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Second floor ceiling plan of Self-sufficient Home illustrates the integration of

lieht bulb and daylight.
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Abstract

Innovative Sufficient Home has been inspired by His Majesty the King initiative paradigm along
with the experiences and knowledges of energy conservation, environment, and construction. Over
30 years experience of resident design, sufficience home program was designed to provide a perfect
environment. Selected materials were integrated with architectural finishing, building structure, insu-
lation, and environmental friendly. Usable areas are living room, working room, pantry, outdoor
kitchen, laundry, balcony and terrace, and 2 parkings.

Design started with landscape modification with trees and shrubs, soil and water resources,
and maintaining existing trees on site. Home orientation concerns natural ventilation, view, and as-
thetic which lead to “Architectural Theraphy.” The 2 bedrooms with balcony and 2 bath rooms
with day light located on second floor as attic without heat from roof. Air condition unit installed
under roof and ceiling. This allows stratification effect of warm air circulate and cool air drop to low-
er floor through stairs well.

No obstructed column and beam in usable space concept, building shape and form were
used to aid force, point load, uniform load, shear, bending moment in structure. Trialgle shape is the
strongest shape in nature. Integrated insulation materials were selected with ablility to serve for
compressive, tensile, or shear forces. Those materials also have light weight. Therefore, building
dead load is very less. With light weight wall system, those interior walls can be placed anywhere on
floor plate. Finally, building foundation required only 6-inch 6.00 meter small piles as matt founda-
tion. Integrated load baring and frame wall is'an’innovative structural design. Building envelop made
from 20-25 centermeter thick foam cement block which provides enough space for all pipes, elec-
trical conduit, and structure frame. Foam cément block has 10 centimeter cyclender holes to be
used as air condition duct, cast in place concrete or steel frame structure, sanitary pipes, and wire
conduit. All openings have uPVC frame with laminated-glass'which can install double glass. Ceramic
tile on 1.20*13.00 meter insulated floer system is constructed for the second floor structure. Roof
panel is the same material as floor. Asphatt shingte-or-fiber-cement board can be used as roof cov-
ering. With 27-28 roof angle allows appropriate-angle for high efficient;photovoltic panel.

Designed Construction techniques with semi-prefablicated light weight materials illustrate
budget management as change labor cost to high efficiency material. All quality controlled materials
reduce any lonstrcction and dilmilition wastes. Conventional house would take 180-360 days in con-
struction while sufficient home requires only 90 days completing construction. Building envelop has
R-value as 12-24 sq.ft.hr.F/Btu with regular cost of 20,000 baht per square meter usable area. All
materials have low heat capacity. Only 1.5 ton of air condition required to cool all house spaces.
After turn oa air condition for a week, all materials and furniture in the house will be 25 degree Cel-
sius then, compressor will run only 5-6 hours a day.

Besides roof photovoltaic system, biogas from kitchen is integraed with septic tank system. Wind
turbine can be installed as mechanic work not aime to produce electrical power since no constant

wind speed.

Keywords: sufficient house, Solar house, Alternative Energy Home
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Introduction

Self-sufficient Home is a result of research study granted by National Research Council of
Thailand (NRCT). The objective of the project was to-introduce energy and environment house for
middle class people. Hundred middle class families were reviewed. The most concerns are construc-
tion budget, usable area, style, and energy cost.
Objective

1. Scientific site planning to modify appropriate micro-climate for Sustainable Paradigm.

2. Integrated materials, building systems, and natural capitalism to reach self-sufficient home

3. Design and Build Prototype of middle income self-sufficient home with full human comfort

and very small energy consumption.

Methodology

1. Literature review, scientific analysis research, and appropriate construction methods of

Self-sufficient home.

