frame but also create an enchanting visual experience
that captivates viewers. This immersive visual feast is not only
a testament to the filmmakers’ craft but also a key factor in
drawing audiences into the narrative, making them active
participants in the unfolding story. Furthermore, projection
equipment plays a vital role in cinematic comfort. Its ability to
present images with precision and finesse not only ensures an
inviting and visually engaging atmosphere but also fosters an
environment where viewers can escape into the movie’s world.
The seamless operation and reduced noise levels of modern
projection systems contribute to a serene ambiance, allowing
patrons to relax, engage fully with the film, and enjoy an
unforgettable movie-watching experience in utmost comfort.

2.1.5 Building Envelope

The building envelope of a movie theater is a critical
architectural element that serves as the boundary between the
interior and exterior environments, playing a pivotal role in
ensuring both energy efficiency and patron comfort. This
envelope comprises exterior walls, roofing, windows, and
doors, collectively forming a protective shield that regulates
the transfer of heat, moisture, and sound. In the context of a
movie theater, an effectively designed building envelope acts
as a barrier against external elements, such as temperature
fluctuations, noise pollution, and weather conditions,
providing insulation and soundproofing to create a serene and
controlled atmosphere within.  Proper insulation and
high-quality materials in the walls and roof mitigate heat loss
or gain, reducing the need for excessive heating or cooling,
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thus contributing to energy efficiency. Additionally,
soundproofing measures within the building envelope help in
minimizing external noise, ensuring an immersive and
undisturbed cinematic experience for the audience. Through
meticulous design and construction, the building envelope
becomes a cornerstone in maintaining the theater’s ambiance,
enhancing energy conservation, and elevating the overall
comfort of moviegoers.

2.2 Energy Efficiency in Movie Theatres

Energy efficiency in movie theaters represents a dual triumph,
combining environmental responsibility with economic
prudence. By embracing cutting-edge technologies and
sustainable practices, theaters can significantly reduce their
energy consumption. As an illustrative example, Arup’s
dedicated efforts in energy optimization, in renowned venues
like the Royal Albert Hall and Royal Opera House,
demonstrated the potential for up to 25% energy savings
through the implementation of efficient lighting controls,
strategic energy management, precise sub-metering, and
small power management [5].

This shift towards energy efficiency not only leads to financial
benefits through reduced operational costs but also plays a
crucial role in mitigating climate change. The entertainment
industry, including movie theaters, has a responsibility to lead
by example. Energy-efficient theaters not only demonstrate a
commitment to environmental conservation but also inspire

patrons and communities to adopt greener practices.

Additionally, the savings incurred through energy-efficient
measures can be reinvested in enhancing the overall
cinematic experience, ensuring that theaters remain
technologically advanced and environmentally conscious. In
essence, energy efficiency in movie theaters is a
transformative step towards a sustainable future, aligning the
industry with eco-conscious values and economic sensibility.

In the context of movie theatres in Nepal, several common
barriers to energy efficiency impede progress in optimizing
energy consumption. These challenges encompass limited
awareness and knowledge among theatre owners regarding
energy-efficient options, financial constraints that hinder
investment in energy-saving measures, difficulties in
accessing energy-efficient technologies, a dearth of technical
expertise, building infrastructure issues, insufficient policy
support, and the influence of cultural and behavioral factors
on energy use and conservation practices. Overcoming these
barriers requires targeted efforts and a comprehensive
approach tailored to the specific circumstances of the Nepali
movie theatre industry.

3. Methodology

In this study, a combination of qualitative and quantitative
research methods has been employed to comprehensively
investigate energy optimization in movie theaters.

The qualitative research involved an extensive literature
review encompassing academic papers, industry reports, and
case studies related to energy optimization within the context
of movie theaters. This served as a foundational step to gain

insights into current knowledge, best practices, and successful
energy efficiency initiatives implemented in similar settings.
Furthermore, qualitative methods include the identification of
crucial research variables that influence energy consumption
in movie theaters. These variables encompass a wide range of
factors, such as lighting systems, HVAC systems, equipment
usage patterns, occupancy rates, customer behaviors, and
operational practices.

The quantitative front entailed the gathering of data from both
primary and secondary sources. Primary data was acquired
through surveys, interviews, and on-site observations
conducted within the movie theater. = Simultaneously,
secondary data was compiled from sources such as energy
bills, equipment specifications, maintenance records, and
historical data. Additionally, the humidity and the
temperature in the auditorium were recorded over the span of
two weeks in March and two weeks in July, 2023.

