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Abstract
As the effects of climate change become more prevalent, along with rising temperatures

and droughts, the risk of wildfires has also increased. While there is ongoing research in labs that
replicate the wildfire atmosphere, it is impossible to account for every variation that could affect
research. Additionally, conducting a field study in occupied residential homes would pose
significant challenges in terms of timely organization and setup of experimental equipment.
Therefore, our goal was to design a portable research space that could be transported to locations
around the US that are impacted by wildfires, perform live research, and produce accurate
results. In the future, this research could help come up with solutions to completely eliminate
harmful exposure to wildfire smoke.
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Executive Summary
As climate change becomes more prevalent, with it comes an increase in natural disasters

such as droughts and wildfires. These wildfires have been predicted to be larger in size and last
longer than those in the past, burning down more acreages and negatively affecting the
surrounding air quality. With poor air quality comes negative health effects and costs to society,
such as hospital visits or even deaths from respiratory issues. One of the biggest problems with
wildfire smoke is that it is easily carried by the wind and can infiltrate surrounding areas within a
radius of three thousand miles. Therefore, researching the direct impacts of wildfire smoke on
indoor air quality is important. While there is ongoing research in labs that replicate the wildfire
atmosphere, it is impossible to account for every variation that could affect research. Our goal is
to design a portable research space that can be transported to locations that are impacted by
wildfires, perform viable research, and produce relevant results. In the future, this research could
help come up with solutions to completely eliminate harmful exposure to wildfire smoke.

Studies have shown that outdoor pollutants can enter indoor spaces via mechanical
ventilation (heating and/or cooling systems), natural ventilation (open windows or doors), or
infiltration through a building’s leaks and/or cracks. Just within the past year, nearly 1/7 of
Americans have been exposed to dangerous air quality caused by wildfire smoke. Many schools
in the United States have air quality labs that research air quality, pollution, and sustainability;
however, this research is limited due to the immobility of the labs. While there are a couple of
live-in labs that research air quality, their scope does not include the effects of wildfires.

A tiny home is defined as a house that is less than 400 square feet (not including the loft
area) and it has become an increasingly popular movement because it can alleviate financial
difficulties and homelessness. Tiny living is less expensive than owning a modern-sized house
and can either be built on a permanent foundation or portable foundation via trailers for those
who prefer traveling. While tiny homes on wheels offer a lot more freedom, there are two major
restrictions to be aware of. The first is those who want to go tiny must research laws and
regulations in their respective state (as it differs state-to-state) to ensure their tiny home is within
code. The second consideration is that in addition to the 400 square feet restriction, trailers must
not exceed 40 ft long or 8.5 ft wide, and the tiny home can’t be taller than 13.4 ft in order to fit
under the average bridge.

The trailer of a tiny home on wheels is extremely important because, in addition to
meeting size restrictions, it must be strong enough to carry the weight of the tiny home (from
framing and insulation to appliances and amenities). It must also be durable enough to withstand
wind loads and vibrations from transportation. When choosing trailers, each trailer’s load
capacity, gross vehicle weight rating (GVWR), axle connection, and dimensions were compared
to maximize strength. In the end, one of the most popular tiny home trailers, Iron Eagle’s
PAD20k30 trailer, was chosen as it was designed specifically as a tiny home foundation.
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This project was broken down into three goals. The first was to design a versatile tiny
home/research lab to study indoor air quality from wildfire smoke. This would allow researchers
to travel between states and study the effects of wildfire smoke in different areas. To ensure the
design is safe during transport, structural calculations were done. The second goal was to design
an exterior structure that represents the modern construction of residential homes in a community
at risk of wildfires. Because the western region is the most susceptible area to a wildfire
outbreak, the tiny home design resembles a modern Californian residence that is up to the
International Residence Code (IRC). The last goal is for the tiny home to be a comfortable living
space. Since the space is small, and aimed to house one to two researchers, it is important to
design for both functionality and comfort. The plan is to conduct research for about one month
per location, and either park the tiny home in a trailer park, where there are water and electricity
hook-ups, or ask for permission to stay on a resident's property.

After the initial design process, the final design embodied all the goals of this project.
The construction of the tiny home was to replicate a typical Californian residence fit with
fiber-cement siding and a standing seam metal roof. The construction details drawn took several
iterations to understand the system and its ability to perform adequately. The 255 square-foot
design includes space for research, a typical kitchen and bathroom, a lofted bedroom, and finally
a mechanical closet to house various equipment.

A structural analysis was performed to ensure that the wood frame was strong enough to
withhold the stress and strain of the tiny home while driving and stationary. An analysis was also
performed on the trailer to confirm that it could hold the weight of the tiny home while stationary
and mobile. The structural analysis concluded that the trailer and framing are stable enough to
hold the load of the home while stationary and mobile.

The air leakage area was also calculated based on three changing variables: 1) location,
where average temperature and wind speeds would change, 2) shelter class, affecting how much
shielding the tiny home might experience, and 3) air change rate, taking into consideration
different home ventilation rates. These calculations can be used during research to determine
different types of home ventilation.

An HVAC and MEP system analysis was also done to determine battery size. Appliances
were chosen based on reviews from within the tiny home communities, and the total energy and
voltage consumption was found using an estimated appliance usage timeline. Two 74V-2.1kWh
batteries and an inverter were included. To test them, two, 9-day periods, with varying sun
absorption through a 3.4kW solar power system, were graphed. It was concluded that the battery
and amenities would run well together and the batteries would never get completely depleted. In
addition, to maximize comfort, a 40-gallon freshwater tank and a 30-gallon gray water tank were
included in the final design. To get rid of the need for a black water tank, the typical household
toilet is replaced with a composting toilet. Lastly, to maintain a comfortable interior temperature,
a ductless mini-split would be the best decision as it could be run as both an air conditioner and a
heater, depending on what is needed for wherever the tiny home is parked.
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A space was designed that could function both as a tiny home and a research facility, to
learn more about the connection between wildfire smoke and indoor air quality. Structural
calculations were performed to ensure the safety and durability of the tiny home, and a Revit
model visually shows the interior and exterior layout of the tiny home. Heating and cooling loads
were calculated to determine proper insulation, and energy calculations were done to see how
much energy the tiny home consumes. Lastly, HVAC systems and amenities were chosen to
provide maximum comfort and meet basic necessities.

In the next step of this project, there are a few recommendations. The first is to look into
the specific research equipment that will be used to see how it would affect the battery.
Additionally, it is recommended to furnish the interior with a variety of different types of fabrics
to replicate the abundance of materials found in homes and how they might absorb smoke
pollutants differently. Lastly, it is acknowledged that there are situations that will arise during the
construction phase that could not be predicted during the design phase
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Design Statement

According to ABET Criterion 5, “the four basic architectural engineering curriculum
areas are building structures, building mechanical systems, building electrical systems, and
construction/ construction management. Graduates are expected to reach the synthesis (design)
level in one of these areas, the application level in a second area, and the comprehension level in
the remaining two areas” (ABET Criterion 5). For this MQP, the students have achieved design
levels in both structural systems and mechanical systems with a focus on construction and
construction management. A breakdown of each student’s accomplishments can be seen below.

