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I. Abstract

Designing sustainably, at its core, holds the health and wellbeing of the users of the space

and the price of ongoing maintenance and installation costs in balance with environmental

wellbeing. With each of these points playing a major role, spaces can be designed to be healthy

and affordable while also benefiting the overall functional health and efficiency of the space. A

key method in designing sustainably is the incorporation of natural daylight within a space to

provide general lighting in an energy efficient way and to positively impact the atmosphere of

the built environment. For the users of the space, natural daylight can affect the mood,

productivity and performance, and overall state of being of each person. After analyzing the pros

and cons of three types of daylighting options, traditional skylights, solar tubes, and artificial

skylights, the level of daylight entering the space was simulated and the effects applied to human

wellbeing, energy efficiency, and environmental health. The results of the lighting simulation

informed the design about the best option to incorporate natural daylight. The simulation resulted

in solar tubes as the most ideal option for this space with regard to user benefit as well as

environmental benefit and savings. Through this thesis, environmental benefit, human wellbeing,

and economic viability within a space with regard to the lighting effects of various daylighting

options was analyzed.



5

II. Chapter 1: Introduction

A. Introduction

Best said by Bille (2007), “The relationship between persons and things is at the heart of

most material culture studies” (p. 5). This relationship is one that is akin to the relationship

between people and the places that surround them, both natural and artificial. The human

experience is greatly influenced by the spaces we frequent, and the way that design has evolved

through the years reflects the idea that the relationship between people and things is at the heart

of our cultures. With recent designs, research by the EIA (U.S. Energy Information

Administration) (2019) states “almost 50% of CO2 is emitted by buildings” has influenced the

nature of building design and architecture. Modern sustainable design often focuses on energy

efficiency and aspects of indoor environmental air quality (Zymeri, 2019) in order to benefit the

space’s users and the environment itself.

For hundreds of years, natural light has been one of the most important parameters in the

design of buildings (Cheirchanteri, 2017). Prior to artificial light, the sun served as the sole

source of light which was a major factor in historical building design. As technology advanced,

the use of skylights became more varied. Now, skylights serve as the most efficient form of

natural lighting as well as a form of passive heating and cooling, as well as for ventilation

(Cheirchanteri, 2017). When it comes to sustainable design, it is important to note the use of

skylights as an option for energy efficiency as well as human wellbeing. The performance of

skylights in sustainable designs is seen through the energy savings, human welfare, and

environmental health. (H.W. Li, 2009).

Another hallmark method of sustainable design is the ability to reuse and repurpose

existing buildings, better known as adaptive reuse. Adaptive reuse has gained popularity as an
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effective strategy to improve the sustainability of existing buildings as reusing the existing

building stock has been identified as having an important impact on sustainability of the built

environment (Bullen, 2007). The incorporation of skylights within adaptive reuse buildings

combines the reuse of existing materials from the site with the natural environment and benefits

to people, place, and profits (See Figure 1.0).

Figure 1.0 Three Spheres of Sustainability (Actco, 2023)

B. Purpose

The purpose of this thesis is to document a simple lighting simulation that will provide

visual evidence of the effects of skylights and skylight alternatives on the spaces they occupy.

Using these simulations, estimated costs were derived to conclude which daylighting option is
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the most cost effective and beneficial for the space. Using an adaptive reuse model of a

Chattanooga building, the Dixie Mercerizing Mill (now the Ridgedale Mill), traditional

skylights, artificial skylights, and solar tubes were measured. Through analyzing the pros and

cons of three types of daylighting options in terms of benefit to human health, the effect on the

building and the surrounding environment, and installation and maintenance costs, the best

solution for energy efficiency and human health was measured through a lighting simulation in

an adaptive reuse model within a commercial occupancy.

C. Background

The site for the project was the Dixie Mercerizing Mill (DMM). Renamed the Ridgedale

Mill and located at 1101 South Watkins Street in downtown Chattanooga, TN, it served as a key

component in the growth of Chattanooga after its construction in the 1920s where it went into the

production of mercerized cotton and quickly became one of the largest and best equipped

facilities in the world at the time (Chattanooga Times Free Press, 1920). (See Figure 1.01 - 1.03)

While creating history through its production and by being a massive economic stimulant for

Chattanooga, the mill was important in another way. Being built in the 1920s, the Art Deco style

was utilized. The Dixie Mercerizing Mill is unique in architectural style from other buildings that

were constructed within the same year due to its solid concrete construction and art deco style.

With low relief geometric designs, parallel straight lines, and solid concrete construction

(Poppeliers, 2003), it holds history within its walls through the building techniques and the

overall style used in construction. Due to this major historical significance, the Ridgedale Mill is

a prime candidate for this adaptive reuse project. The reuse of the Ridgedale Mill maintains the

historical integrity of the building itself and the surrounding community while also contributing
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to a sustainable design through the reuse of existing materials and development to lower

construction waste and construction costs. It served as a huge benefit to Chattanooga’s economy

in the mid to late 1990s (IBID). It was the largest locally based manufacturer in the City of

Chattanooga and it was said to be the nation’s largest producer of “yarns only” for the textile

industry (Chattanooga Times Free Press, 1979). The development that took place in Chattanooga

due to the textile industry that was led by the Dixie Mercerizing Mill is seen today on the

bustling streets of downtown.

Figure 1.01 Exterior of the DMM (Chattanooga Times Free Press, 2019)
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Figure 1.02 and 1.03 Dixie Mercerizing Interior (World Magazine Interior Images, 1921)

Historically, skylights have been used as a main source of lighting since ancient Rome,

where they can be found in buildings such as the Pantheon where they serve as an opening in the

ceiling that allows natural light to flood the space (Bailey, 2020) (See Figure 1.04). As

technology advanced and the Industrial Revolution came about, skylights became more

functional and were able to be even larger, letting more light into spaces (Bailey, 2020). Building

design soon followed the idea of constructing and designing to best occupy the space with

natural lighting and in turn create a well lit space throughout the life of the building. Presently,

skylights are advanced enough to provide insulation, energy savings, and daylighting benefits to

buildings around the world. (VTechSkylights, 2020).
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Figure 1.04 Pantheon Skylight (A Brief History of Skylights, 2020)

D. Significance

This project is significant to the architecture and design community because it includes

well informed research into lighting design as well as options for the incorporation of natural

daylight into the built environment. Each daylighting option -- traditional skylights, artificial

skylights, and solar tubes -- have been tested and measured to find the best solution for an

adaptive reuse space with a commercial occupancy. It is important to note that the space has high

ceilings of 16’5” in the circulation areas and 10’ in private areas and is designed with the

functionality of traditional skylights, artificial skylights, and solar tubes in mind.

