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FOREWORD

“What’s the use of a house if you haven’t got a tolerable planet to put
iton?”

Henry David Thoreau
PURPOSE

The natural environment is the arena of life. A true
understanding of her processes is indispensable for survival.
This basic knowledge is important not only for our existence,
but can be used to provide health, comfort, and delight in our
daily lives. And it can help us do that while still conserving
energy.

At present, the majority of our energy sources are not only
finite, costly, political, undependable, vulnerable, but also
environmentally degenerative.

Energy from passive solar and naturally renewable sources is
infinite or regenerative, economical, dependable, decentralized,
and environmentally benign. Working with the natural
environment to conserve energy, and using renewable energy
wisely, can lead to energy and economic self-sufficiency, to
health and comfort, and to the enrichment of our lives.

Another aspect of enriching our lives is the conservation of our
cultural and architectural heritage. This does not mean that we
save only those structures that are listed on the National
Register of Historic Places or the homes of the wealthy, but any
structure that expresses the full breath of our culture. If the
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building has not formally been designated as a historic building,
this does not mean it is not historic or worth saving. The
Louisiana Office of Historic Preservation can help you with
registering the building if it meets the federal requirements.

USE

This manual is designed to encourage the individual to not only
save energy, but to save the architectural fabric of our culture.
Therefore, it is beneficial to review the first chapter on Historical
Background to understand the roots of these older structures we
want to bring back to life.

The chapters on Human Comfort, Climate, and
Thermodynamics address the general and technical specifics of
where the house is located, what heat is all about, and how the
individual relates to these thermal experiences. These chapters
have more to do with design decisions than renovation
techniques, but need to be understood.

The Sustainability chapter discusses the importance of how we
live on this planet and how we use its resources. We must take
care of the natural environment for our health and prosperity.

For construction techniques you can go straight to the chapter
on Restoration & Renovation. Here each type of construction is
addressed along with ways to improve and take advantage of
its usefulness for human comfort. However, the previous
chapters gives the reasons for these construction techniques.
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CHAPTER 1
HISTORICAL BACKGROUND

“It is important to know what the people we inherited this planet from did to /

live with the natural environment, before the Industrial Revolution, to see a
sustainable future.”

Edward Jon Cazayoux, AIA, CSI
Architect

C¢ | ———
NATIVE PEOPLES = c:::%
The Native Peoples of Louisiana built a variety of different types of // \

structures to live in. Earlier, their ancestors would have built pit
houses — which were spaces dug out of the earth and covered with a ﬂu Qﬂ “
steep thatch roof made from river reeds or palmetto. Later, they

would have started building on the ground or on man-made mounds. //’f,\

In lower Louisiana the structures would have the floor raised above
the ground because of the high water tables and seasonal flooding.

It is often debated as to whether primitive peoples discovered
domestic agriculture first and this allowed them to settle in villages,
or that settlements came first and this allowed them to develop
agriculture. The answer for Louisiana can be found at the ancient site
of Poverty Point. Sometime around 1730 BC, give or take a decade or
two, a metamorphosis took place on Magon Ridge in northeast
Louisiana. Poverty Point Culture burst out of a late archaic way of
life, and two political economic shifts marked its emergence — a
massive building program and an extensive long-distance exchange
enterprise. These hunter-gathers, before the bow and arrow or
agriculture was invented, settled the land and built earthen mounds
and houses to live in. The natural environment was such that a
lifestyle was developed without having to roam the land or migrate
with the wildlife.
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These people who started their abode in pit houses understood the
thermal comfort of being in the ground. As they brought their
structures above ground, they brought the earth up with them in the
form of wattle and daub construction. The roofs were steep because
of the amount of rain experienced in Louisiana, and thatch would
need to be on a steep angle to shed rain water.

Other types of Native Peoples’ structures were also built in the middle
of Louisiana. The Caddo are a clan that extends to the west and they
built posts in the ground, palisade style, walled structures with steep
pitched thatched roofs. It was typical for the posts to be burned to
char the end that was placed in the ground to protect against rot and
insects. These structures had but one wall opening and that was
always to the south. Sleeping and storage racks would keep
everything off the floor, which then could be used for daily tasks or
crafts. The Native People closer to the coast built open walled
structures with a platform raised off the ground and a steep pitched
thatch roof.

These structures were home base for these people but, except for
sleeping and cold winter days they were not inhabited on an hourly
basis as is done today in our homes. Most family, and all social,
activity took place outside of these structures.

FRENCH & SPANISH COLONISTS

The French colonists brought with them to Louisiana an architectural
design from a colder climate than is found here. This architecture was
a half-timber colombage wall structure with a Norman truss roof
framing system. These structures were placed directly on the ground.
The roof was steep, not as a response to the amount of rain we have in
Louisiana, but as a response to the snow loads in France and Canada.
The French and the Spanish, plus a few other European colonists had
some experience in the Caribbean before they came to the Louisiana
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Coast. Why would they first build in Louisiana like they did in
France or Canada’s northern climate if they knew how to build in the
tropics? This author contends that the two developed together at
about the same time.

The French designed and built structures as early as 1699 in the
Mississippi River Valley. The colombage frame is made of uprights
squared on four sides that are mortised and pegged into a sill and a
top plate. The uprights were placed at corners, doors and window
openings. Some were spaced between those if the spacing was too
wide. At the corners, additional posts were put at an angle for lateral
stability against wind loads. The length of the sills and top plate/
beam was connected by a Z-scarf joint with wooden wedges being
driven from each side to lock the two pieces of wood into one. The
colombage method of construction facilitated the construction of the
walls on the ground. The entire wall was raised as a single unit by
several people. This type of construction is ancient. The Romans
were in France at one time and that is what they built.

Most of the framework in lower colonial Louisiana (present day
Louisiana) was of cypress, which weathers better than most woods,
and was not attractive to termites. It also seems that some were pre-
fabricated and taken to the site for erection as noted in a contract for
the Ursuline Convent in New Orleans in 1727. “M. Mikel (master
carpenter)... has his wood all ready, and is going to take it there in
these days in order to soon erect the edifices.” Most of the main
members of the structures that exist today, are marked with Roman
numerals at the joints. Trades people known as “jointers” would have
shaped all of these mortised and tenoned framing members that were
put together with wooden pegs.

The roof system is a heavy Norman truss all mortised, notched and
pegged together, supporting rafters, and a roof finished with thatch,
bark, palmetto, cypress shakes, or boards (board and board fashion).
These are all natural materials. Later, slate would have been brought
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in from the outside, along with ballast from the European boats. The
ballast was being used mainly for street paving.

Later roofs would have been constructed of rafters with a half lap
joint with a wood peg connecting them at the top with no ridge

beam /board. Collar beams would have been dovetailed to the rafters.
Some rafters can be found tapered with the small end at the ridge.

Both the colombage frame and the roof system were built of cypress
and put together without any metal connections. All metal work was
handmade by a blacksmith. Larger nails were used for some framing
joints and batten shutters (solid at first and louvered later), and
smaller forged nails were used to attach the wood shakes on the roof,
the exterior siding of weather boards on the exposed walls, chair rail
molding and door & window casing.