Architectural Design:

Hannah Rodenbush was the Architectural Engineering (AREN) student and began our design
phase by creating conceptual 3D modeling using the software Revit. This preliminary model
helped us in visualizing the shape and size to create our final design. The team determined the
final wall and roof assemblies based on modern Californian housing and standard code which
was implemented into our model. Architectural details were also drawn to represent a theoretical
construction set. Conditioning load calculations were also performed and were used to size
HVAC equipment.

Mechanical Design:

Nathalie Martin-Nucatola was the Mechanical Engineering (ME) student and focused on
implementing cost and weight-conscious mechanical components such as an HVAC system,
solar power panels, water tanks, and basic home amenities. Solar panels on the roof and a battery
unit were researched and included to aid in powering amenities such as lights, a stove, and a
water heater. Additionally, a 40-gallon freshwater tank and a 6-gallon water heater were included
to provide comfort to the researchers when infrequently off-grid. The ME student also calculated
the difference in air leakage rates to represent smoke infiltration from wildfires. To numerically
represent this, the air leakage area was calculated, respective to changing location, shelter class,
and air change rate.

Civil Design:
Hannah Frank was the Civil Engineering (CE) student and performed a structural analysis of the
Iron Eagle Trailer to confirm its ability to withstand various loads and forces. Structural
calculations of simple wooden framed walls and roofs were made to support the structure of our
tiny home in coordination with the steel beams of the trailer. The CE student also ensured that
the weight of the structural and mechanical systems on the trailer were dispersed evenly and
were proven to be under the limit of trailer laws and regulations.
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Criterion 5 also states “the design level must be in a context that:
(a) Considers the systems or processes from other architectural engineering curricular
areas,
(b) Works within the overall architectural design,
(c) Includes communication and collaboration with other design or construction team
members,
(d) Includes computer-based technology and considers applicable codes and standards,
and
(e) Considers fundamental attributes of building performance and sustainability”
(Criteria for Accrediting Engineering Programs).

It is important to acknowledge that each student worked together in reaching the synthesis of
each design level, and the coordination of design could not be completed without the
collaboration of each team member’s role within this project. This project was also possible with
the use of several computer-based programs to simulate our iterative design process.
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Professional Licensure Statement

Professional licensure is referred to as “the demonstration of ability or knowledge
required by law before being allowed to perform a task or job” (Licensure). According to the
National Council of Examiners for Engineering and Surveying, or NCEES, gaining professional
licensure allows individuals to achieve credibility in their degree of engineering and ensure
competency. Licensure ensures individuals “practice in a manner that protects the health, safety,
and welfare of the public by satisfying minimum qualifications in education, work experience,
and exams” (Engineering Licensure, 2021).

Professionally licensed engineers (such as architectural or civil engineering) are able to
add their stamp of approval to a set of drawings, calculations, and professional documentation
alike. A stamp of approval is required for the permitting and legal aspects of any design.

In order to attain professional licensure in most states, the individual first must obtain a
bachelor’s degree from an EAC or ABET-accredited program. At the same time, the individual
also must pass the NCEES Fundamentals of Engineering (FE) exam during or after their senior
or final year of undergraduate education. After passing the FE exam, the individual must obtain
at least four years of “acceptable, progressive, and verifiable work experience” under a
professional engineer (Engineering Licensure, 2021). This work experience is followed by
passing the Practice of Engineering (PE) exam. Passing this exam is the final step to obtaining
licensure. It is important to note that each state has different rules and processes for obtaining
professional licensure, but the most common are described above.

Professional licensure is an important aspect to “demonstrate competency, qualification,
and expertise in professional practice” (Licensure). It also shows commitment to “understanding
professional, ethical and societal responsibilities” and emphasizes “the protection of the public
health, safety, and welfare within society” (Licensure). This licensure defines specific standards
that a professional engineer has to follow in order to create a safe and reputable design to serve
the public.
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Introduction
Across the United States, wildfires have become more prevalent due to climate change

and the increase in human population across the Wildland-Urban Interface (WUI). Recent trends
of increased temperatures and frequency of droughts suggest that fires will “start more easily and
burn hotter. These trends of longer wildfire seasons and larger wildfire size are predicted to
continue more frequently and for longer periods of time” (Environmental Protection Agency). As
seen in Figure 1 below, the amount of acres burned in the United States is increasing each year,
reaching over 10 million acres in the year 2020.

Figure 1 - “Annual wildfire-burned area (in millions of acres) from 1983 to 2021” (Environmental Protection
Agency)

According to the United States Environmental Protection Agency (US EPA), “wildfire
smoke has been directly linked to poor air quality that can lead to significant health effects and
costs to society (emergency department visits, hospital admissions, and deaths, often due to
respiratory ailments)” (Environmental Protection Agency). Smoke from wildfires lingers in the
atmosphere for weeks, travels thousands of miles, and penetrates an indoor space through
infiltration and ventilation. Understanding smoke transmission within buildings and their
systems will shed light on the effects inhalation of wildfire smoke has on human health. There
are ongoing studies of the effect of wildfire smoke on indoor air quality, however many aspects
cannot be replicated within a lab such as effects from weather, human ware, or changing
temperature. Replication in a representable atmosphere is necessary to achieve results that
resemble as close to real-life scenarios as possible.
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Studying indoor air quality (IAQ) allows for “understanding and controlling common
pollutants indoors [that] can help reduce your risk of indoor health concerns. Health effects from
indoor air pollutants may be experienced soon after exposure or, possibly, years later”
(Environmental Protection Agency). Studying the source and cause of the pollutant, allows the
possibility to decrease or eliminate harmful exposure to the individual involved.

Our goal for this project is to design a tiny house on wheels that can be towed to various
locations exposed to wildfire smoke. Within our design, we want to implement an interior space
where key research can be made on wildfire smoke fate and transport to gain a better
understanding of the effects it may have on modern living spaces and their mechanical systems.
Fate and transport “describes where a chemical goes when it gets out into the environment and
how it might be chemically transformed in the process” (Freeman).

Literature Review and Background
This chapter will provide background information and literature texts that will provide

context for the development and design of a tiny home that can be used to research indoor air
quality from wildfires.

