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Natural disasters, economic challenges, and the pressures of modern living conditions,
characterized by the need for speed and adaptability, have increasingly led to the pursuit of
more compact living arrangements. In this context, tiny house (TH) structures have emerged
as a significant trend. THSs are recognized for their potential to contribute to environmental
sustainability due to their reduced footprint, lower material and energy consumption, and
minimal waste generation. However, a review of the literature reveals a scarcity of case
studies on THs, and the topic's significance is often underemphasized. This study examines
seven TH buildings from different climate zones, analyzing their contributions to
environmental sustainability across three primary dimensions: energy efficiency strategies,
material selection, and thermal comfort. Additionally, a case study focused on thermal
comfort was conducted. The findings indicate that on the coldest day of winter, the SIP
system maintained an average indoor temperature that was 5.8% higher than the reference
wooden system and demonstrated greater effectiveness with a 12.7% lower standard
deviation in indoor temperatures compared to other alternatives. On the hottest summer day,
the SIP system exhibited an 18.1% lower standard deviation in indoor temperatures relative
to the other systems evaluated.

1. Introduction

education, or other necessities. They can be portable,
relocatable, or removable [3].

The tiny house movement originated in America in the
1850s, driven by the ideals of individualism, simplicity, and
freedom [1, 2]. Although there are stationary types, the
mobile type is more commonly preferred. Unlike caravans,
tiny houses were developed not only for travel purposes but
also as a solution to ecological, economic, and political
challenges [1]. Mobile spaces are living environments that
can be relocated by means of a vehicle attached to them,
according to the user's needs. These living spaces can serve
various purposes beyond accommodation, such as work,
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In recent years, demand for mobile living spaces has
increased, driven by economic factors as well as the desire
to minimize the impacts of modern chaos, widespread
epidemics, and natural disasters [4]. When discussing mobile
spaces, one may encounter concepts such as motorized,
towable, and alcove caravans [4], tiny houses (TH), and
micro dwellings [5]. The term 'tiny house' (TH) typically
refers to housing units with an area of less than 37 m? [6].
Three basic principles define THs: efficient use of space,
good design that meets users' needs, and a means to achieve
a desired lifestyle [7]. Mobile micro dwellings are
characterized by their mobile spatial components, which are
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essential given the limited space. These structures prioritize
minimizing environmental impacts and providing economic
solutions. Micro dwellings generally have a maximum area
of 28.5 m? [5]. In living units that are frequently on the move,
such as boats and caravans, ergonomics, safety, and stability
are paramount [8]. Flexibility, sustainability, energy
efficiency, and comfort are crucial considerations in the
design of these spaces [9].

The core principle of energy efficiency is to achieve more
with less. Minimizing reliance on HVAC (Heating,
Ventilation, and Air Conditioning) systems is particularly
important, as they account for 50% of energy consumption
in buildings [10]. In this respect, THs have the potential to
play a significant role in addressing the current climate crisis
and global warming. THs consume less energy, generate less
waste, and require fewer materials throughout their life cycle
compared to conventional buildings [1]. Due to their
compact size and volume, cross ventilation and
unidirectional ventilation techniques can be effectively
implemented in THs based on wind direction and building
orientation [6]. As a result, reliance on active cooling
systems can be reduced through efficient natural ventilation
methods. Moreover, reduced energy consumption lowers
environmental impacts by decreasing carbon emissions.

Although limited, there are studies in the literature that
explore environmental sustainability in the context of THs.
These studies include comparisons with traditional houses
[11], compliance with passive house standards [6],
environmental impacts of building materials [7, 12],
utilization of waste materials [13], and the effects of dynamic
systems on thermal comfort [14]. However, a holistic
evaluation of these aspects is necessary to fully understand
the strengths and weaknesses of THs. This study aims to
evaluate case studies of THs in different climate zones with
a focus on environmental sustainability. By doing so, the
study seeks to highlight the advantages of TH design,
material selection, and applied systems in the context of
global climate change and to demonstrate that more can be
achieved for the environment with less spatial occupation.
For this purpose, seven different buildings, each with an area
of less than 37 m2 and compliant with TH standards, were
analyzed based on the use of passive systems, material
selection, and user comfort, and the effects of these decisions
on the natural environment were assessed.

Following the literature review, a case study was
conducted on thermal bridging and thermal comfort, which
are recognized as major challenges in TH design. The target
audience for this study includes architects, TH owners, and
all researchers, academics, and readers interested in this
trend.

2. Impact Factors on Environmental Sustainability

2.1. Strategies for Energy Efficiency

Buildings in the built environment are among the primary
contributors to environmental pollution. They emit harmful
greenhouse gases and consume raw materials, energy, and
water throughout their life cycle [15]. However, these
impacts can be mitigated through various passive or hybrid
strategies. Techniques such as natural ventilation, night
cooling, insulation, appropriate window-to-wall ratios, and
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optimal building orientation, along with dynamic solutions
that adapt to changing environmental conditions and user
needs, play a crucial role in reducing environmental impacts.