2. Influenced factors analysis of materials, form, construction technique, and energy conser-
vation.

3. Design and build prototype of Self-sufficient home.
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Sufficient home was designed from a study of the environment in Thailand. The collected
data of 160 years ago from Sir John Bowring book during King Rama V period, air temperature and
humidity were measured with thermometer for 8 years continuously. It is found on page 398-400
that during the period of 1840 1847 AD in Bangkok, air temperature in winter was lowest in January
between 2:00 - 4:00 am as 18 degrees Celsius while during the day the maximum air temperature
was 32 degrees Celsius between 1:00 -3: 00 pm. During summer the lowest air temperature was in
May between 2:00 - 4:00 am as 25 degrees Celsius while during the day the maximum air tempera-
ture was 35 degrees Celsius between 1:00 -3: 00 pm.
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During the period of 2000-2007 AD, It is found that air temperature in winter was lowest in
January between 2:00 - 4:00 am as 24 degrees Celsius while during the day the maximum air tem-
perature was 33 degrees Celsius between 1:00 -3: 00 pm. During summer the lowest air temperature
was in May between 2:00 - 4:.00 am as 28 degrees Celsius while during the day the maximum air
temperature was 35 degrees Celsius between 1:00 -3: 00 pm. Comparing maps of the past and ae-
rial photographs during World War 1 and 2 found that in the past 160 years, Bangkok area was cov-
ered with 95 percent of green area. Now a day, green area is only 5 percent and 95 percent is hard
surface such as roads, buildings, etc. Thus, the development of Bangkok city increases high air tem-
perature in Micro Climate and climate changes. Buildings would be designed to solve those changes.
Understanding Micro Climate is a design fundamental leads to basic Passive Design along with ther-
mal comfort understanding. Therefore, building would provide suitable for environment, climate

Change, and human comfort.
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Figure 1 Air Temperature in Bangkok during 1840-1847 AD
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Fieure 2 Air Temperature in Bangkok during 2000-2007 AD
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Fieure 3 Maximum and minimum average air temperature comparison (1840-1847 AD
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Figure 4 Average air temperature comparisons of 1840-1847 AD and 2000-2007 AD.
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Hundreds of home owner prospects were reviewed randomly before design started. Statistic
data illustrated that home owner concerns in building function and usable area as the highest of 35
percent, construction budget as 30 percent, safety or security for 18 percent, beautiful or style for
10 percent, and energy efficient for 7 percent the lowest. Then, the Sufficient Home was designed
as those data suggested.

Basic desien knowledge especially in thermal comfort should be understood by designers
Thermal comfort which influence human comfort in all senses as 6 influence factors as:

1. Air temperature

2. Relative hurnidity

3. Mean Radiant Temperature (MRT};, environmental surface temperature that radiate to
hurnan skin.

4. Wind; air mation which can be hicher or lower temperature than indoor air temperature,

5. Clo-value; dress or clothes effected by fabric thickness since it relates to skin evaporation
and radiation,

6. Metabolism rate or activity; relate to-bady cooling of each activity
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Figure 5 External environmental influence factors effecting to human sensation outside into building.
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Energy consumption factors in building
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Figure 6 External environmental influence factors effecting to human sensation outside into building.
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Understanding natural perception of human body thermal comfort, it can be able to design
architectural and environmental factors. To create conditions for human body to feel comfortable,
architectural design starts with various influence comfort factors such as air temperature, plant. Hu-
man body would combine those factors to enhance its comfort as applied to sufficient home.
Therefore, designers need to understand the overall picture in three scales as 1) macro environment:
air temperature characteristic of region, 2) building as virtual body envelops and functions, and 3)
human activities which can be controlled or cannot, clothing, health, man-made environment.

Building design starts with understanding hot-humid climate and taking all advantages from
it. When outside air temperature is‘hot, building envelop and openings would protect all those heat
sources entering a building. When outside air has high relative humidity, it can prevent humidity or
moisture from outside making human comfort condition:.

If external environment. is out of comfort zone dufing season or during the day, electric fan
can provide air circulate through human body to reach comfort by skin convection. Air conditioning
system can modify hot air temperature reaching comfort zone. On the other hand, heater also can
modify cold air temperature. Those 6 thermal comfort factors are important to architectural and
environmental design. Sufficient home design adopts those comfort factors to make human body
feel comfort. In hot pot restaurant, for example, hot pot with surface temperature of 100 degree
Celsius radiates to body skin with surface temperature of 32 degree Celsius. Body feel worm even
room temperature is 25 degree Celsius. It is similar process of fire place in European house. If using
huge ice bucket instead of hot pot, body feel cooler since 32 degree Celsius skin radiates to 0 degree
Celsius ice cube surface. These illustrates that surface radiation to human body skin influences
comfort feeling.

Squash exercise room, for instance, would set air temperature as 18 degree Celsius. Exercise
body has high metabolism rate, it needs to reduce deep body heat by skin evaporative and cool air

temperature to reach comfort zone. If room air temperature set as 25 degree Celsius, human body
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cannot reduce enough heat from high metabolism rate. Body will feel too warm and make it un-
comfortable.