Studying Indoor Air Quality
Studies have shown that pollutants that are found outside have also been found inside

homes and other buildings. There are three main ways that this takes place; mechanical
ventilation, natural ventilation, and infiltration. Mechanical ventilation occurs through heating
and/or cooling systems, which draw in outdoor air to heat or cool the home/building. Natural
ventilation takes place when a window or door is opened and outside air that contains pollutants
is drawn inside. Even without ventilation outside air can infiltrate the building through cracks or
leaks in the building envelope due to pore sealing (Leung).
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Figure 2 - Ventilation and Infiltration (Leung)

About one out of every seven Americans experience dangerous air quality due to wildfire
smoke in just this past year. Smoke can linger and trigger air quality alerts 3,000 miles away.
Pollutants from wildfires are far more dangerous than other pollutants from smoke, such as car
exhaust, and have a negative impact on public health. They can cause shortness of breath,
headaches and can trigger more severe respiratory or cardiac events. Experts believe that the
only way to reduce pollutants from lingering in buildings and entering our airways and
bloodstream is by using air filters, however these can cost a lot of money. An air purification
system for a standard home can cost hundreds of dollars, and HVAC systems in schools cost
thousands of dollars. Some people don't have the financials to afford protection against pollutants
(Rott).

Live-in Lab
Currently there are no mobile labs studying indoor air quality effects from wildfires.

Many schools in the United States have air quality labs that are conducting various types of
research. Purdue University in West Lafayette, Indiana has an air quality facility. Research is
focused on air pollution. Major pollutants consist of ozone, nitrogen oxides, carbon monoxide,
PM10, PM2.5, and UFPs (Purdue). Some of these elements like carbon monoxide PM10, PM2.5, and
UFPs can be found in wildfire smoke (EPA, 2022). The test chamber can be configured to
simulate different types of occupancy. The lab allows for the implementation of control strategies
such as filtration and ventilation to reduce the exposure of pollutants to the occupants.
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Figure 3 – Purdue Indoor Air Quality Test Chamber

University of Texas (UT Austin) in Austin, Texas also has an air quality lab that
specializes in indoor and outdoor air quality, sustainability, and energy systems. UT Austin has
one of the world’s largest Air Resources Engineering programs. Since humans spend about 90%
of their time indoors, it is important to understand how compound indoors interact throughout
our daily lives. Tests are performed on the indoor air quality from cooking, cleaning, and the
effects of hosting large gatherings. Research is aimed to help develop strategies to prevent
airborne diseases and improve health (CEER).

The University of Pennsylvania State University in Centre County, Pennsylvania also
contains an air quality lab. Penn State focuses on how air quality affects plants, farms, gardens,
forests, and fields. Research is done to show the presence of pollutants and how they can affect
plant species (Air Quality Research). University of Surrey in the United Kingdom has 45+ lab
machines worth more than half a million pounds. University of Surrey focuses on air pollution
and sustainability (Air Quality Lab). All these universities have done extensive research on air
quality, pollution, and sustainability. Unfortunately, the scope of these research facilities is
limited because these labs are stationary.

Today very few live-in labs exist and the ones that do research air quality don't focus on
the effects of wildfires. The Louisiana Department of Environmental Quality (LDEQ) has three
mobile vans. One van was bought in 2006, and then in 2019 two more vans were bought. These
vans are known as Mobile Air Monitoring Labs (MAML). The vans perform routine air
monitoring, emergency response and support, investigate past and current complaints or
concerns, investigate the cause of poor air quality, and other issues ordered by the LDEQ.
Unfortunately, these vans only investigate the air quality in Louisiana (MAML).
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Figure 4 – The LDEQ Mobile Air Monitoring Labs

Louisiana is not the only state with a mobile lab, the University of Pittsburgh also has a
mobile air quality lab. The lab can measure nitrogen concentrates and PM10 and PM2.5 particles.
Unlike Louisiana, the lab is on a trailer. The trailer is powered by an electrical hookup or a
low-emission generator (Department of Geology and Environmental Sciences). Similar to the air
quality labs, the live-in labs that exist today do not study the effects that wildfire has on our air
quality. These live-in labs are also confined by state boundaries that can restrict research.

What is a Tiny Home?
“The Tiny House Movement is an architectural and social movement that encourages

living a simpler life in a smaller space” (Tiny House Builders). While tiny homes have always
been around, this movement has become an increasingly trending idea within the last decade.
The ability to live a freeing and minimalistic lifestyle is now very popular in a range of
communities, especially among young people as well as retired couples.

While many tiny homes can be built on permanent foundations, some can be designed to
reside on trailers and are referred to as Tiny Homes on Wheels (THOW). THOWs are a
favorable design method due to portability and lack of local governing residential codes. Like an
RV, THOW’s can be towed, making them a popular choice for those who enjoy traveling or those
who simply do not wish to be tied down to one area. Currently, many people fret modern sized
housing because of the responsibility of tending to a large home with increasing costs to become
a homeowner. With the smaller size of a tiny home often comes a lower price tag, making these
houses a more affordable alternative for those in need of shelter due to homelessness, financial
difficulties, disaster, etc.
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Going “tiny” has gained a large following today, which is increasing and promoting the
benefits of doing so. Many follow the trend because of its intriguing minimalist designs typically
built by DIYers (Do It Yourself) sharing their journeys online. Others enjoy the views of
traveling to new places and the great outdoors while also waking up to a new backyard every
morning. Either way, social media plays a great deal in the popularity of tiny living.

Although often portrayed as the perfect lifestyle to some, tiny homes do come with their
downsides. One of the biggest issues faced by tiny livers is where to park their THOWs.
Unfortunately, codes and laws to park a tiny home vary from city to city all across the United
States, making it a great challenge to find ways around specific regulations. Local laws must be
researched by the homeowner before making any great commitments.

The size of our tiny house has to abide by United States law restrictions. For it to be
considered a tiny home, it has to be less than 400 square feet, not including the loft area (IRC,
2018). For the safety of other drivers on the road, the trailer is not allowed to be more than 40
feet long and 8.5 feet wide, and because most bridges are about 13.5-14 feet high, the height
from the ground up should not exceed about 13.4 feet (Wood, 2022). The style of our tiny home
is constructed to closely resemble that of a real Californian home, but sized down to fit the
constraints of a portable trailer.

The Tiny Home Competition
Impact, a platform for architectural design, held a competition in 2021 to design a tiny

house. The challenge was to create a space for two people, and “the house should respond to the
ever-changing needs of its users and the site context it sits in” (Impact Competition, 2021). The
judging criterion had four main aspects to judge the creativity of the design. 1) Innovation and
originality in the design with respect to the client selected by the participants, 2) Justification of
the selected site for the design proposal, 3) Overall functionality and spatial design, and lastly 4)
Responsiveness of the design with respect to the physical and emotional needs of the client
(Impact Competition, 2021).