In France, the colombage construction was infilled with stone, brick,
slate or earth and then plastered. The colonists did not find any of
these natural materials for infill in lower Louisiana except for earth.
They picked up on the technique the Native Peoples used for their
wattle and daub construction, and mixed mud with retted Spanish
moss as a binder to make bousillage to fill the frame. Between the
upright posts of the colombage frame was a lattice of split pieux,
barreauxs or batons that were wedged in place without any nails.
Tauchés (shaped like dough for making bread) of the mud and
Spanish moss were hung on the rungs of this lattice and compacted in
from side to side working from the bottom up. Some of the earliest
structures in Louisiana were left without any mass infill, but proved
to be too light against hurricane winds. The mass infill also helped to
stabilize temperatures and cut down on infiltration.

The exterior walls of the gallery would have been plastered. For
gabled end structures the plaster and bousillage at the edge of the
front wall would deteriorate with seasonal rainstorms, which are
frequent in Louisiana. The wall ends were finished with flush boards
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to solve this problem and the middle stayed plastered. Later the full
gallery wall might be covered with flush boards or a wainscot below
the chair rail that would have run continuous at the height of the
windowsill. The interior walls would have been plastered and a
continuous chair rail at this same height to protect the plaster.

Further north in the Mississippi River Valley, in Upper Colonial
Louisiana, they put the colombage frame uprights much closer
together and a large kerf at the sides to hold rocks — usually Indiana
limestone. It would also have been plastered.

The sill of these early structures sat directly on the ground. The
earliest structures, usually part of a French colonial fortification,
would just have the exposed earth as the floor. Structures that sat
directly on the ground proved to be a very poor decision with our
high water table and, at that time, seasonal flooding. The first
response to this was raising the structure off the ground on cypress
blocks or brick piers. Once raised off the ground, wood floors were
the standard. The floor joists would have been dovetailed into the
sills. To protect the thermal mass walls from the uncomfortable
intense sun and the torrential rains of Louisiana, the early settlers put
a porch around the house and covered it with a shallow pitched lean-
to roof off the steep pitched hip roof. This gave a double-pitch roof
that has gone by the name of “West Indies” or “Witch Hat”. This
double-pitch roof stayed on in the Islands, but because of Louisiana’s
torrential rain, the roof was transformed back to a single pitch to
accommodate the natural environment here.

Another major change for large plantation homes was to raise the
colombage frame a full story off the ground supported by a load
bearing brick wall raised basement. This lower floor was not usually
used as major living areas, but did accommodate dining, storage, and
daily chores. These heavy brick walls would step out to provide a
wider footing as they went down into the ground. It was typical that
larger homes would have a separate building as a kitchen because of
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the heat, possible fire hazard, and smells. The main living area was
the colombage framed space now located at the second level. By this
time it was typical to have higher ceilings at this level and more
openings across from each other for better ventilation. Transoms
above the doors helped to ventilate warm air from this floor. Once
bricks were being fabricated in the new colony, they were also used as
an infill in the colombage frame, especially in New Orleans, along
with the bousillage (mainly in the rural areas). Some houses can be
found with both brick and bousillage used as an infill.

The lower pitch of the gallery roof did not shed rainwater very easily
off the rough cypress shakes that covered the roof. The results would
have been a leaky roof on the gallery. This was not a major problem
for a gallery, but what was typical was that as the family grew and
more room was needed, rooms called cabinets were enclosed at the
rear of the gallery. However, it was not appropriate to have this
newly enclosed room with a leaky roof. The double-pitched roof was
abandoned, and the settlers returned to the steep pitched hip roof, but
now extended it to the edge of the galleries. This is the classic, unique
Louisiana raised cottage — a climatic adaptation of rural French
provincial design to the warm and humid climate of Louisiana.

Much of the life of these early homes took place on the galleries. Here
one could catch the breezes and be in communication with life in the
yard and fields. People went into the house mainly to sleep, but other
activities such as dining, social activities, craft making (weaving,
making clothes, etc.), and cooking were also daily interior uses. The
home could be opened up at night to allow the heat collected during
the day to dissipate. It would have been important to try and keep
the thermal mass walls as cool as possible during most of the year.
Occupants would have to sleep under a mosquito net during the
night. Often the night air would be very humid. As the temperature
goes down, the humidity goes up. It is not unusual to reach dew
point (100% relative humidity) any night. The shutters could be
closed on the east side when the morning sun started to penetrate the
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house. The shutters could be closed on the west side during the
afternoon while the ones on the east could be opened. During the
winter occupants would dress warm and keep a fire going in the
fireplaces.

People worked with their clothing, their shelter, and the landscape to
use and manipulate the natural environment for human comfort. This
was a natural thing to understand the natural environment and to
design WITH it. Similar architecture can be found on opposite sides
of the planet that have the same climate and environment. An
example of this is the adobe pueblos we find in our own southwest
compared to the adobe structures found in the arid-dessert climates of
Africa. The way these people reacted to their climate is very different
from what was done in hot and humid Louisiana. They built massive
structures with maximum sun exposure. The adobe mass would
collect solar energy during the day while protecting the interior from
the heat of the day. By night, when it was starting to get cold outside, N | -
the mass was starting to loose heat to the inside from the solar w—O"'
exposure it had during the day. Here, a type of architecture is
developed to be able to switch the diurnal temperature of the day
from inside to outside. The adobe structures were cool during the hot
days, and warm during the cold nights. The exterior temperature
varies greatly, but the interior thermal mass temperature is fairly
constant.

It has been said that you do not build massive structures in a hot and
humid climate because there is not enough diurnal temperature swing
to allow you to manipulate the temperature with the natural
environment. The colonists built massive houses as they did in a
colder European climates, while the Africans adopted their native
architecture more closely with the Native People of this area and in
the Caribbean Islands. The European model was changed to take
advantage of what this natural environment positively had to offer,
and protect itself from those things that were detrimental to human
comfort. The mass was maintained, but extensions, in the form of
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galleries, were added to protect the mass walls from the sun and rain.
Just the opposite strategy that the southwest People had. They
learned how to work WITH the natural environment to keep the mass
cool most of the year, and warm in the winter. The constant ground
temperature in Louisiana ranges from 66°F to 70°F. The first Native
People of this area built pit houses in the ground and understood the
comfort of those kinds of temperatures.

In trying to understand and develop new ways to stay comfortable,
and to renovate houses we have today, it can be very beneficial to look
back and study how those people who came before us used the
natural environment to stay comfortable, especially before any
mechanical systems were available.

There are also many outbuildings like slave quarter cabins,
garconnieres, pigeonniers, privies, kitchens, forges, storage buildings,
barns, coops, wells, cisterns, stables, fences, etc., that are not
conditioned buildings, but well worthy of restoring.

When an old house is first discovered, and being investigated for
saving, check the barn and all the outbuildings for house parts. This
is where you might find the shutters that were salvaged and reused
for pens or other likely or unlikely accommodations.