A study on tiny houses (TH) in Australia found that THs

produce 70% less carbon emissions over their lifetime
compared to conventional homes. The study also revealed
that the impact of climate on carbon emissions from heating
and cooling is significantly lower in THs [11]. Similarly, an
analysis of an award-winning TH in California showed that
it emitted 96% less carbon and consumed 88% less energy
compared to 24 homes that met California energy standards
[16].
To prevent overheating of interior spaces in THs due to rapid
changes in outdoor temperature, it is advisable to avoid large
transparent surfaces in the design. High-performance
windows and movable shading elements are recommended
for such buildings [6]. Additionally, to conserve energy, it is
recommended that THs be placed directly on the ground,
rather than having crawl spaces under the slab. To prevent
frost heave, additional insulation should be applied under the
floor slab and at the corners using the so-called wing method
(Figure 1) [6].
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Figure 1. Additional insulation applied to reduce the freezing
level of the foundation: ‘wing method’ [17]

Due to their low volume, passive methods such as cross
ventilation and the chimney effect should be utilized to
prevent heat buildup inside tiny houses (TH) [6]. It has been
observed that thermal comfort can be achieved with minimal
energy consumption when evaporative coolers are combined
with fan-assisted night cooling. Consequently, the use of
hybrid cooling systems is recommended for THs [6].

The limited living space in THs can pose challenges to
the fulfillment of various functions. Therefore, mobile,
versatile, technological, and innovative solutions may be
necessary to overcome this limitation. In this context, the
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POD THOW design introduces systems such as retractable
verandas, terraces, and elevators, which increase the per
capita area by approximately 5 m2 and the total interior
volume by approximately 27 m? (Figure 2). Although these
design enhancements increase the total energy demand of the
building by 210 kWh due to the expanded volume, this
consumption can be mitigated through insulation and the use
of passive energy sources [1].
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Figure 2. Components of the proposed POD THOW house [1]

2.2. Using Materials with Low Environmental Impact

When selecting materials for living spaces, it is crucial to
consider not only user comfort and health but also the
environmental impact of those materials. Building materials
can emit various harmful gases and contribute to
environmental pollution throughout their life cycle [18].

In one study, the environmental impact of coating and
insulation materials used in a tiny house (TH) with a 25-year
service life was evaluated according to the EN15978
standard [12]. The study compared 12 alternative designs
across all impact classes and life cycle stages, finding that
OSB (oriented strand board) and LVL (laminated veneer
lumber) cladding materials exhibited the best environmental
impact scores, while fiber cement performed the worst. This
is largely due to the cement industry being one of the largest
producers of carbon emissions [19]. Among insulation
materials, EPS was found to have the best environmental
impact.  Additionally, PVC roofing  membranes
demonstrated better environmental performance compared
to the other two options, bitumen and PVB (polyvinyl
butyral). Among facade systems, composite stone showed
the worst environmental impact, while wood, fiber cement,
and basalt had similar environmental effects [12].

In another study examining the carbon emissions
associated with structural and insulation materials used in the
floors, walls, and roofs of THs, both new and reclaimed
materials were considered. The study evaluated three
different scenarios: the first using only new materials, the
second using only reclaimed materials, and the third
combining both types. The findings revealed that the second
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scenario, which used only reclaimed materials, resulted in
43.6% lower carbon emissions than the first scenario.
Among the insulation materials analyzed—rock wool, sheep
wool, PIR, glass wool, and flax—sheep wool was identified
as the largest source of emissions [20].

In a comparison between a TH made of wood with a 50-year
service life and an alternative TH made from wind turbine
blades, it was found that the proposed option had up to 97%
lower environmental impact across most impact classes. This
significant reduction is attributed to the use of wind turbine
blades, which have a service life of 20-25 years, as a ready-
made building material (Figure 3). However, the proposed
house showed high climate change and ozone depletion
potentials during phases Al1-5, likely due to the increased
weight and additional processing required for joint details.
Despite these challenges, the study serves as an important
example of how environmental impacts can be reduced, the
circular economy can be supported, and the use of raw
materials can be minimized [13].
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Figure 3. The process of using the root of a wind turbine blade in
the production of a tiny house (above) and drawings of the house
(below) [13]

2.3. Ensuring Thermal Comfort

Achieving indoor comfort through passive methods is
crucial for reducing both energy consumption and
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environmental impacts. Among these passive systems,
thermal energy storage systems can play a significant role.
However, the excessive use of thermal energy storage
materials, such as concrete, stone, and bricks, in tiny houses
(THs) is not recommended, as it may lead to excessive
indoor temperature increases, particularly during the summer
months [6]. Instead, dynamic systems and appropriate
ventilation methods can be employed to ensure effective
thermal comfort.

He [14] conducted an experiment on a high-density
concrete wall surrounding a TH with an area of 20.2 m?,
supported by insulation material on both sides, to assess its
impact on thermal comfort. The ability to maintain thermal
comfort without relying on any HVAC system in a building
located in a hot desert environment presents a valuable case
for economic, social, and environmental sustainability. To
optimize the results, ventilation was provided through
windows on the east and west facades, with shading elements
added to these facades. For the north and south facades,
dynamic insulation layers were incorporated on both the
interior and exterior of the concrete wall. During the colder
months, the dynamic insulation system operates by keeping
the exterior layer closed and the interior layer active during
the day. In warmer months, the exterior insulation layer
remains closed during the day, while both the exterior and
interior insulation layers are opened at night.