The first-place winner designed a space called Myco-Shelter (Figure 5), that was
“self-sufficient and uses locally sourced materials, including agricultural byproducts bound
together with mycelium, a thread-like structure, to form a material and biodegradable insulator”
(Torres, Martínez, 2021). The second-place winner designed a tiny home that was also
self-sufficient and adapted to the weather (Figure 6). In the winter, it preserved interior heat and
used a “wood stove, solar panels, a rainwater collection system, and two gas bottles if the light
does not allow to generate enough electricity”. In the spring and summer, the walls of the house
could fold down to provide more space, and “these spaces are covered by a waterproof tent,
protecting us from rain, sun and mosquitoes” (Vignes, Ilievski, Disille, 2021).

Our design took inspiration from these winners because they uniquely upheld the judges
criteria which resembled closely to this project's goals. This helped visualize unconventional
ideas of tiny homes that could also provide a comfortable living space.
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Figure 5 - First Place Winner of the Tiny House Competition 2021

Figure 6 - Second Place Winner of the Tiny House Competition 2021
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Trailer Foundations
The trailer foundation of the tiny home is one of the most important features to research

because it must carry the entire weight of the tiny home, from framing and insulation to
appliances and amenities, in addition to wind loads and vibrations from transportation. When
research was conducted on potential trailer foundations, a handful of trailers were investigated to
determine what was the best option for a research facility. A comparison was performed on each
trailer's respective load capacity, gross vehicle weight rating (GVWR), axle connection, and
dimensions (Table 1). The trailer weight and the GVWR were analyzed to ensure that the trailer
could hold the weight of the tiny home and its inhabitants, in addition to being able to be pulled
by a pickup truck or a similar vehicle. Axle types were also explored because of the different
ways that they absorb shock and distribute weight. While the torsion axle is good for shock
absorption, the tandem axle is best because it can carry heavy weights and maintain stability at
high speeds (Quadratec). Lastly, the dimensions of the trailer were important to maximize the
space of the tiny home, while still being within U.S. regulations.

Trailer Trailer Weight GVWR Axles Dimensions

PJ Trailers: 8”
Channel

Super-Wide (B8)

4,980 lb 19,000 lb Tandem (2) 7k
[spring]

30 ft x 8.5 ft

Diamond C:
Low Profile

Extreme Duty
Equipment

Trailer (LPX)

20,000 lb Torsion (2) 7k
[drop]

30 ft x 6.8 ft

Kaufman
Trailers: Heavy

Equipment
Flatbed Trailer

11,440 lb 62,000 lb (3) 22.5k
[spring]

30 ft x 8.5 ft

Iron Eagle
Trailer:

PAD20k30

2,680 lb 21,000 lb Tadem (3) 7k 30 ft x 8.5 ft

Big Tex Trailers:
10CH Pro Series

Tandem Axle
Car Hauler

2,280 lb 9,990 lb Tandem (2) 5.2k
[cambered]

20 ft x 7 ft

Table 1: Trailer Comparison
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In the end, the Iron Eagle PAD20k30 trailer was chosen. One of the main reasons why the
Iron Eagle Trailer was chosen is because it is designed specifically for tiny homes. The other
trailers that were researched weren’t specifically designed for tiny houses but rather for hauling
cars or large equipment. The dimensions of these trailers were good, but they were heavier than
the Iron Eagle Trailer which meant that there was a larger limit on how heavy the tiny house
could be. Additionally, the structure of the trailer is designed to distribute uneven loads
throughout the trailer, and most of the weight is on the outside of the trailer which allows more
support for the walls and roof (Iron Eagle).

Figure 7 - Iron Eagle Trailer
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Methods
As previously stated, the goal of this project is to design a tiny house on wheels that can

be towed to safe locations exposed to wildfire smoke. The space will be used for key research
conducted on smoke behavior and fate to gain a better understanding of the effects it may have
on modern buildings and their mechanical systems. Our goals and approach to this project are
broken down below.

Goals

1. Design a tiny house on wheels as a research facility to study indoor air quality
from wildfire smoke.
The tiny home will be designed so that it can be transported from one location to another.

This allows the researcher to travel between states and study the effects that wildfires have in
different areas. The house must be able to endure the travel from state to state. Structural
calculations will prove the strength of our design and the ability to be pulled by a truck to the
researchers' desired locations.

2. Design an exterior system that represents modern construction of residential
homes in a community at risk to wildfires.
For our design, we are aiming to closely resemble a modern Californian residence. This

will allow the data that is collected to be relevant to homes that are exposed to wildfire smoke.
Our design will be up to International Residence Code (IRC) within the western region, where
wildfires occur most frequently (Global Wildfires). This will include a designed building
envelope that will be protected from all elements.

3. Design a tiny home that closely resembles a typical living space.
The third objective of our project is to create a space large enough for one to two

researchers to live in comfortably. Because the home is only 255 square feet (30 ft in length and
8.5 ft in width), designing a functional space to include all necessary amenities and research
equipment is important.

The most common spot to stay is at an RV park. RV parks have the benefit of
ready-to-use utilities such as water and electricity which would eliminate the worry of running
out of power and using up the water tank. There are also Tiny House Communities that provide
communal spaces. Another potential location to park the tiny house is on someone’s property
with their consent. This is probably the best location as it would accurately represent how
wildfire smoke affects the community.
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Approach

Figure 8 - Approach to our Design Process
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Results
After months of researching and iterative design processes, we were able to produce a

final design given the goals and scope of our project. Designing a tiny home on wheels has come
with several challenges that were unexpected, but allowed our team to continuously learn and
enhance our personal skills to produce the results given below.

Exterior and Interior Design
The following section shows renders of our design, including both exterior and interior

views. Our design is implemented on a trailer that is 30 feet long and 8.5 feet wide, creating 255
square feet of interior space (not including the extra lofted bedroom space). See the end of the
report for a more detailed construction bid set.

1. 3D Model and FloorPlan

Figure 9 - 3D Rendering

Figure 10 - 3D Elevation Rendering Including Truck for Towing
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Figure 11 - 3D Rendering Including Truck for Towing

Figure 12 - Theoretical Floorplan to House 1-2 Researchers (Loft not included)
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Figure 13 - Theoretical Interior Design

2. Construction Details
There were many considerations kept in mind while designing our tiny home to ensure it

resembles the details of a modern home built in California, or an area typically surrounded by
wildfires. In order to create an effective design, we had to choose materials that would not only
relate to these homes, but also look at their compatibility with a tiny home on wheels.

2.1 Wall Assembly

Figure 14 - Wall Assembly Detailing
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One of the most important aspects of our design was the wall assembly. The wall to our
tiny home has to not only perform adequately structurally, but it also needs to provide thermal
and moisture barriers to ensure comfortability and shelter for our researchers. The construction
of our walls are made up of 2x6 in. wood studs spaced 16 in. on center with typical batt
insulation. Almost all homes in California are made of wood framing due to its weight and
availability that make it easy to build with. The exterior sheathing is ½ in. plywood wrapped
with an AVB membrane that withstands moisture and air.