Another housing type was the mix use of the urban Courtyard
Houses. The street exposure was used for commercial purposes with
the upper floors being residential. All of this was typically around a
courtyard with a water element and plenty of vegetation. Because of
the water and vegetation, cooler air would descend into the courtyard
and be pulled through the building by the rising heated air on the
street side. Courtyards were very private spaces and not typically
open to the public. This housing type can be found in the French
Quarter in New Orleans and the old part of Natchitoches, which were
the earliest settlements in present day Louisiana.



OTHER INFLUENCES

The Shotgun is a further development of the Native Peoples of the
Caribbean Islands’ wattle & daub construction by the Africans, some
of whom had built similar structures back home, and Europeans. The
Africans were slaves from mainly west Africa who were brought to
the Islands to help develop agriculture by the Portuguese, French,
Dutch, Spanish, British, etc. The house was elevated off the ground,
with one room placed behind the other in a linear fashion without a
hallway. A door to one side of the room lines up from the front door
to the back, not unlike seventeenth-century living quarters in Paris.
The porch and front door were on the end of the building. This, being
very different from the French or Spanish incorporating the porch and
entrance on the long side of the house. In New Orleans, it was typical
to see duplex shotgun houses.

The Camelback is a take off on the shotgun with a two-story addition
to the rear of the house. This was a great design for high-density
single family housing in larger urban cities like New Orleans.

Barge Board construction developed out of a practical recycling
program. Barges were built of wide boards to float commerce down
river to be sold. Many of these barges were headed to New Orleans
with goods destined for Europe. The materials from these barges
were salvaged for house construction along with other structures, like
warfs and boardwalks. This wood was usually not cypress, but pine.
These boards were placed side by side and rested directly on the sill
with only horizontal 2X4 top and bottom boards. These boards were
the loadbearing walls without the use of any studs. The exterior
would have been finished with horizontal lap siding, and the interior
left as it was or papered over.

You will find that many of the older houses are constructed with the

Balloon Framing system. Up until this time, the major wall framing
system would have been the colombage of the French colonists. In
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balloon framing, the studs rest on the sill. The subfloor and/or the
finished floor go around the studs. The next step in wood frame
systems is Platform Framing in which the subfloor is put over the
floor joist all the way to the edge, and the stud wall framing sits on
top of a pressure-treated sole plate. Both of these walls are covered in
more detail in Chapter 6 under Walls.
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CHAPTER 2

HUMAN COMFORT

“Thermal qualities - warm, cool, humid, airy, radiant, cozy - are an
important part of out experience of a space; they not only influence what we
choose to do there but also how we feel about the space.”

Thermal Delight in Architecture
Lisa Heschong

The main purpose of housing is to provide shelter. Shelter does not
mean to merely keep the rain off one’s head, but to provide for
thermal comfort.

Each individual is a biological machine that burns food as a fuel
source and generates heat as a byproduct. It is important to dissipate
this waste heat in order to prevent overheating from this metabolic
process. The human body tries to maintain a fairly constant
temperature of about 98.6°F, and any minimal deviation from that
creates severe stress on the body. A 10° to 15°F higher, or 20°F lower
body temperature can result in death.

The human body has a number of mechanisms to help us regulate our
body temperature. Some heat is given off by breathing — with the
exhaling of warm moist air from the lungs. However, it is the flow of
blood in the body that is the major regulator of our body temperature.
In the summer the flow of blood is sent much closer to the skin to
dissipate heat. As ambient temperature rises the body will send
moisture to the skin to cool the body by evaporative cooling. When
the relative humidity of the air is too high to evaporate the moisture,
we begin to sweat. This is very typical for the Gulf Coast states.
Humidity is our major problem for trying to stay within the comfort
zone.

g 11

<3




When the ambient temperature is cold, the body does not send blood
to the skin’s surface, but uses the skin to insulate the blood from the
colder temperature. Therefore, the skin temperature is cooler in the
winter than it is during the summer. Hair is another mechanism to
help keep the body warm. Even though our body does not have as
much hair as it once did, we still get goosebumps or goosepimples,
which is a muscle reaction to make the hair stand up to insulate our
body from colder air. Of course we can augment all this with the
clothing we wear. It is important to dress in layers, and to insulate
our extremities in the winter, like wearing gloves, a cap, and multiple
socks and warm shoes. In the summer, sandals along with a straw hat
and short pants are more appropriate.

Too much heat loss from the human body is called hypothermia, and
too little heat loss is called hyperthermia. For the human body to be
in either condition for too long a period can lead to death.

There are many other factors that affect our comfort zone. Everyone’s
body is different. This is true between male and female, our age, our
body weight and proportion, our health, the clothes we wear, and the
climatic conditions we are experiencing. The climatic conditions we
experience have to do with the temperature of the air, air velocity,
relative humidity, mean radiant temperature, and sun exposure.

Air Temperature. Air Temperature will determine the rate at which
heat can be lost to the air, mainly by convection. If the air
temperature is above 98.6°F, the heat flow is to the person and the
body will gain heat from the air. The comfort zone for most people
extends from about 68°F in the winter to 78°F during the summer.
These figures are based on the assumption that people will dress
warmer in the winter and cooler during the summer.

Reducing the temperature of the air is most important for the majority

of the time in the Gulf Coast Region. In fact, it is much easier to
prevent heat gain than it is to reduce the air temperature. However,
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vegetation is one way to help reduce air temperature. It also has a
tendency to produce more moisture/humidity, which can be
detrimental to comfort in our area. Regardless, shading is one of the

best strategies for human comfort in Louisiana because it reduces heat

. gain.

Relative Humidity. The evaporative cooling of moisture from your
skin is mainly a function of air humidity. When the air is dry it will
easily evaporate moisture from the skin and keep the body cooler.
The more humid the air is, the less ability it has to evaporate that
moisture. When the relative humidity (RH) is 100%, the air is
saturated and cannot hold any more moisture. For human comfort
the relative humidity should never be below 20%. During the
summer it should be below 60%, and in the winter it should be below
80%. When the relative humidity is too low the human body will
experience dry eyes, nose, mouth, and skin, and will increase the
possibility for respiratory illnesses.

Higher humidity is good for the skin, but decreases the ability of the
body to be cooled by evaporating the moisture that is pushed to the
surface of the skin. At this point, the body will sweat and will be
outside the comfort zone. Mold and mildew have the greatest
potential for growth when the relative humidity is higher, and this
can be a serious health problem. Higher humidity levels are very
typical in the Gulf Coast states, and the major culprit that keeps us
outside the comfort zone. Higher humidity levels in the summer
make you feel warmer. The weather forecaster will give the heat
index during this time, which is a combination of heat and humidity.

Air Velocity. The movement of air affects the ability of the human
body to lose heat by both convection and evaporation. This is a great
asset during the majority of the year in the Gulf Coast states, but is a
detriment during the winter when we are trying to stay warm. The
comfort range of air movement is between 20 and 200 feet per minute
(fpm) depending on the activity of the individual. Above 200 fpm, or
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2 miles per hour (mph), the air movement can be unpleasant or
disruptive depending on your activity. Natural ventilation also has
the ability to remove heat from the space the individual occupies
which will also increase human comfort.