When examining the time delay between the concrete and
insulation layers, it was found that a concrete wall with a
thickness of 35-45 cm has a delay time of 10-12 hours; the
use of XPS (extruded polystyrene) increases this delay time
compared to EPS (expanded polystyrene). However, EPS
was chosen in the combined model due to its environmental
friendliness and cost-effectiveness. According to the final
simulation results, when comparing comfort ranges for the
entire year, it was found that the improved combined model
provided thermal comfort for 70% of the year [14]. This
outcome is significant in terms of reducing operational
energy use and carbon emissions by enhancing thermal
comfort through passive methods such as insulation and the
utilization of thermal energy storage materials.

Overheating is considered one of the most significant
challenges in THs [6]. This issue arises due to increased
internal heat loads and the reduced thermal resistance of the
building envelope, particularly when wood is used as the
primary construction material [21]. Additionally, thermal
bridges, air leaks, and moisture transmission due to thinner
building envelopes can negatively impact thermal comfort
[6]. Thermal bridges occur when building materials allow
uncontrolled heat transfer at points where insulation is
interrupted or compromised, preventing it from functioning
effectively. These bridges are commonly found at panel
junctions, roof-wall intersections, wall-floor connections,
and window-wall joints, leading to increased energy
consumption and carbon emissions.

Thermal bridges can be categorized into three types:
repetitive, linear, and point. Repetitive thermal bridges occur
in elements such as ceiling beams and wall studs, which are
situated between insulation layers at regular intervals in the
building envelope. Linear thermal bridges emerge at the
intersection of two components, such as floor-wall or wall-
window connections, while point thermal bridges occur at a
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single point, such as the area where electrical cables are
located [22]. Linear thermal bridges can vary depending on
material  properties, geometry, and environmental
temperature values [23]. The wooden construction system,
frequently used in THSs, can include details that create linear
thermal bridges (Figure 4).

Figure 4. Details of the thermal bridge (left) and thermal camera
images (right) [24]

Table 1 summarizes the types of materials, climatic
conditions, compared characteristics, and targeted issues
across all the case studies reviewed. All the projects analyzed
feature living spaces of less than 37 m2, thereby fitting the
definition of a tiny house (TH). These seven dwellings were
designed primarily for residential use. While wood is the
preferred main building material, other materials such as
concrete, steel-framed systems, and even materials typically
outside the construction sector are also utilized. The small
footprint and surface areas of these structures offer various
possibilities for material usage in TH design.

Thermal bridges are critically important in TH design due
to their compact volume. Even if their occurrence is minimal,
heat losses resulting from interrupted, damaged, or poorly
constructed insulation can lead to overheating and a
reduction in thermal comfort. To mitigate this issue, a
Structural Insulated Panel (SIP) system placed between two
plates is often employed.

Regarding fagade systems, it is observed that THs in
milder climates may not require an additional insulation
layer, while in extreme climate regions, single or double
insulation layers are applied. Furthermore, in harsh
conditions such as hot desert climates, dynamic insulation
systems are implemented to minimize the impact of outdoor
temperature fluctuations between summer and winter, as
well as between day and night.

A common thread among all these studies is a focus on
environmental sustainability. While some studies approach
this by examining the environmental impact of materials,
others compare THs with standard houses, highlighting
reduced material use and waste generation. The studies
address a range of topics, including planning end-of-life
scenarios for houses, analyzing operational and embodied
carbon footprints, improving energy efficiency and thermal
comfort, promoting the circular economy through material
reuse, and ensuring harmonious coexistence between the
natural and built environments through new TH proposals
(Table 1).
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Table 1. Case studies and their characteristics

TINY HOUSE CASE STUDIES

Timbar:

Wall
configuration

LVL { O3B/ MgO /
Fibre cement

Temperate and

Climate humid Cold and dry Temperate Temperate oceanic

subtropical (Cfb, (Dfb) oceanic (Cfb) (Cfb)

Cfa)
Type Mobile Stable Stable Stable
Floor area 122 m? 17.4 m* 13 m? 33.6 m*
Wall: Cladding
Wall: Cladding, insulation, timber Wall: Coating,
timber frame, frame, plywood, wind tiirbine .
Wall: SIP
plasterboard plasterboard blade (root S .
R (Sheating, insulation

Floor: Floor: VCT section) (EPS), sheating)

Materials Laminated timber flooring Floor: Shear ! 9
. Floor: SIP
flooring Roof: Asphalt  webs 3 .
X . Roof: Insulation,

Roof: shingle, Roof: Coating, SIp

Corrugated steel fiberglass wind tiirbine

roofing insulation, blade

plasterboard
Wind turbine

Comparison  Traditional vs. Passive and blade vs. Environmental
between tiny house hybrid strategies wooden impact

structure
Embodied and  Energy efficiency

Focal point/s operational and thermal End of .“fe Building materials
scenarios
carbon comfort
Reference [11] [6] [13] [12]
TINY HOUSE CASE STUDIES
Wall ~| ]
configuration =
Ll | L
Climate Sub-tropical Temperate Different
desert (BWh) oceanic (Cfb) climates
Type Stable Stable Mobile
Floor area 20.2 m? 30.6 m* 29.5 m?
Wall: Dynamic
insulation, Wall: Softwood. Wall: (_:Iaddlng,
precast concrete, . X insulation, steel
. insulation (sheep
dynamic frame, plywood
X X wool / rock wool
insulation (EPS / Floor: Plywood,
. / flax) .
Materials XPS) Eloor: Plvwood linoleum
Floor: Precast . - Tlywood, flooring
concrete nsulation Roof:
Roof: Precast ROOf' .SOﬂWOOd' Insulation, metal
insulation

concrete, standing seam
insulation (EPS)