If external environment is not suitable for human comfort, building can be as a modified
factor. Using electrical fan providing air circulate, using air conditioning system to cool down room
air temperature, or using heater to warm indoor air are available modes to make thermal comfort
condition. Sufficient home uses all 6 thermal comfort factors in all design stages. Users can feel
comfort even air temperature is out of comfort zone by using all modified factors. It focused on
human comfort sensation instead of scientific number.

Using fan to create air blowing through body, if outdoor air temperature is the same as indoor
air temperature, body would feel cooler according to convection effect. In case of inside air tem-
perature is 25 degree Celsius when wormer air temperature blow through body, body would feel
worm even inside air temperature is 25 degree Celsius. On the contrary, if blowing air has lower
temperature, then body would feel cooler. It is thermal comfort sensation of sufficient home design
using convection of different air temperature.

The sufficient home design takes benefit of natural environment first, then combines building
envelop and mechanical systems to enhance comfort to human body. Design criteria of human
comfort are 1) thermal comfort, 2) visual comfort (light intensity, color, safety), and 3) acoustical
comfort (noise and background noise of each activity).

Evaluating about 10 years energy conservation database, air cdnditioning system in Thailand
is necessary to reduce heat and relative humidity from the air. Air temperature of each region effects
thermal comfort. Warm and dry air is out of comfort zone meaning to warm and too dry for skin.
Cool and dry is also out of comfort as too cold and too dry for body and skin. Air condition system
in Thailand is design to reduce heat as well as relative humidity in the air. It would reduce relative
humidity to be 45 to 55 percent normally. Energy to-reduce heat from air is only 15 percent of all
electrical consumption while reducing relative humidity uses 85 percent of electrical power. When

relative humidity is about 50 percent, body would feel comfort because of skin evaporative.
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Air Conditioning System in Self-sufficient Home
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To monitor energy consumption of air conditioning system in each house, home owner can measure the
amount of condensate water from air conditioning system. The more condensate water, the more energy consumes,
Regular home air conditioning systems mostly is split type consist of fan coil unit (FCU) in a room and condensing unit
(CDU) outside the house. Fan blows inside air through chill gill in FCU and blows outside air through hot grill in CDU.
Since most energy consumption in air condition unit in Thailand is condensate process which is 85 percent, the amount
of condensate water can be measure to calculate back to the amount of energy consumption in the system.

Many times water condensate from air conditioning system would drip similar to tap water. This means more

energy consume. The amount of condensate water would be different depending on weather condition, season,
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building envelop, and infiltration. Duning rainy season, it would consume more energy than in winter, since relative
humidity is different.
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Figure 7 Influence variables in energy efhcient formula.
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Bio-Climatic Chart is a modification guideline for each region using those 6 thermal comfort
factors to reach comfort zone. Thailand is in zone D in Bio-Climatic Chart which is hot-humid climate
meaning too hot and too humid for human body. Bio-Climatic Chart suggests to use wind velocity
and cool MRT for passive design approach.

Today, a simple way to reduce outdoor ambient temperature is to increase green area
abound building. All plants will use photosynthesis process which draw liquid water from the
ground and evaporate to vapor in the air. This is the same principle of human skin to cool down
body. Therefore, the environment acts like cooling microclimate. Product of photosynthesis is sug-
ar and flower which consist of carbon atom from carbeon dioxide in the air.

in the same token, air condition system is applied to modify indoor air reaching comfort zone.
Air condition system in Thailand was designed to reduce heat and moisture fit to hot-humid climate.
The system Is different than air condition set in other region. Therefore, it needs to be understood
to select an appropriate system.

Passive design principle approach can reduce air temgerature and ambient temperature but
it cannot reduce relative humidity in the air as itlustrate in Fﬁy&mmetric chart. The easiest way to
control relative humidity in indoor air is to apply aif conditioning system. Relative humidity in the air
is very important factor to human comfort since’ body skin needs to evaporate water, Every time
before rain, most people would feel diac:}mmn becguse relative humidity in the air is 100 percent.
It means the air cannot carry any more vapor. /Thismeans body skin cannot release heat by evapo-
rate process.
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Figure 12 Comparison of heat flowin from roof between normal house and Self-sufficient Home.