E. Problem Statement

Sustainability is increasingly recognized as imperative to good, long lasting and healthy

design. Using the opportunity that is presented through this adaptive reuse project, the ability to

further test energy saving daylighting options with regard to the interior environment, the users



11

of the space, and the surrounding exterior environment is possible. The measurements and

analysis of each daylighting option as shown in the simulation provided information regarding

overall efficiency of the products themselves as well as the efficiency of the building in the years

to follow the installation of the daylighting options.

F. Research Questions

1. What is the current condition of the DMM as it relates to the possible addition of

skylights?

2. Which daylighting option provides the best balance of environmental benefit, human

wellbeing, and economic viability?

G. Assumptions of study

The following are assumptions that have been made about this study.

1. The renovation of the mill will bring it up to the modern health and safety standards and

building codes.

2. Interior construction of nonstructural walls will take place.

3. The simulated space will have a business occupancy.

H. Limitations of study

The following limitations are to be considered for this study:

1. The project is simulated, limiting documentation.

2. There was a limited amount of time for this project, specifically 9 months from start to

finish, affecting the amount of time dedicated to research and the simulation.
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3. The entire site and building(s) are not included within the proposed design solution:

included within this project is the Work Lounge within the commercial side of the

building at 2,802 square feet.

I. Delimitations of Study

The following are the delimitations of this study:

1. The Ridgedale Mill (Dixie Mercerizing Mill) was the only building used in this study.

2. Only the commercial side of the site is to be used during the simulation.

3. The daylighting options simulated are skylights, solar tubes, and artificial skylights.

4. Only one kind of each daylighting option was included within this simulation.

J. Definitions

The following are important definitions and terms:

- Adaptive reuse: A process that changes a disused or ineffective item into a new item that

can be used for a different purpose. When applied to a building, it preserves history and

often benefits the community economically and socially (Merriam Webster, 2023).

- Art deco: A popular design style of the 1920s and 1930s. Characterized by bold outlines,

geometric shapes, and the use of new materials (Merriam Webster, 2023).

- Artificial skylight: A technologically advanced lighting fixture that mimics natural

daylight in interior applications (Merriam Webster, 2023).

- Business Development Center: Small Business Development Centers provide counseling

and training to small businesses including working with the Small Business
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Administration (SBA) to develop and provide informational tools to support business

start-ups and existing business expansion (Business Development Association 2022).

- Circadian Rhythm: Circadian rhythms are physical, mental, and behavioral changes that

follow a 24-hour cycle. These natural processes respond primarily to light and dark and

affect most living things, including animals, plants, and microbes (National Institute of

General Medical Studies, 2022).

- Daylighting: Natural lighting, also known as daylighting, is a technique that efficiently

brings natural light into your home using exterior glazing (windows, skylights, etc.),

thereby reducing artificial lighting requirements and saving energy (Merriam Webster,

2023).

- Embodied Energy: the total amount of carbon expended in the front-end creation of

buildings. This includes the mining and manufacturing of the building materials, the

transportation of the materials to the construction sites, and the construction of the

buildings themselves (Merriam Webster, 2023).

- Facade: the face of a building, especially the principal front that looks onto a street or

open space (Merriam Webster, 2023).

- National Register of Historic Places: The National Register of Historic Places is the

official list of the Nation's historic places worthy of preservation (National Park Service,

2022).

- Skylight: A window installed in a roof or ceiling (Merriam Webster, 2023).

- Solar Tube: Solar tubes (also known as light tube, tubular skylights, solar tube lighting, or

light pipes) are tube-shaped pipes that capture natural sunlight and distribute it to the

interior parts of your home or office for the purpose of illumination. Compared to
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traditional skylights, solar tubes are more compact and cost less to install (GoGreen

Daylight Systems, 2023).

- Sustainability: The act of reducing negative impacts on the environment, and improving

the health and comfort of people, thereby improving building performance through

interior design choices. The basic objectives of sustainability are to reduce consumption

of non-renewable resources, minimize waste, and create healthy, productive

environments (U.S General Services Administration, 2023).

K. Conclusions

This chapter introduced the project, the measurement of various daylighting options

within a commercial space and analyzed the benefits of each option with regard to how the

physical space, users, and operating costs are affected. The next chapter explores topics that

assisted in the development of a lighting simulation and a better understanding of energy

efficiency within buildings through daylighting will be gathered.
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III. Chapter 2: Literature Review

A. Introduction

The literature review serves as a collection of data and an interpretation of data. This

research included a review of the current challenges with the Dixie Mercerizing Mill such as

current condition and structural and design style challenges. The research discussed the

importance of skylights and how they can benefit spaces as well as their users, and finally, a

thorough review and comparison of an artificial skylight, a traditional skylight, and solar tubes

was completed with additional information from a lighting simulation.

B. Topic 1: Current Conditions of the Dixie Mercerizing Mill

The Dixie Complex (Ridgedale Complex) retains a high degree of integrity and is the

only mill or factory in Chattanooga that is of concrete construction and that is completed in the

art deco style (Poppliers, 2003). The use of stepped parapets, geometric motifs, the streamline

rectilinear form, and the smooth concrete finish all contribute to the overall art deco style of the

building (Poppliers, 2003). The flooring is a mixture of maple wood and concrete flooring. (See

Figure 2.0) It is unknown when the maple wood flooring was installed. There is a heart pine

wood floor underneath (A. Rader, personal communication, August 24 2022). A portion of the

pine floor was revealed under a section of buckled water damage flooring (A. Rader, personal

communication, August 24 2022). The maple wood flooring is used throughout the first and

second floor of the main building (See Figure 2.01).) (A. Rader, personal communication,

August 24 2022). It is unknown if the heart pine is underneath throughout, but it is assumed that

the maple floor was added to support the heavy equipment used. Sections of the flooring have

been damaged by water and buckled on both floors (Longwith, 2005). Existing sources do not
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speak to the conditions of the second floor and the ceilings to determine whether or not the use of

skylights and/or skylight alternatives is applicable.