New vs Standard tiny
Comparison EPS, XPS and L house
reclaimed .
between concrete . vs.proposed tiny
materials

house

Global warming
potential

Reference [14] [7, 20] [1]

Focal point/s  Thermal comfort Size and weight

3. Case Study on Thermal Bridges

In timber-framed tiny houses (TH), the placement of
insulation within the building envelope significantly affects
thermal comfort. In these structures, the spaces between the
studs are typically filled with insulation material. However,
heat loss may occur at the points where the studs intersect,
leading to repeated thermal bridges. To ensure thermal
comfort, it is crucial to address this issue. Continuous
insulation layers applied to the exterior walls, either from the
inside or outside, can effectively prevent such heat losses.
Additionally, if structurally insulated panels (SIPs) are used
on the facade, it is possible to eliminate thermal bridges and
avoid the need for additional insulation. These panels are
constructed by sandwiching rigid insulation materials, such
as expanded polystyrene (EPS), between two thin panels,
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such as oriented strand board (OSB) or laminated veneer
lumber (LVL) . The lightweight nature of these panels also
facilitates easier transportation, which in turn can reduce
emissions associated with the transportation phase.

To assess the impact of insulation layer placement on
thermal comfort, four different wall layer configurations
were proposed for a TH building located in the Netherlands,
a region where THs are widely adopted and the climate is
mild. These configurations were compared with each other
and with a baseline uninsulated timber-framed system (a).
The simulations, which excluded the use of HVAC systems
and considered only the passive heating and cooling effects
of the materials, were conducted using the Design Builder
software. The TH in question measures 8 meters in length, 4
meters in width, and 3 meters in height, with a total floor area
of 32 m2 The wall configurations of the TH are depicted in
Figure 5.

Timber frame wall

=2 OSB
s [
s F-' 0SB
2 B
3 =
g =
(a) (b) (©) (e
(a) Timber frame wall %15 thermal bridging  0.13 m 0.41 Wm’K
(b) Exterior insulation %15 thermal bridging ~ 0.16 m 0.30 W/m?K
(c) Interior insulation %15 thermal bridging ~ 0.16 m 0.30 W/m*K
(d) Double insulation %15 thermal bridging ~ 0.19 m 0.25 W/m’K
(e) SIP %0 thermal bridging 0.16 m 0.27 Wm’K

Figure 5. TH model (above) and wall alternatives (below)

The first wall alternative examined (a) is a timber-framed
wall system filled with mineral wool. In the simulation
program, the area occupied by the wooden studs on the wall
surface was calculated, with thermal bridging assumed to
occur in this area (15% bridging), and this was input into the
program. The alternatives (b) and (c) consist of a 0.03 m EPS
insulation layer applied on the interior and exterior of this
wall system, respectively. Alternative (d) involves applying
insulation on both surfaces of the wall, while option (e) is a
SIP formed by placing 0.136 m of EPS between two 0.012
m thick OSB panels. In all alternatives, all parameters remain
the same except for the wall layers. The wall alternatives
were compared based on the hourly operative temperature
values indoors for the hottest and coldest days—July 1 and
January 23, respectively—according to the Dutch climate
data. Operative temperature, which reflects thermal comfort,
was used as the basis for comparison because it has been
shown to correlate positively with users' thermal sensations
[25, 26, 27, 28].

On the building's south facade, argon-filled double
glazing with a transparency rate of 30% was applied. The
east facade features a wooden entrance door, while the
remaining facades are solid walls. The building is naturally
ventilated, and the Dutch climate data was sourced from [29]
(Appendix A).
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4. Results and Discussion

According to the case study results, the SIP alternative
(e) exhibited the highest indoor operative temperature values
in the morning hours on the coldest day (January 23). Despite
having a lower thermal transmittance value than the two-way
insulation (d), the superior performance of option (e) during
the coldest period can be attributed to the elimination of
thermal bridging. However, after 9:00 pm, the two-way
insulation application (d) surpassed the others in terms of
thermal comfort, likely due to its faster response to the
increasing outdoor temperature from 8:00 am onwards.
Alternatives (b) and (c) demonstrated very similar thermal
performance, reaching the highest indoor operative
temperatures at noon when outdoor temperatures peaked,
indicating their direct sensitivity to changes in the outdoor
environment. As outdoor temperatures began to decline after
4:00 pm, SIP again showed superior performance with high
indoor temperatures, proving its effectiveness in maintaining
thermal comfort in cold climates (Figure 6).

