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Executive Summary 
 
“To build a sustainable home by improving upon the Tumbleweed Tiny Houses’ efficient use of 
space with innovations in the areas of materials, electricity, and plumbing” – CASITADESIGN 
 
The Tiny House movement has introduced the idea of space as a resource to the 
forefront of the sustainability debate. The movement focuses on reducing the size of 
living spaces in order to reduce carbon footprint. A design of a 128 sq. ft home off grid 
home combines this concept of space as a resource with green engineering principles. 

Materials and Structure 
The layout design brings together all the 
elements in the electrical and plumbing 
systems. Main considerations were the solar 
panel placement, water tank placement, and 
rainwater catchment system. Load bearing 
structural walls are not used; instead beams 
support the structure and weight of the home. 
The materials used in the home have low-
embodied energy and are environmentally 
friendly.   

Electricity  
A stand-alone photovoltaic system with battery bank 
generates and stores electricity for the home. Solar radiation 
area is limited due to the physical constraints of the home. 
Thus, the system incorporates the industry’s most efficient 
solar panels with MPPT charge controllers, as well as 
various other techniques to optimize efficiency. The roof-
mounted panels generate enough power to sustain one to 
two individuals in the Chicago area, yearlong. The battery 
bank is sized to provide power to the home for three days if 
no solar energy is available.  

 
Plumbing 
The home’s plumbing system is designed to provide enough 
water for one user.  The home collects and filters rainwater for 
daily hygienic needs.  Designed for the Chicago climate, water is 
stored safely and supplies water year round if used at a normal 
pace. A composting toilet produces only biological nutrients for 
its surroundings.   
 

 
Constructing a full scale structure of the design at Northwestern University will provide 
the community with a physical model to increase awareness and facilitate ingenuity. The 
home will be built in Spring 2011. If successful, the home will serve as a continuing 
project for future student groups to improve key design elements of the house. 
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Project Introduction 

 

Space is a resource.  Despite designers’ attempts to achieve a balance between nature 
and architecture, their best efforts result in nothing more than mindless substitutions.  
However, the reality is that centuries of natural selection have created an environment 
impossible for humans to recreate.  Every square inch of a home is a lost square inch for 
the surrounding biosphere.  Therefore, a reduction of space is the first step towards 
sustainable living. 
 
Human impact does not end at the walls of a home.  The sewer, water, and power lines, 
power plants, and wastewater facilities are all parts of the ecological footprint.  An off-
grid home is not just a reduction in consumption, but also a commitment to personal 
responsibility for natural resources. 
 

CASITADESIGN’s Mission 
The mission is “to build a sustainable home by improving upon the Tumbleweed Tiny 
Houses’ efficient use of space with innovations in the areas of materials, electricity, 
and plumbing”. 
 
Casita’s Design Requirements 
The newly designed tiny house must:  
    -Be off grid  
    -Collect water and energy for the house 
    -Minimize waste 
    -Use local and renewable materials 
    -Use space efficiently 
    -Be comfortable 
    -Be easy to move 
 
Design Summary  
 

The design is a 128 square foot home that is self-sufficient.  Water is supplied by a wait 
water collection system.  Electricity is collected using a solar panel array.   The home is 
built on an 8'x16' trailer with a maximum height of 13'6", to abide by highway 
restrictions.  The roof is slanted toward the south to maximize solar flux for panels.  
Three large windows on the south side provide natural lighting. The east side includes a 
storage unit and a 4'x4' bathroom. The north side contains the kitchen area and a window 
above the sink. A loft towards the west side is used for storage and sleeping. The 
entrance and another large window near the door are located on the west side.   
 
The bathroom uses a low flow shower head and composting toilet.  Rainwater and snow 
are collected on the roof and awnings, fed through a gutter system, and filtered into a 
water pillow for storage.  Water is heated using an on demand water heater and a roof 
mounted solar collector.  Electricity is generated by photovoltaics on the roof and stored 
in a battery bank. 
 
The report includes a design for our off-grid tiny house, based on information from a 
user survey, information from previous tiny houses built by our client, from speaking 
with experts, and combinations of the newest sustainable technologies. 
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Design Direction and Rationale 
 

House Layout 
 

 
Sketch-Up by Mert Iseri 

(Refer to Appendix A for more sketches of the home.) 
 

Constraints 
This design must meet all constraints of this project, including constraints from the 
client and the team.  
 
 Client: The house must be less than 140 square feet to be considered “tiny.” 
  

Team: Movable- In order to move locations and promote the design, the house 
needs to be mobile. Therefore, the house is designed to be built on a trailer. 
Highway restrictions limit maximum width of trailers to 8′ and a height of 13'6''. 
The Tiny House, or Homb, will be built on a trailer 8′x16′, with a 1'6'' clearance 
from the ground. 

 
Placement  
A general overview of the placement of items within the house is outlined below to give 
a brief visualization of the home before going into a detailed design and calculations 
behind each item.  
 
Structure/Materials 
The home, as mentioned before, is built on a small trailer. The entrance of the home is 
set on the west side.  A loft, placed on the west side of the home, is used as the main 
bedroom. The home has multiple windows on three of its four sides; the largest is set to 
face south. Shades and curtains cover the windows. Vents are located beneath the larger 
windows. A small kitchen is located on the north side of the home, leaving the bathroom 
and storage occupying the east side. 
 
Please refer to the Structure Section and the Materials Section for more information. 
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Plumbing 
The major components of the plumbing system are a composting toilet, a water pillow 
for water storage, awnings, a solar water heater collector, a showerhead, tanks, pumps 
and filters. The bathroom has the composting toilet and the showerhead; however, the 
exact locations have been left up to the Engineering Design and Communication teams 
that have been working on the design of a bathroom for the Tiny House this Spring 
Quarter. 
 
A water pillow located beneath the trailer of the house collects water that is captured by 
the awnings located on each side of the home. The gutters pre-filter organic material and 
send the water to the water pillow.  The water is pushed through a filtration system by a 
small pump near the water pillow. It finally arrives at the intermediate tanks located 
above the bathroom. Two separate tanks, hot and cold, store the water until the faucet is 
turned on, at which point, the water is mixed and sent into the shower head.  A 
composting toilet removes human waste and transforms it into humus. 
 
Please refer to the Plumbing Section of this report for further information.  
 
Electricity 
The electrical system consists of solar panels, a battery bank, inverters, MPPT charge 
controllers, and a junction box. The electrical design also includes minor components, 
such as a battery meter display, outlets, and light switches. The battery bank and 
inverters are located on the south east side of the home taking up space beneath the 
storage area. The MPPT charge controllers and the junction box are located above the 
bathroom and storage area. Solar panels are mounted on the roof slanted facing South.  
 
Outlets and light switches are placed throughout the home. Outlets are located in the 
bathroom, the kitchen, the loft, and near the doorway. Lights are positioned above the 
main floor, above the loft, in the bathroom, and near the exterior of the doorway. Light 
switches for the mains lights and the exterior lights are by the doorway. A switch for the 
loft light is in the loft and finally a switch for the bathroom light is located directly 
outside the bathroom. 
 
Please refer to the Electricity Section of this report for further information. 
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Structure 
 
Structural design considerations were important for this tiny house, due to the large load 
created by the solar panels, water tanks, and water pillow. The combined weight of the 
support structure and the load must not exceed the trailer's weight capacity. Materials 
used for the structure are optimized through a force analysis to ensure all weights would 
be supported using the lightest material. 
 
Force Analysis 
Currently, tiny houses designed by our client use structural walls, with 2'x4's, to support 
the building. By contrast, this off-grid design uses four wooden beams and a joist to 
carry the roof.  This design allows more insulation to be placed on the sides of the home, 
without increasing the framing or adding weight.  
 
 In a force analysis for different beam material, wood performed better than aluminum 
and steel.  (See Appendix B for a complete Force Analysis.)  Wood supports all the 
loads without exceeding the width of the walls and is inexpensive and lightweight 
compared to the other options. 
 
Layout 
Due to space limitations, the placement of each section of the home is critical.  
 

 
Tiny House Sketch-Up - Section View Looking North 
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Door 
The door is location in the northwestern corner.  Since the door is on the west side of the 
house, a continuous window fits on the south to west side of the house. The windows 
create a sense of openness and provide natural heating to the small space. 
 
Loft  
The loft is above the door and cannot be seen upon entry. It extends almost half way 
across the home to provide space for a bed and storage. There are four feet between the 
loft and the highest part of the ceiling. The ceiling below the loft is 7'9'', an adequate and 
comfortable height for anyone standing below. 
 
Ladder 
The higher ceiling space on the north end provides a good location for the ladder.  The 
high ceiling makes climbing the ladder easier and more comfortable. 
 
Flooring  
Three inches of space above the trailer floor is used for bamboo flooring and a small 
amount of insulation. Since the water pillow beneath the trailer needs to be the same 
temperature as the main room, there is less insulation in the floor to deter from 
completely isolating the two spaces.  Some insulation is necessary to ensure the house 
does not freeze. 
 
Bathroom  
To preserve space on the south end of the home for windows, the bathroom is placed in 
the northeastern corner. With the higher ceiling on the north side, this placement 
provides additional space on top of the bathroom for storage of electrical components 
and the intermediate water tanks. The bathroom is a spacious 4'x4'; the entire space also 
serves as the shower. 
 
Fireplace  
A small wood burning fireplace is located placed on the west side of the kitchen counter 
(near the north end of the home). The fireplace heats the home during the winter. 
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Materials 
 
Materials for the house are strong, insulative, and lightweight. The walls provide 
significant supports for the home, but do not exceed the trailer load capacity of 7000lbs. 
To sufficiently support the house, the materials withstand the weight of the larger items 
such as solar panels, batteries, and intermediate water tanks.  
 
Insulation is critical to maintain a livable temperature within the small home. The small 
space allows the home to change temperature very easily. Since this house is off-grid, 
any use of a heater or cooling system that involves electricity is discouraged. Therefore 
the insulation specifications of each part of the house need to keep the interior 
temperature of the home at a comfortable level. While there is a small wood burning 
fireplace and a few ventilation windows, these should be needed minimally; the house 
itself controls most of the interior temperature. 
 
 
Each component of the home is described below in terms of its material chosen. 
 