Figure 2.0 Existing Flooring (Wood, 2023)

It is clear to see from the above figures that the renovations of the Ridgedale Mill in the past

have resulted in a clear account of the history of construction within the space.
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Figure 2.01 Existing Flooring (Wood, 2023)

Additionally, with solid concrete construction, the building envelope including the roof

remains in good form. Due to this, the addition of skylights and skylight alternatives is likely

possible. For the Ridgedale Mill, more information regarding the structure of the ceilings and

floors is needed prior to the addition of skylights and/or skylight alternatives to the proposed

ceiling plan. It is important to note that existing structures often have higher construction costs

and advanced engineering is needed to ensure that the skylights have been properly installed and

will not negatively affect the structure (Marvin, 2022).
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C. Effects of Daylight on Human Health

The benefits of skylights cover multiple areas of focus, some being human wellbeing,

building design, and green building. The biological processes that regulate our sleep–wake cycle

make up our circadian system. Primarily through the use of the neurohormone melatonin, our

circadian system regulates our patterns of alertness and sleepiness. Without exposure to normal

24-hour light–dark cycles, a person’s sleep–wake cycle can stray by as much as two hours per

day (Van Den Wymelenberg, 2014). Circadian rhythm is the body’s natural way of maintaining

its internal clock, and it maintains the rise and fall of hormone levels and production of energy in

tune with the position of the sun. As the sun rises, the body naturally wakes up and produces

energy, and when the sun sets, the body begins to cease energy production. Electric or artificial

lights are able to disrupt the body’s circadian rhythm as they do not replicate the sun’s position or

lighting levels, while skylights are able to counteract that by allowing natural daylight to enter

the space. Three tasks that are critical to a successful daylighting installation are glare control

during occupied hours, properly balanced illuminance on interior surfaces, and ensuring

sufficient ambient daylight illumination for visual tasks (Van Den Wymelenberg, 2014). With the

incorporation of daylight, users are able to reap the benefits in spaces they frequent, fulfilling the

need for daylight for those that may not be able to otherwise be exposed to it. While benefiting

the body’s circadian rhythm, the users of the space benefit from having increased serotonin

production and an improved morale (See Figure 2.02)
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Figure 2.02 Process of Body Functions Throughout the Day in Time with the Rise and Fall of the

Sun (Van Den Wymelenberg, 2014)

Skylights, while mainly encouraging the proper function of the user's circadian rhythms,

also affects the overall energy use of a space by increasing the amount of light within the space

without using electricity. Skylights can help lower dependance on electricity, and using tinted

glass can help with any solar heat gain or loss on either side of the skylight (Vaillancourt. 2021).

D. Topic 3: Types of Skylights

1. Traditional Skylights

Traditional Skylights can be installed in spaces that are especially dark to allow for

steady, regular light to enter the space. With the addition of skylights, spaces can gain huge

amounts of natural light that acts as the main lighting source within the space. (Velux, 2015).

Layered with artificial lighting, the need for energy to provide light in the space is minimized,
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and during the daytime, low amounts of energy are needed to provide adequate lighting within

the space. Traditional skylights can also benefit from the plug and play installation method,

which increases the speed at which the skylights can be installed without jeopardizing the

integrity of the overall system (Velux, 2015). Utilizing this method of installation, a cost

effective skylight solution for the project in terms of overall installation cost, product cost, and

energy efficiency can be achieved. It is suggested to consider internal roller blinds for optimal

heat control and daylight, though window tints can be used to achieve similar performance. All

units should include step glass on the outer side to ensure water tightness, lowering maintenance

costs (Velux, 2015). Created with pultruded fiberglass and polyurethane, this composite material

provides high insulation performance and thermal sustainability, again resulting in a lower

energy consumption cost. With the use of these traditional skylights with high end insulation

technology, visual access to the sky is achieved, and the users benefit from views of nature. This

volume of natural light also benefits the user’s mental and physical wellbeing by positively

affecting the production of serotonin and balancing the user’s circadian rhythm. See Table 2.0 for

pros and cons of the addition of daylight within a space with regard to traditional skylights.

Pros Cons

Improved Productivity Possible Heat Gain

Encourages Regular Circadian Rhythm Possible Heat Loss

Improved Mental and Physical Wellbeing Structural Penetration of Roof

Views to Nature Possible Leaking due to Sealing

Table 2.0 Pros and Cons of Traditional Skylights
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2. Solar Tubes

Solar tubes can act as a main lighting source within many spaces, small and large. The

goal of the implementation of solar tubes in spaces according to one owner was to “revive and

beautify the historic space by filling it with natural light and greenery…to enhance the guest

experience while improving well-being and health” (Solatube, 2020). Capturing the rays of

sunlight during the winter months when the sun is lower can prove to be a challenge, but the use

of solar tubes provides a solution. With a light collector at the top of the solar tube, maximized

daylight is delivered into the space. The light collector on a solar tube is able to collect and store

light at all times of the day, where a traditional skylight is only able to efficiently transfer light

into a space when the sun is able to directly hit the skylight. By ensuring the capture and

redirection of light year round with solar tubes, spaces can benefit from natural light even

through the winter months. This also ensures that the use of artificial lighting is minimized year

round, effectively reducing the cost of lighting for projects. With the incorporation of solar tubes,

heat gain and loss are non applicable issues, once again reducing the need for excess artificial

thermal control throughout the year. Maintaining such lighting year round also benefits the

interior environment and the users as it encourages serotonin production and the balancing of

circadian rhythms, as well as fighting against Seasonal Affective Disorder (National Institute of

Mental Health, 2020). See Table 2.01 for pros and cons of solar tubes.