The average temperature values recorded throughout the day
were 15.3 °C for (a), 15.9 °C for (b) and (c), 16.1 °C for (d),
and 16.2 °C for (e). The standard deviation values, reflecting
temperature variations during the day, were 5.5 for (a), 5.4
for (b) and (c), 5.4 for (d), and 4.8 for (e). In this scenario,
SIP exhibited the highest indoor mean temperature value
(5.8% higher than the reference case) and the lowest standard
deviation value (12.7% lower than the reference case) on the
coldest day of the year. Detailed temperature data for
January 23 can be found in Appendix B.
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Figure 6. Operative indoor temperature changes of the wall
alternatives in the coldest day of the year (January 23)

The issue of overheating in TH has been previously
discussed. Therefore, it is crucial for indoor temperatures to
remain within the thermal comfort range during periods of
high outdoor temperatures. Since no mechanical systems
were used in this study, none of the alternatives achieved
indoor temperatures within the 19-28°C range defined as
thermal comfort by ASHRAE [30]. The absence of active
systems necessitates a careful examination of how the
building  envelope influences indoor temperature
fluctuations.
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The results indicate that alternative (e) effectively
manages the relationship between outdoor and indoor
temperatures, similar to its performance during winter.
While the outdoor temperature decreased between 18:00 and
03:00, the indoor operative temperature in alternative (e)
increased gradually. This suggests that outdoor heat is
transferred slowly into the indoor environment, providing a
time lag and indicating high thermal resistance of the facade.
During the peak heat hours between 10:00 and 16:00,
alternative (e) maintained the lowest operative temperatures,
whereas the reference system (a) exhibited the poorest
thermal performance. This is because system (a) is directly
affected by outdoor temperature fluctuations due to the lack
of additional insulation beyond the mineral wool between the
wooden studs. The temperature differences between
alternatives (c), (b), and (d) were minimal (Figure 7).

The average temperature values recorded during the day
were 34.3 °C for (a), 34.5 °C for (b) and (c), 34.6 °C for (d),
and 34.4 °C for (e). The standard deviation values reflecting
temperature variations throughout the day were 4.4 for (a),
4.3 for (b) and (c), 4.2 for (d), and 3.6 for (€). On the hottest
day of the year, the reference case (a) exhibited the lowest
indoor mean temperature, as it was most affected by the
average outdoor temperature of 26.9 °C. SIP demonstrated
the lowest standard deviation throughout the day, which was
18.1% less than that of the reference case. Detailed
temperature data for July 1 can be found in Appendix C.
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Figure 7. Operative indoor temperature changes of the wall
alternatives in the hottest day of the year (July 1)

5. Conclusion and Recommendations

Recent trends indicate a growing demand for living
spaces that feature movable, space-saving, and
multifunctional furniture. Could this shift, driven by modern
and fast-paced living, offer potential solutions for addressing
the global climate crisis?

Due to their compact size, Tiny Houses (TH) require
fewer materials and result in less waste production compared
to traditional homes. While the embodied carbon values
associated with their structures vary depending on the
materials used, studies have demonstrated that these values
are significantly lower than those of standard houses.
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Additionally, THs equipped with dynamic systems can adapt
to their environmental and climatic conditions and be
tailored to meet user needs.

This study has presented factors and evaluations
affecting environmental sustainability, including energy
efficiency, material selection, and thermal comfort
improvements, through an analysis of seven different TH
structures. Energy-efficient strategies suggested include
avoiding crawl spaces, employing the wing method, and
utilizing high-performance windows and dynamic shading
elements. Furthermore, passive ventilation systems should
be complemented with fan coolers in THs.

In terms of material selection, it is crucial to consider user
comfort and health, and to opt for natural materials with
minimal environmental impact. The use of reclaimed
materials should also be considered to conserve raw material
resources. Thermal discomfort, which increases reliance on
active systems, poses a threat to environmental
sustainability. Therefore, it is essential to ensure that the
building envelope is well-insulated, eliminate thermal
bridges, and use thermal energy storage materials
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judiciously. Relocatable insulation layers should be
considered, particularly in harsh climatic conditions.

One major issue observed in THs is overheating. The
case study of a TH in the Netherlands, with a mild climate,
assessed four facade alternatives in terms of operative indoor
temperatures to determine thermal comfort on the hottest and
coldest days of the year. The study found that Structural
Insulated Panels (SIP) outperform the other alternatives by
preventing thermal bridges and providing effective thermal
inertia in the building envelope. SIP reduced the standard
deviations in operative temperature during the day by up to
18% compared to the reference case.

Future research could focus on passive system
applications for heating, cooling, ventilation, and air
conditioning to address the limitations of THs. Investigating
energy gains and changes in carbon emissions when THSs are
considered as hybrids with HVAC systems could provide
valuable insights. Proposing innovative systems for THs,
distinct from standard buildings, and ensuring economic
sustainability—such as the system's ability to recover its cost
in a short period—could both increase demand for THs and
help reduce our global carbon footprint.

