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Preface

This is a training program designed to educate students and individuals
the importance of conserving energy and to provide for developing skills
nesded in the application of energy-saving technicues that result in energy-

Upon successful completion of this course of instruction, a student will
be ahle to perform at the job entry level.

Alternatives are provided in this program toanowﬁur
instyuction in mmma
.mm. tay also be used for self-paced

mmmmcm.muutmmnmwﬁmmmm
omnstruction curriculum, or it can be taught separately.

A teacher guide and student workbook are available to supplement the basic
wanuals, The resour 2 person should consult the teacher guide and follow

procedures given therein.
The material is divided into three parts:
- PART ONE: UNDERSTANDING AND PRACTICING ENERGY OONSERVATION IN

BUILDINGS .

PART TVWO: DETERMINING AMOUNT OF FNERGY LOST OR GAINED IN A
BUTLDING

PART THREE: DETERMINING WHICH PRACTICES ARE MOST EFFICIENT AND
INSTALLING MATERIALS.

ERIC 12




Introduction

Almst everyone is aware of the
increaging rate of energy use and the
rapid decline in non~-renewable rescurces
(Figure 1), They agree that samething
should be done to conserve energy, but
they are uncertain about what to do,

Ny

s

BENEWABLE
ENERGY
RESOURCES

1700 1800 1900 2000

FIGURE 1. The worid supply of nonrenew-
able energy resources is declining
rapidly.

34%

COMMERCIAL

ENERGY CONSUMPTION-U.S.A.

FIGURE 2. Approximately 24% of energy
consumed in the United States is used in
homes and 14% in commercial buildings.
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FIGURE 3. Two buildings may look alike, but one may be much more energy
efficient than the other.

The average home in the United States You way wish to engage in the business
uses about 35 barrels (equivalent) of of building or retrofitting hames and
crude oil per year, With proper conser- huildings for energy . A .
vation practices, it is possible to reduce perscn sho is skilied in the construction

this consmption by at least 15 barrels and repair of enexgy-efficient hames and
per year. Mualtiply 15 barrels times 80 buildings is mxch in demand. The
million homes in the United States and material in this program will help you
you see that more than 1 billion barrels prepare for such a job (Figure 4).
{equivalent) of oil can be saved per
year. Similar results are possible with

comercial haildings.

Then the question arises, "How does
one save energy in a home or a building?”
It is true that you camot tell by looking
at a structure whether it is energy
efficient (Figure 3). The answer lies

the techniques, you will mot only know
what to do to save energy, but how to do

it. You may be able to do your own -
and help others as well. FIGURE 4, Building and retrofitting
energy-efficient homes and small .

buildings is good business.

14




This training program is divided imto
thres parts. They are as follows:

13
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Part |

Understanding and Practicing
Energy Conservation in Buildings

mmstmhgémimmofsaﬁm III. Understanding the Use of Energy
encxgy and ways to conserve in buildings in Buildings.
a:ﬂing,l, the 3 IV. Care and Maintenance of Energy-
Efficient Buildings.,
I. the
mﬂersfarﬂ.im Importance of V. Saving Habits.
II. Developing a Concern for
Conserving Energy.

I. Understanding the importance of Energy

FIGURE 5. Energy is essential to the
basic necessities of life.

ERIC 16
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In recent years, deperdence on energy
has increased. Our modern technological
society demands more than the hasic
necegsities of life. Same of those

demandds are convenience, comfort, health
and recreation. ItEEn'asaEEofenergy'
to provide power for industrialization,

mechanization tior. and
W’%o i
uge energy created some

difficult economic, social and environ~
mental problems. Wise and efficient use
of encrgy is essential., More time is
neaded for the development of alternate
sources.

People have beoame accustomed to using
as mxh energy as they wish for work and
leisure activities. Very little thought
has been given to the idea of energy's FIGURE 6. Energy supplies are becoming
being wasted. Now, the traditional eritical. v
souxces of energy, fossil fuals, are

scarce. Everyone must think
y about conserving energy and

inding sources to meet needs A, What is Energy?
ﬁpim rsn?w b the B. What are the Primary Known Sources
) of Energy?

C. What are the Major Uses of Energy?
This is your opportunity to learn how
to make wise decisions in the use of
energy. First, determine the importance .
of energy in your life and in the lives
of others by answering the questions
discussed under the following headings:

A. What is Energy?

"Energy” means different things to to define energy in its different forms
different people (Figure 7). To the and under different conditions. Descrip~
athlete, it means strength, vitality and tions are given unier the following
endurance. To the auto mechanic, energy headings;
means power to propel. To the chef, it
means heat for cooking., Energy can be Forms of Energy.
defined best by describing it. From your Conditions of Energy.
study of this section, you will be able Conversion of Energy.