Pros Cons

Lower Price Point No Views to Nature

Encourages Regular Circadian Rhythm Function is Dependant on Weather

Improved Mental and Physical Wellbeing Limited Design Choices

Minimal Structural Damage Upon Installation Lack of Lighting Control

Table 2.01 Pros and Cons of Solar Tubes
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3. Artificial Skylights

Artificial skylights are also highly applicable. The reproduction of natural light with the

visual appearance of the sky with artificial skylights opens up the possibilities of spaces where

penetrating the ceiling might not be an option. Careful curation of spaces through the

architecture and furniture selections creates a space that is designed with proportion in mind,

further allowing the artificial skylights to find their place within the space and feel as natural as

possible. The use of an artificial skylight in spaces can be implemented to aid in the design of a

restorative environment while keeping the restrictions of the space in mind. Designing the space

to mimic the “behavior of the earth; atmosphere and is proven to support mental restorative

processes, reduce stress, heighten a sense of comfort and emotional wellbeing, and enhance

cognitive functions” (Standard Dose, 2019). While benefiting from the artificial daylight that

enters the space due to the skylight, the space also develops a more permanent sense of place and

grounding for the user’s experience. With the ability to “recreate '' natural lighting (CoeLux,

2019) through their Sun&Moon system, the vital ingredient is able to penetrate the otherwise

windowless space, therefore positively impacting the built environment as well as the user’s of

the space. While comparable to a traditional skylight or solar tube with regard to effect on the

users, the artificial skylight is more versatile in placement and installation costs (see Table 2.02).

Pros Cons

Improved Productivity High Price Point

No Chance of Leaking Use of Electricity to Function

No Heat Gain or Loss No Ventilation Option

No Penetration to Roof Footprint Less Efficient With Concern For Mental And
Physical Health Of Users

Table 2.02 Pros and Cons of Artificial Skylights
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E. Topic 4: Examples of Applied Traditional Skylights, Artificial Skylights, and Solar Tubes -

Case Studies

1. Traditional Skylights: Urban Outfitters Building #18, Philadelphia, Pennsylvania

The Anthropology Headquarters located within Philadelphia has a rich history. Situated

within a former metal foundry, the headquarters has undergone an inspiring transformation.

Originally, the space was extremely dilapidated, but the existing open glazing system over the

length of the building proved to be a vital part in the renovation of the design. Relying on that

existing structure as a foundation for the remodel naturally included the use of daylighting as a

key design factor. Additionally, this influx of natural light within the building benefits users by

boosting morale and productivity as well as providing a high enough CRI for proper fabric

viewing during product development (Wasco, 2018). Wasco developed a custom tinted glazing

system utilizing a combination of Solarban 70 Low E bronze and clear laminated glass to

provide all the positive benefits of natural daylight without suffering the undesirable effects such

as excessive heat gain, glare and fading (Wasco, 2018). Reusing the building’s existing design

with another look at skylights and their ability to properly serve the space resulted in a beautiful,

well lit area that benefits the users of the space (See Figures 2.03 and 2.04).
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Figures 2.03 and 2.04 Pinnacle Ridge at Urban Outfitters Anthropologie Headquarters (Wasco,

2018)

2. Solar Tube: Ecofibre Warehouse, Lexington, Kentucky

At its core, Ecofiber is a leading innovator in hemp technologies where sustainability

plays a large role in manufacturing. The development of this North American location needed to

portray their ideals, and in doing so the decision to use the LEED rating system to achieve LEED

Platinum Certification (See Figure 2.05). Along with the goal of LEED Platinum Certification,

the need for a bright and welcoming space that would “instill employee pride” as well as

“provide a healthy environment to optimize the wellness for the occupants within” (Solatube,

2021). With such high sustainability goals, the optimization of daylight was essential to the

success of the project. In the end, a total of 66 Solatube systems were used, and Ecofiber saw a

58% decrease in total energy consumption (Solatube, 2021).
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Figure 2.05 Solatube Exterior View (Solatube, 2021)

Due to the thoughtful and extensive research that fueled the lofty goals of this warehouse, it

holds the title of the first warehouse and distribution facility to achieve LEEDv4 Platinum

Certification in the United States.

3. Artificial Skylight: Light Cognitive, Barcelona, Spain

Light Cognitive, a brand that focuses on lighting design, has created a large circular

artificial skylight by the name of Oculus (See Figure 2.06). The artificial window was designed

to mimic the center of domes in ancient Roman architecture, which allowed natural light to filter

into the space below (Hahn, 2020). Based on an actual model of the sky, the Oculus uses

patented technology to match the color and intensity of the real sky outside (Salomaa, 2020).

Figure 2.06 Light Cognitive Artificial Skylight (Hahn, 2020)
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Within the light, the LEDs are arranged underneath a circular diffuser which creates an

ever evolving impression of the light on the surface while reducing shadows and glares (Hahn,

2020). This is extremely important as it affects the function of the circadian rhythm within the

users of the space, and the Oculus has the technology to support a healthy sleep/wake cycle

throughout the day.(Salomaa, 2020). Additionally, it is believed that the visual impact of the

Oculus on the users of the space has been in support of an improved psychological impact, and

the ability to so accurately recreate daylight in space where it would typically not be possible

results in an improvement in user experience. (Salomaa, 2020). This application of an artificial

skylight is a great demonstration of the possible effects that it can have on the space it occupies.

E. Topic 5: Technical Information/Performance Data

1. Overview of Performance for Traditional Skylights, Artificial Skylights, and Solar Tubes.

Daylight devices are able to deliver a large amount of daylight into a space, though there

are lower prices than traditional skylights found in solar tubes, mainly due to construction costs

(See Figure 2.07). Additionally, as previously mentioned, artificial skylights can prove to be

more versatile in application than both solar tubes and traditional skylights. In a test by the

Construction Technologies Institute of National Research Council of Italy, the performance of

traditional skylights and solar tubes was measured.
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Figure 2.07 Wall Section (Reprinted From “Sizing Analysis of Interior LIghting Using Tubular

Daylighting Devices”, by Baglivo, 2022, Energy Procedia)

For this test, a room was created that was to have the two daylighting option applied to it.

