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Through TV shows, websites, and other popular media, a relatively new class of

affordable residences, "tiny houses," is attracting home buyers' interest but so far has

not undergone much scrutiny from the engineering community. The author became

interested in this topic because when he was young his family "summered" in very

small cabins and sometimes vacationed in towed-campers-both share similarities
with modern tiny houses that are generally defined as being 400 ftz (37.2rrr2) in floor
area or smaller.

While many aspects of these new freestanding houses

are comparable to their much larger, conventional

brethren, other features differ or are still developing.

As examples of the latter, construction of tiny houses

may not meet completely current building codes, find-
ing legal sites for them can be difficult, and their HVAC

needs mayvary. However, the desires for both afford-

able housing as well as a simpler way of life make this

new tlpe of residence attractive to many people. If
not utilized by occupants as their primary homes, tiny
houses are often intended as vacation, "mother-in-law"

guest, or rental residences.

This study's goals were to, from an IIVAC design

engineer's perspective, define a base case, evaluate

the HVAC needs for it, and then to predict the house's

HVAC-related annual energy consumption. With the

base case defined and evaluated, our HVAC rules-of-

thumb and design, construction, and systemvaria-

tions could then be studied; for this initial article, the

variables' examined were load calculation method,

orientation, location, and window glazing tlpe. For

conventional housing in the author's region, TIVAC sys-

tems are usually sized with a 500 to 7OO ft2/ton (13.2 to

I B. 5 m2l'kw) rule - of -thumb ; ACCA Manuoll calc ulat ionst

are possible yet are often not required or the require-

ment is not rigorously enforced. This study tests the sys-

tem sizing rule-of-thumb when applied to tiny houses'
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Why Tiny l"lcus*s?

Potential tinyhouse (TH) ourners are attracted to the

idea of downsizing-dramatically-to simplify their
lives and finances. Ovming, outright, a large, tradi-
tional house is often also not possible for manypeople,

especiallywhen young. And emplognent may require

periodic relocation, or, because of telecommuting, some

vocations such as coding, transcribing, and customer

service do not require physicallybeing near employers.
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Another group of potential TH owners are retirees

who want to simplify their dwellings so that they can

focus their time and other resources on out-of-house

activities.

Tinyhouses meet a need that differs somewhat from
recreational vehicles (nVs or "motorhomes") that are

intended for part-time use and very frequent reloca-

tion. Factory-assembled, full-time occupancy "manu-

factured-housing," aka, "trailer houses" of the single- or

double-wide varieties, for example, are generally too

big, too hard to move, or otherwise unattractive to this
group of orn'ners, too. Tiny-seekers' desire for their
houses to be relocatable vary, so there are two distinct

varieties of THs so far, "tinyhouses onwheels" (THOWs)

and "tinyhouses on foundations" (THOFs). Due to the

ability to build the first tlpe almost anyr,vhere, move

them to sites, and then to relocate fairly easily in the

future, THOWs are currently the most popular. As such,

aTHOWis the assumed geometryfor this study; look

for a paper on THOFs' differences in performance in the

future.

$ns* finsign

The building for this study is modeled after a tlpical
design byTHOWbuilder Dan Louche, and is shown in
Ftgure 1 . His popular book describes the basics of building
such THs starting from the custom trailer then on up.2

Architectural plans for buildings are inherently copy-

righted in the U.S., so should not be used by others for
commercial reasons without permission; for do-it-your-
selfers, tiny home builders and others sell licenses for

designs and materials' lists, usuallyvia theirwebsites.
Each of these tiny houses typically have, by definition,

a really small kitchen, a half- or three-quarters bath-

room, a living/working space, a sleeping area, and usu-

ally not much more. Storage space is minimal; conYen-

tional clothes-closets are luxuries, for example. Ceilings

are almost always "open," "vaulted," or "cathedral," so

attics or other unconditioned spaces are also not com-

mon. Some designs include porches, fold-out decks,

and/or overhangs to extend living space to the outdoors.

Tiny house living is, in many ways, similar to living
permanently in an RV. Because of RVs' Iong history in
the U.S., optimized household equipment, of RV-scale,

is readily available, but most operates on 12 vdc where

THs typically use 120 vac. Also, RVs usually have genera-

tors where most THOWs do not. Instead of riveted metal
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Tiny House on Wheels

1 60 ft2 F oor Area + Loft

8.20 ft P an

13.5 ft Overall |-1eight

Th s Figure Not for Con$ruction

or fiberglass like RVs, tiny houses' shells are normally

buiit with conventional, widely available "dimensi.onal"

lumber and are often covered, both inside and out, with
"high end" finishes. On a cost per unit floor area basis,

most THs are nof cheap houses, often costing US$250 or

more per square foot ($2700lm2). Half that cost per unit
area is the national average for new traditional, yet far

larger houses on foundations.

Due to U.S. Department of Transportation (DOT)

restrictions, tiny houses on wheels cannot be wider than

8.5 ft (2.6 m) nor taller than 13.5 ft (4.11 m) for normal

travel on U.S. highways. Widths can be greater with a
wide-load permit for moving them, but escort cars and

other requirements make wide THOWs less popular.