 
 
Roof - Organic Composite Materials 
The roof material affects the solar panels, the rainwater collection system, and the 
structural component of the home. The material must be compatible with solar panel 
mounts and must support the weight of the solar panels. The material also must be 
appropriate for collecting rainwater (see Plumbing Section for more information).  
 
Many common materials are deemed unsafe for rainwater collection, due to their 
tendency to release chemicals into the water. The roofing material, Enviroshake, is 
composed of 95% recovered plastic. The material is a composite blend of post industrial 
plastic(s), recycled rubber elastomers, and cellulosic fiber materials. It is deemed safe 
for our roof pitch and rainwater collection. 
 
Support – Wooden Beams 
Reclaimed wooden beams, an environmentally friendly material, supports the main 
structure of the home. Its strength ensures a structurally sound house that withstands the 
weight of the roof with snow, rainwater, and the solar panels and forces of wind when 
stationary or moving. Meanwhile, the wall structure of the house will be fully supported 
by a stick frame design. Please refer to the Appendix B to see a complete force analysis. 
 
Windows - Framed Double Paned Argon Gas Filled 
Windows are located above the kitchen counter, next to the loft bed, and on the south 
and west sides of the home. All of these windows create an illusion of space, without 
compromising insulation. 
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The windows are energy star rated widows with layer of Low-Emittance coating and 
argon gas filling between the panes. Low-E coating allows light to pass through the 
window, without allowing an exchange of radiant heat. The coating aids in insulation of 
the home.  
 
These windows’ R value ranges 2-6. While triple paned windows increase the R value, 
the costs of additional panel do not outweigh the benefits. Honeycombed shades provide 
room darkening and insulating properties. 
 
Bathroom – Ceramic Tiling 
Recycled ceramics are easy to clean and provide a firm grip to avoid slipping.  The tiles 
are warmer to touch than a traditional tiny house bathroom, which is made with 
aluminum siding and flooring. The ceramic tiles are a lightweight material and can be 
supplied locally. Mold resistant grout and sealant is also used. 
 
Furniture 
To save space in the tiny home, the furniture pieces in the home are foldable, 
lightweight, and dynamic. Many furniture items are also multi-functional. A modular 
table, location near the South East side of the home by the storage space, is currently 
being designed by two Engineering Design and Communication (EDC) teams. A 
Flexible Love seat is the main seating of the home.  The Flexible Love seat is made from 
recycled cardboard that can expand from one foot to eight feet, for comfortable seating 
and easy storage. 
 
 

 
www.flexiblelove.com 
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Insulation- Heating and Cooling 
In order to reduce the resources consumed by the house, sizing proper insulation is key 
to modeling and reducing heat exchange. Since our living area is extremely small, it 
does not take a large amount of energy to heat and cool it. However, unless the home is 
properly insulated, it loses heat during the winter and gain heats during the summer.    
 
The walls, the roof, and the windows require different types of insulation. An excel 
model (a sample of which is in shown in Appendix C) takes into account the surface 
area of the roof, the walls, and the windows.  The model also calculates window to wall 
ratio, for each wall.  The resulting values, based on the previously outlined materials, 
yield a heating value of 1448 btu/hr during the coldest period of winter, and a cooling 
value of 5681 btu/hr during the hot summer months.  
  
Below are the specific details in for insulation materials. 
 
Walls 
The walls are approximately six inches thick. Other than the framing and exterior, the 
wall includes the plumbing and electrical components surrounded by the eco-friendly 
insulation material of Bonded Logic UltraTouch Recycled Cotton Insulation from Green 
Depot, and the interior walls of bamboo. 
 
Windows 
The windows to wall ratio, R-value of 3 for double paned, argon gas filled windows, and 
the solar gain from the windows is combined to calculate the heat exchange caused by 
the windows. Windows provide natural lighting and natural heat from the sunlight 
reaching the interior of the home. 
 
Bottom of the Trailer 
The bottom of the trailer lacks the normal amount of insulation and subflooring typical 
in tiny houses.  . A small amount of insulation is used in the three inch subfloor.  A 
smaller amount of insulation allows some heat to transfer between the interior of the 
home and the water pillow box located below it. Yet, the insulation still keeps the 
interior of the house from significantly cooling when cold snow melted water enters the 
pillow.   
 
As described in more detail in the Plumbing Section of this report, the box is made of 
wood panels and the interior components are wrapped in more of the Green Depot eco-
friendly insulation. Refer to Appendix D for calculations of the box structure. 
 
Roofing 
The roofing materials from Enviroshake are made of organic compost materials. 
Beneath the roof shingles, a sheet of radiant barrier foil provides reflective insulation. 
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Components 
A small wood burning stove and honeycomb shades help heat and cool the small space 
as efficiently as possible with no use of electricity. 
 
A small wood burning stove that emits from 2000 to 6000BTUs running on a single load 
of fuel for three to five hours, is used to reach the necessary heat in the winter. 
 
Honeycomb shades are used for room darkening and insulation purposes in the summer 
to block the natural lighting and heat that comes from the sunlight through the large 
south windows. Small window vents that are glazed for privacy are used for ventilation 
throughout the home. By opening these small vents, as well as the kitchen or the loft 
window, a breeze circulates through the home by natural convection. Shades and 
circulation help cool the house in the summer. 
 
Safety Components 
Due to the small interior space of the house, it is important to protect the user from basic 
safety hazards. The house will include a First Alert Onelink combination smoke and 
carbon monoxide detector mounted in the kitchen area. The device is battery operated. 
In addition, a fire extinguisher, with a minimum 5lbs of extinguishing agent, is stored in 
the home as an extra precaution. 
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Plumbing 
 
Rain water collection is used to harvest water for showering and general hygiene 
purposes.  The roof and four awnings collect rain water.   A gravity fed gutter system 
moves the water from the gutters to a insulated water storage pillow below the house. A 
small pump pushes the water through a 4-stage filtration system and into a pressurized 
intermediary tank near the roof of the house. This intermediary tank feeds into a hot tank 
heated by a solar heated.  Pipes coming from the cold and hot water tank unite in a water 
mixer that connects to the shower head. 

 
See Appendix E for data calculated to support the flow of water throughout the system 
 

 

 
      Schematic by CASITADESIGN 
 
Estimations of the water usage for a Tiny House owner 
Rain water in the house is primarily used for showering, brushing teeth, shaving, and 
hand washing.  The daily usage is estimated at the lower end of national averages, 
assuming that an individual deciding to live in a tiny house will be interested in 
conserving resources.  Showering usage is lowered significantly due to the low flow 
shower head.   
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Data Collected from: http://www.weather.gov/climate/index.php?wfo=lot 

 
Rain data from the past five years in Chicago, roof size, and usage determined the water 
tank size and awning size needed.  The roof has to collect enough water to sustain 10.4 
gallons a day to fulfill the user’s desired usage.   Since, rainfall does not occur daily, a 
water tank needs to hold water from heavy rainfalls to provide water for dry spells.  A 
630 gallon water tank removes the possibility of days with no water.  However, to 
maintain enough water in the tank for usage, the rain water collection catchment area of 
the home is increased from 128 square feet to 320 square feet.   
 
See Appendix F for a sample of the calculation spreadsheet used for these decisions. 

 
Awning 
Awnings attached to the roof on all sides provide an additional 200 square feet of 
horizontal rain water collection area.  See figure for sizing of all awnings. 
 
The awnings are made from a high grade, darkened 
vinyl that does not degrade from UV light and 
promotes snow melt.  Steel lightweight and rigid 
frames extend from the sides of the house to support 
the awning.  As pictured here, the awning on the south 
side allows light to enter in the winter, reaching the 
back wall during the winter solstice.  The light does not 
enter the house during the summer, keeping it cool. 
 
The vinyl awnings can be taken down during travel to fit the highway criteria.  The steel 
frame can disassemble and store in the home for travel. 
 
Gutter System 
A gutter feed system transports collected roof and awning water through a pre-filter, 
removing organic debris, and into the water pillow.  The pre-filter sits slightly above the 
gutter line, allowing for natural water flow, but removing leaves, twigs, plant debris.  
The pre-filter is made of 50% recycled material and has no chemical leaching.  The 
gutters are stationed on the outside of all four awnings at varying heights; all the water 
feeds into a downspout gutter on the southeast corner of the home via gravity.  The 
gutters are made from lightweight aluminum material and can be easily disassembled 
during travel.   
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Water Pillow 
The water is stored in a flexible water tank, called a water pillow.  The pillow is custom-
made to fit under the trailer and in between the wheels.  The pillow and all accessories 
are placed in an insulated box to prevent freezing and damage to pumps and pipes.   
 
The pillow will be 7'x15'x1' and hold up to 630 gallons of water, providing enough 
water to last through dry seasons.   
 
During travel, the pillow is drained and taken out of an insulated compartment 
(described below).  The pillow is disconnected from the pipes and folds up for travel.    
 
Insulation Calculations 
An insulated water pillow box keeps the water pillow from freezing.  The bottom of the 
box is a wooden panel with an interior insulation material.  The frame acts as a barrier 
between the pillow and the ground and protects the pillow from animals.  The wings of 
the box (front of 1 and 2 pictured below), also made of wood, are attached as 90° angles.  
Each wing (section 1 and 2) has hooks attached on the backs. Flaps permanently 
attached to the trailer connect to hooks on the wings.  The flaps help prevent heat loss in 
between the water pillow box and the bottom of the trailer. These flaps also serve to 
conceal the trailer. 
 
The water pillow box is disassembled for storage.  The wings and bottom structure 
detach as shown in the diagram.  The box weighs approximately 480lbs, but the 
disassembled sections are easier to lift and store. (See weight of each section shown 
below.)   
 
      Refer to Appendix D for more calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 1 2 3 
Square Feet of Material 8.67 17.33 42.67 
Weight of section 23.05 46.11 113.49 
    
2lbs/ft2 for 3 inches    
2.66lbs/ft2 for 4 inches    
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A combination of data of the past five years of rain, temperature data from the Chicago 
land area, surface area of water bag showed that our box design would keep the pillow 
from freezing. 
 

 
Data from CASITA spreadsheet calculations and http://www.weather.gov/climate/index.php?wfo=lot 

 
 
PEX piping 
PEX piping is flexible and easy to connect together.  It is rated for both hot and potable 
water.  
 