Simulations with the software Daysim were run to assess the luminance levels of each space as

well as daylight factors and other useful indicators. Post process, it can be “observed that the

contribution of daylight is highest in the cases where the application of the skylights is

considered.” (Baglivo, 2022). This being said, a look at Figure 2.08 shows that while skylights

have the highest daylight factor percentage, the ratio of the light level inside a structure to the
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light level outside the structure, solar tubes do not fall far behind, still proving to impact the

amount of daylight within the space.

Figure 2.08 Calculations Chart (Reprinted From “Sizing Analysis of Interior LIghting Using

Tubular Daylighting Devices”, by Baglivo, 2022, Energy Procedia)

Additionally, a test regarding the performance of artificial skylights against both daylight

through fenestrations as well as LED lighting and their effect on the user of the space was

conducted by Construction Technologies Institute of National Research Council of Italy. This test

played a key role in lighting design research, as ensuring the comfort of the indoor environment

with regard to the functionality of the people in the space is a priority. In this study, a monitoring

system was placed in three different rooms where participants would spend entire work sessions

in each lighting option (See Figure 2.09). Analyzing the visual and non visual effects that each

lighting option had on the participants, the diffused lighting that comes from artificial skylights

resulted in the best lighting conditions (Bellazzi, 2021).
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Figure 2.09 Daylight (left), Artificial Skylights (middle), and LED Lighting (right) in

each room (Bellazzi, 2021)

As visible in the image above, glare is prominent in the LED room as well as the

daylighted room whereas the room with the artificial skylight is glare free (Bellazzi, 2021). This

was a key component of occupant comfort.

F. Conclusions

This chapter focuses on the conditions of the Ridgedale Mill, the benefits of skylights and

daylighting, manufacturer information, applications, technical information, and performance

data. The following chapter explains the methods that were used in order to inform the design

decisions for the proposed renovation.
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IV. Chapter 3: Methodology

A. Intro

The research methods for this thesis are presented within this chapter, as well as used to

develop the design and function of the adaptive reuse for the Dixie Mercerizing Mill. Interviews,

reviews of journal articles and research papers, site visits, interviews over the phone or video

conferencing software, and historical research from the Chattanooga Public Library were all used

to gather information regarding the Dixie Mercerizing Mill, traditional skylights, artificial

skylights, solar tubes, the relationships between natural daylight on the users of the space, the

interior and exterior environment, and the operational costs of each form of lighting. Regarding

this information, a lighting simulation measured the levels of footcandles within the commercial

space using traditional skylights, artificial skylights, and solar tubes. A simple comparison of

functionality and cost was created between each option to find the best option for natural lighting

within the commercial space of the Ridegdale Mill’s proposed reuse plan.

B. Methods

The first method used to gather information regarding the Ridgedale Mill was a site visit

where a short interview with the owners informed the designers on the intended use and various

background information. A visit to the Chattanooga Public Library to gather historical data as

well as research regarding the design style and construction of the building through original

building documents and historically accurate texts was documented as well. Online databases

and architectural journals with respect to the history of the building as well as the method of

adaptive reuse and how it affects sustainability was used. Field professionals in the architecture,

interior design, and engineering fields were interviewed where information concerning the

current state of the building and the future plans for the building was collected. Case studies have
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also been reviewed where the application of skylights and skylight alternatives was evaluated

and could act as possible applications to the Ridgedale Mill. A simple lighting simulation using

AGI, a REVIT Plugin, was used to best show the actual lighting conditions of the proposed

commercial space with regard to traditional skylights, artificial skylights, and solar tubes. Prior

to any simulations, the space was outfitted within Revit to accurately portray the results of the

simulation. To do so, it is important to note the documentation of the floor plan of the space to

take note of existing conditions. Next, selections of material finishes for the floors, ceilings, and

walls were specified while noting each material's light reflectance value. Once this criteria had

been met, the selection of specific skylights and skylight alternatives was documented to ensure

accurate measures of light. A base simulation with only the artificial light, also with specifics

selected, and the current daylighting levels was run to provide a control for the other simulations.

Rerunning the AGI test with each option were documented, and foot candle levels were

compared. After the simulation, a simple analysis of overall costs informed by further research

and the results of the lighting simulation informed the design. Currently, only the work lounge is

to be analyzed. This space is an ideal candidate for this simulation as the users of the space

benefit heavily from the effects of natural light, especially with regard to enhanced productivity

(Williams, 2020) and overall morale. The entire space was not measured. The main coworking

space in the open floor area was the subject matter of the study, and the positioning of the

daylighting options was zoned to have an effect only on that section of the work lounge.

Additionally, the time of 12 PM was used for each simulation of daylighting options to ensure

that the time of day with the most overhead light was measured. With roof applied products,

having an overhead sun will show the highest amount of natural daylight that is gained in the

space with each option. An All Perez Weather station was also referenced in Revit during the
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initial setup of the simulation to ensure that the weather conditions were the same throughout all

simulations. The date of September 23rd, 2022 was also referenced in revit to get accurate

weather and visibility data for the simulation. See Figure 3.0 for a visual representation of

methodology.

Figure 3.0 Methodology Flow Chart
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C. Conclusions

The methodology behind addressing the research questions that are presented in this

thesis are explained in this section. Documentation and research of existing information through

credible online sources and text informs the analysis of case studies and application techniques

for skylights and skylight alternatives.
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IV. Chapter 4: Findings

A. Introduction

This chapter discusses the findings regarding the current lighting conditions within the

coworking space in the commercial side of the site. Also documented are lighting simulations,

run with AGI, for traditional skylights, artificial skylights, and solar tubes in the coworking

space. Results of the lighting simulation are explained and documented as well as estimated

pricing options for each daylighting option.

B. Project Type Design

It is important to note the conditions of the space that is to be measured. To do so, Figures

4.00 through 4.02 and Table 4.00 and 4.02 have been provided for information regarding specific

products, materials, and existing conditions such as existing windows. Please note that the north

arrow orientation is the same on every floor plan as seen below.

Figure 4.00 Proposed Overall Floor Plan with North Arrow (Wood, 2023)
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Figure 4.01 Proposed Work Lounge Floor Plan (Wood, 2023)
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4.02 Proposed Work Lounge Reflected Ceiling Plan Featuring Only Artificial Lighting(Wood,

2023)

Name Brand Installat
ion
Type

Lumens Watts CCT CRI Notes Floor
Plan
Symbol
(Not to
Scale)

Vaulta
Linear

Corelite Suspend
ed

5951 43.4 3500K 80 14 in
plan.