Using dual-axle flat-bed steel trailers for their bases are

most common, but some THO\Ms use strlpped-dorm

trucks or buses; a trailer is assumed for this study. To

allow for the trailers' wheels, THOW floor plans are

typically about 8 ft (2.4 m) wide which leaves only 0.5 ft
(0.15 m) total for protrusions such as roof eaves. Lengths

vary, but for economic as well as practical towing
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reasons, 20 ft (6.1 m), not including a trailer's tongue, is
popular when a low occupancy, often one or two people,

is intended. These dimensions yield a first-floor TH
area, based on the outside, of 160 ftz (14.9 m2). Having
a loft within a TH is very popular, tlpically to provide a

sleeping area of about 6 to 8 ft (I.B to 2.4 m) in length.
Thus, with a loft, the floor area for this size TH is often
stated either as the base's 160 ft2 (I4.9 :rnz) or up to about
224 f( (ZO.S mz; when including the loft's space; either
way, such a THOW is more than an order of magnitude
smaller in floor area than the tlpical newU.S. single

family house of about 2600 fP (242 :rrl2) . Ceiling heights
in THs'bathrooms and lofts are often lower than the
U.S.'s B ft Q.4 m) norm due to the need for THOWs to be

13.5 ft (4.11 m) tall or less overall, including their trailers,
but their living areas usually have high ceilings when-
ever lofts are not overhead. Roofs are usually sloped in
one or two directions for rain and snow shedding, but
flat roofs are used too. Overall aerodyramics, to mini-
mize dragwhile towing, are largelyignored inTHOW
designs, so far. Additionally, THOWs are generally "high-
profile" and have high centers of gravity, so great care is

needed when toy.ing them as well as to secure them on
their sites against windstorms and strong earthquakes.

L*sd rnd fnnrgy fialculntinns

To predict the appropriate size HVAC system for such

a THOW first the occupants' expectations need to be

defined. Many occupants intend, at least initially, to
"rough it" with little or no IIVAC. Frozen pipes and
fingers in the first winter often change their minds, as

does the inability to sleep well in the summer due to

heat and humidity. Natural ventilation can, for many
hours of ayear, meet the thermal loads depending on
the climate and the internal loads. However, this initial
study assumes occupancywhere the ail-electric IIVAC

system is utilizedyear'round simulating, for example,
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conventional buildings in all except warm climates. This
apparent under-insulation of roofs and floors is due
to the need to keep THOWs'overall height below13.5 ft
(4.11 m). Tinyhouses'envelopes are often constructed
extremelywell, so their thermal performance can be
quite good due to reduced infiltration and thermal
bridging; a performance, rather than prescriptive-only,
path to energy code compliance may be appropriate for
well-constructed tiny houses.

Exterior windows and doors are tlpically conventional
with double-pane glazing forwindows and insulated
steel or solid wood for doors. Screened, operable win-
dows, placed both high and low would encourage use
of cross- and buoyancy-flow natural ventilation, and if
employed in the bathroom and kitchen, may eliminate
the requirement for exhaust fans. However, with THs
being very tight and of small interior air volume, mois-
ture-control becomes critical. Most THOWs seek to be
high-performing, energy-wise, so low- e - coated double -
pane windows were assumed for this study's base case.

Due to the TH's small exterior yet need for standard-
sizedwindows forviews, ventilation, and fire egress, the
percent window-to-wall area is a fairly high 14% in this
study. No skylights were included, but some THs have
one or more and they are often operable to enhance nat-
ural ventilation; some RV-like roof "hatches" incoruorate
exhaust-only or reversible fans.
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For most NorthAmerican observers it would be dif-
ficult to imagine even one person living in such tiny an
abode. However some tiny house owners intend for two
adult occupants, possibly children, too, and often one
or more pets. Figure2 shows a single-room tinyhouse
in northern Montana from a mid-1910s homestead -
within it were not only a married couple but also their
five young children, including the author's then-future
father, so high occupant-densities were not uncommon
in the past. For this base-establishing study of a modern
TH, only two occupants will be assumed with one being
an adult human and the other a large dog; the effect of
different occupancies, human or othetwise, is a variable
for future study.

The other internal heat gains for tiny houses are tra-
ditional, but in some ways are greatly reduced. Many
owners will be extremely energy-conscientious and use
super-efficient devices, while other occupants are more
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mainstream. Afairly conventional, modern occupa
is assumed for this article. \{4rile most load and
calculations use a watts-per-unit-floor-area
for estimating lighting and equipment heat gains, t
houses'nature makes defining specific internal heat

sources easy. Equipment spec-sheets are readily a

able from manufacturers via the Internet.
Lighting is mostly overhead and minimal, but t

lights in the sleeping and living areas are common,
LED or compact fluorescent was assumed; a total of

150 Wwas used for overhead, and 50 W for task l
ing. Equipment is also tlpically minimal; the study

included a laptop computer (SO W) , a mod em/ro
(6 W) , a 32-inch flat screen TV (45 W), a set-top bor

W), cell phone charger (5 W), small ceiling fan (55

dual-element cooktop (2'1500W), a small mr
oven (600 W), a small refrigerator (100 W), a coffee

maker (700 W), a uery small120V combination
dryer (1440 W), a special tank-type water heater
W), an alarm-clock (2 W), anA infrequentlv used
celianeous devices (25 W). Ovens are rare excent in

larger versions of these simple resiclences, and
THs do use propane for cooking or water-heating,
example. This study's all-electric devices were
uled, including diversity of use, for a tlpical week

the occupant's emplolrnent being outside the ho

t
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Monday through Friday. The large dog was