. laws of Energy.

hakad ol o




FIGURE 7. Energy means different things to different people.

1. FORMS OF ENERGY

The principal forms of energy are as

f energy is its capacity to do work.

(2]

MECHANICAL
ENERGY
{MOVING OBJECT)

MECHANICAL
ENERGY
{POTENTIAL FOR
STOPPING

FIGURE 8. Mechanical energy is that
produced by moving objects and objects
that have potential for motion or for
interrupting motion.

17




oﬂ EF"

SUMMER

FIGURE 9. Heat energy seeks an equilibrium by moving from a higher
temperature to a lower temperature.

WASTED ENERGY

FIGURE 10. Cooling towers for dissipat-
ing heat at an electric power plant.
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Combustion is used to oconvert matter
into heat for buildings. Fossil fuels are
oconverted into heat, ash and gases .
by copbustion. As a result, heat is
given off (Figure 11).

VENT TO
OUTSIDE —3=

FLUE
GASES
EXCH E::use
H ' DRAFT
CAVITIES = DIVERTER
MAIN
BURNER — —FUEL

\All‘l INLET

FIGURE 11. Heat is provided for buildings
by converting matter in a hot-air furnace.

This heat flow through the solid is by
oonduction.

I
| @@4

FIGURE 12. Heat flows through metals by
conduction.

HEAT FLOW
8Y CONVECTION

FIGURE 13. Heat flows by convection
through a medium such as air.

19




(3) HEAT FLOWN BY RADIATION. Heat flows
H Y a light source
by rays, such as those of the sun or from

an open fire (Figure 14). 9ﬁ W .

FIGURE 14. When you warm yourself before

an open flame, the heat flows by FIGURE 15. Radiant energy from the sun
radiation. sustains plant and animal life.

c. Light Energy : ‘ll'

Light energy is also thowgtc of as

energy. Plant and animal life

depend on radiant energy from the sun
(Pigure 15).

d. Chemical Energy

~», Energy is released from materials
byichemical reaction. The food we eat
and the fuel we burn are converted to
heat energy by chemical changes,
Chemical energy is released when
materials change molecular structure
(Pigure 16).

CHEMICAL ENERGY

MECHANICAL
ENERGY

FIGURE 16. Fuel burning in a cylinder is
converted to mechanical energy.

21




@. Electrical Energy
‘ \\\\\\\WWHWWZ%
Electrical energy is generated by S e
mechanical generators turned by same S %
outside source (Figure 17). The § Z=
primary source is steam turbines, % =
7z S
N
O
D' @ My
MR o @@“‘wmf’@ /
& /2
STATIONARY ' 5{ ..,.«' -.%
BRUSHES ™~ s lgg =
iy i =
FUSION 2 = §
WIRE LOOP §

s
[:)___6 8 :O %@wrmm\m@

FIGURE 18. A tremendous amount of

energy is released when the nuclei of
FIGURE 17. As the wireloop turns and atoms are split or combined.

cuts the magnetic lines of force,
electric current flows in the circuit.

f. Nuclear Energy

Nuclear energy is derived from the
splitting of the nucleus of atoms or

miting two nuclei. Energy is given /
off in heat.
Splitting the mxlei of atoms is Yo
called “fission” ard uniting the nuclei j ol
of atome is called “fusion” (Figure 18). et
2, OONDITIONS OF ENERGY
For the purpose of scientific
discussion and use, energy is separa- FIGURE 19. Kinetic energy is that
g into two conditions. They are as produced by an object in motion.

a, Kinetic Energy

Enexgy in the form of motion, heat,
light or sound is called kinetic energy.
. It is energy in motion or at work like a

snowball rolling downhill (Fioure 19).

27
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b. Potential Enexgy

Potential energy is the capacity of an
inactive object to produce motion such as
a spovball being held on a hillside
(Pigure 22). It may also be used to

derote the latent power of a substance to
produce heat, light and other forms of

|“|I
ML
||I [

FIGURE 20. Electrons flowing through a
heating element or light from the sun
represents released energy.

may be stored, but only

uuut he trapped or
such as in the flywheel of an
engine‘ar heat energy stored in Thermos
bottles (Figure 21).

FIGURE 21. Heat energy stored in a
Thermos bottle is kinetic.

22

FIGURE 22. Potential energy is the
capacity of an inactive object to
produce motion or work.

Potential is and
it T Tn this Tor Tt it To dug fom
mines, pumped from wells, shipped and
stockpiled. It may be in such forms as
wood, coal, 0il, gas or water behind a
dam (Figure 23).

wooD

COAL |

' N
L g
.-’ ‘f/’n‘

FIGURE 23. Potential energy may be
stored in such forms as wood, coal,
oil, gas or water behind a dam.
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FIGURE 24. Potential energy is stored
in wood and released as kinetic energy
when combined with oxygen and burned.