Small Pump 
Water is pumped from the water pillow, through the filters, and into an intermediary 
tank above the shower head.   A pump delivers water at 2GPM, significantly higher than 
the 0.5225GPM needed for the shower head.  As the water flows through the filters and 
up the pipes, the flow decreases.  The pump also needs to deliver at least 25 psi to 
successful elevate the water to the intermediate tank, provide enough pressure to activate  
the on-demand water heater, and supply good pressure for the shower head . 
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Filtration 
A four-stage filtration process cleans the rain water.  The system includes a sediment 
pre-filter, granular activated carbon pre-filter, carbon block pre-filter, and a UV light 
disinfection chamber. The filters successfully remove organic debris, contaminants, 
impurities, and disinfect the water.  Additional chlorination can be used for improved 
scent and residual effects of reducing pathogenic microorganisms.  The filter system is 2' 
x 2' x 6" and is stored in the interior of the home above the pump.   The UV light 
requires 16 watts (depending on flow). 
 
Data from Specs of Home Depot Filters, http://www.homedepot.com/Appliances-Water-Dispensers-
Filters/h_d1/N-5yc1vZ1xr5Zarmz/h_d2/Navigation?langId=-1&storeId=10051&catalogId=10053 
 
Intermediate Tank 
The water from the pump enters an intermediate pressurized tank.    The tank holds 20 
gallons of cold water with a 5.3 gallon drawdown. The pump only turns on when the 
water is below the drawdown value.  Without the tank, the pump would be activated 
every time the faucet turns on, decreasing its lifespan.  The pressurized tank also 
maintains a constant pressure and does not allow large and dangerous spikes in water 
pressure.  The pressure in the intermediate tank is controlled by a pressure gauge and 
can be set to push water from the cold water tank to the lower pressure hot water tank.  
As shown in the picture, water is kept in a bladder and air pressure pushes on the bladder 
from the top.  The pipe from the cold to hot water tank is curved to allow cold water to 
enter at the top of the tank and already active solar heated water to enter into the mixer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.inspectapedia.com/water/1529s.jpg 
 
 
Solar Water Heater 
An active solar water heater uses a glycol fed heat exchanger and small pump to heat the 
water in a 50 gallon insulated tank.  This water is fed into the on demand water heater.  
 
 

Pressure gage 

Cold 
water 
tank 

Hot 
water 
tank 
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On Demand Water Heater (ODWH) 
The on-demand water heater brings the water from the solar water heater up to 105 
degrees Fahrenheit for proper showering temperature.  The ODWH is used more heavily 
during the winter months when sunlight is sparse.  In normal homes, water is heated in 
large water tanks using a large amount of energy.  The ODWH uses less energy, since it 
only turns on when water is running.  The ODWH has a temperature sensor that 
measures the incoming temperature.  The desired temp is set on a dial and the heater 
varies amount of energy needed to reach this goal temperature.  The heater runs on a 120 
V system and is DC. 
 
Shower Head and Mixer 
The cold water pressure tank and water from the on-demand water heater feed into a 
shower mixer.  The mixer maintains a constant temperature (set by the user) by using a 
pressure sensor to ensure an equal mixing of the different water lines.  This water feeds 
into the Bricor 110 Ultramax showerhead, which uses a 0.5225gpm flow. 
 
Composting Toilet 
A composting toilet reduces water consumption in our home.  The toilet holds waste in a 
chamber below the toilet seat, allowing the feces to biodegrade into humus.  A 
ventilation vent and fan move air away from the chamber to help composting and 
remove odors.  Urine is collected through a separate pipe and sent out of the home. 
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Electricity 
 
 
The goal of the electrical system is to supply the power needed to maintain a 
comfortable lifestyle based in the Chicago area relying solely on clean, renewable 
energy. Because the house is off-grid, a stand-alone photovoltaic (PV) system with a 
battery bank harvests and stores electricity for the home. The system is optimized for 
maximum power generation and sized according to calculated estimates of daily power 
consumption and available solar energy.  
 
System Layout 
Below is a general schematic of the entire PV system: 

 

 
Figure by Alejandro Sklar 

 
 
The system’s various components, pictured above, and their functions are as follows: 
 

Photovoltaic Array 
The array is comprised of several PV panels that convert solar radiation (measured 
in Watts per square-meter) into direct current (DC) electricity. Panels are rated 
according to the efficiency of this conversion. The standard amount of solar 
radiation used during testing is 1000 Watts per square-meter. Thus, one square-meter 
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of panel that is 10% efficient, on a standard day, will produce around 100 Watts of 
DC power. Due to the limited space constraint of the roof, it is necessary to 
maximize the efficiency of the photovoltaic array to meet demands without 
exceeding the total roof surface area. 
 
In addition, a solar panel’s efficiency rating corresponds to its peak efficiency. This 
occurs when the panel is tilted perpendicular to the sun’s rays, which in Chicago 
come from the South. The exact angle of the sun changes with the seasons, and is 
illustrated for winter and summer in the figure below.  The figure also shows a solar 
panel, mounted at optimal tilt for the corresponding sun angle. 

 
 

 
Data from PV Sun angles: http://www.yourhome.gov.au/technical/fs67.html 

 
For a fixed panel, the optimal tilt over the course of a year is toward the South at the 
angle of latitude. The optimal angle is 42 degrees for Chicago and the home’s panels 
are mounted on the South-facing roof. Due to the height constraint of the house, 
fixing the panels to the optimal tilt would surpass the height limit. Instead, the 
modules are mounted flush to the roof and thus inherit the roof’s angle of 23 
degrees.  

 
12-Volt Battery Bank 
Off-grid systems must store electrical power in batteries because the amount of 
electricity generated by PV systems varies from day to day, and power demand often 
increases during nighttime hours (when no solar energy is available). The batteries 
then distribute electricity to the home when necessary.  
 
Due to the small size of the home and various passive design elements, a 12-Volt 
battery bank is sufficient. 12-Volt batteries usually operate best within a “cutoff” 
region between 10 to 15 Volts. Operating at a voltage outside of this region 
decreases battery performance and lifespan.  
 
The bank consists of gel-sealed, solar batteries that are not adversely affected by 
constant charging and discharging, unlike traditional lead-acid batteries. Gel-sealed 
batteries do not leak noxious gas, thus the bank can be placed indoors and does not 
require ventilation. (Data used from a PV book: Planning and Installing Photovoltaic 
Systems.) 
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Maximum Power Point Tracking (MPPT) Charge Controllers 
PV modules operate best at a specific voltage and current, or “maximum power 
point” (MPP), ranging up to 60 Volts. Thus, small MPPT microcontrollers are wired 
in series with the modules, regulating the PV’s operating point to be MPP, 
maximizing panel efficiency.  
 
However, 60 Volts is well above the battery bank’s “cutoff” regions; therefore the 
MPPT charge controllers simultaneously convert and regulate their output to be 
within “cutoff” range.  

 
Inverters 
Most American appliances require 110-Volt, 60-Hertz alternating current (AC) 
electricity; however, the PV modules generate direct current (DC) electricity. The 
system must include properly sized inverters that convert (modulate) DC power to 
produce the necessary AC power.  
 
Though more expensive, the system uses pure sine-wave inverters to modulate the 
signal, producing the exact AC signal used by the American power grid. This will 
increase the performance and overall lifespan of the home’s AC loads. 
 
A drawback of any inverter is that 10% of the power passing through the inverter is 
lost as heat during the conversion. Also, the inverter itself consumes electricity; 
therefore minimizing AC loads is vital. 

 
Junction Boxes 
These combine the multiple cables coming from charge controllers and battery bank 
into one main transmission line called the DC-bus.  The DC-bus supplies power to 
the home. The box is small and protected, and contains a DC circuit breaker for 
every “hot” cable and connections to properly ground the system (discussed in 
“Safety Measures” section, below).  
 
An AC junction box or panel is also required for each inverter.  

 
Control Panel 
A well-designed PV system informs the homeowner of the status of each 
component, and displays the exact amount of charge stored in the battery bank. 
Depending on conditions, the homeowner may also want to interact with the system 
to modify the operation of certain circuit elements.  
 
The XW System Control Panel is used in the home, because it has both of these 
capabilities. Using a XanbusTM network, it communicates with and monitors other 
Xanbus-enabled devices, which will be used for MPPT charge controllers and 
inverters.  
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The control panel: 
• Displays the amount of charge left in the battery bank 
• Shows the operating voltage and current of the batteries and PV panels 
• Displays the amount of power being generated and consumed 
• Allows the user to setup and change different modes of operation for the 

system 
• Alerts the homeowner of any short circuit or ground fault 

The control panel mounts to the wall, and connects to the system components via 
Xanbus control cables.  

 
Optimizing the System 
To minimize energy loss, the system must generate and transfer power as efficiently as 
possible. The following methods were designed to achieve this: 

 
Use of DC loads 
Because the PV array generates DC power, it is much more efficient to power DC 
loads than to convert to AC power to run AC loads. (Recall that approximately 10% 
of electricity passing through an inverter is lost as heat.) The loads that remain on for 
long periods of time or that do not require much power, such as lighting, 
refrigeration, ventilation, and water filtration, are wired to run off of DC power.  
 
DC-coupling 
Due to the large amount of DC loads, the PV array is directly wired to the DC bus, a 
technique referred to as DC-coupling. The advantage of DC-coupling the system 
comes during daytime hours when electricity is simultaneously generated and 
consumed. During these instances, power from the PV array powers the home’s DC 
loads directly. In other words, this first directs power generated by the PV array to 
any loads being used, and then to the battery, thus avoiding an estimated 10% energy 
loss from charging and discharging. 
 
Power Factor Correction (PFC) 
AC loads can be partially inductive or capacitative; drawing what is referred to as 
“apparent” power. This type of power dissipates energy in the system, but cannot be 
used to perform useful work. Only the system’s “real” power drawn can be used, 
which comes from purely reactive loads.  
 
The ratio of a system’s apparent power to real power is called the power factor. The 
Homb’s inverters have PFC capabilities, and constantly adjust built-in capacitors and 
inductors to maintain the circuit’s power factor as close to unity as possible, 
minimizing energy loss in the AC circuitry. 