During the winter, it is typical that the weather forecaster will give the
wind-chill factor, which tells how the human body will react to the
combination of the temperature and the velocity of the air. The higher
the velocity of the air, the greater the ability it has to take heat away
from the human body, and the colder the air will feel.

Mean Radiant Temperature. Mean radiant temperature (MRT) is the
temperature of the materials that surround you. The human body
relates to MRT much greater than it does to air temperature. That is
because air is a good insulator, and not a great method of transferring
temperatures to the body. It can make a major difference when the
MRT is greatly different from the air temperature. A prime example is
when an individual is in a room during the winter that receives direct
sun. The body will feel the warmth of the material in the room even if
the air is at a cooler temperature. However, when the sun goes away
and the glass area you are next to gets very cold, you will feel the
glass pulling heat away from your body even though the temperature
of the air in the room is comfortable. Radiant heating and cooling are
more comfortable than trying to do the same with air, resulting in a
healthier situation. For maximum comfort, it is best to have the MRT
a few degrees warmer in the winter than the air temperature, and
likewise in the summer to have the MRT a few degrees cooler than the
air temperature.

Sun Exposure. The human body will feel the radiation of the sun
when in direct sunlight. This is true if you are inside or outside.
When air temperature is so cold that you are uncomfortable, the
human body can be brought back into the comfort zone with enough
direct sun exposure. For example, if you are standing on the south
side of a structure on a cold winter day — your body is protected from
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the cold north wind and the sun is keeping you warm even though
the air temperature is very cold.

A graphic depiction of the comfort zone was demonstrated by Victor
Olgyay in his classic work Design With Climate. It shows the
relationship that sun exposure, air movement, wind velocity and
humidity have on human comfort.

This interdependence of several air quality variables has led to
psychrometrics. Psychrometrics primarily concerns itself with the
characteristics and thermal energy potential of our air environment,
and is a graphic definition (Psychrometric Chart) of the inter-
relationship of temperature, humidity, energy constant, and volume
of environmental air under all possible conditions. Psychrometrics is
important to us because it is capable of directly defining a number of
simultaneous factors that affect human comfort.

Dry Bulb & Dew Point Temperature. The basic comparison made by
the psychrometric chart is the relationship between air temperature
and air moisture content. The air temperature scale forms the abscissa
of the psychrometric chart and is labeled as dry bulb temperature.
The ordinate of the chart represents the air moisture content scale. The
dew point temperature of air is a measure of moisture content. It is
the lowest temperature to which a given unit of air can be driven
without condensation occurring. The various dew points (the point at
which dry bulb and dew point temperatures are equal) constitute the
line of 100% relative humidity and form the other boundary of the
psychrometric chart.

In terms of process definition, sensible heating and cooling follow the
lines of dew point temperature, and condensation follows the outer
curved saturation boundary of the chart. Whenever dry bulb
temperature is lower than dew point temperature, air will follow the
dew point line to the outer boundary (saturation line) of the chart and
moisture will condense from the air. Condensation will continue,
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following the saturation line and lowering dew point temperature,
until the dew point temperature reaches the dry bulb temperature.
The common air conditioner removes moisture from the air in this
manner. Moist room air (roughly 78°F dry bulb and 65°F dew point)
is passed over cooling coils containing a working fluid that is
approximately 55°F. The room air follows the 65°F dew point line to
the saturation line and at that point condensation begins to occur on
the coils and latent heat (moisture) is removed from the air until the
wet bulb temperature of the air reaches the coil temperature (55°F).
The air is then reintroduced to the room as cooled, dehumidified air
(55°F dry bulb and 55°F wet bulb). Normal heat loads on building
interiors then reheat the air sensibly (along the 55°F wet bulb line),
and room air conditions ultimately come to 75°F dry bulb temperature
and 55°F dew point temperature (50% RH).

Specific and Relative Humidity. The specific humidity of air is the
measure of the absolute weight of water vapor that is contained in a
unit of air at a given dry bulb temperature. The relative humidity is
the percentage ratio of the weight of water vapor in that air (specific
humidity) as compared to the weight of the water vapor which that
air is capable of holding at saturation, (100% RH), at that same dry
bulb temperature.

Energy Content. A given unit of air contains two types of energy,
sensible energy and latent energy. The sensible energy content of air
is a measure of the thermal energy of the air, and the latent energy
content of the air is a measure of the heat of vaporization associated
with the moisture vapor contained in the air. Enthalpy is the total
heat/energy content of the air and its associated moisture (sensible
heat plus latent heat). Wet bulb temperature is closely related to
enthalpy and represents the lowest temperature to which a given unit
of air can be driven through adiabatic (evaporative) cooling. In other
words, as air is evaporatively cooled and the heat of vaporization
necessary for evaporation is extracted from the air, the humidity of
the air will increase along the line of wet bulb temperature until
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saturation (100% RH) is reached. The dry bulb temperature will fall,

and the enthalpy content will remain almost unchanged. At

saturation, dry bulb, wet bulb, and dew point temperatures will be
equal.

The wet bulb temperature lines are important process lines in passive
design. Adiabatic cooling potential is limited by wet bulb
temperature, and the lines are used in the process definition of
evaporative passive cooling techniques. Additionally, the action of
desiccant absorption of moisture closely follows the wet bulb
temperature lines with only a 5-10% entropy associated with the
process. Therefore, during desiccant dehumidification, a given
quantity of air will increase in dry bulb temperature while decreasing
in relative humidity and the total enthalpy content of the air will rise
slightly, following almost the opposite pattern of adiabatic cooling.

Specific Volume. As air is heated and as it absorbs moisture vapor, it
becomes more buoyant (it weighs less per unit of volume — hot air
rises). The psychrometric chart provides a method of determining the
volume of air that will weigh one pound under various conditions
through the lines of specific volume.

The complete psychrometric chart is useful to the designer for two
major reasons. It enables a thorough understanding of all of the
variables of air quality given any two of those variables, and it can be
used to directly and indirectly define the conditions under which
comfort will occur. Additionally, it is a useful tool in the under-
standing of the mechanisms of comfort conditioning. It is used
extensively by mechanical and thermal engineers in the design of
comfort conditioning systems. In passive cooling the psychrometric
chart is very useful for process definition.