Siding is more than just the appearance of a structure because of its properties to protect
from the elements. When choosing a product to act as the shell to our design, we researched that
many homes in California use a material called fiber-cement. Fiber-cement is a composite
material of cement mixed with cellulose fibers. One of the most important properties to
fiber-cement is its resistance to heat and moisture. It has a Class A fire-rating and is
non-combustible, making it hold against flames and ignition. Although completely fire-proofing
our design is outside the scope of our project, it's an important feature that many homes are
turning to as the number of wildfires increases. The product we chose was the Hardie® Panel
Vertical Siding that can be further inspected in Figure 15 and Appendix G (JamesHardie).

Figure 15 - James Hardie Panel Vertical Siding real world application

The Hardie® panels are attached onto 1-inch furring strips that create a rainscreen in our
design. A rainscreen is a detail in our design that allows the siding to stand off from the AVB (air
and vapor barrier) membrane that is applied to our exterior sheathing, which creates an air cavity
between the siding and the rest of the wall. This cavity allows any moisture that passes the
exterior cladding to drain away from the structure.
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To ensure a tight building envelope, our design also utilizes exterior continuous
insulation made up of 1-inch cellular glass rigid insulation. This increases the R-Value of our
wall and gets rid of thermal breaks that may occur. This insulation sits in between the exterior
sheathing and the cladding. According to the International Energy Conservation Code (IECC),
Table C402.1.3 “Opaque Thermal Envelope Insulation Component Minimum Requirements,
R-Value Method” (Shown in Appendix H), the minimum R-value for wooden framed walls for a
home based in Los Angeles is R-13 + R-3.8 continuous insulation or R-20. The higher the
R-value means a more insulated system that each material provides. The breakdown of the
R-values can be seen below in Table 2.

Material Type Thickness (in)
R-Value Rated for

Thickness Listed ( )𝐹𝑡2℉
𝐵𝑡𝑢/ℎ𝑟

Outdoor Air Film - 0.7

Fiber Cement Hardie®
Panel Vertical Siding

0.75 0.15

Wooden Furring Strips
Rain Screen Cavity

1.00 0.9

Cellular Glass Insulation 1.00 3.0

Plywood Sheathing 0.50 0.6

2x6 Stud Cavity
with Batt Insulation

5.50 16.5

Gypsum Wall Board 0.50 0.5

Total 9.25 22.35
Table 2: R-Values for Wall Assembly system with coordination from Table J in Lechner, Norbert. Heating, Cooling,

Lighting.

2.2 Roof Assembly
One of the most effective roof types in California are metal roofs. Metal roofs are known

for their durability and can last up to 70 years if properly installed and taken care of. With low
maintenance, they provide high fire-resistance and are not able to catch fire. Although not
immune to the damage of fire, the odds of salvaging your structure with a metal roof are much
greater. According to the Metal Roofing Alliance (MRA), “Because quality metal roofing lasts
for decades, carries the highest Class A rating for fire protection and is strong enough to stand up
to hurricane winds, hail and heavy snow, it is increasingly popular in regions where better
protection against Mother Nature’s unpredictability is essential” (Meihoff).
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Our design utilizes a standing-seam metal roof pitched at an angle. The product
implemented into our design comes from MBCI®, one of the “industry-leading manufacturers of
metal roofing and wall panels” (MBCI). The Superlok® product “is a mechanically
field-seamed, vertical leg standing seam roof system that combines a 2-inch tall slim rib with
exceptional uplift resistance” (MBCI). An example of the Superlok® product in real world
application can be seen below in Figure 16.

Figure 16 - MBCI Superlok® utilized on an assisted living building.
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Figure 17 - MBCI Superlok® Installation (MBCI Superlok Manual).

The detail above showcases the installation of the standing seam metal roof from MBCI’s
standards, with further consideration in Appendix I.
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2.3 Floor Assembly and Foundation
The foundation of our tiny home is the Iron Eagle trailer. Connecting to the trailer was

one of the biggest components of our design to ensure the building envelope would be complete
without any gaps or thermal bridging. The full connection detail can be seen below in Figure 18.

Figure 18 - Wall to Trailer Foundation Connecting Detail

This detail focuses on how the wall assembly previously described in Figure 14 meets
with the Iron Eagle Trailer steel members. The most important factors to design for were
moisture mitigation and thermal bridging to make sure the building envelope was as tight as
possible. Shown in green, the AVB membrane continues down the rain screen cavity and
connects to a metal drip edge flashing to ensure any moisture exits accordingly. The exterior
cellular glass rigid insulation is also continuous and wraps underneath our structural framing to
mitigate thermal bridging. “Thermal bridging is the movement of heat across an object that is
more conductive than the materials around it. The conductive material creates a path of least
resistance for heat. Thermal bridging can be a major source of energy loss in homes and
buildings, leading to higher utility bills” (What is Thermal Bridging). Continuous insulation is
the key component to combat the problem of thermal bridging that occurs at the studs.

Structural Analysis
In order to determine the required strength of the wood frame, the total load was

calculated. The weight of the mechanical systems were displaced evenly and were proven to be
under the limit of trailer laws and regulations. Table 3 shows the total load on the roof, frame,
and floor.
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Type Dead Load(lbs) Span (ft) Load (lbs/ft)

Roof 476.42 30.000 15.881

Frame 1462.9 30.000 48.767

Floor 431.79 29.167 14.804
Table 3: Loading

The loads were then used to determine the required load each member can hold. The
allowable load of each member is then determined based on the member size, type, and wood
species; these values are represented in Table 3 (NDS, 1997). Southern pine was chosen as the
wood material because of its strength and durability. Southern pine is also a lightweight material
while being inexpensive. The studs were placed 16 inches apart on center in order for the
insulation to fit and allow maximum strength. A stud size of 1.5 inches by 5.5 inches was chosen
to fit insulation (Figure 19).

Figure 19 - Revit Framing

Calculations were done based on whether compression was applied parallel or
perpendicular to the grain. The load on the roof is displaced onto the roof beams, perpendicular
to the grain. Because the roof has an angle of about 7 degrees, calculations were done to
determine the force acting on the beam (Appendix A). The load of the roof was then applied to
the double top plate beam supporting the studs. The strength of the studs were then determined
based on their displacement (Table 4).
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Required Allowable

Roof Bending 255.84 1233.8 psi

Roof Shear 12.004 78.570 psi

Beam Bending 776.51 1413.2 psi

Beam Shear 44.490 78.570 psi

Beam

Compression ⊥ 40.783 321.60 psi

Stud Compression 296.63 889.89 psi

Wall Sheathing 250.00 280.00 plf

Roof Sheathing 68.750 128.80 plf
Table 4: Required and Allowable Loads

Since the frame is bolted to the trailer, calculations were performed to determine the
strength of the steel bars to ensure the trailer could support the load of the home. An analysis was
performed to determine the shear, moment, and stress forces acting on the trailing while it is
stationary and being driven (Table 5). The strength of the vertical member was determined
because it is the strongest member of the frame (Appendix B).