 
System Sizing 
 
Appropriately sized components are necessary for a functional and efficient system. PV 
systems are sized according to the user’s daily power consumption, in kilowatt-hours 
(kW-hrs), along with expected amounts of daily solar energy (solar insolation) in 
average sun-hours. 
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A detailed log of all household loads, along with electrical wattages and expected usage 
durations, yielded an estimate of the Homb’s average daily power consumption. 
Estimates for usage durations were derived from the combination of a user survey and 
personal consumption logs from each member of the team. A chart of specific loads and 
usage is found in Appendix G.  On average, the Homb uses 4.2 kW-hrs per day. 
 
Data from the Institute of Natural Resource Sustainability at the University of Illinois at 
Urbana-Champaign provided estimates of average monthly solar insolation for the 
Chicago area.  
 
A simulation of daily energy consumption and production was generated in Excel 
spreadsheet using the calculated daily energy consumption and solar insolation with a 
relatively large variance. The spreadsheet simulated a five-year span and determined the 
percentage of days with no available power. Thus, components sizes were modified to 
optimize the system, and to assure the Homb could store at least three days worth of 
electricity (days of autonomy). For more detailed information on the spreadsheet 
simulation and solar insolation data, refer to Appendix H. 
 
The following are the final size demands and specific products for each main 
component: 

 
Photovoltaic Array 
To assure zero days at no power, a total array size of 1.575 kW meets the required 
demand. Thus, five 315W SunPower modules are mounted on the roof of the house. 
SunPower’s E19-series crystalline silicon panels lead the industry with an efficiency 
of 19.3%. Data provided from SunPower Corp website. 
 
The five panels fit on the roof, and leave enough space for the 24 square-foot solar 
collector for the Homb’s solar water-heating system. 
 
12- Volt Battery Bank 
To assure three days of autonomy, a minimum capacity of 675 Amp-hours is 
necessary. Thus, the battery bank consists of three gel-sealed, 225 Amp-hour, East 
Penn batteries wired in parallel. 
 
Due to its weight, the battery bank resides in the bottom of the Homb’s storage 
closet. 

 
MPPT Charge Controllers 
Charge controllers are rated according to their maximum output currents. For each 
panel, producing 315W of electricity, 26.25 Amps are outputted to the 12-Volt 
battery bank. Therefore, using Xanbus-enabled XW MPPT charge controllers that 
can withstand up to 60 Amps of current, a total of three controllers are required. 
 
In addition, each controller has an tunable auxiliary output, therefore one controller 
can be wired to power XW control panel, saving the space required for an additional 
power supply or distribution panel. 
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Inverters 
Inverters are rated according to the maximum AC power they can supply at an 
instant. The 2400W tankless water heater is the largest AC load. Thus, it and one 
small appliance run off a 3000W, Xantrex RS3000 inverter. Also, at any time, two of 
the Homb’s three larger appliances (microwave, toaster oven, electric stove) can run 
off the smaller, RS2000 inverter. Both are Xanbus-enabled with power-factor 
correction.  

 
Junction Boxes 
A DC junction box with at least four inputs is necessary to combine the three MPPT 
charge controllers and battery bank. It must also have space for 150V, DC circuit 
breakers. Thus the MidNite Solar MNPV6 junction box, with 6 inputs and space for 
DIN Rail Mount Combiner Breakers. 
 
The output of each inverter goes to a Blue Sea AC main panel, with an integrated 
AC circuit breaker. 
 

 
Safety Measures 
 
To ensure proper protection from electrical hazards during operation and maintenance, 
the following safety measures are implemented that adhere to NFPA 70 national electric 
codes: 

 
Appropriately Sized Cables 
Electrical cables must be properly sized to both minimize energy loss and reduce the 
risk of electrical fire. Cable cross-sectional areas (A) are determined according to 
following formulas:  

     
 L  x   P    _ 

for DC cables:  A =  .03 x V2 x k 
 

2  x  L  x  I  x cosΦ 

and for AC cables: A =      .03  x V  x  k 
 
 

where ‘L’ is the length of the specific cable, ‘P’ is the power carried through that 
cable, V is the voltage of the system (12VDCor 110VAC), k is the resistivity of 
copper (56), I is the nominal current of the inverter, and cosΦ is the system’s power 
factor (between .95 and 1.00). 

 
The cable’s cross-sectional is then converted to American Wire Gauge (AWG) 
standards to determine a proper cable size. Cable sizes for the Homb are found with 
the load wiring schematic in Appendix I. 
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Fuses 
To protect the MPPT charge controllers if a PV panel short-circuits, fuses are 
connected in series with the positive and negative terminals of each panel. The fuses 
should be rated to approximately 125% of the panel’s continuous current; therefore, 
10A fuses are wired to each panel.  
 
Circuit Breakers 
To protect equipment against high current surges, circuit breakers are connected to 
all DC and AC main lines. These must be rated to withstand 125% of the line’s 
current.  
 
Thus, 10 Amp breakers must be connected to the positive terminal of each panel. For 
increased safety, 10 Amp fuses are also connected to the negative terminals. 
 
Additionally, each branch in the DC combiner box utilizes 63Amp DIN breakers, 
and each inverter connects to its own 30Amp AC breaker panel. 
 
Lightning Arrestors 
PV systems are prone to lighting strikes, during which immensely high voltages and 
currents flood the circuit. To protect equipment from these strikes, the system 
contains the following three components: 

• DC lightning surge arrestors between the PV array and charge controllers 
• AC lightning surge arrestors between the inverters and control panel 
• AC lightning surge capacitor between the inverters and control panel 

 
All three components are made by Delta. 
 
Grounding 
To help dissipate electrical charge that can build up at any moment, especially 
during a lightning strike, the entire electrical system must be properly grounded to a 
large conducting surface. Thus the ground bars are connected to the metal trailer 
bed. When parked, a lightning rod can be extended down to the earth from the trailer 
bed to provide even better grounding. 
 
In the case of lightning strike, current spreads across the trailer bed and into the 
ground, but the Homb and any inhabitants remain unharmed. 
 
Disconnect switches 
To allow for safe maintenance, disconnect switches must be installed between the 
various system components. Because circuit breakers function as disconnect 
switches, this has already been taken care of in the system.  
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Detailed Layout Schematic 
 
Overall, the entire electrical system looks as follows (refer to Appendix I for specific 
wiring of DC and AC loads):  

 
Schematic by CASITADESIGN 
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Next Steps 
 
The tiny house will be built during 2010-2011 school year. Facilites Management at 
Northwestern provided parking spots in Northwestern’s Englehart parking lot for 
construction. Fundraising and grant writing will continue. Necessary materials for 
framing construction will be ordered by mid-December. Electrical and plumbing system 
materials will be ordered by early Spring 2011. While materials are in shipment, the 
team will attend house construction, plumbing, and electrical training sessions. 
 
A building plan will be created and construction should begin by early January 2011. 
Students of various academic backgrounds are volunteering to take part in building the 
house. The goal is to raise awareness and interest in sustainable design. 
 
Throughout construction, CasitaDesign will document the entire building and materials 
acquisition process to monitor its carbon footprint. The team will also seek accreditation 
from Energy Star. To assume a robust design, completed sections of the house will be 
tested and compared to our theoretical design constraints. 
 
When the house has been completed, CasitaDesign will continue to use this process and 
its ideals throughout future projects. The project will continue to challenge EDC teams 
to design eco-friendly and space efficient products. The Homb will serve as a model of 
sustainability on the Northwestern Campus and will travel to other communities, raising 
awareness of sustainability and space issues. 
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Appendices 
Appendix A: Sketch-up of Homb 
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All Sketch-Ups created by Mert Iseri 



 

 34 

Appendix B: Force Analysis 
 
Steel Beam Analysis: Check for buckling and stress 
 
In order to begin the force analysis, firstly the complete load of the roofing needs to be 
calculated. According to ASCE, the complete load is calculated by: 
 

1,2 * D + 1,6 * L + 0,5 * S = Wc 
D: Dead Load L: Live Load S:Snow Load Wc: Complete Load 

 

Dead Load: 
 
The roof consists of wood framing, Enviroshake shingles and solar panels. 

Wood: The standard carpentry for a roof sized 8 ‘ 5” * 16 ‘ is uses seven  [2 * 4] 
timber that weighs around 10 lbs. each.  70 lbs 
Enviroshake: Enviroshake shingles weigh 3 lb /sq. ft. Since we have 136 sq. ft. 
on our roof, 3 * 136 = 408 lbs 
Solar Panels: According to the electrical sub team, the panels that provide 
electricity for the home weighs 330 lbs 
 
 

Live Load: 
 
According to ASCE 7 codes, the highest live load is 100 lb/sq. ft. To be ready for the 
worst-case scenario, that is taken as the load. 100 * 136 = 13600 lbs 
 
Snow Load: 
 
ASCE 7 guidelines calculate the snow load with the following formula: 
 

Rf = 0.7 * Ce * Ct * 20 * I 
Rf: Snow load / sq. ft Ce: Exposure Factor Ct: Temperature Factor I: Importance factor 

 
The factors are determined by the area, and for Chicagoland area, the calculations is as 
follows: 0.7 * 0,9 * 1 * 20 * 1.2 = 15.12 lbs / sq.ft. For the entire roof: 15, 12 * 136 = 
2056.32 lbs  
 

Combined Load:   
 
1,2 * 808 + 1,6 * 13600 + 0,5 * 2056,32 = 23757,76 lbs 
Since this load is equally distributed between 4 columns: P = 5939.44 lbs 
Once the load is determined, Euler’s formula is used to pick a correct I value (area 
moment of inertia): 

 
E: Elasticity Modulus I: Area Moment of Inertia K: Column Factor L: Length 
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The calculation is as follows: I = 5939,44 * 2 * (10,5 * 12) ^2 / (3,14^2 * 29000000) = 
0,66. 
 
This value is taken to a table in the ASCE 7 Manual, and with that value, the proper 
beam that would support this structure is: 

S 4 x 9,5 American Standard Shape 
 It’s dimensions are 4 * 2,8 in. sq., and it weighs 9,5 lbs / ft. 
  
Wooden Beam Analysis: 
 

Euler’s formula is used to determine the area moment of inertia for wood. 
I = (10,5 * 12) ^ 2 * 2 * 5939,44 / (3,14^2 * 1500000) = 12,75 in^4 
With wood, we can directly conclude  

I = ½ bh^3 
B : Width of the beam H: Length of the beam 

 
By choosing a 4” and 6” column, the I is calculated as: 12,8 in^4, greater than the I limit 
It is often advised to assess for stress with wood and the following formula is used: 

S = P / A 
S: Stress P: Force A: Area 

 5939,44 * 2 / (4 * 6) = 727 psi, almost one tenth of the limiting value of 7000. 
 