Sense
Drum
Trio

Shaper Canopy
Mount

3172 38.8 3500K 80 6 in
plan.

Table 4.01 Artificial Luminaire Schedule for Simulation (See Appendix B - C for References.)
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Application Material and
Spec Name

Brand Light
Reflectance
Value

Image Notes

Floor Pine
Hardwood
(Stained)
((F1)) - Oak
Sevede

Khars Group 29%

Floor Carpet Tile
(F2) - Layout
in Elevations

Interface
Carpet Tile

36.5%

Ceiling Ceiling
Panels (C1) -
Ultima
Health Zone
Performance

Armstrong
Ceiling &
Wall
Solutions

86% 2’x 4’

Wall Paint 1 (W1)
- White
Winged Dove

Benjamin
Moore

75.3% Paint has
been applied
to brick on
the interior of
exterior
walls.

Wall Paint 1 (W2)
- Dellwood
Sand

Benjamin
Moore

36.05%

Wall Wallpaper 1
(W4) -
Highrise in
Quartzite

Koroseal 68.3%

Wall Wallpaper 2
(W5) - Arco
in Hana

Koroseal 28.6%

Table 4.00 Light Reflectance Value Material Information for Specifications within Simulation

(See Appendix A for References.)
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Type Name Brand Size Notes

Traditional
Skylight

SkyMax Wasco 48” x 96” 6

Artificial
Skylight

Cadiant
Dynamic
Skylight

Cree Lighting 23’7 x 23’7 12

Solar Tube SolaMaster Solatube 26” x 26” 12

Table 4.02 Daylighting Options Specifications (See Appendix B for References.)

With the information provided above, the lighting simulation is as accurate as possible.

Inputting accurate photometric information and light reflectance value numbers ensures that the

light within the simulation behaves as it would in a real environment. Within the ElumTools

program, actual .ies files were input to ensure accurate lighting information with regard to the

artificial lighting selections.

B. Application to Research Questions

Question 1: To answer research question 1, “What are the current conditions of the Dixie

Mercerizing Mill with regard to the addition of skylights”, an interview with Alex Reyland from

HK Architects was conducted. When asked about what measures would need to be taken to

incorporate a traditional skylight into the building, Reyland said “The structure is a cast in place

concrete structure with a concrete slab that is all heavily reinforced, so it's really just about

maintaining, you know, don’t stick a skylight through the middle of a beam or anything... (A.

Reyland, personal communication, October 28, 2022). This cemented the fact that the building is

structurally sound and is able to have additional construction done to add skylights to various

spaces. When next asked about what the best approach would be to the addition of skylights,
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Reyland stated that “the commercial building...traditional skylights make a lot more sense there.

It’s a really deep space, and there’s that existing infill building that further blocks any natural

light” (A. Reyland, personal communication, October 28, 2022). This information supports the

idea of implementing skylights for their effects on both the users of the space as well as the

effect on energy costs.

Question 2: To answer the research questions proposed in this project, namely “Which

daylighting option provides the best balance of environmental benefit, human wellbeing, and

economic viability?”, we must note the existing daylighting levels of the coworking space at 12

PM (See Figures 4.03-4.04 and Table 4.03).

Image Footcandle Level

Red 50

Green 20

Light Blue 5

Dark Blue 0

Table 4.03 Traditional Skylights Lighting Level Legend
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Figure 4.03 Existing Daylight within the Work Lounge at 12 PM Provided by Windows

With daylight coming through the existing windows, much of the space relies on artificial

lighting to provide light. According to Larson Electronics (2016), “A requirement of 20 foot

candles is recommended for general spaces in offices. In areas where reading and detailed tasks

are carried out, 50 foot candles of lighting is sufficient.” While certain areas do meet the

requirement minimum footcandle levels (Figure 4.04), over 50% of the space does not meet the

necessary level of footcandles to offer comfort for the users. This could result in eye strain and

generally renders the space unsuitable for the proposed use.



41

Figure 4.04 Existing Daylight within the Work Lounge at 12 PM Provided by Windows with

Footcandle Averages

Noting these existing daylight footcandle levels, artificial light has been applied

throughout the space to greatly improve the level of light. (See figure 4.02 for an RCP of the

space). It can be seen that the space is exponentially more bright and benefits from even lighting

(See figure 4.05), though the ability to achieve such light levels is dependent on the use of

electricity. According to data from the Commercial Building Energy Consumption Survey, office

buildings in the U.S. spend on average $1.44 per square foot on electricity annually (P3 Cost

Analysts, 2022). Within the simulated space and using the estimated energy cost and use from

the Commercial Building Energy Consumption Survey, it can be estimated that the 2,802 square
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foot space at $1.44 per square foot would cost $4,034.88 per year to maintain comfortable

lighting levels on top of other general electrical uses such as thermal comfort and additional

devices such as computers or alarm systems. The opportunity to save money by applying

daylighting solutions to this space is presented through the following daylighting simulations.

Figure 4.05 Artificial Lighting within the Work Lounge (Wood, 2023)

Additionally, further information about the footcandles within the space (See figures

4.06-4.07 and table 4.04) shows that through the application of artificial lighting, the minimum

required footcandle levels are met on and around worksurfaces, though the light has the potential

to have hot spots upon work surfaces and is not even throughout.
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Figure 4.06 Artificial Lighting within the Work Lounge with Footcandles (Wood, 2023)

Figure 4.07 Artificial Lighting within the Work Lounge with Footcandle Averages (Wood, 2023)
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Image Footcandle Level

Green 10

Light Blue 5

Dark Blue 2

Table 4.04 Artificial Lighting Level Legend

It is also important to note various underlying costs of each daylighting option, such as

maintenance and installation (See table 4.05). Please note that costs are estimates, see Appendix

B for more information.

Type Product Cost
(Including tax
and installation)

Maintenance
Costs (Avg.,
yearly for all
fixtures.)