Moment (lbf*ft) Shear (lbf*ft) Stress (psi)

Stationary 7200.0 2400.0 17049

Moving 10080 3360.0 23869
Table 5: Stress

The ASTM A500 (Square/Rectangle) grade steel has a minimum yield point/strength of 39 ksi so
the trailer is strong enough to support the load while the tiny home is stationary or driving.
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Thermal and Energy Calculations
The following sections provide various equipment sizing for the tiny home to ensure

proper comfort levels and the adequate amount of power required.

1. Heating and Cooling

Figure 20 - Heat Loss Through a Building (Lechner)

In order to size the HVAC equipment for our tiny home, heating and cooling load
calculations were performed based on several factors. Figure 20 encompasses the different
variables when considering heat loss in a building, such as transmission, infiltration, exfiltration,
and ventilation. Transmission is heat loss through surfaces such as walls, roofs and glazing.
Infiltration and exfiltration is heat loss due to cold air through joints in building construction,
around window and door assemblies, and at penetration details. Ventilation is a controlled and
purposeful form that coordinates with HVAC design strategies. These factors were considered
when performing calculations to size equipment. The area of each surface divided by the total
thermal resistance of the assembly determined the total heat loss for our assembly for a location
such as Los Angeles, California.

With calculations performed in a spreadsheet shown in Appendix J, the total heat loss by
transmission through our walls, roof, windows, and doors equates to a total of 7,343 Btu/hr. The
value calculated for total heat lost must be supplied from the heating system in order to maintain
an interior temperature of 68 ℉ during winter months.

The next step was to calculate the cooling load for the space for an average summer day
in Los Angeles California. These calculations, shown in Appendix K take the area of each
surface and multiply it by its cooling load factor (CLF). The CLF is determined by the U-value
of each assembly, which is the reciprocal of the R-value. The total cooling load calculated
equates to 8768 Btu/hr. The value calculated for total cooling loads must be supplied from the
cooling system in order to maintain an interior temperature of 68 ℉ during summer months.
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2. Air Leakage Area
To determine the different types of ventilation of houses, the air leakage area, based on

three changing conditions, was calculated. The first condition was the location of the tiny home.
Whether the tiny home was in Los Angeles, California; Austin, Texas; or Portland, Oregon, their
respective average temperature and wind speed would be different. The second condition was the
shelter class. Depending on where the tiny house was parked, the amount of shelter surrounding
the tiny home would be different (Table 6).

Shelter Class Description

1 No obstructions or local shielding

2 Typical shelter for an isolated rural house

3 Typical shelter caused by other buildings across the street from building
under study

4 Typical shelter for urban buildings on larger lots where sheltering
obstacles are more than one building height away

5 Typical shelter produced by buildings or other structures immediately
adjacent (closer than one house height: neighboring houses on same side
of street, trees, bushes, etc)
Table 6: Local Shelter Classes, from 2017 ASHRAE- Fundamentals

The last condition that was analyzed was the air change rate, which took into consideration the
different ventilation rates that homes could have. The air change rate of 0.1 ach, 0.5 ach, 1 ach,
and 2 ach was examined. The different variations that could occur from changing the conditions
were then calculated. The equation for the airflow rate from infiltration is

and the definition of each variable and the breakdown the𝑄 =  𝐴
𝐿

𝐶
𝑠

Δ𝑇| | + 𝐶
𝑤

𝑈2

calculations are shown in Appendix C. In the end, using the airflow rate from the infiltration
equation, and considering the different locations, shelter classes, and air change rates, the
respective Effective Air Leakage Area ( ) was calculated, which can be found in Appendix C.𝐴

𝐿

These calculations can be used during air quality research to mimic different home ventilation
units and determine how they affect the air quality of the house.
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3. HVAC and MEP
In order to size the battery of the tiny home so that it would be able to power all

amenities, specific amenities were chosen to determine the amount of voltage and energy the
battery must provide. The most basic amenities were researched and selected based on what has
worked well for tiny home communities in the past. Appendix D lists the amenities, and there
were many design choices to consider.

All-electric amenities were chosen since it would be better for the environment, and
while tankless water heaters are environmentally friendly, they require too much energy. In the
end, a 6-gallon electric water heater was decided upon. Water is pumped from a 40-gallon fresh
water tank and later stored in a 30-gallon gray water tank. Additionally, while it’s not common in
a lot of homes, the tiny home is equipped with a composting toilet because it is environmentally
friendly and removes the necessity of a black water tank. To minimize equipment, a ductless
mini-split is installed to both heat and cool the tiny home. Because the tiny house is portable, it is
important to prepare for comfort in any type of weather. In the end, a Pioneer® 9,000 BTU 20.5
SEER 115V Ductless Mini-Split Inverter & Air Conditioner Heat Pump System was chosen
because of its high SEER value and compliance to heating and cooling load calculations. SEER
stands for Seasonal Energy Efficient Ratio, and the “higher the ratio, the more energy efficient
the air conditioner is”, and the SEER value of the ductless mini split is 20.5 which means it is
very efficient (Purushothama, 2009). Figure 21 is a heat map that shows the estimated timeline of
all of the appliances being used in hourly periods. The darker the block, the more energy it
consumes.
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Figure 21 - Heat map of each appliance and their usage every hour
A timeline of energy consumption in 10-min intervals can be seen in Figure 22. They

help better visualize power consumption since appliances may not be in use for an entire hour.
For example, the fridge is predicted to run on a 10-min on, 20-min off cycle all day to maintain a
constant temperature. Figure 23 shows the breakdown of each appliance's energy consumption in
10-min intervals.

Figure 22 - Total power required of all appliances every hour
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Figure 23 - Breakdown of individual appliance’s timeline

Once the appliances and how much power they consume were determined, the size of the
battery could be estimated. There were six main considerations to determine the most efficient
battery: it could not be too heavy, had to provide enough power, energy, and voltage to the
appliances, would ideally last an hour, and couldn’t be too expensive. The breakdown for Big
Battery’s 72V FALCON - LiFePO4 - 28Ah - 2.1kWh battery can be seen in Table 7.
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Requirements Big Battery

Weight [lb] 63

Power [W] 2267.15 6000

Energy [kWh] 0.0378 2.1

Voltage [V] 120 72

Time [hrs] ~1 ~0.93

Price [$] < $10,000 $1,750
SALE: $1,090

Table 7: Battery Requirements and Specifications of the chosen battery

Other than not meeting the voltage requirement which can be remedied by having two
systems, the rest of the criteria is met. However, to support the 120V required for the fridge and
the stove, a DC/AC inverter is needed. The 2kW Pure Sine Wave Inverter from Ideal Plusing
would be sufficient. To help the battery remain charged, solar panels with a system size of 3.4kW
will be added to the roof of the tiny home (Appendix E).