_—

3. CONVERSION CF ENERGY

Energy presents itself in various ways
such as light, heat, sound, magnetiam and
motion. Actually these observable charac-
teristics of energy are the result of
energy's being converted from one form to
amother (Pigure 25).

MOTOVOLTAIC CELL
COLLECTON
REFLECTOR

PHOTO SYnTHESIS

FIGURE 25. Energy has its usefulness in
being converted from one form to another.

The sun is our source of .
It y heat,
and other wave energy from its nuclear and
chamical reaction. An engine bums fuel,
produces heat, sound and motion. Chemical
comversions of the food we eat emables our
bodies to keep warm and to give off heat.,
A series of energy conversions in a steam-
generating power plant are shown in
Figure 26.

23
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FOSSIL
FUEL BOILER -1 TURBINE GENERATOR .

CHEMICAL MECHANICAL - ELECTRIC
ENERGY ENERGY ENERGY ENERGY

i
X
>
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Therefore, when a plant, animal, hman
being, or machine uses energy for food or
to do work, the energy is not conmumed Oor  FIGURE-27. When wood burns. the energy
destroyed. It is simply transmitted to is changed to heat, smoke, gases and
another place or changed to amther form. ashes. .

24
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BOILER

USABLE

ENERGY
WASTE
TURBINE USABLE
ENERGY
WASTE
GENERATOR
USABLE
ENERGY
TRANSMISSION| WASTE

USASBLE ENERGY

APPLIANCES
ANO
EQUIPMENT

FIGURE 29. Energy loses some of its

converted to another form.

usefulness (quality) each time it is
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B. What are the Primary Known Sources of Energy?

All energy rescurces belong to one of
two grouvps—renewable or non-renewable
resources. For example, the sun is a
renewable resource; 8o is water. Fossil
ftnls—-ooal,oil,arﬂgas—-aremn-—
Tenewable. They were produced over
millions of years by vegetation under
pressure in the earth's crust and heated
by the sun. Uranium, another important
energy resowrce, is also non-renewable.

Most energy that is used today comes
from fossil fuels which are non-renewable.
nly 3.8% is derived fram nuclear sources——

COAL RECEWVING

which are also non-renewable.

Coal, oil and natural gas are the
primary sources of energy (Figure 30).
Most electricity comes indirectly from
these sources. About 14% is generated by
water power.

what about wood? Wood wes never used
in large quantities as fossil fuels are
today. But it was the primary source of
energy for the first 100 years of this
oountry.

Before 1850, wood was the primary fuel
used in the United States. Wood was used
to heat homes and huildings as well as to
generate steam for locamotives, ships and
factory machinery. After the Civil War,
our nation experienced great industriali-
zation and tapped coal as the major fuel
for industrial growth. Coal replaced
wood in the factory, in transportation
systems and supplemented wood as a hame
heating fuel.

From the birth of our nation until
the 1860's, whale oil was the principal
source of fuel for artificial lighting
and lubrication. From 1820 to 1860,
the price of whale 0il rose about 400%.
Demand exceeded supply.

*J.S. News and World Report, March 19,
1579.

COAL

ol

GAS

GAS STOPAGE

Gas DELVEAY LNES

FIGURE 30. Coal, oil and natural gas
are primary sources of non-renewable




In 1859 E. L. Drake drilled the first
camercial oil well in the United States. COAL EE
0il was refined to produce kerceene, a oiL
fuel for lagps, and lubricating fluids. GAS 5
Although 0il had a slow start as a fuel, NUCLEAR (I
the development of the autamobile and OTHER Z¢Z9)

as an by-product. £rom oil AVAILABLE CONSUMPTION

switched to this cheaper, cleaner source FIGURE 31. 0il and patural gas provide
of energy. 76% of our energy while coal represents

90% of available rescurces {(Nationai

Presently our maj sources Energy Outlock, DOE, 1976).

industrial products and the change to Wrld War I, petroleun was twice as
fossil fuels occurred at an accelerated important as wood, although ocal was
rate. In still i

1850, coal accounted for only predominant. But by 1946, the
108 of American fuel consumption, wood petroleum fuels began to outrank coal.
for 90%., But by 1885, coal passed wood,
and by 1910, the situation of 1850 was Now there is an imbalance of use based
reversed; coal 90%, wood 10%. After on damestic supplies (Figure 31).

C. What are the Major Uses of Energy?

It has already been stated that hames Americans have more than doubled their
consume about one fourth of the energy total energy consumption in the last 25
used in the United States. Industry years. Demand for energy, per capita,

accounts for 36%, transportation 26% and has increased by 50% during that time.
commercial buildings 14% (Figure 32).