The desien started with taking bepefit from microclimate alopg with scientific methods and
data. This scientific approach is to make human body feel like comfort By all those 6 thermal com-
fort factors. It doesn't mean comfort by exact number. Understand how human body feel like
comfort provides sustainable design principle. Sufficient home located in Rajabhat Rajanagarindra
Banekla campus, Chachoengsao province, Thailand, Existing land has acid soil and acid water, high
amount of termite, very dry in summer and winter, and no existing tree,

Matural wind commanly comes from south and south-western sides but in this site, wind
jump over since it has a 6-story building behind. Then, natural ventilation from regular wind is not
applicable. The design started with creates land form and pond at the southern side to make com-
plete coo. microclimate and build complete natural biodiversity.

Big pond is an essential to the nature. Trees and animals need water to survive. Pond can
help a balance of undereround water recharge. Mound and elevated pavernent were used to direct
runoff water to the pond as landscape desien element. This can prevent still water in wet area

which is a source of mosquito and other reptiles.
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Using mound and tree can direct wind and provide shade. These create animal habitats and
generate many biodiversity in microclimate. It is 1.50 meter of water depth in pond design with only
50 centimeter depth along the edge to prevent any sink accident.

Passive design technique uses natural ventilation which outside air will pass through water

surface and reduce heat by evaporative process.
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Figure 13 Design concepts with construction design to reduce construction and demolition wastes,

labor, and time.
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Data from revolutionary architectural concept (The new Paradigm Shift in Architecture) ex-
plained that a typical building consumes energy from air conditioning system approximately 420 kWh
per square meter per year (kWh / sgq.m. / yr). It produced carbon dioxide emissions to the atmo-
sphere about 200 kilograms of carbon dioxide per square meter per year (CO2 Kg / sq.m. / yr), which
causes global warming.

When energy conservation in building code was applied, the average energy consumption of
buildings reduced to about half as 200 kWh / sgq.m. / yr. The best building in Asia at that time con-
sumes about 100 kWh / sg.m. / yr. This is the amount of carbon dioxide released to the atmosphere
about 50-90 kg of carbon dioxide per square meter per year.

The building technology research data and techniques were used in building design. So,
building can reduce energy consumption as 55-65 kilowatts per square meter per year, which is
equivalent to the amount of carbon dioxide released into the atmosphere for only 22-25 kilograms
per square meter per year. Besides reducing energy consumption, applying renewable energy by
photovoltaic, wind turbine, or methane gas can produce 10-13 kilowatts per square meter per year.
Thereby, it reduces carbon dioxide emissions by 5-10 kitograms of carbon per square meter per year.
Both building regulation and building technology research technique can make energy consumption
to the bottom line as 50 kilowatts per square meter per year with provide all human comfort con-
ditions all year round. All those energy conservation approach is still use less but it does not reach
true sustainable paradigm. Each building still consumes energy. Therefore, the New Paradigm Shift in
Architecture suggests to change the way of building design from “use less” to “produce more.”
When building consumes minimum at the bottom line, then renewable energy sources are intro-
duced to produce more than consumption rate. It means the amount of renewable energy more
than consumption which can be shared to neighborhood. Most energy is in electricity form. There-
fore, it is an easy way to apply “Smart Grid System™ to-local energy network. The surplus energy
from a single house can besole to Electrical Authority which can earn some income to pay home
loan debt. Instead of spending money to pay home loan and interest, each single home can com-

pletely pay off by itself.
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Figure 14 Functional designs of first and second floor plans with energy consumption and installation

concern.
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Existing micro environment, today, is mostly a hard surface. Sun light, heat source during the
day, was absorbed in concrete, pave, and all high mass constructions. Then, stored heat will release
during night time. This is a reason why most buildings consume a lot of electrical energy from air

conditioning system during night time.
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Daytime air temperature is 35 degrees Celsius when it is heated from hard surfaces. It makes
air temperature up to 39 degrees Celsius. This hot air will move to building. Then, passive design is
not appropriate. Air condition is introduced and modifies room temperature at 25 degrees Celsius.
The temperature different is 14 degrees Celsius (39-25 degrees Celsius). However, if the external
environment is a good micro climate, ambient air temperature would reduce from 35 to 32 degrees
Celsius. Then, temperature different is only 7 degrees Celsius (35-25 degrees Celsius). Only good
landscape design in micro climate modification, can reduce energy consumption in half. This can
create natural biodiversity of ecosystem in the area as well.