Following data collection, rigorous data analysis is performed
to unveil energy consumption patterns, inefficiencies, and
areas with potential for enhancement. Statistical analysis,
data visualization techniques, and DesignBuilder software
were employed to evaluate the energy performance of various
systems. This analysis informed the development of tailored
energy optimization strategies, encompassing technical
upgrades (equipment enhancements, lighting controls, HVAC
improvements). The cost-effectiveness evaluation factored in
upfront costs, energy savings, payback periods, and Return on
Investment (ROI) to determine implementation feasibility and
financial viability. While the study’s focus remains on a single
case, the depth and comprehensiveness of the methodology
aim to offer valuable insights and actionable strategies that
can inform similar contexts within the movie theater industry.

4. Research Setting

QFX Cinemas is a prominent and well-established chain of
movie theatres in Nepal, with multiple locations across the
country, including the popular one situated on the 7th floor of
Civil Mall, Sundhara, Kathmandu. Its central location in the
capital city ensures a diverse patronage, making it a
representative sample for this study.
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Figure 1: Floor Plan of the Theatre
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Established in the year 2010, this theatre is the first multiplex
of Nepal. It has a total of three Auditoriums, with the occupant
capacity of 499, 247, and 247. It normally operates in three
shifts on weekdays (Monday to Thursday), and in five shifts on
the weekends. However, the operating shifts vary according
to movie’s popularity, promotional events, holidays, and some
occasions [12].

5. Data Collection and Analysis

The study included the collection of the theater’s monthly
electricity bills, which provided a comprehensive overview of
its electricity consumption patterns spanning the previous
year. This data was essential for understanding the theater’s
energy usage and forming the basis for further analysis and
investigation.

The Theatre receives a three-phase (400 volts) electricity
supply due to its classification as an industrial consumer with
substantial power demands, driven by the need to operate
numerous electrical devices like projectors, sound systems, air
conditioners, and lighting. Three-phase electricity, more
efficient than single-phase alternatives, not only meets these
high power requirements but also reduces electricity wastage
during transmission and distribution, leading to potential cost
savings. Moreover, its enhanced reliability compared to
single-phase power makes it crucial for cinema theaters,
ensuring minimal susceptibility to power outages and voltage
fluctuations that could otherwise disrupt screenings and
result in financial losses. The theater sources its electricity
supply from the Nepal Electricity Authority (NEA) through the
Ratnapark distribution center, with an associated cost of NRS
18.75 per unit. Over the past year, the theater accumulated a
total electricity bill amounting to NRS 7,340,625.

Units (KWh)
75000

so000 Time of the day
Weather

Equipment Efficiency
Occupancy levels
Promotions and events
Maintenance issues

25000

o 8200
&
ER

Electricity Distribution Centre:

Electricity cost per unit (KWh): Yearly Bill:

Figure 2: Energy Bill incurred in the year 2022

Unlike other commercial sector, fluctuations in energy
consumption patterns within a movie theatre are influenced
by a multitude of factors, contributing to variations in energy
usage over time. These factors encompass a wide range of
variables, including the movie schedule and programming,
which dictate attendance levels and thus affect lighting, HVAC,
and equipment operation demands. Furthermore, the day of
the week and time of day play a significant role, with
weekends and evenings experiencing heightened energy
demand due to increased moviegoer turnout, in contrast to

matinee shows and weekdays with lower occupancy rates.

Seasonal factors introduce variations as well, necessitating
adjustments to HVAC settings to accommodate heating needs

in colder months and cooling demands in hotter seasons.

Special events and promotions, concession stand operations,
marketing campaigns, and external influences like holidays or
competing events further contribute to temporary spikes in
energy consumption. Additionally, the age of the building and
equipment, coupled with operational practices, maintenance,
and equipment performance, round out the multifaceted
array of factors shaping energy consumption fluctuations in
movie theatres.

5.1 HVAC system

The DesignBuilder software was utilized to assess and visualize
the theater’s monthly comfort levels, as depicted in Figure 3.