Aluminum Analysis: 
 

With aluminum, since there are no standardized shapes of extrusion, the “I” value is 
extremely challenging to generalize. Therefore, following the advice of Civil 
Engineering Professor David J. Corr, no further analysis is conducted on the material. 
  
 
 
 
The Force Analysis was done with assistance from Francesca Ferrero, a NU Junior Civil 
Engineer, and Professor David J. Corr of the NU Civil Engineering Department, as well 
as references the American Society of Civil Engineers ed. 7.  
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Appendix C: Heating and Cooling Calculations 
 
The spreadsheet below calculated the necessary heating and cooling values for the 
summer and the winter based on the U values of the walls, roof, and glass windows in 
the home. It took into account the temperature outside and the percentage of window 
that made up each wall, which leads to a certain amount of solar gain. 
 

Given 
Exterior 

u_walls =  0.04444 Btu/hr ft2 F 
u_roof =  0.04444 Btu/hr ft2 F 
u_glass =  0.33 Btu/hr ft2 F 
SHGC =  0.35   
North Height =  13 ft 
South Height = 7.5 ft 
North Window % = 7%   
South Window % = 40%   
East Window % = 0%   
West Window % = 25%   
 
 
 
 
 
 
 
 
 

Temperatures   
Summer Outside 95   
Summer Inside 70   

Winter Outside 
-

10   
Winter Inside 70   
      
Design Values   
N/S Width 16 ft 
E/W Width 8 ft 

 

sqft 
Gross 
Wall Glass 

Net 
Wall 

N Area 208 14.56 193.44 
S Area 120 48 72 
East Area 85 0 85 
West 
Area 85 21.25 63.75 
Roof 
Area 128     

Cooling Load Calculation   Heating Load Calculation 
Exterior Components   Exterior Components 

Wall Heat Gain   389.3778 Btu/hr   Wall Heat Loss -1246 Btu/hr 
Window Heat Gain - N 361 Btu/hr   Window Heat Loss - N -244 Btu/hr 
Window Heat Gain - S 2882 Btu/hr   Window Heat Loss - S 110 Btu/hr 
Window Heat Gain - E 0 Btu/hr   Window Heat Loss - E 0 Btu/hr 
Window Heat Gain - W 2087 Btu/hr   Window Heat Loss - W 388 Btu/hr 
Roof Heat Gain   142 Btu/hr   Roof Heat Loss -455 Btu/hr 
SUMMER         WINTER       
Total 5861 Btu/hr     Total -1448 Btu/hr   
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Appendix D: Weight of Water Pillow Box 
 
The water pillow box must be portable when the trailer is moving.  Since the water 
pillow and the box sit below the trailer, both need to be pulled out from under the trailer 
prior to moving.  Originally, the box design included sections that were hinged together.  
The total area of box is calculated and multiplied by the weight of 4" thick material.  
Removal of the box needs to be easy for one user, and since the total weight of 480lbs, 
the box must be disassembled for traveling.  

 
 

 
 Bottom 2 wings 

Other 2 
wings Total Area  

Square Feet of Material 128 34.66666 17.333328 179.999984  
      
       

 
Total 

Weight   2lbs/ft^2 for 3 inches 
2.66 lb/ft2 given 4" thick material 480lbs   3.33lbs/foot2 for 5 inches  
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Appendix E: Fluid Mechanical Analysis  
 
Fluid Mechanical Analysis of Pressure and Flow Through the System 
 
At full capacity, the gutters hold 80 gallons of water.  The water flows from a big vat 
(term for large body of water where decrease in quantity is infinitesimally small) 
velocity of 0 ft/s and at a pressure of 1atm.  When entering the water pillow, the water is 
around 8GPM.   
 

Q(flow) 10 Area of Pipes 0.785 Height 10 
Kinematic 
Viscosity 0.00000103 g(gravity) 32.2 Length 13 
    Material e 0.000005 Diameter 0.25 
Calculated  Bernoulli     

Area 0.785 
(P1/γ)+(V1^2/2g) + h1 = 
(P2/γ)+(V2^2/2g) + h2 + hf   

Velocity 12.7388535 P1 = V1 = P2 = 0     

Nr = DV/γ 3091954.73 
0 =(V2^2/2g) + (h2-h1) + 
hf 

-
0.97836019

6   
e/D 0.00     

f 
0.00967529

6     
 
The pump pulls the water from the water pillow at 2GPM to fulfill the filtration 2GPM 
requirement.  The max pressure is 50psi at the pump.  Assuming the water flowing into 
the sediment filter is at 2GPM, the water slows down significantly as it exits.  The 
pressurized tank set to ---- psi pushes water from the cold to hot water tank, both tanks 
have enough pressure to provide at least 20 psi to the on demand water heater, mixer, 
and shower head. 
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Appendix F: Temperature and Precipitation Spreadsheet 
 
Taking weather data from the last five years of the Chicagoland area, we were able to 
determine the water collected by our home and the heat dissipation from our water 
pillow.  The following assumptions were made and a sample of the spreadsheet is shown 
below.  
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Appendix G. Electrical Load Calculations 
 
This is a portion of the data from our team’s daily power consumption logs, specifically 
lighting. If specific details were not recorded, the space is left blank: 
 
Room 
Lights 

Will 
(hrs) 

Kimi 
(hrs) 

Kaycee 
(hrs) 

Sasha 
(hrs) 

Mert 
(hrs) 

Alex 
(hrs) 

Average 
(hrs) 

Dining -- 0.5 -- -- -- -- 0.5 
Bathroom -- 1.5 0.5 0.5 -- 0.5 0.75 
Bedroom -- 3 0.5 5 -- 0.5 2.83 
Living -- 1 3.5 -- -- 4.5 3 
Kitchen -- 0.67 -- -- -- 1 0.84 
Total Usage: 6.17 7 4.5 5.5 4 6.5 5.61 

 
Below is a table documenting the DC and AC loads and respective usage for the home. 
This provides a value of the daily energy consumption in Watt-hours.  
 

DC Load 
Wattage 
(W) 

Usage 
(hrs) 

Energy 
Consumption 
(W-hrs) 

Current 
Supplied           
(A-hrs) 

Mini-Fridge 4.75 24 114 9.5 
Bathroom Light 3 1 3 0.25 
Kitchen Light 3 4 12 1 
Main Light 6 7 42 3.5 
Main Light 2 6 7 42 3.5 
Porch Light 3 4 12 1 
Loft Light 3 2 6 0.5 
Phone Charger 4 5 20 1.666666667 
Pump 970 0.33 323.3333333 26.94444444 
UV Filter 16 24 384 32 
Bathroom Fan 6 1 6 0.5 
Charge 
Controllers 7.5 24 180 15 
DC Energy Consumption (W-hrs/day): 1144.333333  
DC Current Supplied (Amp-hrs/day):   95.36111111 
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AC Load 
Wattage 
(W) 

Usage 
(hrs) 

Energy 
Consumption 
(W-hrs) 

Current 
Supplied              
(A-hrs) 

Computer 
Charger 42.4268137 3 127.2804412 1.15709492 
Toaster Oven 707.113562 0.5 353.5567812 3.214152557 
Water Heater 1697.07255 0.3333333 565.69085 5.14264409 
Microwave 848.536275 0.17 141.4227125 1.285661023 
Stove 530.335172 0.75 397.7513789 3.615921626 
2500 W Inverter 21.2464589 24 509.9150142 4.635591038 
2000 W Inverter 17.68 24 424.2681375 3.856983068 
AC Energy Consumption (W-hrs/day): 2519.885315  
AC Current Supplied (Amp-hrs/day):   22.90804832 

 
 
Overall power consumption, after taking account for energy loss: 
 

DC Loads         
Charge/Discharge Loss:     10.00% 
Controller Loss:       6.00% 
            
Actual DC Energy Consumption (W-hrs/day): 1327.427 
            
AC Loads         

Actual DC Current Supplied (Amp-hrs/day): 110.619 
Controller Loss:       6.00% 
Inverter Loss:       10.00% 
            
Actual AC Energy Consumption (W-hrs/day): 2759.017 
Actual AC Current Supplied (Amp-hrs/day): 25.082 
            
Total Energy Consumption (W-hrs/day): 4086.443 
Total Current Supplied (Amp-hrs/day): 135.701 
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Appendix H: Electrical Sizing Simulation  
 
Sample of the simulation spreadsheet calculations: 
 

System Factors 
Usage Factors   Generation Factors 

Mean W-hr/day needed 4200   System Voltage (V) 12 
Stadarad Dev W-hr/day 200   PV Wattage (W) 1575 
Mean A-hr/day needed 224   Days of Autonomy 3 
Standard Dev A-hr/day) 16.666   Starting Battery Level (A-hr) 675 
      Minimum Depth of Discharge 135 

 

System Performance 
Days at Full Capacity 1584 
Percentage at Full Capacity 88.25% 
Days Below Minimum 0 
Percentage Below Minumum 0.00% 
Lowest Capacity 248.35 
Days at No Power 0 
Percentage at No Power 0.00% 

 
Chicago Insolation data after the tilt of 23 degrees. 

Solar Insolation 

Month 

Solar 
Insolation 
(after tilt) 

Standard 
Deviation 

Jan 3.342 0.4 
Feb 4.299 0.51454219 
Mar 4.666 0.55846798 
Apr 4.991 0.59736685 
May 5.316 0.63626571 
Jun 5.775 0.69120287 
Jul 5.867 0.79221424 
Aug 5.776 0.69132256 
Sep 5.496 0.65780969 
Oct 4.425 0.52962298 
Nov 2.845 0.34051466 
Dec 2.662 0.31861161 
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Values were taken from The Evaluation of the Potential for Photovoltaic Power 
Generation in Illinois by the Illinois State Water Survey, a division of the Institute of 
Natural Resource Sustainability at the University of Illinois at Urbana Champaign. 
 