Comfort Zones & Standards. The psychrometric chart is used by

ASHRAE (American Society of Heating, Refrigeration and Air
Conditioning Engineers) and many researchers as the graphic base

Q’?, 17

Psychometric Chart
Specific Volume

A

NAVVAN
; NV NN
% e kW oed
30 ' 40 ' 50 ' 60 ' 70 ' 80 ' 90 ' 100 110

Dry Bulb Temperature F

Psychometric Chart F /
- ASHRAE 55 - 74 COMFORT ZONE \ y f
e . EFFECTIVE TEMERATURE X 80
N/ & &
NOTE: APPLIES FOR LIGHTLY CLOTHED, \ &/
SEDENTARY INDIVIDUALS IN \V %
SPACES WITH Elégvxéwovm I \ X o
TEMPERATURE. | / / \
] /‘/l’// \ — 7 N\ 50
- AN W 30
— R \\ \
T T T T £ ‘” T ‘” T ”T mI
30 40 50 60 70 80 90 100 ° 110

Dry Bulb Temperature F

Dew Point Temperature F

Dew Point Temperature F



COMFORT ZONE

COOLING STRATEGIES

ABSOLUTE HUMIDITY (HUMIDITY RATIO)
POUNDS OF MOISTURE PER FOUNDS OF DRY AIR

line for the definition of comfort. In ASHRAE’s comfort chart an
additional set of parameters are added to the psychrometric chart.
The effective temperature (ET) is represented on the psychrometric
chart by dashed lines. The effective temperature is an attempt to
integrate temperature and humidity into one scale that represents
lines of constant body stress. Toward extreme cold, the effective
temperature lines approach the dry bulb temperature scale and
toward extreme heat they approach the wet bulb scale. The index line
for the ET scale is the 50% relative humidity curve.

The ASHRAE comfort zone is defined by the air conditions under
which 80% of tested subjects would express thermal comfort. The
chart is applicable only to lightly clothed, sedentary individuals in
spaces with low air movement, where mean radiant temperature
equals air temperature.

More recently, Baruch Givoni, author of Man, Climate and
Architecture has provided a mechanism, using the psychrometric
chart, for expressing the potential effects of passive cooling building
design on human comfort. The system expresses the design strategies
that can effectively bring given ambient climate conditions into the
comfort zone through proper building design. In all, three major
cooling design strategies are covered: 1. Evaporative cooling, 2. High
thermal mass, and 3. Natural and mechanical ventilation. The
following graphic does not include evaporative cooling because it is
not a strategy that is very effective in the Gulf Coast states based on
the fact that it mainly works in areas of low humidity.

In terms of building design, each of the cooling techniques has
maximum ambient climate conditions. For high thermal mass
structures, a dew point temperature of 68°F is the boundary condition.
For natural and mechanical ventilation, the limit seems to be a line
roughly corresponding to (but with a more negative slope) and
crossing the 90°F line at 50% RH.



Thermal Comfort. Thermal comfort occurs when body temperatures
are held within narrow ranges, skin moisture is low, and the body’s
effort of regulation is minimized. Certain combinations of air
temperature, relative humidity, air motion, and mean radiant
temperature will result in what most people consider thermal
comfort. When these combinations of air temperature, relative
humidity, high thermal mass, and ventilation are plotted on a
psychrometric chart, they define an area known as the comfort zone.

It is important to note again that the given boundaries of the comfort
zone are not absolute, because thermal comfort also varies with
culture, time of year, health, the amount of fat an individual carries,
the amount of clothing worn, and most importantly, physical activity.
ASHRAE defines thermal comfort as “that condition of mind which
expresses satisfaction with the thermal environment.” While
conditions required for thermal comfort vary from person to person,
the comfort zone should be the goal of the thermal design of the
house because it defines those conditions that most people in our
society find comfortable.

Whenever possible, additional controls should be made available for
the occupants of the house so that they can create the thermal
conditions that are just right for them. Portable fans and heaters,
ceiling fans, window fans, numerous thermostats, operable windows,
and shades are some of the devices people can use to fine-tune their
personal environment.
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CHAPTER 3

CLIMATE

“We must begin by taking note of the countries and climates in which homes
are to be built if our design for them are to be correct. One type of house
seems appropriate for EQypt, another for Spain...one still different for
Rome....1t is obvious that design for homes ought to conform to diversities of
climate.”

Vitruvius
Architect, First Century BC

The earth’s weather patterns are driven by the sun. Each revolution
of the earth gives the heartbeat of day and night. The 23.5° tilt of the
earth’s axis, its rotation around that axis, and its elliptical orbit around
the sun sets the annual rhythm of the seasons.

Plant material first inhabited the earth, and over millennia created the
atmosphere that allows life, as we know it, to exist on this planet. The
atmosphere acts as a filter to screen out the harmful rays from the sun.

The earth’s envelope has performed a delicate heat loss/heat gain
balancing act for centuries. Planet earth absorbs heat from the sun
and stores or transforms it into some form of energy or else reradiates
it back into deep space. As early mankind began populating the
earth, they slowly began releasing the solar energy stored in the form
of wood, by burning it for heat and light. The Industrial Revolution
affected the massive burning of fossil fuels, which is a more
concentrated form of stored solar energy. This, along with
deforestation, is disturbing the delicate balance of nature.

As the upper atmospheric ozone layer is depleted by burning these

fossil fuels, less of the sun’s harmful radiation is being filtered out. It
is believed that the earth will continue to have elevated temperatures.
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If this is true, then the polar ice caps will start to melt, the oceans will
rise, coastal cities around the globe will be flooded, and all areas will
have a change in their existing climates.

The atmosphere is a giant heat machine fueled by the sun. Since the
atmosphere is largely transparent to solar energy, the main heating of
the air occurs at the earth’s surface. As the air is heated, it rises and
creates a low-pressure area at ground level. Since the surface of the
earth is not heated equally, there will be both relatively low- and high-
pressure areas with wind as a consequence.

A global north-south flow of air is generated because the equator is
heated more than the poles. This global flow is modified by both the
changes in season and the rotation of the earth. Another major factor
affecting winds and, therefore, climate, is the uneven distribution of
land masses on the globe. Because of its higher heat capacity, water
does not heat up or cool down as fast as the land. Thus, temperature
changes over water tend to be more moderate than over land, and the
farther one gets from large bodies of water the more extreme are the
temperatures. For example, we would expect the temperatures in
Shreveport to be colder than in Lafayette during the winter, and they
are, but Shreveport is also warmer in the summer due to Lafayette’s
proximity to the Gulf of Mexico.

MACROCLIMATE

The general macroclimate of all of Louisiana and the Gulf Coast states
is strongly influenced by their proximity to the Gulf of Mexico and the
equator. This coastal area is considered a humid, subtropical climate.
Breezes of the warm, moist air and cumulus clouds from the Gulf
dominate most of the year. Cold fronts driven down by Canadian
high pressures come from the northwest bringing cold, dry northerly
winds and clear skies. Other wind patterns are influenced by high-
and low-pressure centers moving over the area. The winds move
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clockwise around a high-pressure center and counterclockwise
around a low-pressure center. The “Bermuda High” commonly
dominates the coastal states summer wind pattern with south to
southeast winds from the Gulf of Mexico.

Hurricanes are low pressure storms that develop off the west coast of
Africa. The winds blow in a counterclockwise direction around the
calm eye of the storm. High winds, torrential rains, and the coastline
tidal surge of the hurricane can be very destructive. The hurricane
season is from June through November.

The coastal states are divided into three more specific areas of climate
distinction:

North Louisiana & North Mississippi’s climate can be considered
relatively temperate with four distinct seasons. Although summers
are very hot and humid and winters are quite cold with chilling
winds, spring and fall are generally quite pleasant. The annual
precipitation is about 48 inches and occurs fairly uniformly through-
out the year.