Comfort - QFX, draft 2, Building 1
1 Jan -31 Dso, Montny

Percent (%)

3150 217.00 156.00

Figure 3: Annual Comfort Graph

The presence of high operative temperatures and an increased
number of discomfort hours during June and July within the
movie theater environment is indicative of a greater demand
for HVAC (Heating, Ventilation, and Air Conditioning) system
usage. During these warmer months, the operative
temperature, which considers both air temperature and
radiant heat from surfaces, tends to rise to levels that can be
uncomfortable for occupants. This discomfort can be
attributed to the elevated indoor air temperature, increased
radiant heat absorption from building surfaces, and
potentially higher humidity levels.

As aresponse to this discomfort, occupants are more likely to
rely on HVAC systems to achieve and maintain thermal
comfort. Air conditioning systems, in particular, are deployed
to reduce indoor temperatures and enhance the comfort of
moviegoers. The intensified use of HVAC systems, while
addressing immediate comfort needs, also leads to an upsurge
in energy consumption related to cooling.

The theater is equipped with a range of split air conditioning
(AC) units, each with varying capacities, strategically deployed
across different zones within the facility. The HVAC system’s
daily energy consumption within the theater exhibited a
variable range, spanning from 450 to 1020 kWh per day.

To assess the HVAC system’s performance in ensuring
audience comfort, critical environmental parameters such as
temperature, humidity levels, and CO, concentrations were
meticulously recorded. The first data collection spanned three
weeks in March, capturing insights into early spring
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conditions, while the second period extended over three
weeks in July, providing valuable information regarding the
theater’s performance during the summer months.

Mid r 8 3 Phase Du €
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Power Source outdoor unit: 380-415V
126-324 Input Power (Cooling/Heating): 9/8.5 KW
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Auditorium 2 63-162

McC werter 1.5 to
Input: 220V, 1~ 60 Hz
Power: 1200 W

Auditorium 3 63-162

Lobby 162-270

Food Counter 216-36

Ticket Counter 15 10.8-27

Office 15 96-18

Account Section 15 96-18

Figure 4: Energy consumed by HVAC across zones

5.1.1 Temperature

The following were the temperatures observed in the
Auditorium.

Theatres running above 60% occupancy

MARCH 2023 JuLY 2023

AVERAGE
37.2%

AVERAGE
55.5%

Figure 6: Humidity in theatre with occupancy above 60
percent

Theatres running below 10% occupancy
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Figure 5: Average Temperature inside the Auditorium

The temperature inside the auditorium averaged 20.2°C in
March and 22°C in July. In March, the system maintained a
cooler indoor environment, ideal for cooler weather, while in
July, it effectively provided sensible cooling to ensure audience
comfort during warmer months. These averages demonstrate
the system’s ability to adapt to seasonal variations and
maintain a comfortable indoor climate.

5.1.2 Humidity

The auditorium’s humidity levels were subject to observation,

revealing a noteworthy correlation with the occupancy level.

It became evident that humidity levels fluctuated over time,

especially in scenarios where the theater had fewer occupants.

To delve into specifics, let’s consider a scenario during March.

At the commencement of a show, with an occupancy rate
below 10%, the humidity level inside the theater measured
approximately 43%. However, as time progressed and the
show continued, this humidity level experienced a significant
decline, ultimately reaching as low as 25%. To put this into
context, it’s crucial to note that March is characterized by
relatively low humidity levels in Kathmandu, averaging
around 42%.

The reason behind this drop in humidity can be attributed to
the theater’s HVAC system, particularly the cooling coil. While
the primary function of the cooling coil is to regulate air
temperature, an unintended consequence of its operation is
the removal of moisture from the air. As warm air from the
auditorium passes over the chilled coil surface, moisture

Figure 7: Humidity in theatre with occupancy below 10
percent

present in the air condenses on the coil, resulting in reduced
humidity levels within the theater space.

This decline in humidity, especially under conditions of lower
occupancy, can have several adverse effects on audience
comfort and well-being. It can lead to discomfort such as dry
skin, irritation, and itchiness, particularly noticeable in a dry
environment. Additionally, low humidity can result in
discomfort related to respiratory issues, including dry nasal
passages and throat, as well as increased levels of static
electricity, = causing inconvenient and sometimes
uncomfortable static shocks. Furthermore, dry eyes can
become a concern, potentially leading to eye strain and
discomfort among the theatergoers.