Dividing the daily energy consumption by solar insolation data for the Chicago area 
gives an approximate Wattage for the entire PV array. Using this concept, a simulation 
of daily energy consumption values over a long period of time is produced to more 
accurately size the system. Random values for Solar Insolation and Power Usage were 
generated for each day over a period of five years in an excel spreadsheet using a normal 
distribution. Energy Generated was calculated by multiplying daily solar insolation with 
a specified PV array wattage. The net energy yield for the day was then added or 
subtracted to the previous battery bank level, to determine the battery bank level for that 
day. By adjusting the PV wattage, an acceptable size to maintain adequate energy supply 
could be determined. 
 
Portion of 5-year Excel simulation spreadsheet: 
 

Day Solar Insolation 
Energy Generated 

(Whr) 
Power Usage 

(Whr) 
Current Supplied  

(Ahr) 
Current Used  

(Ahr) 
Battery Bank Level  

(Ahr) 
1-Feb-05 4.603352494 7756.65 4447.28 646.39 370.61 675.00 
2-Feb-05 3.880423298 6538.51 4507.69 544.88 375.64 675.00 
3-Feb-05 3.464227363 5837.22 4902.20 486.44 408.52 675.00 
4-Feb-05 5.125558595 8636.57 4296.06 719.71 358.01 675.00 
5-Feb-05 4.33492966 7304.36 3983.88 608.70 331.99 675.00 
6-Feb-05 3.62290702 6104.60 4682.72 508.72 390.23 675.00 
7-Feb-05 4.952975167 8345.76 4505.13 695.48 375.43 675.00 
8-Feb-05 3.590221241 6049.52 4512.25 504.13 376.02 675.00 
9-Feb-05 3.804981949 6411.39 4753.72 534.28 396.14 675.00 

10-Feb-05 3.424109701 5769.62 4464.89 480.80 372.07 675.00 
11-Feb-05 4.225018766 7119.16 4768.99 593.26 397.42 675.00 
12-Feb-05 3.693512777 6223.57 4150.68 518.63 345.89 675.00 
13-Feb-05 4.276697284 7206.23 4441.25 600.52 370.10 675.00 
14-Feb-05 4.423615226 7453.79 4831.96 621.15 402.66 675.00 
15-Feb-05 3.545342995 5973.90 4683.27 497.83 390.27 675.00 
16-Feb-05 4.498142272 7579.37 4204.29 631.61 350.36 675.00 
17-Feb-05 4.795370407 8080.20 4134.83 673.35 344.57 675.00 
18-Feb-05 4.081688388 6877.64 4557.31 573.14 379.78 675.00 
19-Feb-05 3.255609589 5485.70 4598.78 457.14 383.23 675.00 
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Appendix I: Electrical Loads Wiring Schematic 
 
The following is a detailed wiring schematic for DC and AC loads: 

 
The following cables sizes correspond to the red numbers above: 

DC Cable # L (ft) L (m) P (W) A (mm2) d (mm) 
1 4 1.2192 1029.25 5.187093254 2.569906191 
2 16 4.8768 9 0.181428571 0.48062691 
3 6 1.8288 1020.25 7.712604167 3.133688069 
4 20 6.096 986 24.84563492 5.624453006 
5 26 7.9248 26.75 0.876274802 1.056271117 
6 16 4.8768 22 0.443492063 0.751446678 
7 4 1.2192 15 0.075595238 0.310243336 
8 12 3.6576 3 0.045357143 0.240313455 
9 8 2.4384 12 0.120952381 0.392430229 
10 14 4.2672 6 0.105833333 0.367084866 
11 32 9.7536 6 0.241904762 0.554980152 
12 8 2.4384 9 0.090714286 0.339854547 
13 6 1.8288 3 0.022678571 0.169927274 
            

AC Cable# L (ft) L (m) I (A) A (mm2) d (mm) 
1 24 7.3152 27.27273 2.051192444 1.616063594 
2 56 17.0688 18.18182 3.190743802 2.015585428 
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Appendix K: Bill of Materials 
 
The Total Price Tag for the Tiny House is $28,500. 
 

Materials/ 
Structure Plumbing Electricity Total 
9,800 10,400 8,300 $ 28,500 

 
For the purposes of construction of the tiny house, a detailed Bill of Materials is 
provided below. 
 

    MATERIALS       
Item Description Vendor Quantity Cost($)/Item Cost($) 

Bamboo 
Door 

Lightweight, 
similar shade to the 

sing super walls Bamboo Revolution 
1- Standard 

size  200 200 

Bamboo 
Flooring  

 Bamboo preferred 
for its lightweight. Teragreen LLC Teragreen.com 130 sq ft 3 390 

Bamboo 
Interior 

 Use for 
countertops. 

Bamboo preferred 
for its lightweight.  Teragreen LLC Teragreen.com 550 sq ft 2 1100 

Car 
Trailer 

Newer or in great 
condition to 

withstand the 
weight of the 

home  CraigsList, ebay.com  8 ft x 16 ft  1750 1750 

Corner 
Braces   HomeDepot, McMaster N/A  500 500 

Fan for 
Bathroom FV-05dk1 www.iaqsource.com, 171087 1 171 171 

Fireplace 
Small wood 

burning fireplace.  
Dickinson Newport Solid Fuel 

Heater 1 345 345 

Highly 
Insulative 
Windows 

Double paned 
argon gas filled 

windows are 
preferred. 2-3 for 
South wall. 1 for 
above kitchen. 1 

for loft area. Climate Guard, Chicago 

2-3 large,               
1 medium,                    

1 small 150 750 
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High-R 
Exterior 
Walls 

Lightweight, rot 
resistant  sing super honeycomb 560 sq ft 5 2500 

Insulation 

Bonded Logic 
UltraTouch 

Recycled Cotton 
Insulation GreenDepot 850 sq ft 0.5 425 

Mattress 
Standard Full size 
for the loft area.   IKEA 1 80 80 

Plywood  Subflorring Evanston Lumber 130 sq ft 1 130 

Recycled 
Ceramic 
Tiles 
Bathroom 
Interior 

 Use for the 
flooring and walls 

such that the entire 
bathroom turns into 

a shower 
www.greenbuilding 

supply.com 90 sq ft 1 90 
Screws 
and Nuts  Standard sizes HomeDepot, McMaster N/A 100 100 
Sliding 
Door 

Saving space with 
less swing LeeLumber 1 100 100 

Vent 

Ventilation 
underneath 

windows on south 
side Home Depot, w1608, 3, 16x8” 25 75 

Wood   Posts for support Evanston Lumber 100 ft 5 500 

Wood   Posts for support Evanston Lumber 200 ft 3 600 
        Total $ 9,806 
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PLUMBING 

Item Size Vendor 
Vendor 

Numbers Quantity 
Cost($)/ 

Item Cost($) 

2gpm  Pump 9”x4”x4” Grainger   1 97.9 97.9 

4 Stage water 
filter              

Awnings   Evanston Awning Co.  
Custom 

made 
5ft on each 

side 3200 3200 

Composting 
Toilet 

31 1/2" x 32 
1/2" x 33 

1/2" SunMar 
Sun Mar 

EXCEL NE 1 1495 1495 

Downspout 5" x 10' Home Depot 2600600120 1 6 6 

Drain       1 20 20 
Green Flow 
Pro Gutter 
Guard 120' x 5" http://www.greenflowpro.com/   1 box 2.95 354 

Gutter End 
with Drop 10" Home Depot 27010     1 6.29 6.29 

Gutters 
10'x 5"., 
total 90' Home Depot 2600600120 9 6/ft 54 

Kitchen Sink       1 50 50 

Low-Flow 
Showerhead --- TheNaturalAbode   1 130 130 
Niagara+ 
Ultra UV 
Purifier 

6x16x18” 
15lbs www.excelwater.com   1 364 364 

On-Demand 
H2O Heaters 

10.75" x 
5.25" x 
2.125" Plumber surplus.com 

Eemax 
SP2412 1gpm 300 300 

PEX Piping D 3/4" www.pexsupply.com   2 54.95 109.9 

Pressurized 
Tank 

D 15.38" H 
33.13" http://www.watertanks.com   1 398 398 

Solar Water 
Heating Unit   Heliodyne   1 1300 1300 

Water Pillow 
(specialized 
water tank) 

Bag: 
7’x1’x14’, 

HOG: 20” x 
9.5” x 71”. 

– 50 gallons 
Green Depot/ 

RainHarvest.com -- 1 2500 2500 
        Total $                10,385.09  
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Electrical 

Item Description Size Vendor 
Part 

Number Quantity 
Cost($)/ 

Item Cost($) 
AC Main 
Panel 30 Amp 2.63” x 3.75” x .51” 

Blue Sea 
Systems 8077 2 -- -- 

AC outlet 

110 Volt; 60 
Hz Leviton 

TR GFCI w/ 
Screwless 
white wall 

plate 
4.21”x 1.7”x 

1.13”depth Home Depot 

R62-
T7599-

0PW 5  16.29 81.45 

AC Surge 
capacitor -- 

4.5”height x 
2.25”diameter 

Delta 
Electronics Inc CA302R 2 40 80 

Battery 
Enclosure POWER-FAB 26”x46”x16” 

Advanced 
Energy Solution 048-04116 1 1433 850 

Control 
Panel -- 6” x 4” x 1.56” Xantrex XW-SCP 1 10 10 

DC outlet 

12 Volt 
Brooking 

Industries 3-
Hole DC 

Outlet box Not specified 

Chiefsupply.com 
Brooking 

Industries Inc BR930 1 15.99 15.99 
Delta AC 
Surge 
arrestor   

2.25”height x 
2.25”diameter 

Delta 
Electronics Inc LA302R 2 40 80 

Delta DC 
Lightning 
arrestor 

Max current 
100,000 amps. 
Response time 

25 
nanoseconds 

2.25”height x 
2.25”diameter 

Delta 
Electronics Inc LA302DC 3 40 120 

DIN 
Railmount 
Combiner 
breakers 63 Amp 

Goes inside 
combiner box Midnite Solar MNEPV60 4 13 52 

Double 
Switch 
Cover 

Nylon Double 
Toggle Wall 

Plate 6” x 4” 
Abuchon 

Hardware PJ2W 1 1.59 1.59 

Extremely 
Efficient 
Refrigerator 50 L DC 26.5”x23”x30.5” Sundanzer DCR50 1 100 100 

Gel Sealed 
Solar 
Batteries  

225 Ahr, East 
Penn/MK 

Battery 20.8”x11”x10” 