The East Gulf Coast climate has cool but short winters. Summers, on
the other hand, are hot, very humid, and long. The flat damp ground
and frequent rains create a very humid climate. Besides creating
thermal discomfort, the high humidity also causes mildew problems.
Much of the region has reliable sea breezes, which are strongest
during the day, weaker at night, and nonexistent during the morning
and evening when the wind reverses direction. The annual
precipitation is quite high at about 60 inches, and it occurs fairly
uniformly throughout the year.

The West Gulf Coast climate is similar to the east Gulf Coast climate
except that the summers are more severe. Very high temperatures
and humidity levels make this a very uncomfortable summer climate.
The high humidity and clouds prevent the temperature from
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dropping much at night. Thus, the diurnal temperature range is quite
small. Fortunately, frequent coastal breezes exist in the summer.
Winters are short and mild. Ample sunshine can supply most of the
winter heating demands, but the main concern for the designeris
summer overheating. The annual precipitation is about 45 inches and
occurs fairly uniformly throughout the year.

Charleston @ 32°53' w/ 51.53" of precipitation/yr.

Shreveport @ 32°28' w/ 46.11" of precipitation/yr.
Jackson @32°19' w/ 55.37" of precipitation/yr.
Savannah @32°07' w/ 49.22" of precipitation/yr.
Alexandria @ 31°19' w/ 54.06" of precipitation/yr.
Mobile @ 30° 42' w/ 63.96" of precipitation/yr.
Baton Rouge @ 30° 32 w/ 54.05" of precipitation/yr.
Pensacola @ 30° 28' w/ 62.25" of precipitation/yr.
Lafayette @30°18' w/ 57.69" of precipitation/yr.
Lake Charles @ 30° 07 w/ 54.84" of precipitation/yr.
New Orleans @ 29°59' w/ 61.88" of precipitation/yr.
Houston @ 29°59' w/ 46.07" of precipitation/yr.
San Antonio @ 29° 31’ w/ 30.98" of precipitation/yr.
Tampa @ 27°57' w/ 43.92" of precipitation/yr.

Weather data for each city is include in the Appendix.

MICROCLIMATE

Each individual building site has its own microclimate. This is
understood by site analysis, and having a good understanding of the
macroclimate or general climatic characteristics which give an
overview of the climate for the region where the site is located. The
microclimate must be studied not only for the natural elements, but
also for how any man-made elements, such as buildings and
landscaping, are affecting and will affect the local climate of the
building site.
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Sun. The movement of the sun over the site will be the same as it is
for the macroclimate. However, all existing elements, whether natural
or man-made, on and around the site will have definitive daily
shading patterns that need to be studied (see Appendix for Suncharts
and how to use them). Understanding the sun and shadow patterns
for summer and winter can help in either locating the building on the
site, or for existing houses that will not be moved, how to use
landscaping to help manipulate the microclimate.

Architectural elements, like a roof overhang or a porch, can easily
shade the south side of the house when the sun is high in the sky
during the summer. It is the east, and more importantly, the west that
is more difficult to protect from the summer sun because it is much
lower in the sky. Where a horizontal element (roof overhang or
porch) is beneficial on the south side, it will take a more vertical
element to control the sun on the east and west side of the house.

This is where good landscaping can be most beneficial. The best
design will block the summer sun heat gain, but allow the winter sun
to penetrate the house for the added heat gain.

Wind. The movement of air on the site is more difficult to see or
understand than the predicted sun movement. The patterns of
breezes at the site will not necessarily be the same as that found in the
climatic data charts for the macroclimate. Existing vegetation and
man-made structures will affect the movement of air on the site. This
is not easy to comprehend unless you build a model and observe it in
a wind tunnel. However, there are some basic principles of air
movement that can help one to understand what will happen on the
site.

1. As a result of friction, air velocity is slower near the surface
of the earth. The reduction in velocity is a function of the ground’s
roughness, including contour changes and vegetation configuration.
Ground wind velocities measured at the site are frequently much
lower than those measured at the top of an airport tower (these are
the figures most likely given in the macroclimate weather data).
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2. Air tends to continue moving in the same direction when it
encounters an obstruction. As a result of the inertia of the wind, it
tends to flow around objects, like water flows around a rock in a
stream, rather than reflect off the objects.

3. Air flows from high-pressure to low-pressure areas. For
example, cross ventilation is created by a positive pressure being built
up on the windward side of a structure and a negative pressure being
created on the leeward side. Architectural elements and landscaping
can also create positive and negative pressures around the house.

4. Temperature and the density of the air will also affect air
movement. For example, air flowing from a forested area to a
meadow will tend to rise because air in the meadow is exposed to
more solar radiation, making that air warmer and less dense than the
cooler air exiting the forest.

5. When the airflow is channeled and restricted, the pressure
rises and the velocity increases. This is called the Venturi effect.
Therefore, if you have more openings on the leeward side than you do
on the windward side, you will increase the velocity of the breezes
passing through the house.

6. Air can also move by the stack effect, which usually takes
place inside the structure. In taller areas, hotter air will rise and pull
cooler air in below, if there are openings at both the top of that space
and the bottom to allow this air movement.

By using these principles and understanding that air moves and acts
similar to a fluid, like water, we can visualize wind patterns on
different sites and in different conditions.

The wind pattern near large bodies of water is generated by the heat
gain, loss, and storage variations between land and water. Water will
have more stable temperatures because of its thermal mass (higher
specific heat value as compared to the earth). The wind is usually
moving toward the land during the day when the land is heating up
faster and when the water is absorbing solar radiation. At night the
direction is reversed, with the breezes flowing from the land, as it
cools, to the water, as it radiates stored heat to the night sky.
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Q This is also true for a site located in a valley. The air moves up the
_D’ valley during the day as the air is heated, and down the valley during
| the night as the air is cooled. The landscape can be manipulated to
build dams that create pockets or lakes of this cool night air, just as
fog forms in the cool air pockets of Louisiana.

\ Humidity. Sites located near large bodies of water or rivers tend to be

N \ more humid than inland areas. Likewise, sites that are wooded will

N tend to be more humid than sites in an open area. Vegetation will
increase moisture in the air. Wind direction also affects the humidity
level. Humidity has to do with the amount of water vapor in the air.
However, water vapor can act independent of air. For any given
temperature and degree of saturation, water vapor in the air exerts its
own vapor pressure. It flows or migrates from areas of higher vapor
pressure toward areas of lower vapor pressure in air or in materials.
Moisture, driven by vapor pressure, can even travel through porous

\\
\&

| in our humid climate.
S

—O—

i : Temperature. The microclimate temperatures of the site will be
different from the general data collected at the airport. Again, air
temperature is more stable close to large bodies of water, and cooler in

X \ \ forested areas. The shade temperature of a large tree can be 10° to
N\

15°F cooler than the unshaded lawn during a summer day. And sites

o~ with a more southern slope will be warmer than a flat site because
'&)‘ radiation from the sun is more intense when perpendicular to the

0 (A 0, ey | SRS surface. Likewise, a northern sloping site would not receive as much

NN radiation and would therefore be cooler.
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CHAPTER 4

THERMODYNAMICS

“In the beginning, when God created the heavens and the earth, the earth
was a formless wasteland, and darkness covered the abyss, while a mighty
wind swept over the waters. Then God said, ‘Let there be Light’, and there
was light. God saw how good the light was. God then separated the light
from the darkness. God called the light ‘day’ and the darkness He called
‘night’. Thus evening came, and morning followed - the first day.”