5.1.3 Indoor Air Quality

The air quality on the auditorium was checked by using PM2.5
throughout the length of the movie, and an average value of
19 micro g/m?3 was observed. A PM2.5 value of 19 micro g/m?
generally falls within the "Moderate" category. While it may
be acceptable for most people, individuals with respiratory or
heart conditions may experience some discomfort or health
effects. It’s essential to consider local air quality standards and
health guidelines when assessing the impact of PM2.5 levels on
human health. Additionally, short-term exposure to elevated
PM2.5 levels may have different health implications compared
to long-term exposure.

The PM2.5 value of 19 in the movie auditorium may be
attributed to a combination of factors. Firstly, human
occupancy is a significant contributor as it introduces
particles through exhalation, skin shedding, and clothing
fibers. This is particularly relevant in a confined space like a
movie theater, where a large audience can collectively release
particulate matter. Secondly, the operation of the HVAC
system plays a crucial role. If the air handling units are not
equipped with adequate filtration, they may recirculate
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particles from the auditorium or draw in outdoor pollutants.
Furthermore, the cleanliness of the theater’s interior surfaces,
including seats and carpets, can affect PM2.5 levels. Dust and
debris accumulating on these surfaces can become airborne,
adding to indoor particulate matter. Additionally, the quality
of outdoor air can also influence indoor PM2.5 concentrations,
with factors such as traffic emissions, construction activities,
or nearby industrial sources contributing to outdoor air
pollution [13].

PM2.5 Concentration (ig/m) Alr Quality Health Risk

012 Good air quality Minimal health risk

12-35 Moderate air quality May be acceptable for most people

Including indivicuals with respiratory or heart conditions,

35-55 children, and the elderly

Unhealthy for sensitive groups

55+ Unhealthy for everyone With increased health risks for all individuals

Figure 8: PM2.5 Concentration Standard [14]

5.2 Lighting

Upon inspecting the theater’s lighting setup, it became evident
that the establishment primarily utilizes CFL and incandescent
bulbs. This choice of lighting technology is attributed to the
theater’s inception in 2010 when LEDs were not yet prevalent.
However, there has been a recent shift towards replacing the
fused bulbs with more energy-efficient LEDs, reflecting the
evolving lighting standards and energy optimization efforts.

The use of a Luxmeter allowed for the measurement of
illuminance levels across various zones within the theater,
providing the following insights:

lllumination Required (lux)  Illumination Maintained (lux) Percentage Difference %

Auditorium (Movie Screening) 20

Auditorium (During Break) -40

Lobby 30

Food Counter

Ticket Counter 300

Office 300 322

Account Section 300 327

Wash Room 200 238

Standard Values for Theaters, Concert Halls and Cinemas : Knowledge Base DIALux 4

Figure 9: Illumination Level in Theatre

The theater’s lighting arrangement, as assessed from an energy
optimization perspective, revealed distinct patterns across
different zones. Notably, the auditorium was found to be
slightly under-illuminated, albeit with the potential for
efficient improvement. Here, a more judicious use of the
available lighting fixtures, as some remained unused, can
address the illumination shortfall.

In contrast, non-critical areas such as the lobby, office, and
food counter exhibited excessive illumination levels,
surpassing functional requirements. This over- illumination
seemed driven more by aesthetics than necessity, signifying an
opportunity for significant energy savings by rationalizing
lighting in these spaces. Additionally, the continuous
operation of lights in the washroom, even in the presence of

natural daylight, indicated an energy-inefficient practice.
Implementing lighting controls that respond to daylight levels
can yield substantial energy reductions in this zone.

Figure 10: Lighting in Lobby (left) and Washroom (right)

5.3 Projection

The theatre makes use of a Christie CP4220 projector, which
relies on a Xenon lamp and has a maximum power
consumption of 4500W. While the current setup is operational,
there is potential for improved efficiency by transitioning to a
laser-based projection system.

Projector Existing Proposed

Model Christie CP4220 Panasonic PT-RQ22K

Power Input 4500W max 2200W max

=

Christie CP4220

Panasonic PT-RQ22K

LightSource Xenon Laser

No. of projector 3 3

Price $70000 x 3 = $210000 $80000 x 3 = $240000

Power Consumption KWh

(s hrsjday) 3(31510 67.5) = 94.5 10 2025 KWh

3(15.4 0 33) = 46210 99 KWh

48.3 10 103.5 KWh per day | NRS. 905,625 to 1940.625 per day | NRS. 330553 to 708328 per year

Figure 11: Projector Comparison (Existing vs Proposed)