Advanced 
Energy 

Solutions 8G8DLTP 3 780 2,340 
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Glycol 
Pump 
Controller --   Heliodyne   1 169 169 

Heat 
Exchanger --       1 650 650 

High 
wattage PV 
Solar Panels 

315 Watts 
each 

61.39”Length x 
41.18”Wide x 

1.81”Thick  Sun Power   5 -- -- 
Indoor AC 
Cabling --   Home Depot    150 ft 1.75/ft 262 

Indoor DC 
Cabling --   Home Depot    220 ft 1.69/ft 372 

Junction 
Box -- 13”x8”x3.5” Midnite Solar MNPV6 1 109 109 
MPPT 
Charge 
Controllers 60 Amp 

14.5”x 5.75”x 5.5” 
Wt 12lbs Xantrex 

XW-
MPPT60-

150 3 650 1,950 
Outdoor DC 
Cabling --   Home Depot    130 ft 2/ft 260 
Single 
Switch 
Covers 

Nylon Single 
Toggle Wall 

Plate 3” x 4” 
Abuchon 

Hardware PJ1W 2 0.71 1.42 

Solar Panel 
Mounts 

8 panel roof 
mount       1 565 565 

Stand-Alone 
Inverter (1) 

3000 Watt, 
7500W surge, 
150 Amp PFC 

charger 8.17”x14.2”x16.19” Xantrex RS3000 1 -- -- 

Stand-Alone 
Inverter (2) 

2000 Watt, 
5000W surge, 
120 Amp PFC 

charger 8.17”x14.2”x16.19” Xantrex RS2000 1 -- -- 

Switch 
covers 

Lutron 
Toggler 600W 

Single Pole 
Dimmer 

4.25”x2.25”x 
1.5”depth Home Depot 

TG-
600PR-

WH  4 9.97 49.85 

Switches 

Non-
Grounded 

Toggle Switch 2” x 3” 
Abuchon 

Hardware 1301W10 4 6.99 27.96 
Warm light 
LED strip 

12Volt, 3W  
70 lumens 6 inches LEDLight.com 34563 3 18.99 76.96 

White LED 
Light Strip 

LED2 lights 
12Volt, 6W 

140 Lumens 12 inches LEDLight.com 69283 2 29.99 59.98 
      Total  $8,284.20  

 
CASITA BOM 
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Appendix L: Vendor Contact Information 

Vendor Address Phone Web Address 

Abuchon Hardware                  
Store #084 

131 Montcalm Street,        
Suite 2 

Ticonderoga, NY 12883 (518) 585-7220 www.hardwarestore.com 

Advanced Energy Solutions 
Group, Inc. 

192 Gates Road                        
Pomona, IL 62975 (800) 229-0453 

www.advancedenergysolution.co
m 

Bamboo Revolution 
1303 SE 6th Ave                      

Portland, OR 97214 (503) 914.6262 www.bamboorevolution.com 

Blue Sea Systems 
425 Sequoia Drive 

Bellingham, WA 98226 (360) 738-8230 www.bluesea.com 

Boat Owner's World, Inc. 
PO Box 3148,                     

Champlain, NY 12919 (646) 216-9148  www.boatownersworld.com 

Brooking Industries, Inc 
10016 NW 53rd St.                       
Sunrise, FL 33351 (954) 572-0510 www.brookingindustries.com 

Climate Guard Products 
2622 N Pulaski Rd                 
Chicago, IL 60639 (773) 278-3600 www.climateguardproducts.com  

Delta Electronics Inc              
Detroit Office 

39201 Schoolcraft Rd,                         
Suite B-9                                               

Livonia, MI 48150 (734) 464-0066 www.delta.com.tw 

Evanston Awning Co 
2801 Central Street                      
Evanston, IL 60201 (847) 864-4520 www.evanstonawning.com 

Evanston Lumber 
705 Main Street                        

Evanston, IL 60202-1701 (847) 440-8700 www.evanstonlumber.com 

Excel Water Technologies 
Inc 

2860 W State Rd. 84,                 
Suite 108                             

Ft. Lauderdale, FL 33312 (866) 469-6629 www.excelwater.com/ 

Grainger Industrial Supply 
8045 River Dr.                            

Morton Grove, IL 60053 (847) 965-7600 www.grainger.com 

Green Building Supply 
508 N. 2nd Street,                         

Fairfield, Iowa 52556 (800) 405-0222 www.greenbuildingsupply.com 

Green Depot 
2500 North Pulaski Rd                

Chicago, IL 60639 (773) 384-7500 www.greendepot.com 

Green Flow Pro   (888) 742-0202 www.greenflowpro.com 

Heliodyne Inc 
4910 Seaport Avenue                   
Richmond, CA 94804 (510) 237-9614 www.heliodyne.com 
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Home Depot 
2201 Oakton Street                      
Evanston, IL 60202 (847) 733-9200 www.homedepot.com 

Iaq Source                   
National Trade Supply LLC 

5340 S. Harding Street 
Indianapolis, IN 46217 (317) 536-7445 www.iaqsource.com 

IKEA 
1800 E McConnor Pky                   
Schaumburg, IL 60173 (847) 969-9700 www.ikea.com  

LED Light.com LLC 

12215 E Chandler Heights 
Rd                                               

Chandler, AZ 85249 (602) 997-0366 www.ledlight.com 

Lee Lumber 
3250 North Kedzie Avenue 

Chicago, IL 60618-5700 (773) 509-6700 www.leelumber.com 

MidNite Solar 
17722 67th Ave NE #C                           

Arlington, WA 98223 (425) 374.9060 www.midnitesolar.com 

Pex Supply 
P.O. Box 522                          

Farmingdale, NY 11735 (888) 757-4774 www.pexsupply.com 

PlumberSurplus.Com 
P.O. Box 4786                       

Riverside, CA 92514 (951) 588-0385 www.plumbersurplus.com 

RainHarvest Systems LLC 
5190 Performance Drive 

Cumming, GA 30040 (770) 889-2533 www.rainharvest.com/ 

Sing Super Honeycomb 
PO Box 1691                             

McCleary WA, 98557 (360) 495-3577   www.superhoneycomb.com 

Sundanzer 
11135 Dyer, Suite C                                 
El Paso, TX  79934 (915) 821-0042 www.sundanzer.com 

Sun-Mar Corp 
600 Main St.                        

Tonawanda, NY 14150 (888) 341-0782 www.sun-mar.com 

SunPower Corporation 
Corporate Headquarters 

3939 N. 1st Street                                                 
San Jose, California 95134 (408) 240-5500 us.sunpowercorp.com  

Teragren LLC 

12715 Miller Road NE                               
Suite 301                                         

Bainbridge Island, WA 
98110 (206) 842-9477 teragren.com  

The 12 Volt Shop 
4/12 Kewdale Rd                     

Welshpool, WA 6106 (08) 9458 1212 www.12volt.com.au 

The Natural Abode 
517 S Main St                            

Moscow, ID 83843 (208) 883-1040 www.thenaturalabode.com/ 

WaterTanks.Com 
P. O. Box 340                           

Windsor, CA 95492 (707) 535-1400 www.watertanks.com/ 

Xantrex Technology Inc 
Burnstines Distributing Co. 

22365 Elkhart East Blvd.                    
Elkhart, IN 46515 (574) 266-7676 

www.burnstines.com/ 
www.xantrex.com 
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Appendix M: Budget Estimate 
 
The budget for the home is essential to calculate for the application of grants. A general 
estimation of the budget is shown below that will be provided as an outline of what to 
expect a self sufficient tiny house to cost. 

 
 
 
Should the team not receive enough grants to build the fully realized design, a reduced 
budget is supplied for the purposes of building as much as possible, with the 
expectations of donations or leaving out a few components that are easy to include later 
when the funds are provided. 
    Grants thus far: DOW: $1,000, Breed: $2,000 
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Appendix N: Project Communication 

 
The project of Tiny House began with Jay Shafer, the project client and advisor in all 
things to do with building an off-grid tiny house less than 140 ft2. William Fan then 
brought the project to the Segal Design office which decides the classes for the Design 
298/398 series. The team Tiny House, also known as CASITADESIGN, then expanded 
the project in 398 to include four Engineering Design and Communication (EDC) teams. 
 
Below is the communication breakdown, from instructors of DSGN 398 to Team Tiny 
House, to the EDC teams who update their specific client contact on the TH team. 

 
CASITA Communication Flow Chart 
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Appendix O: FEMA 
 

Team Casita Failure Mode and Effect Analysis 
  

Part Function Failure Mode 
Effect(s) of 
Failure 

Mechanism(s)
/ Cause(s) of 
Failure 

Current 
Controls S O D RPN 

Recom. 
Corrective 
Action(s) 

Actions 
Taken S O D RPN 

Struct
ure                               

Roof 

Stations 
the solar 
panels and 
insulates 
the home 

Roof cracks 
and lets water 
in, the solar 
panels 
dismount and 
fall in the 
house. 

The panels 
and the 
debris can 
cause 
physical and 
economic 
damage. 

Poorly 
designed 
structure and 
bad quality 
roofing. 

Solar 
panels 
are using 
mounts, a 
frame is 
built by 
2x4s that 
will keep 
the roof 
up. 5 1 2 10 

Girder for 
the roof, 
and super 
sing 
honeycom
b for 
support. 

Using a 
middle 
6x6 
girder in 
the 
middlese
ction, 
along 
with a 
honeyco
mb for 
support. 3 1 1 3 

Walls 

Surrounds 
and 
insulates 
the house 

The walls do 
not support the 
structure  

House 
collapses, 
massive 
damages 
occur. 

Bad force 
analysis 

Steel 
beams on 
the 
corners 
of the 
house 5 1 1 5 

Switch to 
wooden 
beams for 
ease of 
maintenanc
e, conduct 
a better 
force 
analysis. 

Redid the 
force 
analysis 3 1 1 3 

REX 

Surrounds 
the house 
and 
collects 
rainwater 

The snow may 
crack the 
awnings 

No more 
water for the 
rest of the 
year, or need 
to replace 
awnings. 

Force analysis 
of parts was 
incorrect 

Easily 
replacebl
e 
materials 
(trash 
bags) 4 5 2 40 

Propose as 
a separate 
project for 
an EDC 
class, 
design a 
collapsable 
rigid 
structure. 