Number of
Fixtures

Total Cost (over
1 year)

Traditional
Skylight

$1,063.30 $385 6 @ 48” x 96” $6,763.00

Solar Tube $750 $250 12 @ 26” x 26” $9,250.00

Artificial
Skylight

$1,000.00 $100 12 @ 23’7 x
23’7

$12,100.00

Table 4.05 Estimated Cost (Year of installation)

C. Traditional Skylights Simulation

Through the addition of daylighting products, the space will benefit from lower energy

consumption as well as more even lighting distribution. First, traditional skylights were

simulated within the space. Due to the need for lighting at the main entry of the space that stems

from the lack of access to natural light through the existing windows in the space, the skylights
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have been applied there, and this will continue to be the area of focus where daylighting options

are applied. (See Figure 4.08-4.9).

Figure 4.08 Traditional Skylights Reflected Ceiling Plan Displaying Proposed Skylight

Placement (Wood, 2023)
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Figure 4.09 Traditional Skylights Lighting (Wood, 2023)

Information from the simulation also provides useful numerical values regarding the foot

candle averages within the space with just the skylights being recorded. While the main dark

spots gained a lot of light, they still are not quite meeting the minimum number of footcandles at

a minimum (See Figure 4.10). The highest average is 10 footcandles (See Figure 4.11 and Table

4.06), which is still 10 below the minimum level for an office space. It is safe to assume that

though the addition of traditional skylights does increase the passive light within the space, it

would still need additional lighting to maintain a healthy and functional amount of footcandles.

With low light in an office space, eye strain is a heightened risk factor. It is important to note that
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with the application of traditional skylights, the use of artificial lights would still be needed to

ensure that adequate lighting levels are met and maintained to ensure the wellbeing of the users.

It can be concluded that while traditional skylights do add to the ambient lighting

throughout the work day at a lower cost than both solar tubes and artificial skylights, the low

footcandles within the space would result in continued use of electricity at all times. Due to this,

the yearly cost after the application of traditional skylights at $6,763.00 added to the yearly

energy consumption cost of $4,034.88 would mean a yearly cost of $10,797.88. While not the

most expensive option, there would be minimal energy savings, meaning that the yearly cost of

electricity would fail to fall. In the years following the initial application, the cost of the yearly

maintenance at $385.00 and yearly energy consumption at $4,034.88 would equal $4,428.88 per

year.

Figure 4.10 Traditional Skylights Lighting with Footcandles (Wood, 2023)
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Figure 4.11 Traditional Skylights Lighting with Footcandle Averages (Wood, 2023)

Image Footcandle Level

Green 10

Light Blue 5

Dark Blue 2

Table 4.06 Artificial Lighting Level Legend

Overall, the addition of traditional skylights to the spaces does increase the general

lighting within the space, but does not raise the lighting levels to the minimum level required for

an office space. While still providing some benefits to the users such as an increase in

productivity and morale, the low lighting level would keep the benefits at a minimal level and
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does not optimize the space. Additionally, the continuous need for electricity throughout the

space even with the skylights combats the sustainability benefits of skylights. While providing

the opportunity to reduce energy consumption and energy output, it does not optimize the space

enough to warrant such environmental benefits.

D. Solar Tubes Simulation

Solar tubes are an increasingly popular daylighting option due to their affordable pricing

and their ability to increase energy savings. When applied to the work lounge, 12 units are able

to adequately light the space. (See Figure 4.12 - 4.13).

Figure 4.12 Solar Tubes Reflected Ceiling Plan Displaying Proposed Solar Tube Placement

(Wood, 2023)
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Figure 4.13 Solar Tubes Lighting (Wood, 2023)

Additional information from the simulation shows that with the addition of solar tubes,

the average footcandle level in the space is 20 in the main co-operative working spaces (See

Figures 4.14 and 4.15 table Table 4.07). Due to this level of footcandles, it can be assumed that

the space is lit at an acceptable level, meaning that the need for artificial lighting throughout the

day is lowered. While not able to be completely turned off, the artificial lights within the space at

certain times of the day and especially during sunny days will not be required to meet the

minimum required footcandle levels in the space.
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Figure 4.14 Solar Tubes Lighting with Footcandles (Wood, 2023)
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Figure 4.15 Solar Tubes Lighting with Footcandle Averages (Wood, 2023)

Image Footcandle Level

Red 20

Green 10

Light Blue 5

Dark Blue 2

Table 4.07 Artificial Lighting Level Legend

It can be noted that with the application of solar tubes, some savings can be achieved

with regard to energy savings. With an estimated 210 sunny days in Chattanooga per year

(National Climatic Data Center, 2023), a simple equation can be used to calculate an estimate of
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energy savings. First, the overall cost of the application of skylights is estimated at $9,250.00.

Taking the energy consumption cost of $4,043.88 per year and dividing it by 350 days (a full

working year with 2 weeks vacation) gives us roughly $11.55 in costs per day for energy

consumption. Next, multiplying $11.55 by 210 (sunny days in Chattanooga per year) is

approximately $2,425.50. Taking the 210 days of full sun that Chattanooga gets per year and

subtracting the $2,425.50 from the $4,043.88 lowers the yearly energy consumption cost to

$1,618.38. In the first year of application, the cost would be roughly $9,250.00 plus $1,618.38,

equaling $10,868.38. In the following years, maintenance and energy consumption costs would

come to $1,868.38 per year. While the initial cost of install is more expensive than traditional

skylights, the overall energy savings is much lower than the previous option.

Overall, the addition of solar tubes into this space is extremely beneficial. While

increasing the overall lighting level to be at or above the minimum required level, the need for

continuous electrical lighting throughout the day is unnecessary, resulting in lower energy

consumption levels and a lower energy output. This also lowers the overall amount of natural

gas, nuclear energy, or fossil fuels that are needed to maintain the functions of the space,

positively affecting levels of pollution for the surrounding environment by lowering them. The

environmental benefits of solar tubes also outweighs the benefits of traditional and artificial

skylights due to the sheer ability to let in more light. The ability to completely turn off artificial

lighting for a large portion of the space can decrease the carbon footprint of the proposed

building. Due to the fact that solar tubes let in more natural light than its counterpart -- traditional

skylights -- more tangible and visible benefits for the users of the space are seen through

increased productivity, morale, and mental and physical wellbeing.
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E. Artificial Skylights Simulation

Artificial skylights are another popular daylighting option in today's design. While not

really natural light, these technologically advanced devices can mimic natural daylight. Due to

this, the users of the space still benefit from things such as regulated circadian rhythms,

increased morale, and increased production. With the work lounge, 12 artificial skylights were

used to increase the amount of daylight within the space. (See Figure 4.16 - 4.17).