All of these are important to the general

econamy .
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COMMERCIAL RESIDENTIAL

TRANSPORTATION

FIGURE 32. Relative uses of energy (Tips
for Energy Savers, DOE, 1976).

Heating is the 8 € Bource
of n
Sertor. WEker Gty and various
appliances are next. Some of the factors
vhich can greatly influence the consunp-
tion of energy for these purposes
include:

- Building design and location.

- Insulation, storm windows, weather-

- Maintenance of heating and cooling

systems.
- Furnace and appliance efficiency.
- Thermostat settings (heating and
cooling) .

- Fuel and electricity prices.

These factors involve both conservas
tional attitudes and economic Incentives
You can readily 868 Tram available Informa- .
tion that energy efficiency in buildings
can have a major impact on energy consump-
tion and, as a result, economic well-being
in the United States. Our best sources
of energy in the near future are
consewatimandeffmimtuseofow
resources.




il. Developing a Concern for Conserving Energy

NUCLEAR

NATURAL GAS

e W0 1828 bk 174 L) e 51 1578

FIGURE 33. Relative consumption of
energy in the United States {Chart,
Energy History of the United States,
DOE, 1975).

Since World War II, modern technology
has endowed man with countless mechanized
tools and conveniences which were not
dreamed of a centwry before. Most of our
advances in techmology have resulted
from an apparent abundance of fossil fuels.
Utility companies reduced rates to high
volune consumers, Between 1950 and 1975
the energy consumption in the United
Statesahmstdmbled. We have become a

civilization in a
very short time.

No one really knows how mxch fossil
fuel is still available, or how much
energy can be gained from alternate
sources. Best estimates, howewver, seem

to provide for Iittletimehodﬁ.n?__l_og
alternate sources time,
a conservation is necessary.
Waste must be held to a minimm without
appreciably disrupting production or
changing lifestyle.

The importance of an energy conserva-
tion program is discussed under the
following headings:

A. How Iong Will the Present Supply
of Fossil Energy last?

B. What are the Prospects for Alter-
nate Sources of Energy?

C. What Effect May the Energy
Situation Have on an Individual?

29
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A. How Long Will the Present Supply of Fossil Energy Last?

RATE

TIME

FIGURE 34. Energy consumption continues
to increase while resources decrease.

This situation violates all rules of
supply and demand, Certainly, it indi~
cates a oopllision course, or a point of
no return.

You have probably heard or read in
recent years that doomsday is in sight
for our supply of fossil fuels. Fore-
casting the end of our aburdant energy
era has been a popular topic among
politicians, scientists, educators, the
news media and the Mmerican public.
Predicting the day, year or decade in
vhich our fossil fuel supply will be
;d;ustedisatpreeentaninpossible

Until recently, most of us thought
that our fossil fuel sources were unlim-

While the United States has only 6%
of the world's population, it consumes
35% of the world's energy supply (Figure
35). As techmology increases in other
countries, it is expected that competi-
tion for the world's supply of energy
will increase.

35% WORLD
ENERGY
CONSUMPTION

6% WORLD
POPULATION

FIGURE 35. The U. 8. has six percent of
the world's population and uses 35
percent of the world's energy.
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A ooncerted effort is being made by
. both government and industry to reduce

our dependence on foreign supplies.

?ofﬂﬁmbeirgtahmmas

|

Developing alternate sources. 1. OOAL
Reducing waste.
MuM$mmbhmm
As these programs develop, the rate rescurce which exists in ve
of depletion will change. Pexhape it abundance, Proven U, S. reserves are
¢ is not so important for an individual estimated to last up to 300 years at the
to try to predict how long supplies will cuxrent rate of use, Presently, about
last. But it is isportant to realize 65% of the ooal mined is used for elec-
. that fossil fuels are non-renevable trical generation; about 30% for industrial
resources and at the present conmuption processes. In the future, it may be
?u,mmlh,mgm,&:?y converted directly to gas or oil,
ew years. Perhaps not in your life- o
o eyt adh svngio Tt coor in the NpeIahLa e e o
to increase +» the cost vill markets, mining in Westem states is
. mmiﬁh%?
Much effort is now being made by to more .
.mtmﬂirdmttyto these Ash cmxpollutim. Combustion
mwﬂ%!% . releases sulfur
! » and Bt more ash ﬂ\mmmﬁg Undex-
peocple in other nations as well more ash, Eastern .
mmmﬁfmdaﬁél ground mining is a hazardous operation.
shortage. Itmsaraiﬁﬁotpeople Stripmining--the .'I.aasl:aﬂ1
everyvhere t0 take a ser look at the method-—causes erosion
energy situation. They became more aware whﬂrmwisklmtimof
of the importance of energy in our daily ace-mined areas is expensive,
lives.