A system 
to 
collapse 
if weght 
exceeds a 
certain 
load. 2 1 1 2 

Floor 

Covers the 
space 
underneath 
the feet 

The floor may 
crack due to 
vibrations 
during travel 

Less 
insulation for 
the house, 
physical 
injuries due 
to falling. 

Bad design of 
the framing 
underneath the 
house 

Framing 
by 2x4s 
undernea
th 
plywood, 
which is 
covered 
by 
lamboo. 5 1 1 5 

Add a 
girder to 
the 
structure, 
support 
with 
honeycom
b instead 
of 
plywood. 

Super 
Sing 
Honeyco
mb and 
the girder 1 1 1 1 
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Trailer 

Carries the 
whole 
building 
and 
supports 
the shell 

Trailer may tip 
over during 
highway 
travels, the 
weight may 
not be 
supported 
through the 
main axels 

The entire 
building may 
collapse, 
resulting in 
injury or 
death. 

Force analysis 
of parts was 
incorrect when 
accounting for 
highway 
driving 

Purchase 
a stable 
trailer 5 2 2 20 

Conduct an 
additional 
analysis 
with the 
CivE 
department
. 

Purchase 
a reliable 
second 
hand 
trailer 3 1 2 6 

Loft 

Supports 
the bed and 
the storage 

The loft may 
colllapse 

Since the 
accident is 
likely to 
happen 
during sleep, 
injury is 
inevitable. 

Bad design of 
the framing of 
the loft 

2x4s 
framing 
with 
plywood 
and 
finishing. 5 2 3 30 

Add 
another 
girder to 
the central 
cut, as well 
as use 
super sing 
honeycom
b. 

Super 
Sing + 
Girder 2 3 1 6 

Windo
ws 

Let people 
see the 
outside, 
bring in 
sunlight, 
warm 
house, 
make space 
more 
spacious, 
insulate, 
vent air window breaks 

home can no 
longer 
control 
temperature 

shattering 
during travel, 
objects or 
people 
breaking 
windows none 2 1 1 2 

replace 
windows none 2 1 1 2 

Door 

Let people 
into/out of 
house, 
bathroom 

Door gets 
stuck, allows 
air in 

hard to enter 
and exit, 
house is 
colder/hotter 
than desired 

heat causes 
door to 
expand, poor 
weather 
striping 

weather 
striping, 
nothing 
for doors 2 2 1 6 

get a 
humidifier, 
order 
weather 
striping 

plan on 
ordering 
weather 
striping 2 1 1 2 

Insulati
on 

Keeps 
home 
warm 

Insulation fails 
to insulate or 
mold occurs 

Home is no 
longer or 
warm and 
mold grows, 
causing 
health 
damage 

Mold builds on 
insulation 

well 
manufact
ured 
walls 4 3 4 48 

extra 
sealant on 
possible 
water entry 
points, 
mold 
resistant 
insulation 

mold 
resistant 
insulatio
n 4 1 4 16 

Deck 

Allows for 
more water 
collection 
and 
increases 
living 
space Deck caves in 

Water is no 
longer 
collected in 
the deck and 
water bag 
may get 
damaged, 
people are 
hurt 

Framing caves 
in, support 
breaks due to 
large force 
(people or 
snow) 

Rubber 
wheels 
under 
structure, 
or beams, 
total load 
sign 2 1 1 2 

Measure 
the load of 
snow and 
max people 
and include 
that based 
on possible 
structures none yet         
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Electric 

Wiring 

Electrical 
connection
s to 
provide 
electricity 
throughout 
home Wiring severs 

Electrical 
connection is 
severed; no 
electricity 

Weather, 
animals chew 
through 
cabling 

Thick 
insulated 
cables 
(outdoor)
. Indoor 
cables 
inside 
wall 3 1 2 6 

Shorter 
cables 

shorter 
cables 3 1 2 6 

Lights 

Provide 
lighting to 
owner 

Light bulb 
blows out 

No light for 
owner 

Improper 
wattage/wiring 

Low 
wattage, 
less 
likely to 
burn out 1 1 1 1 

Keep using 
low 
wattage 
bulbs same 1 1 1 1 

Battery 

Provide 
stored 
power for 
tiny house battery leaks 

hazardous 
for owner; 
no stored 
power during 
night 

Age, physical 
damage to 
batteries 

Battery 
enclosure 4 1 1 4 

Buy/make 
a secure 
battery 
bank 
enclosure 

Not 
purchase
d yet 4 1 1 4 

Charge 
Cotrols 

Optimize 
PV system 
performanc
e 

MPPT charge 
controllers 
become 
damaged 

System will 
be 
disconnected
, no energy 

Weather, 
physical 
damage to 
charge 
controllers, 
improper 
sizing 

Placemen
t in 
protected 
area 3 1 1 3 

Have a 
physical 
protective 
barrier 
around 
charge 
controllers None 3 1 1 3 

Solar 
Panels 

Main 
source of 
energy 
collection 

Solar panels 
are damaged, 
too much snow 
covering 
panels 

No energy is 
collected for 
house 

physical 
damage to 
modules, 
improper 
sizing 

On roof, 
height 
protectio
n 4 1 1 4 

Have a 
mechanism 
to remove 
snow 
easily 

buy a 
tool to 
sweep 
snow off 
roof 4 1 1 4 

Plumbing 

 
UV 

Kills 
bacteria in 
water 

Light does not 
go off 

Bacteria gets 
into water 
and KILLS 
OWNER!!!, 
makes water 
smelly and 
moldy, 
makes moldy 
water pillow 

Short Circuits, 
Bad Light 

surge 
protector 3 2 4 24 

Make 
obvious to 
user if UV 
light 
malfunctio
ns, light is 
visible 
from 
outside of 
filter 

Window 
into 
filtration 
system 3 2 2 12 

GAC 

Removes 
metals and 
toxins 

Filter is 
clogged/ needs 
to be changed 

Metals do 
not get 
removed  

Filter not 
changed often 
or installed 
improperly 

easy 
installati
on 3 1 4 12 

Have water 
testing, 
change 
filter every 
6 months, 
include a 
monitoring 
device? 

include 
water 
testing 
guideline
s 3 1 2 6 
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Wound 
Setime
nt 
Filter 

Removes 
organic 
debree 

Filter is 
clogged/ needs 
to be changed 

organic 
debree gets 
in 

Filter not 
changed often 
or installed 
improperly 

easy 
installati
on 3 1 4 12 

Have water 
testing, 
change 
filter every 
6 months, 
include a 
monitoring 
device? 

include 
water 
testing 
guideline
s 3 1 2 6 

Water 
Pillow 

Holds 
water 

Tank is 
punctured, 
clogged 

water leaks 
and 
potentially 
destroys 
container 

bag freezes, 
bag is 
punctured 
during 
installation 

good 
insulatio
n, easy 
installati
on, made 
from 
durable 
material 2 2 3 12 

create 
inulative 
structure 
for pillow, 
remove 
pillow 
during 
travel, 
make 
pillow 
visible   1 1 2 2 

Water 
Pillow 

Holds 
water 

bacteria in 
tank 

bacteria and 
mold get into 
water supply filter failure 

bacteria 
resistant 
material 4 2 4 32 

Have water 
testing, 
change 
filter every 
6 months, 
include a 
monitoring 
device? 

include 
water 
testing 
guideline
s 4 1 2 8 

Pipes 

Brings 
water to 
tanks and 
to fixtures pipes burst 

water leaks 
and 
potentially 
destroys 
walls and 
floor 

pipes freeze or 
get damaged 
by people  

insulatio
n 3 1 1 3 

electric 
heating 
wire, more 
insulation, 
put pipes 
inside 
house 

evacuate 
water 
when not 
being 
used, add 
insulatio
n, put 
pipes in 
house 3 1 1 3 

Shower
Head 

Feeds 
water for 
showering 
purposes 

Water does not 
feed out 

No water for 
shower 

Showerhead 
grime builds 
up none  1 1 1 1 

replace 
showerhea
d none 1 1 1 1 

Pump 

Raises 
water from 
water bed 
to shower, 
adds 
pressure 

Water is not 
pressurized 
and doesn't 
travel up to 
shower 

No water 
comes out of 
the shower 

Short circuit, 
actuator fails None 2 1 1 2 

Surge 
Protector 

Designed 
system 
with 
surge 
protector 1 1 1 1 

Drain 
Drains 
water 

Drain is 
clogged 

Water will 
not drain 

Drain is 
clogged with 
hair,or 
shampoo 
products None 2 1 1 2 

Pipe 
cleaner 

Buy a 
huge 
pipe 
cleaner, 
biodegra
dable 
draino 1 1 1 1 

Gutter 

Collects 
water and 
brings in to 
the feed 
system 

Leak in 
gutters, water 
collects in one 
area, 
mold/growth 
on gutter 

Water 
doesn't get to 
pillow so 
there isn't 
enough 
water to fed 
into shower, 
water is not 
potable 

Gutters were 
no secured 
properly, 
gutters were 
not cleaned out 

Gutters 
are 
sealed 
together, 
protectiv
e seal on 
gutters 5 3 3 45 

Use gutter 
flow pro, 
clean 
gutters 
monthly, 
calendar 
for 
cleaning, 
filters will 
get full 

Use 
gutter 
flow pro, 
clean 
gutters 
monthly 3 2 3 18 
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On 
Deman
d 
Water 
Heater 

Heats 
water 

Doesn't raise 
temp enough, 
or makes water 
too hot 

Cold shower, 
or burn from 
shower 

The beginning 
temp of the 
water is either 
much lower or 
much higher 
than expected 

Insulatin
g water 
pillow, 
so the 
outside 
temp 
does not 
impact 
temp of 
water 
and 
water 
temp is 
relatively 
stable 3 2 1 6 

Purchase 
on demand 
water 
heater with 
temp 
sensor 

Research
ed on 
demand 
water 
heater 
with this 
function 2 1 1 2 

Solar 
Water 
Heater 

Heats 
water 
passively 

Not enough 
solar power to 
heat water 

No warm 
water 

Not enough 
sun light None 1 4 8 32 

Sensor on 
demand 
water 
heater must 
raise 
temperture 

Designed 
system 
where 
solar 
water 
heater 
connect 
to on 
demand 
heater, 
takes 
more 
energy 1 2 3 6 

 