Besides reducing air temperature difference between outside and inside, to create cool envi-
ronmental surface (less than 30 degree Celsius) can make human body feel cooler by mean radiant
temperature (MRT) technique. Grass, water surface, shaded pavement, etc. are cool surface design
elements.

Trees will be planted to ensure the shade, wind direction, reptile animal safety, crime pre-
ventive, etc. Considering tree behaviors during seasons, littering in autumn would affect shaded
area. Flowers or fruits in spring season are needed to be considered for various insects or hay fever.

That may be caused by a variety of unpleasant biodiversity.
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Figure 15 First floor plan without any column obstructed in spaces.
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Figure 16 Rooms design with indoor pantry and cutdoor Thai kitchen.
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Figure17 Front elevation of Self-sufficient Home illustrates 27 degree roof angle on the south which
allows more spaces for photovoltaic panel. 45 degree roof angle on the north provides appro
priate height for second floors rooms.
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Figure 18 Back elevation of Self-sufficient Ho?ﬁé?“tlltzstmtwf éylight design from doors and balcony.

Second floor restroom has daylight from fixed circle dc;ubl'e glassing window.
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Hollow space in foam cement block is used for buildine system or structure such as wiring,

conduit, or reinforced steel member. Foam cement block also protects outside heat and

moisture,
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By using the concept of natural capitalism;-building-material-desien concept can be closed
to single material. Foam cement block was introduced. It made 8f Expanded Polystyrene Foam
(EPS) mixed with cement and water. Coated EPS foam pallet can mix well with water and spread
constantly. Foam cement blocks with a thickness of 20 centimeter wide and 40-60 centimeter lone.
It has 10 centimeter hole with 5 centimeter covering encugh to prevent any condensation, The hole
is designed to use as system ducts as water pipe, electric wire, air condition duct without any con-
densate insulation required. [t can use as reinforced column such as steel or reinforce concrete,
This can save casting form. This block can be onsite recycle. Water vapor in the air cannot penetrate
through the block, To hang any furniture or interior decoration, simple screw or bolt similar to ayp-
sum board panel can be applied.

The construction cost will be charged according to the amount and volume of material. We
need to control the construction budget that depends on the number of square meters of construc-
tion areas. Building design was intended to minimize surface area of the building or building envel-
op. The use of insulation materials will cost more than conventional one. This is a reason to inte-

grate insulation material, architectural finishing, structural material, and prefabricated material in
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design process through construction and installation. Sufficient home has very less building envelop
similar to surface area of sphere or circle. The building envelop design indicator is the ratio of build-
ing envelop divided by usable area. The minimum is the better. This building shape design criteria
is applied to plan, section, and elevation.

Sufficient home is an integrative structural design also. It has no need to have column or
beam. If skeleton structure is required, it would be hide in wall which is 20 centimeter thick. Build-
ing shape is closed to triangle which is the strongest shape in nature. Architect intended to provide
no column in parking garage. Therefore, the second floor was acted as cantilever and continuous
floor beam with two third is loaded by building dead load. The one third of second floor has ability
to carry dead load and live load. Then, roof panel also pull cantilever floor as triangle shape. Walls
and roof can be anchored in a three-dimensional force of both tensile and compressive. Building
structure is similar as wall frame system which allow user having a freedom to make any changes.
With light weight wall system, all living room, bed room, meeting room, etc. are possible.

Using floor as beam behavior is a unique design Technique in sufficient Home. Floor thick-
ness is 15 centimeter with 1.20 meter wide and 8.00 meter long. Insulated non-flame EPS foam is
in the middle with thin sheet metal underneath and floor finishing as ceramic tile on the top surface.
Sheet metal is designed to receive tepsile force/ while cement and ceramic tile receive compressive
force. Both tensile and compressive forces are combined with constant depth of insulation in the
middle. The integrated floor can be structure, insulation, cost reduction, and construction time sav-
ing.