Appendices
Appendix A. Netherlands climate data
QOutside Dry- Outside Direct Diffuse H.  Wind Speed Wind Direct. Atmospheric ~ Solar Solar
Month Bulb Temp. Dew-Point  Normal Solar Pressure Altitude Azimuth
Temp. Solar
°C °C kwWh kwWh m/s ° Pa ° °
Jan. 44 2.0 39.4 12.6 5.8 213.7 101258.0 -18.3 171.3
Feb. 45 1.5 66.2 228 4.8 143.6 101735.0 -11.4 170.2
Mar. 6.7 3.3 112.2 374 4.6 212.7 102181.3 -1.8 171.3
Apr. 9.5 4.3 174.6 50.5 3.7 171.0 102004.1 8.5 173.3
May 13.9 9.3 165.8 64.6 3.7 2011 101646.0 16.5 174.1
June 17.0 12.9 155.0 68.6 3.8 197.8 101930.2 20.2 173.3
July 18.4 13.4 169.6 58.4 4.5 218.8 101485.8 18.7 172.0
Aug. 18.4 13.8 160.7 54.3 3.2 198.2 101810.8 12.2 172.4
Sept. 15.5 11.2 104.4 42.0 3.9 176.1 1021315 2.7 1745
Oct. 11.9 9.7 65.3 26.5 4.5 172.3 101248.7 -7.5 176.7
Nov. 7.9 5.4 445 14.3 4.1 225.2 101491.8 -16.0 176.9
Dec. 5.3 3.8 40.1 11.3 4.0 189.5 102878.6 -20.2 1745
Appendix B. Operative indoor temperature and outside dry-bulb temperature on January 23rd

) Operative Temperature January 23
Daily hours Timber Wall SIP Double Exterior Interior Outdoor
01:00 11.37147 13.252 12.47098 12.12001 12.11726 -2.625
02:00 10.6244 12.54279 11.76289 11.37999 11.37733 -2.775
03:00 10.03112 11.9017 11.17085 10.77544 10.77276 -35
04:00 9.445577 11.29323 10.59935 10.18822 10.18568 -3.425
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05:00 8.94259 10.74747 10.10487 9.682153 9.67969 -3.975
06:00 8.508276 10.26378 9.669286 9.240156 9.23782 -3.525
07:00 8.064935 9.784736 9.233239 8.796766 8.794549 -4.425
08:00 9.515391 10.74891 10.60314 10.19831 10.19485 -5.1
09:00 10.93052 11.64648 11.95969 11.57873 11.57734 -4.75
10:00 13.85841 13.61679 14.66825 14.38082 14.3797 -3.25
11:00 17.19487 15.98522 17.80693 17.61277 17.61389 -1.6
12:00 20.36281 18.53751 20.89627 20.73682 20.73981 -1.5
13:00 22.9545 20.78206 23.25021 23.33774 23.34226 -1.675
14:00 23.28236 22.64341 23.1099 24.09647 24.1023 -1.85
15:00 23.02843 23.87822 23.86194 24.29843 24.30231 -1.675
16:00 23.18703 23.7883 23.49626 23.41894 23.42326 -1.375
17:00 22.81579 23.09856 22.59087 22.99965 23.0021 -1.525
18:00 21.12283 22.13339 21.59574 21.77073 21.77194 -2.05
19:00 19.71835 21.08834 20.41316 20.37362 20.37342 -2.35
20:00 17.5108 19.23967 18.31722 18.21735 18.21743 -2.55
21:00 15.29639 17.40176 16.2433 16.06897 16.0673 -1.775
22:00 13.88496 16.10439 14.92482 14.66532 14.66237 -1.05
23:00 12.88746 15.06106 13.90117 13.66032 13.65732 -0.825
00:00 12.09359 14.22257 13.13654 12.85355 12.85065 -0.65
Average 15.3 16.2 16.1 15.9 15.9 -2.5
Average (%) Base case 5.8 5.2 5.4 55

Standard deviation (SD) 5.5 4.8 5.2 5.4 5.5 1.3
SD (%) Base case -12.7 -5.5 -1.8 -1.8

Appendix C. Operative indoor temperature and outside dry-bulb temperature on July 1st

Daily hours Operative Temperature July 1
Timber Wall SIP Double Exterior Interior Outdoor

01:00 31.95374 33.11213 32.4748 32.23649 32.23495 20.875
02:00 30.58987 32.06551 31.26677 30.96951 30.9677 18.55
03:00 29.55217 31.11579 30.26303 29.94039 29.93798 18.325
04:00 28.73186 30.31402 29.47754 29.14967 29.14712 18.675
05:00 28.21955 29.70268 28.93842 28.62058 28.6179 19.7
06:00 28.41614 29.5064 28.96251 28.71651 28.71382 215
07:00 28.84595 29.56517 29.27126 29.0843 29.08239 20.8
08:00 29.33696 29.86438 29.73545 29.561 29.55976 22.425
09:00 30.39936 30.58213 30.71538 30.57392 30.57273 24.9
10:00 32.19326 31.81845 32.39624 32.30727 32.30667 26.775
11:00 34.39453 33.49455 34.52247 34.46656 34.46714 28.55
12:00 36.53903 35.24888 36.63627 36.59743 36.59924 29.975
13:00 38.35545 36.88382 38.44101 38.40829 38.41078 31.425
14:00 39.82634 38.14416 39.84221 39.85844 39.86143 32.325
15:00 40.54086 39.00628 40.6378 40.56601 40.56944 32.875
16:00 40.6363 39.30909 40.69417 40.66571 40.66903 33.6
17:00 40.14118 39.17979 40.21375 40.18445 40.18707 33.95
18:00 39.38896 38.8169 39.49918 39.4526 39.45422 33.85
19:00 38.63222 38.36382 38.77061 38.71048 38.71125 33.125
20:00 37.67344 37.74434 37.86538 37.78263 37.78296 31.7
21:00 36.44444 36.89615 36.76757 36.62806 36.6279 29.8
22:00 35.19479 35.96128 35.62317 35.43487 35.43396 28.175
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23:00 34.13181 35.10346 34.61161 34.39859 34.39708 27.575
00:00 33.26764 34.31731 33.76915 33.54694 33.54515 26.75
Average 34.3 344 34.6 345 345 26.9
Average (%) Base case 0.3 0.9 0.6 0.6
Standard Deviation (SD) 4.4 3.6 4.2 4.3 4.3 5.5
SD (%) Base case -18.1 -4.5 -2.2 -2.2