If the existing Christie CP4220 projector is replaced with the
Panasonic PT-RQ22K projector, which consumes 2200W max,
the payback period would be as indicated below. The existing
equipment is 13 years old, and we consider a diminishing value
of 20% per year, and the USD rate equivalent to NRS 131, then:

Scrap Value of Christie CP4220:
(210,000 x 131) / (1+0.2)!3 = NRS 2,571,028

Investment Cost Required:
(240,000 x 131) - 2,571,028 = NRS 28,868,972

Assuming Annual Energy Savings Ranging from NRS 330,553
to NRS 708,328

Payback Period:
NRS 28,868,972 / (NRS 708,328 to NRS 330,553)
= Approximately 40.75 to 87.33 years

These calculations provide an estimate of the payback period
for the investment in the new projector. It would take between
approximately 40.75 to 87.33 years to recover the initial
investment through energy savings, depending on the actual
energy savings achieved annually. The longer payback period
indicates that while the new projector is more energy-efficient,
it may take several decades to fully offset the investment cost
with energy savings.
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5.4 Building Envelope

The auditorium’s wall and roof construction feature a
sophisticated multilayered design, comprising several key
components, each contributing to the overall performance
and comfort of the space. Starting from the exterior, there is a
9-inch Brick Wall, and a 6-inch Reinforced Concrete Roof that
acts as a sturdy structural element, providing stability and
support to the building. Inside, a 6-inch air cavity offers
insulation and soundproofing benefits, helping to minimize
external noise intrusion and maintain a comfortable acoustic
environment within the auditorium.

The subsequent layers include a 1-inch steel insulation layer,
which adds to the thermal performance of the wall, aiding in
temperature control. A 2-inch glass wool layer further
enhances insulation, reducing heat transfer and contributing
to energy efficiency by helping to maintain a consistent indoor
temperature. Moving inwards, a 0.625-inch gypsum plaster
layer serves both functional and aesthetic purposes, providing
a smooth and visually appealing interior finish while also
contributing to the wall’s fire resistance.

Finally, a 0.5-inch felt layer on the innermost side adds an
additional dimension of sound absorption, ensuring that the
auditorium maintains optimal acoustic qualities. Each layer in
this wall assembly serves a specific purpose, from structural
integrity and thermal insulation to acoustic performance and
aesthetics, collectively creating a comfortable and functional
space for moviegoers, while also potentially contributing to
energy efficiency through improved insulation.

Outer surface Outer surface

9.0000in

6.0000in  Air gap >=25mm

6.0000in  Air gap >=25mm

Inner suface

Inner surface

Figure 12: Section of Wall (Left) and Roof (Right)

Upon utilizing DesignBuilder for a comprehensive energy
analysis, the U-values of both the existing Roof and Wall
sections were scrutinized. The Roof exhibited a U-value of
0.072 Btu/h-ft2.°F aligning well with the recommended range
of 0.04-0.08 Btu/h-ft2-°F as stipulated in the ASHRAE
Handbook of Fundamentals. In contrast, the Wall’s U-value
was measured at 0.133 Btu/h-ft2-°E which was approximately
2.3% higher than the desired range of 0.09-0.13 Btu/h-ft2-°E

To address this discrepancy and enhance the insulation
properties of the Wall, an additional 0.5 inches of felt
insulation was introduced to the existing wall assembly. This
modification yielded a slightly lower U-value of 0.126
Btu/h-ft2-°E successfully bringing it within the specified range.
This adjustment not only rectified the U-value disparity but
also contributed to improved thermal insulation, potentially
leading to enhanced energy efficiency within the auditorium.
Furthermore, it underscores the significance of accurate
insulation levels in maintaining a comfortable indoor
environment and minimizing energy consumption.

18125
1366128
7539

Standard U-value range for Concrete Roof with Insulation:
.04-0.08 Btu/h-ft2-°F (ASHRAE Handbook of Fundamentals)

Standard U-value range for Brick Wall with Insulation:
0.09-0.13 Btu/h-ft2-°F (ASHRAE Handbook of Fundamentals)

PERCENTAGE EXCEEDING THAN REQUIRED:

2.3%

Figure 13: U-value of Roof (Left) and Wall (Right)

Standard U-value range for Brick Wall with Insulation:
0.09-0.13 Btu/h-ft2-°F (ASHRAE Handbook of Fundamentals)

7919 NEW IMPROVED U-VALUE

0.126 BTU/H-FT2-°F

Figure 14: U-value of Wall after adding 0.5-inches Felt

6. Recommendations

In light of the comprehensive analysis conducted within the
theater environment, a set of informed recommendations
emerges to guide and empower theater management and
stakeholders in optimizing energy efficiency, enhancing
audience comfort, and fostering sustainability.