The roof structural system uses the same material as floor. Compressive and tensile forces
are also the same. It can be controlled quality from factory. Insulated roof panel has 1.20 meter
width, 10-13 meter long, and 15-20 centimeter thick depending on structural design. Thermal heat
resistance of 15 centimeter thick is R-value 29.94 hr.sq.ft.F 7 Btu (4.39 sq.m. C/W), and 20 centimeter
thick is R-value 33.25 hr.sq.ft.F /Btu(5.85 sg.m. C/W). Roef installation method uses clip lock, screw,
and ridge. Once it is completely constructed, it will act as the same plane. It combines all loads
and lateral forces together with walls and floors. The roof construction took only two days. First,
roof panels were installed on walls.. Shingle, ridges, mountings, and gutters, were installed on the
second day. During night time, condensate water is collected and kept to water tank. In this house,

final cement panel was installed instead of shingle for decoration. The roof angle of 30 degree is

the most appropriate for photovoltaic panel and system.
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Figure 27 Integrated concept design of architectural finishing and structural behavior (a) beam cross
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strength bonding both top level compressive finishing and bottom level tensile surface.
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Figure 28 Foam cement block construction process. It can be onsite recycled.
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Figure 31 Insulated roof panel installations (first day of construction).
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A typical residential roof structurehasto carry smallisize heavy: roof tile using a lot of purlin
and lath members. The roof structure can load similar to car park. Because of small size of roof tile,
roof angle is very steep to prevent leakage from rain and storm. Roof construction required different
labor skill such as carpenter, steel, and experienced roof tile.-How to cut roof tile, how to work in
high place, how to seal joints, are very important and requiired experts in construction.

A very thin aluminum foil sheet'is most common way for contractors putting under roof tile.
Some use 5 millimeter insulation with foil sheet. They believe that thin'aluminum foil can protect
heat. It can reduce heat not more than 1 degree Celsius. Thin foil material has very small amount
of thermal resistant property. It cannot prevent heat of 60-70 degrees Celsius from roof attic into
the building, but some still believes that reflective surface of foil can reflect heat. It is a lot of dust
in hot-humid region. Therefore, only couple weeks, dust will cover all reflective foil surfaces. There
is no reflective property any more since then. Thermal resistance of 2-millimeter thick insulation has
only R = 11 hr.sqft.F / Btu (1.95 sg. .mC / W) or 5-milllimeter thick has only R = 12 hr.sq.ft.F / Btu
(2.05 sq.mC/W). Those thermal resistances are not enough to prevent roof heat.

Wall insulation of housing in Thailand is recommended to be 20 centimeter thick. Ten years
ago, only 10 centimeter insulation thickness with R = 16 hr.sq.ft.F / Btu (2.86 sq. . mC /W) can protect
outside heat. Today, global warming situation rises temperature gradient up. Now, it is recommend-
ed to have R = 20 hr.sq.ft.F / Btu (3.58 sq. . mC / W) of wall insulation.

Sufficient home has 20 centimeter thick wall to allow pipes, ducts, electric wires inside. If a

house is taller, it may require more structure member. Reinforced concrete or steel member section
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of 15 or 20 square centimeter would be appropriate. Foam cement material also prevents thermal
bridge from outside to building structure.

Masonry wall causes large amount of heat transfer to the house. Heat is usually entering the
house between 5 pm till 3 am during the night because high

thermal mass affects decay time. Foam cement block can protect heat transfer and reduce
heat storage 5-10 times approximately. It is light weight material so the amount of heat storage is
less than the heavy one. Wall is only one-third of total heat from outside while two-third of heat
comes from roof.

Opening design have to avoid direct sun ray penetrate all glass areas. Laminated glass is used
for openings in Self-Sufficient Home, which the same front windshield glass in a car. Middle layer
between glasses is Polyvinyl Butyral (PVB) plastic sheet. If glass is broken PVB plastic membrane will
whole glass fragile. PVB membrane also prevents ultra-violet ray. It causes color fade in furniture
and eye deteriorates. Laminated glass increases security from break and stolen. With uPVC (unplas-
ticized polyvinyl chloride) frame, lock set can be several random locks. It does not locate at the
door knob. Tools, nails, screwdriver or hammer hard te break uPVC frame. uPVC is also an insulation
material with air tight detail. uPVCwindows and doors currently made in standard manufacture to
prevent deterioration by ultra-violet ray, It is different material than cheaper bathroom plastic door
that can be cracked soon.