[16] A.B. Siegner, B. Webster, 1. Bolliger, D.M. Kammen, Energy and
References water performance of an off-grid tiny house in California,

[1] T.E. Yavru, G. Topaloglu, G.Y. Bas, S. Yilmaz, A new construction
approach for tiny house on wheels: POD THOWSs. VITRUVIO-
International Journal of Architectural Technology and
Sustainability 8 (2023) 20-33. https://doi.org/10.4995/vitruvio-
ijats.2023.19350

[2] M.A. Saleem, M.M. Saleem, M. Irfan-ul-Hassan, Tiny house/single-
family house construction using ferrocement wall panels,
Proceedings of The Institution of Civil Engineers-Structures and
Buildings, 174 (2021) 1021-1042.
https://doi.org/10.1680/jstbu.18.00184

[3] G. Sengiil, Mobil konut baglaminda zamanin degisen ihtiyaglarina
kars1 mekansal arayiglar: Tiny house Ornegi, Marmara
University, MSc Thesis (2019).

[4] N.S.I. Karaaslan, Z.0. Parlak Biger, Mobil Konut Uretiminin
Mevzuat A¢isindan Degerlendirilmesi, Online Journal of Art and
Design 11 (2023).

[5] B. 1. Tarakei, S. Yalginkaya, Mekanda Devinim: Mobil Mikro
Konutlar, ODU Sosyal Bilimler Arastirmalar1 Dergisi, 13 (2023)
1079-1104. https://doi.org/10.48146/odusobiad.1133410

[6] J. Mukhopadhyay, D.R. Diaz, Evaluating energy efficiency
strategies in a tiny house located in a cold dry climate, Energy
Reports 11 (2024) 5744-5759
https://doi.org/10.1016/j.egyr.2024.04.050

[71 V. Verhoeven, S. Bhochhibhoya, M. Winkler, Life cycle assessment
of tiny houses in the Netherlands, Instituto de Ingenieria de la
UNAM, Mexico, 28-30 October 2019.

[8] C. Dogan, Hareketli Mekan Tasarimindaki Ergonomik Faktorlerin
Deprem Bolgesi Konutlarma Uygulanmasi, Journal of
Architecture and Life 5 (2020) 615-626.

[9] S. Onder, L. Suri, Mobil yasamda konfor ve tasarim, Journal of
Avrchitectural Sciences and Applications 7 (2022) 26-41.

[10] A. Khanal, N. Kharel, Optimizing commercial building HVAC
system through accurate load calculation and efficient ducting
design, CRPASE: Transactions of Mechanical Engineering 9
(2023) 1-7. https://doi.org/10.61186/crpase.9.3.2861

[11] R.H. Crawford, A. Stephan, Tiny house, tiny footprint? The
potential for tiny houses to reduce residential greenhouse gas
emissions, IOP Conf. Series: Earth and Environmental Science
588 (2020) 022073. https://doi.org/10.1088/1755-
1315/588/2/022073

[12] I. Gorbunov, Comparative life cycle assessment of a sustainable
modular tiny-house, University of Twente, Civil Engineering,
Bachelor Thesis (2022).

[13] P. Johst, K.R. Chatzipanagiotou, M. Kucher, W. Zschiebsch, P.
Voigt, E.P. Koumoulos, R. Béhm, Concept and Life Cycle
Assessment of a Tiny House Made from Root Section Structures
of a Decommissioned Large-Scale Wind Turbine Blade as a
Repurposed Application, Materials Circular Economy 6 (2024).
https://doi.org/10.1007/s42824-023-00093-7

[14] Y. He, Tiny house in the desert: a study in indoor comfort using
moveable insulation and thermal storage, Highlights in Science,
Engineering and Technology 75 (2023).

[15] N. Bitaab, A. Rahimi, S. Talebian, Advancing Technical
Performance in Smart-EcoBuildings Aim to Energy Efficiency:
A Comprehensive Analysis for Sustainable Building,
International Journal of Engineering Research in Mechanical and
Civil Engineering 10 (2023).
https://doi.org/10.36647/ijermce/10.06.a001

o INIEREE

Journal of Green Building 16 111-134.
https://doi.org/10.3992/jgb.16.4.111

[17] Solar 365: The home to alternative energy, How to Lay a Shallow

Frost-Protected ~ Foundation.https://www.solar365.com/green-

homes/foundation/how-to-lay-shallow-frost-protected-

foundation (Accessed July 14, 2024)

E. Kilig Bakirhan, M. Tuna Kayili, Evaluation of the

Environmental Impact of Formwork Systems Depending on the

Service Life and Cost Analysis, CRPASE: Transactions of Civil

and  Environmental  Engineering 9  (2023)  1-10.

https://doi.org/10.52547/crpase.9.2.2844

[19] S.P. Dunuweera, R.M.G. Rajapakse, Cement Types, Composition,
Uses and Advantages of Nanocement, Environmental Impact on
Cement Production, and Possible Solutions, Advances in
Materials  Science and  Engineering 2018  (2018).
https://doi.org/10.1155/2018/4158682

[20] V.M.G. Verhoeven, Tiny House Movement and LCA of Tiny
Houses in the Netherlands: Case Study of Tiny Houses in the
Netherlands, University of Twente, Bachelor Thesis (2019).