Genesis 1:1-5

It is appropriate to address energy because most of the elements of
trying to stay within the comfort zone with the renovation of a home
have to do with adding, removing, reflecting, and shading energy
from the structure. We get our energy from the sun, which is created
by nuclear fusion. It travels to the earth, some 93 million miles away,
by short-wave radiation in about eight minutes at the speed of light.

Solar energy is received in various wavelengths, of which the light
that we see is only one part. The short ultraviolet wavelength portion
provides energy for plant growth by photosynthesis, but most of it is
absorbed by ozone in the upper atmosphere. Radiation in the
infrared wavelength heats the earth’s surface. Only half of the
radiation that reaches the earth’s atmosphere penetrates to the surface
of the earth, while the other half is either reflected or absorbed by the
atmosphere itself.

FIRST LAW

The first law of thermodynamics is that energy can be neither created
nor destroyed; when one form of energy disappears, another form
always appears in equivalent quantity. Heat energy cannot be lost. It
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can be converted to another form of energy (electrical, chemical or
mechanical) or remain as heat. It can be converted, stored, absorbed,
or moved.

SECOND LAW

The second law of thermodynamics is that heat cannot pass
spontaneously from a colder to a warmer body; when free interchange
of heat takes place, it is always the hotter of the two bodies which
loses energy and the colder that gains energy. Heat will seek out cold.
Heat in a house will constantly move to attain equilibrium throughout
the building.
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Energy comes in many forms. In our concern about human comfort,
the energy we are interested in is heat, which exists in three different
forms: Sensible Heat — can be measured with a thermometer, Latent
Heat — the change of state or phase-change of a material, and Radiant
Heat — a form of electromagnetic radiation.

Sensible Heat. Sensible heat is the random motion of molecules. An
object whose molecules have a larger random motion is said to be
hotter and to contain more heat. This type of heat can be measured by
a thermometer. Temperature is a measure of the intensity of the
random motion of molecules. In the United States, we measure heat
by the British Thermal Unit (BTU) [the British, and the rest of the
world use another unit to measure heat]. The amount of heat

required to raise 1 pound of water 1°F is called a BTU.

Latent Heat. Latent Heat - By adding 1 BTU of heat to a pound of
water, its temperature is raised 1°F. However, it takes 144 BTUs to
change a pound of ice into a pound of water and about 1000 BTUs to
change a pound of water to a pound of steam. It takes very large
amounts of energy to break the bonds between the molecules when a
change of state occurs. Latent heat is a compact and convenient form
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of storing and transferring heat with a mechanical system. However,
since the melting and boiling points of water are not always suitable,
we use other materials such as “Freon,” which has the melting and
boiling temperatures necessary for refrigeration machines.

Radiant Heat. 1t is that part of the electromagnetic spectrum called
infrared. All bodies facing an air space or a vacuum emit and absorb
radiant energy continuously. Hot bodies lose heat by radiation
because they emit more energy than they absorb. Objects at room
temperature radiate in the invisible infrared region of the electro-
magnetic spectrum, while objects hot enough to glow, radiate in the
visible part of the spectrum. Thus, the wavelength or frequency of the
radiation emitted is a function of the temperature of the object.
Radiation is not affected by gravity, and radiates in all directions.
However, radiation is affected by the nature of the material with
which it interacts and especially the surface of the material. The four
possible interactions are:

1. Transmittance — the situation in which the radiation passes
_ through the material.

2. Absorptance — the situation in which the radiation is
converted into sensible heat within the material.

3. Reflectance — the situation in which the radiation is
reflected off of the surface.

4. Emittance — the situation in which the radiation is given off
by the surface, thereby reducing the sensible heat
content of the object. Polished metal surfaces have low
emittance, while most other materials have high
emittance.

The type of interaction that will occur is not only a function of the
material but also the wavelength of the radiation. For example, glass
interacts very differently with solar radiation (short wavelength) than
with thermal radiation (long-wave infrared). This is explained in the
Chapter, under Greenhouse Effect.
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HEAT TRANSFER

Heat is transferred, from one body to another, by conduction,
convection, or radiation. This is very important to understand in the
renovation of a house for human comfort.

Conduction. Conductive heat transfer occurs between bodies in direct
contact with each other. For example, when you grab the handle of a
cast iron skillet, you feel the heat because your hand is in direct
contact with the handle, the handle is in direct contact with the skillet,
and the skillet is in direct contact with the heat source.

Convection. Convective heat travels through a fluid. As a gas or
liquid acquires heat by conduction, the fluid expands and becomes
less dense. It will then rise by floating to the top of denser and cooler
fluid. A cooler fluid becomes more dense and sinks below the
warmer fluid. The resulting currents transfer heat by the mechanism
called natural convection. This heat transfer mechanism is very
dependent on gravity and, therefore, heat never moves down by
convection. Since we live in a sea of air, natural convection is a very
important heat transfer mechanism.

Radiation. Radiant heat transfer takes place without a medium.
Radiant energy, transmitted as electromagnetic waves, travels at the
speed of light until absorbed by a solid or reflected by a radiant
barrier, such as aluminum foil. Radiation is always taking place. Itis
always trying to reach equilibrium — the point that the radiation
absorbed equals the radiation emitted.

GREENHOUSE EFFECT

The greenhouse effect is partly due to the fact that the type of
interaction that occurs between a material and radiant energy
depends on the wavelength of that radiation. The short-wave solar
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radiation is able to easily pass right through the glass, whereupon, it
is absorbed by indoor objects. As these objects warm up, they
increase their emission of thermal radiation in the long-wave portion
of the electromagnetic spectrum. Since glass is more opaque to this
radiation, some of the energy is trapped. The glass has created, in
effect, a heat trap and the indoor temperature begins to rise.

The solar energy that reaches the earth consists of about 5 percent
ultraviolet radiation, 45 percent visible light, and 50 percent infrared
radiation. To differentiate this infrared from that given off by objects
at room temperature, the phrases “short-wave” and “long-wave” are
added, respectively. Similarly, ultraviolet radiation has shorter and
longer wavelengths. The portion of the ultraviolet spectrum that
causes sunburn is blocked by clear glass, but the part that causes
colors to fade is not.

MEAN RADIANT TEMPERATURE

To determine if a certain body will be a net gainer or loser of radiant
energy, we must consider both the temperature and exposure angle of
all objects that are in view of the body in question. The mean radiant
temperature (MRT) describes the radiant environment for a point in
space. For example, the radiant effect on one’s face by a fireplace is
quite high because the fire’s temperature at about 1000°F more than
compensates for the small angle of exposure. A radiant floor can have
just as much of a warming effect but with a much lower temperature
because its larger area creates a larger exposure angle. The radiant
effect can also be negative as in the case of a person standing in front

of a cold window in the winter that allows heat to radiate from the
body.