E
g
:
|

FIGURE 36. The supply of coal is still
. abundant in the United States.

3
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FIGURE 37. Exploration for oil under the

ocean.




B. What are the Prospects for Alternate Sources of Energy?

33
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FIGURE 38. Projected use of domestic supply of current major energy resources

. (National Energy Outlock, DOE, 1976).




20
| NUCLEAR ELECTRIC
POWER GENERATION

PERCENT OF TOTAL

L FIGURE 40. Cross sectiomal sketch of a .
YEAR nuclear-powered steaw generator.

FIGURE 39. An estimated projection of

the use of nuclear energy for power .
generation (National Energy Outlook, DOE,

1976).

The sowrce of nuclear energy is algo the uranium necessary to produce fission

limited. In the tnited States, it is reactions in conventional muclear power
estimated that there is about a 20~ o Plants. The drasbacks to fission as it
S0-year supply of uwranium. Uranium is is presently used to produce electricity
used in the present electrical power are the radioactive wastes, poesible
plants. It is a fissionahle material. accidents which would release radiation
into areas, and thermal
Uranium, as a fuel for mclear pollution resul from the large amounts .
, 18 a controversial energy of water from lakes and rivers required
source, Its in the fact for cooling.
that 28 gm (1 o2) of has a heat
value equal to 388 barrels of petroleum, Resources for the other type of
Mining uyranium is a great deal more mxlear energy, fusion, are unlimited.
difficult than mining fossil fuels, Lithivm hydride, a source of deuterium
however. Even the richest uranium ore and tritrium, abhamdant. This process
may contain only a fraction of one has not been harnessed as yet. It takes

hard to estimate. Some say we 35
about a 30 year's supply left of -
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FIGURE 42. Total daily solar energy at the ground in July {Calories/square centimeter)
{Solar Energy, DOE, 1976).

FIGURE 44, Principle of a water-powered
generator.

FIGURE 43. Photoveoltaic cell.
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FIGURE 45. A pumped Storage system.
5. SOLID WASTE

A H’.E’—'»
S Jovw =y

2wl L
) "éﬁﬁii;-!!r

ML)

FIGURE 46, Electric power plant using
solid waste fuel.

Bxning combustible tragh, in mixture
with coal or other fusl, to power electric
~enerators is becoming an attractive idea.
In fact, same ssall plants are already in

01id wastes to elec-

directly. Some forms of algae produce
M aw. Production
isliwiuda:uq:mdvé.

FIGURE 47, Methancl may be used in
automobiles.
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7. WD conversion and low cost, windnills lost
their appeal (Figure 48). There is

. But electric enexrgy, perhaps eventually as
with the advent of electricity, its much as 10% of the total need

49). The sount varies in different
parts of the country (Figure 50). The
potential for wind energy is third after
golar and photovoltaic sources.

FIGURE 48. Windmilis once were used for - —________
grinding grain and pumping water. FIGURE 49, Wind generator.

00
150 00 200 I I“?am 200
mm \EO/” wro /!
p ML e,
00 = //
oo o [ 1
400
Lo HI | H 400
i
300
\

100'%°
150
wo
POTENTIAL ANNUAL WIND POWER
{Watts perin?)
FIGURE 50. Relative wind capacities in the United States (Solar Energy, ERDA, 1976). .
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. FIGURE 52. Geothermal possibilities in the United States.
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FIGURE 53. The ocean tide is a potential
source of energy.

E may also be used for generating elec-
tricity in offshore power plants,

——

10. WOOD

face competition for land use by the
agricultwral sector.

FIGURE 54. Wood is an important source
of energy.

11, SHALE OIL

fhale o0il is sedimentary rock from which
oil can be extracted by heat., Swme experts
estimate that the United States has more oil
in this fomm than all of Saudi Arabia‘’s
proven 0il reserves. With present techno-
logy, this foem of energy extraction is
oostly in comparison to conventional
petroleum, As the price of conventional
petroleum escalates, s0 does the feasi-
bility of shale 0il recovery, A tremendous
aomt of water is required and environ-
mental problems are involved,
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C. What Effect May the Energy Situation Have on an Individual?

Fram thigs section, you will be able
to discuss same of the effects that
energy shortages may have on individuals,
They are as follows:

1. Effect of Qost,

2, EBffect on the Booromy.

3. Effect on Lifestyle.
1. EFFECT OF QOST
muxudyﬂnmstofmwism'
than existing systems.,
development of new sources of ocoal, oil
and gas ig going to be more expensive
than it has been in the past,

(pal is coming from more remote areas,
Boological standards are high, Iand
mist be reclajmed vhere strip mining is
used. Bxploration for oil and natural
Etinoffslnmoperati&sfsaq:mive.

holes are made now where there are
only slight possibilities of oil and gas.