To test the battery and solar panels against real-life situations, two, nine-day periods were
plotted. These included a summer in LA, California (7/17/22 to 7/25/22), where the sun would be
the strongest, and a winter in Portland, Oregon (2/13/22 to 2/21/22), where there would be less
sun. There were three important factors for the graphs. The first was the DC Array Output
(watts) taken from the National Renewable Energy Laboratory's (NREL) PVwatts calculator. The
second factor was the cloud cover percentage of that day, taken from Visual Crossing. Cloud
cover was used to mimic different solar energy inputs that might be affected by cloud coverage.
However, it is important to note that there isn’t a 1:1 ratio between the cloud coverage
percentage and the amount of energy absorbed by the solar panels. The comparison was made
solely as a representation of how cloud coverage could affect the energy in the battery. Figure 24
is an example of the total solar energy on 7/25/22 in LA, California based on the two factors
stated above, and Figure 25 is an example of the total solar energy on 2/20/22 in Portland,
Oregon.
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Figure 24 - Total solar energy on 7/25/22 in LA, California

Figure 25 - Total solar energy on 2/20/22 in Portland, Oregon

The last factor was how much energy the battery started the day with, which was the
previous day’s ending wattage. Appendix F breaks down each step in making these graphs.
Figure 26 represents 7/21/22 in LA, California, in which there was a 12.2% cloud cover, and had
an initial battery energy of 11386.10 [Wh] from the day before. Figure 27 represents 2/16/22 in
Portland, Oregon, in which there was 99.1% cloud coverage and an initial battery wattage of
11,389.58 Wh from the day before.
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Figure 26 - Energy Left in the Battery on 7/21/22 in LA, California

Figure 27 - Energy Left in the Battery on 2/16/22 in Portland, Oregon

From these eighteen days of varying solar input, it can be determined that the two
batteries are sufficient to run the appliances, regardless of how much solar energy is absorbed by
the 3.2kW solar system.
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Recommendations and Conclusion
A tiny home was designed that could be used as a research facility to learn more about

the effects of wildfire smoke infiltration on homes. To achieve this goal, design calculations and
a Revit model were constructed to determine the interior and exterior layout. Structural
calculations were also performed to ensure the strength and durability of the tiny home was safe
to live in. Heating and cooling loads were calculated so that the trailer would be equipped with
the proper insulation and HVAC systems. Fire protection/suppression systems within the exterior
design were not included, to mimic the exterior of California homes as closely as possible in
order to not disrupt any future research.

In the future, the team would recommend researching the specific smoke monitoring
equipment to see how it would affect battery consumption. Choosing interior furniture that
includes as many types of fabrics and materials so that the research is inclusive of the abundant
types of materials found in homes. This is important because different materials can absorb
pollutants and smoke differently. Since the team was unable to physically build the design,
factors that would arise only during construction could not be considered during the design
phase.
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Appendix
Appendix A - Framing Structural Analysis
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Appendix B - Steel Trailer
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Appendix C - Air Leakage Area Calculations
Airflow rate from infiltration equation: from 2017 ASHRAE- Fundamentals

𝑄 =  𝐴
𝐿

𝐶
𝑠

Δ𝑇| | + 𝐶
𝑤

𝑈2

Where: Q = airflow rate [cfm]

= effective air leakage area [ ]𝐴
𝐿

𝑖𝑛2

= stack coefficient [ ]𝐶
𝑠

𝑐𝑓𝑚2

𝑖𝑛4º𝐹

= average indoor-outdoor temperature difference for time interval of calculations [ºF]Δ𝑇

= wind coefficent [ ]𝐶
𝑤

𝑐𝑓𝑚2

𝑖𝑛4·𝑚𝑝ℎ2

U = average wind speed measured at local weather station for time interval of calculator [mph]

The Volume of our tiny home is 2868.75 and the stack coefficient for a one-story house is 0.015𝑓𝑡3 𝑐𝑓𝑚2

𝑖𝑛4º𝐹

[ºF]Δ𝑇 U [mph]

LA, California 4 6

Austin, Texas 1 8

Portland, Oregon 14 4.5

*The temperature difference for each location was assuming that the average indoor temperature
is 68ºF and the outdoor temperature value was taken from Climate Consultant

**The average wind speed values were taken from Climate Consultant

Shelter Class [ ]𝐶
𝑤

𝑐𝑓𝑚2

𝑖𝑛4·𝑚𝑝ℎ2

1 0.0119
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2 0.0092

3 0.0065

4 0.0039

5 0.0012

*Values taken from the 2017 ASHRAE- Fundamentals book

Air Change Rate [ach] Airflow rate [cfm]

0.1 286.875

0.5 1434.375

1 2868.750

2 5737.500

*Airflow rate values calculated from the equation where I = air change rate [ach], Q =𝐼 = 𝑄
𝑉

airflow rate [cfm] , and V = volume [ ]𝑓𝑡3

Finally, using the airflow rate from infiltration equation, and considering the different locations
(LA, Austin, Portland), Shelter Classes (1, 2, 3, 4, 5), and Air Change Rates (0.1, 0.5, 1, 2) we
can calculate the respective Effective Air Leakage Area ( )𝐴

𝐿

LA,
California 𝐴

𝐿
=  𝑖𝑛2

Shelter class 𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2

𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2 I = 0.1 I = 0.5 I = 1 I = 2

1 0.4884 0.6989 6.8415 34.2077 68.4154 136.8307

2 0.3912 0.6255 7.6444 38.2219 76.4438 152.8875

3 0.2940 0.5422 8.8180 44.0898 88.1795 176.3591

4 0.2004 0.4477 10.6805 53.4026 106.8052 213.6105

5 0.1032 0.3212 14.8834 74.4169 148.8338 297.6676
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Austin,
Texas 𝐴

𝐿
=  𝑖𝑛2

Shelter class 𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2

𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2 I = 0.1 I = 0.5 I = 1 I = 2

1 0.7766 0.8812 5.4255 27.1277 54.2554 108.5107

2 0.6038 0.7770 6.1531 30.7656 61.5311 123.0623

3 0.4310 0.6565 7.2829 36.4144 72.8287 145.6575

4 0.2646 0.5144 9.2949 46.4747 92.9494 185.8988

5 0.0918 0.3030 15.7805 78.9024 157.8048 315.6095

Portland,
Oregon 𝐴

𝐿
=  𝑖𝑛2

Shelter class 𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2

𝑐
𝑠
∆𝑇 +  𝑐

𝑤
𝑈2 I = 0.1 I = 0.5 I = 1 I = 2

1 0.4510 0.6715 7.1198 35.5988 71.1976 142.3952

2 0.3963 0.6295 7.5950 37.9751 75.9503 151.9006

3 0.3416 0.5845 8.1803 40.9013 81.8025 163.6050

4 0.2890 0.5376 8.8943 44.4715 88.9429 177.8858

5 0.2343 0.4840 9.8777 49.3884 98.7769 197.5538

Air Leakage Area Values for LA, Austin, and Portland, with varying air change rates and shelter
levels.
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Appendix D - Appliances
Appliance Power (watts) Voltage (V) Description