Common building materials'such asconcrete, steel and brick have very less heat protection
property. Using air gap technique in architectural details can increase insulation property. Wood,
glass fiber, poly styrene foam, and poly urethane foam are good insulation materials. It should be
aware of fire protection code when construct the building. Materials should not be farmable and
less smoke or vapor on fire. It requirestwo hours fire resistance. Foam as good insulation has to be
fire retardant grade. Furniture and other fabric covering have to make with fire retardant coating.
This is how to test fire retardantifoam.in building. When-put frame on non-fire retardant foam, it will
burn the whole piece. If we put frame on fire-retardant foam, it will melt only those areas. Then,
when remove frame from foam, foam will stop melt or burn.

Sufficient home design started with understanding thermal protection and building perfor-
mance. Designers need to understand a simple formula to calculate heat flow (Q =U*S/A*T*
1/ COP). A variable U represents total thermal conductivity of building surfaces (Walls, roof, win-
dows and doors). the second variable S / A is the ratio of building envelop surface divided by usable
area. The third variables T is air temperature difference between outdoor and indoor air with air
condition. The last variable 1 / COP is the efficiency or Coefficient of Performance (COP) of air con-
ditioning systems in building that can be selected as No. 1 No. 2 No. 3 No. 4 No. 5 or more.

The calculating results of typical house and Self-Sufficient Home found that typical house
has total heat flow in 14.04 units but Self-Sufficient Home has only 0.23 units, which is 60 times
different. Those four variables in formula are very important in design stage. Material thermal prop-

erty is associated with material manufacturers to research and produces the material quality accord-
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ing to standards. Bullding envelop ratio is associated with the project architects to define an appro-
priate shape with less surface building envelope area and appropriate materials. The temperature
difference variable is associated with landscape architecture to improve cool micro climate and rich
environment. The last variable, air conditioning system performance is associated with mechanical
engineers and manufacture. Among those four variables, material property is the most important
factor. It can reduce huge amount of heat (conduction, convection, and radiation). Cool microcli-
mate and rich landscape is the second important factor. It can reduce the startup heat from outside
entering to building envelop. Building envelop ratio has one-third impact. Then, the air conditioning
performance has been already well developed for a long time. In the near future, if direct current
(DC) electrical power is applied to air conditioning system, its performance would increase. It can
combine with renewable energy sources without transform from DC to AC. The energy would not

loss through invertor system.
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Figure 33 Completed construction of Self-sufficient Home with pond and fully biodiversity environment.

The Sufficient Home prototype is intended to serve moderatelincome class. The main design
concept has been influenced from the New.Paradigm Shift in Arehitecture. The house would have
low maintenance costs, less energy consumption, enrich bio-diversity environment, provide human
comfort all year long, and produce renewable energy. It would share surplus energy to neighbor-
hood and community. Construction budget would be equivalent to conventional house construct-
ed in the same year.

Design concept and construction methods took benefits of micro climate and environment
modification. From outside air temperature of 35 degree Celsius, cool mean radiant temperature
(MRT), no direct sun through openings, and wind, can make human body feels like 25 degrees Cel-
sius. Meanwhile, urban environment today has a lot of hard surfaces and heat sources. It makes
human body feel too hot from conduction, convection, and radiation. It has no air flow, and expos-
es to direct sun. People would feel like air temperature up to 44 degrees Celsius.

Sufficient Home design is to reduce the construction period from detail design and construc-
tion method design. Typical house normally uses skeleton structure as piles, foundations, columns,

beams, floor, trusses and small roof tiles. Most constructions are wet and onsite processes, such as
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concrete, welding. With the same number of labor, for example, typical roof construction would
spend 33 days. Sufficient Home using roof panel from manufacture would spend only 3 days of roof
construction and installation.

Sufficient Home uses high thermal performance materials. Therefore, material cost per
square meter is higher than a typical house. However, Sufficient Home can reduce labor costs and
reduce construction time. Then, labor costs and operation costs will be put into high performance
material budget. Therefore, Sufficient Home construction cost is closed to typical house. Typical
house usually takes 200-350 days of construction while Sufficient Home would take 30-90 days.
Typical house has dead load about 200 tons while Sufficient Home has about half. Sufficient Home
requires only small pile as 6 inch 6.00 meter as matt foundation. Matt foundation is also the first
floor which adopts highway structure to building structure. All pipes were block out on the first

floor. Along load bearing wall, first floor plat form already design and calculated.
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Figure 34 Front view of Self-sufficient Home.
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