Figure 4.16 Artificial Skylight Reflected Ceiling Plan Displaying Proposed Skylight Placement

(Wood, 2023)
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Figure 4.17 Artificial Skylight Lighting (Wood, 2023)

As seen in Figures 4.18 and 4.19 and Table 4.08, the artificial skylights do provide an

abundance of additional light, meeting minimum requirements of foot levels within the main

collaborative section of the simulated space. However, because artificial skylights do not allow

for a truly electricity free light source, the energy consumption is not lessened.
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Figure 4.18 Artificial Skylight Lighting with Footcandles (Wood, 2023)
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Figure 4.19 Artificial Skylight Lighting with Footcandle Averages(Wood, 2023)

Image Footcandle Level

Red 20

Green 10

Light Blue 5

Dark Blue 2

Table 4.08 Artificial Lighting Level Legend

At a price of $12,100.00 for the install and maintenance of 12 artificial skylights, the

overall cost of the first year including energy consumption costs at $4,043.88 comes to

$16,143.88. A higher first year cost than the other options, and due to the fact that these do rely
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on electricity to run, the yearly energy consumption price would remain the same. In the years

following the install, the yearly operational costs of the work lounge would come to $4,143.88

including maintenance and electricity.

Overall, the introduction of artificial skylights into the space fails to lower the need for

electrical lighting. Due to this, there are no cost or sustainability benefits with regard to

environmental health. Artificial skylights do however increase the general lighting to be at a

desirable amount, meeting the minimum requirement of 20 foot candles for the area of focus.

Due to this and the nature of the artificial light, daylighting benefits can be assumed to positively

affect the users of the space. Additionally, artificial skylights have a minimal construction and

installation cost with regard to how it affects the building envelope. The ability to be installed

without penetrating through the roof of the building significantly decreased construction costs at

the time of installation. This allows artificial skylights to be a more feasible option for existing

projects. On top of being easily installed, artificial skylights and their simple and non-invasive

construction means lowered construction waste, lowered construction material, and less carbon

emissions released.

F. Conclusions

This chapter documented the findings of each daylighting simulations with regard to

effect on users, estimated yearly operating costs and installation costs, and overall effect on the

lighting within the space. The findings further inform the most balanced daylighting option for

the work lounge and confirm that solar tubes are the best option. Based on Table 4.09, an

understanding of average costs again presents solar tubes as the best option with regard to energy

savings. Additionally, the environmental benefits of solar tubes outweighs the benefits of



59

traditional and artificial skylights due to the sheer ability to let in more light. The ability to

completely turn off or at least dim artificial lighting for large portions of the space can decrease

the carbon footprint of the surrounding environment. The lower installation cost also means a

lower construction costs, again positively affecting the carbon footprint of the building.

Type Product Cost
(Including
tax and
installation)

Maintenance
Costs (Avg.,
yearly for all
fixtures.)

Number of
Fixtures

Yearly
Energy
Consumption
of Work
Lounge

Total Cost
(over 1 year)

Total Yearly
Cost after 1st
Year

Traditional
Skylight

$1,063.30 $385.00 6 @ 48” x
96”

$4,043.88 $10,797.88 $10,797.88

Solar Tube $750 $250.00 12 @ 26” x
26”

$4,043.88 $13,293.88 $1,868.38

Artificial
Skylight

$1,000.00 $100.00 12 @ 23’7 x
23’7

$4,043.88 $16,143.88 $16,143.88

Table 4.09 Breakdown of Costs and Savings

As stated above, solar tubes are the only viable option when it comes to sustainability.

Traditional skylights are unable to bring in enough light to minimize energy usage, meaning that

there would be little to no effect on the interior environment, on the amount of energy and light

used and discarded, and low savings. Artificial skylights suffered from the same issues; the

continuous use of energy to function kept them from lowering the building’s carbon footprint and

did not result in energy savings of any kind. Solar tubes have a higher initial cost at installation,

but bring in enough light to lower the need for artificial lighting throughout the space. Due to

this, the following years would have high energy savings, a lowered carbon footprint and

lessened pollution output, and a greater effect on the users within the space.
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Chapter 5: Discussions and Conclusions

A. Introduction

The findings of this thesis presented three daylighting solutions that will increase the

interior environment’s appeal and health with regard to the users of the space and the overall

efficiency of the space. Within this chapter, a final decision on the most appropriate daylighting

option is discussed.

B. Discussions

a. Benefits of Chosen Method

The chosen method of a simulation was beneficial to this project because it studied a

variable, daylight, where the benefits of the variable are dependent upon how well daylight is

able to enter and fill a space. Due to this, the simulation was able to provide accurate information

regarding the light levels of daylight within the work lounge, allowing for more concrete

conclusions with regard to the effect of the conclusion on the future users of the space. This

method could be applied to other projects to provide information about lighting levels within a

space and could inform the designers and architects of the best solution to any daylighting issues

or concerns.

b. Future Impacts

For this project, the results inform future designers of the functionality of the specified

products as well as the general benefits of each daylighting option. Additionally, the simulation

provided an example of how spaces can transform through lighting design and how the

functionality of interiors can be dictated by the amount of natural light that enters the space. It

also provided a collection of data regarding the physical and mental benefits of natural lighting
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in interiors, information on the application of the specified daylighting options, and physical

results of each applied method for future review and study.

C. Conclusions

This thesis explored the effects of daylighting a space and why it is important to both the

users and the environment. Proposing three types of daylighting solutions, traditional skylights,

solar tubes, and artificial skylights, allowed for a simulation to be run to best test each option

within the proposed space. Through this simulation, it can be concluded that solar tubes are the

most balanced daylighting option for this space. This conclusion can be used to provide an

informed recommendation for how to properly daylight a space with regard to human health and

wellbeing and energy efficiency.
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