Rec!.aimi:qoilfruns!nleisan'
expensive process,

The cogt of foreign oil has increased
three times in years, The
upe of alternate sources is usually more
expensive than conventional sources,

Best estimates are that energy prices
will contimue to increase by about 10%
per year, Cost of heating and cooling
buildings will contime to increase. 2As
the cost of energy increases,

FIGURE 55. More of individual incomes
will be used for energy.

Qosts of all forms of transportation
will rise, thus making it desirable for
people to live near their jobs, schools,
churches and recreation centers, Use of
public transportation systems will
increase as the cost of owning and main-

~taining a private wehicle rises,

2, EFFECT ON THE ECONOMY

A real problem with the present
energy situation is that the United

people
mast establish new priorities. A greater  States is spending more for foreion

" percentage of pay checks will be spent
As this expense trade. This deficit in the balance

oil than it gets back in foreign
of payments causes unemployment and

4




35 8ILLION

T _~—_DOLLARS PER YEAR .
S

FIGURE S56. The U. 8. exchanges 4S5
billion dollars per year for foreign
oil,

The picture is not all bleak. In

-,

3. EFFECT ON LIFESTYLE
Mxh effort is being made toward
maintaining the lifestyle to which
everyone is accustomed. Health comes
first but a lot of energy can be saved
without impairing your health. A
little discomfort from being too wam
or two cool will not affect your health.
while saving energy may cause a little
inconvenience, it will not hurt you,

There is a trend toward smaller auto-
mobiles, mass transportation and reduced
o R e
on reduci ﬁgrﬂgainarﬂ
changing thermostat settings.
Thermostats are turned down in winter
and up in summer,

Pecple are considering smaller houses
and they are reduc the anount ot
heated and cooled, mﬁ,mﬁc
changjes have taken place in lifestyles
{Figure 57). As the cost and availa-
bility of energy increase, the change
will become more drastic.

/ / I

FIGURE 57. Few people have changed
lifestyles because of the energy
shortage.

*




ll. Understanding the Use of Energy in Buildings

Energy requirements for heating and without reducing comfort and conven-

oooling buildings are measured in joules ience appreciably, certain measures may
(Btu}. For example, the heating require- be taken that will save as mach as 2/3

ments for a hame during one season may of this amount. Such a saving would
be as much as 106 to 212 billion joules result in a 10% decrease in the total
(100 to 200 million Btu). consumption, or 7.8 quintillion joules

(7.4 quadrillion Btu)——the equivalent
The texm for measuring energy is the of 3 1/2 million barrels of oil per day.
joule [British Thermal Unit (Btu)]. A
Btu is the amount of heat required to How energy is used in
raise 454 g (1 1b) of water 0.56°C (1° F). dlacussedm'lderthefouovd.ngheadings
This quantity is equivalent to the burning

of a wooden match. The three primary A. How Energy is Used in Buildings.

gources of heat in buildings are natural B. How Geographic Locations Affect
- gas, oil and electricity. Energy availahle Energy Use in Buildings.

fram each is as follows: C. How Design and Construction

3 3 Methods Affect Energy Use.
Natural Gas -~ 39.2 MJ/m™ (1,052 Btu/ft~) D. General Recommendations for
0il ~ 38.5 MJ/1 (138,000 Btu/gal) Energy Efficiency in Buildings.
Electricity ~ 3.6 MI/kN:h (3,410 Btu/kw.h)

The efficiency of gas and oil is about
75%. When the equipment is new, the
efficiency of electricity is 1008. But
. the conversion of gas ard 0il to electric
energy is 35% efficient.

It is estimated that 38% of the energy
consumed in the United States is used in
buildings--24% in residences and 14% in
comrercial buildings.

A. How Energy is Used in Buildings

Most of the energy used in huildings You can see that the first places to
is for space heating (Figure 58). It look for savings are in space heatirg,
ranges from 60% to 75% depending on the water heating and other appliances. Of
climate. In cOlder climates, more energy  course, if you live in a hot climate,
is needed for space heating., Water air conditioning will be more significant.

heating is the next single largest use
of energy, In the wamm sections of the
oountry, air conditioning is a big factor.

Lighting amounts to only about 2 percent.
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Qommercial buildings and residences
consume one-third of all the energy
used in this country. Energy is used in
heating and oooling the building. It is
used in lighting, appliances and equipment
SPACE HEATING 88% amd is required to make plumbing function

HEATING 14%
From your study of this section, you

OTHER 9% ﬂlhmwmwﬁh
used in . 8

REFRIGERATION

AND
LIGHTING COOKNG
FIGURE $8. Estimate of average distri-

bution of energy in U. S. homes, DOE,
1977.