[21] L. Oorschot, T. Asselbergs, New Housing Concepts: Modular,
Circular, Biobased, Reproducible, and Affordable, Sustainability
13 (2021). https://doi.org/10.3390/su132413772

[22] Pricewise Insulation, Insulation Tips: What is Thermal Bridging
and How to Stop it (2023).
https://pricewiseinsulation.com.au/blog/thermal-bridging-mean/
(Accessed July 17, 2024)

[23] J. Prata, N. Simones, A. Tadeu, Heat transfer measurements of a
linear thermal bridge in a wooden building corner, Energy and
Buildings 158 (2018) 194-208.

https://doi.org/10.1016/j.enbuild.2017.09.073

[24] E. Troppova, J. Kleparnik, J. Tippner, Thermal bridges in a
prefabricated wooden house: comparison between evaluation
methods, Wood Material Science& Engineering 11 (2016) 305-
311. http://dx.doi.org/10.1080/17480272.2016.1138999

[25] B. Li, H. Liu, R. Yao, M. Tan, S. Jing, X. Ma, Physiological
Expression of Human Thermal Comfort to Indoor Operative
Temperature in the Non-HVAC Environment, Indoor and Built
Environment 19 (2010).
https://doi.org/10.1177/1420326X10365213

[26] Y. Wang, Y. Liu, Y. Song, J. Liu, Appropriate indoor operative
temperature and bedding microclimate temperature that satisfies
the requirements of sleep thermal comfort, Building and
Environment 92 (2015) 20-29.
https://doi.org/10.1016/j.buildenv.2015.04.015

[27] Z. Fang, X. Feng, Z. Lin, Investigation of PMV Model for
Evaluation of the Outdoor Thermal Comfort, Procedia
Engineering 205 (2017) 2457-2462.
https://doi.org/10.1016/j.proeng.2017.09.973

[28] E.E. Broday, C.R. Ruivo, M.G. Silva, The use of Monte Carlo
method to assess the uncertainty of thermal comfort indices PMV
and PPD: Benefits of using a measuring set with an operative
temperature probe, Journal of Building Engineering 35 (2021)
101961. https://doi.org/10.1016/j.jobe.2020.101961

[29] Climate One Building (2024). https://climate.onebuilding.org/

(Accessed July 19, 2024)

ASHRAE Technical FAQ,
https://www.ashrae.org/File%20Library/Technical%20Resourc
es/Technical%20FAQs/TC-02.01-FAQ-92.pdf (Accessed July
19, 2024)

(2021)

[18]

[30]


https://doi.org/10.4995/vitruvio-ijats.2023.19350
https://doi.org/10.4995/vitruvio-ijats.2023.19350
https://doi.org/10.1680/jstbu.18.00184
https://doi.org/10.48146/odusobiad.1133410
https://doi.org/10.1016/j.egyr.2024.04.050
https://doi.org/10.61186/crpase.9.3.2861
https://doi.org/10.1088/1755-1315/588/2/022073
https://doi.org/10.1088/1755-1315/588/2/022073
https://doi.org/10.1007/s42824-023-00093-7
https://doi.org/10.36647/ijermce/10.06.a001
https://doi.org/10.3992/jgb.16.4.111
https://www.solar365.com/green-homes/foundation/how-to-lay-shallow-frost-protected-foundation
https://www.solar365.com/green-homes/foundation/how-to-lay-shallow-frost-protected-foundation
https://www.solar365.com/green-homes/foundation/how-to-lay-shallow-frost-protected-foundation
https://doi.org/10.52547/crpase.9.2.2844
https://onlinelibrary.wiley.com/journal/5928
https://onlinelibrary.wiley.com/journal/5928
https://doi.org/10.1155/2018/4158682
https://doi.org/10.3390/su132413772
https://pricewiseinsulation.com.au/blog/thermal-bridging-mean/
https://doi.org/10.1016/j.enbuild.2017.09.073
http://dx.doi.org/10.1080/17480272.2016.1138999
https://doi.org/10.1177/1420326X10365213
https://doi.org/10.1016/j.buildenv.2015.04.015
https://doi.org/10.1016/j.proeng.2017.09.973
https://doi.org/10.1016/j.jobe.2020.101961
https://climate.onebuilding.org/
https://www.ashrae.org/File%20Library/Technical%20Resources/Technical%20FAQs/TC-02.01-FAQ-92.pdf
https://www.ashrae.org/File%20Library/Technical%20Resources/Technical%20FAQs/TC-02.01-FAQ-92.pdf