The significant effect MRT has on thermal comfort is further
explained in Chapter 2, Human Comfort, under Mean Radiant
Temperature.
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CONCRETE OR STONE

HEAT CAPACITY

The amount of heat required to raise the temperature of a material 1°F
is called the heat capacity of that material. The heat capacity of
different materials varies widely, but in general heavier materials
have a higher heat capacity. Water is an exceptional material in that it
has the highest heat capacity even though it is a middle-weight
material. In architecture we are usually more interested in the heat
capacity per volume than in the heat capacity per pound, which is
more commonly known as specific heat. Each volume in the figure, to
the side, has the same heat capacity. Water has three times the specific
heat value of concrete, stone, or brick.

THERMAL RESISTANCE

The opposition of materials and air spaces to the flow of heat, mainly
by conduction, is called thermal resistance. By knowing the resistance
of a material, we can predict how much heat will flow through it and
can compare materials with each other. The thermal resistance of
building materials is largely a function of the number and size of air
spaces that they contain. Most often, thermal resistance is explained
for each material in terms of its R-value. One inch of wood has the
same thermal resistance as 12 inches of concrete mainly because of the
air spaces created by the cells in the wood. Under most temperature
conditions, 12 inches of concrete can appear to have more resistance to
heat flow than the one inch of wood. To understand this, we must
consider the concept of thermal time lag.

TIME LAG

Consider what happens when two walls with equal heat resistance,
one inch of wood and 12 inches of concrete, are first exposed to a
temperature difference. Let’s say that the temperature is 100°F on one
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side and 50°F on the other side of both walls. Heat will flow through
the concrete, but the initial heat to enter will be used to raise the
temperature of the massive concrete. Only after the wall has
substantially warmed up can heat exit the other side. On the other
hand, this delay in heat conduction is very short for the one inch of
wood because of its low heat capacity (specific heat value). This
delayed heat-flow phenomenon is known as that material’s time lag.
It is also true that the heat flow from the concrete wall will continue
long after the heat in the wood has dissipated.

This is the concept the Native People experienced in their adobe
structures to stabilize the temperature of the interior of those
structures in the southwest.
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CHAPTER 5

SUSTAINABILITY

“I went to the woods because 1 wished to live deliberately, to front only the
essential facts of life, and see if I could not learn what it had to teach, so when
I came to die, discover that I had not lived.”

Walden
Henry David Thoreau

DEFINITION

Sustainability is a more natural way to live and build, and to be less
dependent on centralized energy sources using nonrenewable fossil
fuels or nuclear energy with the dangerous byproducts of carbon
dioxide and radioactive waste. Sustainability means meeting the
needs of the current generation without compromising the ability of
future generations to meet their needs. A sustainable society
conserves, restores, preserves, and enhances nature and culture for
the benefit of all life present and future; a diverse and healthy
environment is intrinsically valuable and essential to a healthy
society; today’s society is seriously degrading the environment and is
not sustainable.

We really do not have a choice. Just as plant life made a hostile planet
safe for life to develop, we must nurture the natural environment and
keep it healthy. It is our life source. Nature changes - it is the only
thing that is consistent. We have gone through many ice ages and hot
periods. The earth is warming at present. This could be a natural
process or swing of the climatic pendulum, or it could be from human
activity — mainly environmental pollution. Regardless of which it is,
human activity in the last 150 years has been detrimental to the
natural environment. If it has not caused the warming of the earth, it
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has helped it happen. All of life will adapt to the changes in their
natural environment, or migrate to similar environments, or perish.

Another way to describe sustainability is by the four R’s:
Reduce
Reuse
Recycle
Regenerate

Reduce. Reduce the amount of raw materials needed for the
manufacturing process. Lighter and/or smaller products generally
require the use of less energy for transportation, storage and
construction. Using construction materials that are local will reduce
the energy required to transport the material to the job site. Reduce
can also refer to decreasing the amount of material used and wasted.
Material waste at the job site is a major problem in the construction
field today.

Reduce the amount of energy needed to run the structure, much of
which will be to keep the occupants comfortable. Good architectural
design can easily reduce the energy demand by half. However, that is
much easier with new construction than it is with the restoration or
renovation of older homes. Energy efficient appliances help to keep
the over all energy use to a minimum. Appliances count for 20% of
the total energy use in the home. All appliances are rated as to their
efficiency by the Energyguide label on the product. The U.S.
Environmental Protection Agency and Department of Energy have
identified those that are labeled ENERGY STAR® as being the most
energy-efficient products in their classes. Paying for the appliance is
one thing, paying for the energy to use it over the life of the product
in another thing. Look at the life cycle cost of all appliances and you
will see that it might benefit the pocket book to pay a little extra on
the inijtial purchase, and save money in the long run. At present the
United States has about 5% of the world’s population, but we use 25%
of the world’s energy.
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We can also reduce the amount of house we need to live in. Many
houses are built with resale value in mind instead of the needs of the
occupants. Design and build the spaces that are needed for an
enjoyable lifestyle without waste. Efficient use of space makes living
in that space so much easier and enjoyable.
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Most water reduction can be taken care of with the water fixture
design. Look for those with low-flow options. We receive lots of
water in Louisiana, and we do not need the added burden of getting
rid of even more water from human use.

Reuse. Since reuse is a sustainable activity, the saving of an existing
structure is a sustainable act. It can also be a historical one. If the
structure has historic value, all avenues should be taken to save the
building. Many older houses are built with superior materials. If not,
it would not have lasted this long.

Recycle. If the building cannot be saved or the structure has no
historic value (they all do), you can recycle the valuable materials of
the building. That is because these older structures were built of
mature trees that had superior weathering qualities. The French
colonists called cypress “wood eternal”. It was easy to work,
weathered well, and insect resistant. Long-leaf red pine was another
wood that was used and still worth using today. Recycled cypress
and red pine are still available today in Louisiana.

Regenerate. Architect Malcolm Wells states in his many writings that
we should be trying to regenerate and heal the earth. It would be
better if we went out and purchased the worst site we could find to
build on, and make it beautiful. However, what we usually do is
spend a lot of time and money finding the most beautiful site and
making it environmentally and esthetically worse. It is not someone
else who will make the world a better place to live; it is we who will
have to do it.
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Energy Efficient. We have the ability to stay comfortable with less
energy when the architecture is designed and built to accommodate
that need. And why wouldn’t we want that. Anything else is just
wasting. Energy efficiency is not a compromise; it is just another part
of the overall building program.

The less dependent we are on large centralized energy plants the
better off we will be. It is beneficial to be closer to your energy
sources, and in more control of your energy needs. Energy can be
generated from the sun, wind, biomass, hydroelectric and geothermal.
All of these are natural renewable energy sources. At present only 8%
of the energy we use comes from renewable resources.

THRESHOLDS TO THE HEARTH: Living With the Natural
Environment, a paper written by the author — see the full paper in the
Appendix.