Since equipment and appliances differ
from building to building, it is hard to
estimate the energy usage. A large
percentage of commercial equipment must
be warmed up before it will operate
efficiently. 2s a result, many office
and factory machines are turned on early
in the morning and are in operation all
day whether they are being used or not.
One classic example is the coffee perco-
lator which is used in almost all
comercial buildings. Duplicating and HEATING 8%
copy machines are on most of the time.

In large buildings, escalators and
elevators are standard equirent. The
escalator is another machine that consumes
angrgy whether it is being used or not.
An average 0.8 m (32 in) wide escalator,
operating at 27.5 m/mu (90 ft per min),
with a 4.3 m (14 ft) vertical rise, will FIGURE 59. Most of the energy used for
use 4.68 MJ (1.3 kiWh) per hour. 2an buildings is for space heating.
average 2,043 kg (4,500 1b) elevator,
stopping on 12 floors, will take up
8.1 kih per car-kilometer (13 kiWdyr per
car-mile), so these machines do consune
large amounts of energy.




FIGURE 60. Space heating Is accomplished
by burning fuels in mechanical equipment.

Such units include forced air
furnaces, open coil units, heat pumpe
and closed hot water or steam systems,
to mention only a few. Despite the
vast differences in heating systams
available, mos: of them use three types

of energy, gas, oil and electricity.
2. QOOLING
Space heat.mg and oooling are called

'%ﬂgg%_nhﬂ.“ Oooling consumes
less of energy used in homes
(Figure 61) in the United States. Unlike
heating units, cooling units generally
use electricity as a nmer source. Even
though there are two main types of air
conditioners, comprecsive refrigeration
and absorption, both use electricity

to function. The cbiject of air
oconditioning is to maintain a comfort-
able teamperature ingide the house when
the outside air temperature is
uncafortably hot (Figure 62). The
cperating efficiencies of air condi-
tioning systems vary considerably.
Conmercial buildings use about 9%

AIR
ONDITIONING

FIGURE 61. Energy used for cooling is
about 5% of the total in homes.

SPACE COOLING

EVAPORATOR

CONDENSING UNIT

FIGURE 62. Air conditioning requires
energy to lower the temperature inside
buildings.

3. PLIMBING AID WATER HEATING

Except for hea water, plunbing is
probably the energy- convenience
that we have. Most water supply systems
are already under pressure when the water
arrives from city water mains. Pumnps are
required to increase water pressure in
milti-story buildings and to supply water
directly from wells.
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FIGURE 63. Conventional hot anpd cold
water systems.

4. LIGHTING

Lighting uses about 2.0%of all
electricity consumed in the home (Figure
64). There are three major types of arti-
ficial lighting: incandescent, fluworescent
and H,1.D. (high intensity discharge).
All of these use electricity as their
gource of power, some more than others
(Table I).

Incandescent produce light by
heating a tungsten with an
electrical current until it emits light.
The filament is encased in an evacuated
glass tube to prevent rapld disintegra-
tion. These lamps are least efficient
for giving off light.

2% LIGHTING

FIGURE 64, Lighting uses about 2% of

eNergy in homes. *
Fluorescent prodice light by

the fiow ical current thoough

is amitted directly by the inert gas.
Mercury-vapor is enclosed in a quartz
bulb and visible light is given off when
an electrical current flows through the
bulb. A second bulb surrounds the first
and filters out the unwanted radiation
and light. H.1.D. larps are slightly
rore efficient than fluorescent,