Microwave Oven 1000 120 Toshiba EC042A5C-SS
Countertop Microwave
Oven With Convection

Fridge 104.65 115 Insignia™ - 10.5 Cu. Ft.
Top-Freezer Refrigerator

Water Heater 1440 120 Camplux ME60
Mini Tank Electric Water

Heater 6-Gallon with Cord
Plug,1.44kW at 120 Volts

Mini Split 720 (cooling)
1000 (heating)

115 Pioneer® 9,000 BTU 20.5
SEER 115V Ductless

Mini-Split Inverter + Air
Conditioner Heat Pump

System Full Set

Stove 1800 120 (AC) Cuisinart Double Burner
Induction Cooktop

Composting Toilet 2.5 12 Separett Villa 9215 AC/DC
Urine Diverting Toilet

LED Lights 200

TV 150

Cell Phone 6

Computer 200

*The last four energy values were taken from Consumer Guide to Home Energy Savings by Alex
Wilson and John Morrill

** The Power of the Fridge was calculated by multiplying the amperage (0.91 amps) by the
voltage (115 volts) of the fridge
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Appendix E - Size of Solar Systems
𝑆𝑖𝑧𝑒 (𝑘𝑊) = 𝐴𝑟𝑟𝑎𝑦 𝐴𝑟𝑒𝑎 (𝑚2) * 1 ( 𝑘𝑊

𝑚2 ) * 𝑀𝑜𝑑𝑢𝑙𝑒 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) 

where: Array Area = 8.5 ft * 30 ft = 255 = 23 (leaving some space on the edges)𝑓𝑡2 𝑚2

Module efficiency = 15%

*Equation from National Renewable Energy Laboratory's (NREL) PVwatts calculator

Appendix F - Breakdown of Battery Consumption Timeline Graphs
The basic template for each graph broke each day into one-min increments. For every one-min row, there
were 18 columns, each varying in input.

Column # Column Description

1 Solar energy per m^2 on the PV panel, 100% (W/m2)

2 Solar energy per m^2 on the PV panel reduced to __% (W/m2)

3 Total solar energy on the PV panel (W)

4 Heat pump power (W)

5 Microwave power (W)

6 Fridge (W)

7 LED Lights (W)

8 Toilet (W)

9 Stove only one burner (W)

10 TV (W)

11 Cell Phone (W)

12 Computer (W)

13 Water Heater (W)

14 Total consumption [W}
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15 Total energy consumption [Wh]

16 Total energy generated [Wh]

17 Energy left in the battery [Wh] - unlimited size

18 Energy left in the battery [Wh] - realistic size

Column 1 was the solar energy per m^2 on the PV panel, 100% (W/m2), in which the data was taken
from an hourly dataset downloaded from NREL PVwatts Calculator, with the inputs below.

Column 2 was the Solar energy per m^2 on the PV panel reduced to __% (W/m2). This column was a
percentage reduction of the first column. The reduction percentage was based on the cloud coverage,
obtained from Visual Crossing. If the cloud coverage percentage was 100% - cloud coverage percent.
However, it must be noted that there is not a 1:1 ratio between cloud coverage percentage and the amount
of solar energy on the PV panel. This comparison was done solely to test different solar energy reductions
and how it would affect the energy left in the battery.

Column 3 was the Total solar energy on the PV panel (W). This column was column 2 * 23, as our tiny
home has 23 square meters of solar panels, and columns 1 and 2 were only the solar energy input of one
meter of solar panel.

Column 4 to Column 13:

The next ten columns were the minute breakdown of the appliance consumption. The timeline can be seen
below.

Appliance: Hourly Peak
Power [W]

Time Appliance runs

Heat pump power- cooling (W) 720 6:00 – 18:00 (summer time)

Heat pump power- heating (W) 1000 6:00 – 18:00 (winter time)

Microwave power (W) 1000 7:00 – 7:10 , 14:00 – 14:10 , 19:00 – 19:10

Fridge (W) 104.65 10-min ON, 20-min OFF (all day)

LED Lights (W) 200 7:00 – 8:00 , 18:00 – 23:00

Toilet (W) 2.5 All day

Stove only one burner (W) 900 19:00 – 19:30

TV (W) 150 20:00 – 23:00

Cell Phone (W) 6 23:00 – 2:00
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Computer (W) 200 23:00 – 2:00

Water Heater (W) 1440 8:00 – 8:50 (warm the tank)
8:50 – 9:00 (shower)
9:00 – 9:50 (warm the tank)
20:00 – 20:50 (warm the tank)
20:50 – 21:00 (dishes)
21:00 – 21:50 (warm the tank)

The length of time it takes for the water heater to warm up the entire tank was calculated using the
equation which resulted in about 48-min to heat up the water tank.𝑡𝑖𝑚𝑒 =  𝑐ρ(𝑉)(∆𝑇)

𝑄'

Where
c = speci�c heat capacity of water
= densityρ

c =ρ 4. 18 𝑥 103 𝐽
𝑘𝑔º𝐶

V = volume [ ]: 0.6 GPM = ( 3.7854 x ) x 600 sec = 0.02271𝑚3 103 𝑚3

𝑠 𝑚3

= change in temperature [ºC]: 48.9ºC - 4.4ºC = 44ºC∆𝑇
Q’ = Power [W]: 1440W

Column 14 was the Total consumption [W] in which adds up column 4 to column 13 for every minute.

Column 15 was the Total energy consumption [Wh] which is calculated by: column 14 divided by 60.

Column 16 was the Total energy generated [Wh], which is calculated by: column 3 (Total solar energy
on the PV panel (W)) divided by 60.

Column 17 was the Energy left in the battery [Wh] - unlimited size. This is calculated by: the initial
energy of the battery per unit * number of units + column 16 - column 15.

Lastly, Column 18 was the Energy left in the battery [Wh] - realistic size. This is calculated using an
IF-statement. Column 16 does not take into consideration that the battery can only hold a maximum of
11400 Wh for every unit, and sometimes column 16 says that there is more energy left in the battery than
the battery can actually hold. Therefore, the IF-statement corrects this assumption and says: IF(column
16 is less than 11400 * the number of units, then the value is the same as column 16. If not, then put
11400 * the number of units)
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Appendix G - HardiePanel Vertical Siding Installation (JamesHardie).
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Appendix H - IECC Table C402.1.3 (IECC 2018)
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Appendix I - MBCI Superlok Standing Seam Metal Roof (MBCI Superlok
Manual)
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Appendix J - Heat Loss through Transmission Supporting Calculations

72



Appendix K - Cooling Load Calculations
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