Established in 2010, the theater has relied on split AC systems
throughout its history, influencing its energy efficiency
landscape. However, challenges arise from aging equipment
and evolving HVAC technology. On a positive note, energy
efficiency can be enhanced through retrofitting, advanced
zoning controls, and eco-friendly upgrades. Notably, modern
QFX theater franchises are adopting Variable Refrigerant Flow
(VRF) systems, reflecting a shift toward energy-efficient HVAC
solutions.

To address the challenge posed by fluctuating humidity levels,
the installation of humidity sensors within the HVAC units is
strongly advised. These sensors would be designed to activate
a humidifier whenever the relative humidity (RH) falls below a
predefined threshold, such as 45%. This proactive approach to
humidity control aims to ensure a consistently comfortable
and enjoyable movie-watching experience for the audience,
irrespective of the occupancy level or external climate
conditions.

To comprehensively address the issue of elevated indoor
PM2.5 levels in a movie theater, several key steps can be taken.
First, upgrading the HVAC filtration system with
high-efficiency filters, such as HEPA filters, can significantly
improve indoor air quality by capturing PM2.5 particles.
Second, implementing regular cleaning and maintenance
routines for the HVAC system is essential to ensure it operates
at peak efficiency and doesn’t become a source of indoor
pollutants. Third, monitoring outdoor air quality in real-time
using dedicated equipment allows theater management to
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stay informed about PM2.5 levels and other pollutants. This
data can inform HVAC system adjustments during periods of
poor outdoor air quality. Additionally, contingency plans and
alert systems can be established to respond swiftly to
deteriorating outdoor air quality, protecting indoor air quality
and patron health [8].

Regarding Lighting, optimizing energy use in non-critical
areas such as the lobby, office, and food counter involves
implementing lighting controls that respond to daylight levels.
This can yield substantial energy reductions in these zones,
contributing to both energy efficiency and cost savings.
Moreover, integrating occupancy sensors can further enhance
lighting efficiency by automatically adjusting illumination
levels based on real-time occupancy, reducing unnecessary
energy consumption.

Regarding Projector, while an immediate replacement of the
existing Christie CP4220 projector may not be required,
theater management should remain vigilant for any potential
malfunctions. In the event of projector failure, transitioning to
a more energy-efficient laser-based projection system, such as
the Panasonic PT-RQ22K, is recommended.

Additionally, regular maintenance of the multilayered wall and
roof construction is essential to preserve its insulation
properties. Ensuring that insulation materials are intact and
in optimal condition can contribute to energy efficiency by
minimizing heat transfer and maintaining a consistent indoor
temperature.

7. Limitations and Areas for Further
Research

This research is not without its constraints. One significant
limitation lies in the scope of the study, which focused on a
single case study of a specific movie theater. While this
approach allowed for an in-depth analysis of the chosen
context, the findings may not be universally applicable to all
movie theaters due to variations in operational models,
locations, and audience demographics. Additionally, the
reliance on self-reported data, collected through interviews
and surveys, introduces potential biases and social desirability
effects, affecting the accuracy of responses. The study’s
timeframe also poses a limitation, as it does not capture
long-term fluctuations in energy consumption patterns.

To address these limitations and advance the understanding
of energy optimization in the entertainment industry, future
research endeavors could explore diverse
Longitudinal studies conducted over extended periods could
offer insights into the sustainability efforts’ long-term
effectiveness, encompassing trends in energy consumption,
audience behavior,
Comparative analyses across multiple movie theaters with
varying operational characteristics would provide a broader
perspective, enabling the identification of context-specific
best practices. Furthermore, delving into the impact of
audience engagement initiatives and exploring emerging
technologies like Al-driven HVAC systems and innovative

avenues.

and technological advancements.

lighting solutions could contribute to shaping the future
landscape of energy-efficient cinema operations. Additionally,
conducting policy and regulatory analyses to evaluate the
effectiveness of existing environmental policies and proposing
interventions for a more sustainable cinema ecosystem would
be invaluable for industry stakeholders and policymakers
alike.
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