TAHLE 1. COMPARISON OF EFFICIENCIES (F
THRFE TYPES OF ELECTRIC LAMPS*

™ e of Lamp Lumeng/Watt

Incardeacent 8-26

Fluorescent 30-83

HID (sodium) 74-132

*Lighting, DOE, 1978.
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5. APPLINCES N RQUIPMENT
APPLIANCES 9%
Appliances vae about 9% of the energy
in homes (FPigure 65). Gadgets and
appliances operate from eithex one of
o rimery energy sources, electricity
and matural gas. Electricity is by far
the most comon source of power,
Relative amounts of energy consumed by
appliances and other mechanical conven-
iences are given in Tables II and III.
TAHLE II. EBENERGY QONSUMPTION OF MAJOR
APPLIANCES*
. Major Apr hady/yx FIGURE 65. Appliances use about 9% of
energy in homes.
Afr-Conditioner (room) (Based 860
on 1000 hours of operation per Waghing Machine--autamatic 2,500
yeor. This fiqure will vary (including energy used to heat
widely depending on geographic water)
area and specific size of unit) washing machine only 103
I Clothes Dryer 993 m(ﬁntilrg bhchim—-mn—ah;uflmtic 2,497
uding energy to t
. Di?lm 2,100 water)
including energy used washing machine onl 76
to heat water) Y
Wt!l." e
dishwasher only 363 Heater 481
Freezer (0.45 1°) (16 £t°) 1,190  *Tips for Energy Savers, DOE, 1977.
Freezer—frostless (0.46 M) 1,820
{16.5 £t")
Range with oven 700
with self-cleaning oven 730
mfrigesator (0.33 ) 728
(12 ft
-frogﬂesa 1,217
(0,33 :!) (12 ft
(o 35 M) (12 5 ft
hor/h'eezes (frostless) 2,250
N4 ) 7.5 £t '
47
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PORTARLE APPLIANCES* Heating and Cooling lady/yx
Ar Cleaner ) ﬁ? .
N ——— — — vy Dehumidifioy :&7
ander Fan (attic)
Epm 1%3 Fan (circulating) 43
Carving Knife 8 Fan (rvllaway) 13¢
" Coffee Maker 140 Fan (window) 170
Desp Pryer 83 Heater (portable) 176
Byg Cooker 14 Heating Pad 10
Frying Pan 186 Bunidifies 163
ot Plate 90
Mixer 13 Laundry kih/yr
Oven, Microwave (only) 190
Roaster 205 Iron (hand) 144 .
Sandwich Grill 33
Toaster 39 Health & Beauty kntv'yr
Trash Compactor 50 —
waffle Iron 22 meamicidnlm Lanp 13. .
waste Disposer
—_— » Heat Lamp (infrared) 1: 6
Shaver .
Bbusevares ihv/yr o ®
Clock 17 Toothkxush 0.5
Floor Polisher 15 Vibrator 2
vacnan Cleaner 46 *Tips for Energy Savers, DOE, 1977,
I l I RS NOTE: When using these figures for projec-
kihvyr tions, such factors as the size of
’mwd,qmﬂ ayer 86 ;:mc plidle et b o P
[»)
Televigion P 109 use should be tahm':l.rm congidera-
Black & white tion.
Tube type 350
Solid state 120
Oolor
Tube type 660
Solid state 440

-
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B. How Geographic Locations Atfect Energy Use in Buildings

COMPARISON OF ENERGY REQUIRE-
with the geographic location., For example, MENTS TO HEAT SIMITAR HOUSES
in cold locations more energy is required IN FOUR DIFFERENT CLIMATIC
for heating (Figure 66). For example, it ZONES

of touse in Georgia (Table TV). Bimerk New York Denver  Atlanta
e =~
Billion Joules
528 an 148 72
Million Btu
500 200 140 67

FIGURE 66. In cold climates, more energy is r-quired for
heating than in warm climates.




o

and Hemii, two more aones are added. 11'. mmm
Table V gives climatic conditions 3. wind.

that influence energy use in buildings, 4. Sum,

TAELE V. CLIMATIC CONDITIONS THAT INFLUENCE ENERGY USE IN BUILDINGS

T T
Location (Annual Hours)

Moisture Wind
N. Chio Qold Hot Buamid Windy 2200
N. Mirnesota Cold Hot Badd Windy 2200
Oregon Mild Mild Wet Moderate 1800
N. Mississippi Cold Hot Bunid Windy 2600
Gulf Coast ool Hot Banid Moderate 2600
S. Plorida Warm Hot Bamid Moderate 2800
Colorado Cold Mild Dry Windy 3600
S. West Mild Hot Dry Wwindy 4000
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HOTAND

- FIGURE 67. Climatic regions in the United States.

(68°F) to 21°C (70°F). When the
terperature cutside is lower than 18°C

Ingide temperature is maintained
26°C (78°F) during the sumer.
outside temperature is greater ¢
energy is required to lower the tesperature
inside (Figure 68). The energy required
in both instances is to maintain a 6°C
(22°F) difference in temperature.

1
+

o i =N

/’
/

Ee

8*C (48°F)
OUTSIDE
20°C (68°F)

INSIDE

37°C (100°F)
OUTSIDE

26°C (78°F)
INSIDE

T

Tt LT “
RIS, /4 A
oy~ 10y T ¢

b N e

e

12°C (22°F) TEMPERATURE DIFFERENCE
31.7 MJ/he. 30,000 BTU/he,) REQUIRED

12°C (zz-n TEMPERATURE DIFFERENCE
31.7 MJ/hs. (30,000 8TU/he JREQUIRED

FIGURE 68, Energy is required to maintain the temperature within a

building at a comfortable level,

N
]
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FIGURE 69. Ice-constructed igloos
insulate against cold.

Early settlers of this continent

The relative humidity is important in
degigning housing., Chill factors are

N
XRR | PPFFPFFFF

FIGURE 70. Adobe construction protects
against heat.
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FIGURE 71. Shade and ventilation protect
from heat in hot-humid regions.
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FIGURE 72. Damp and cold are more uncomfortable than dry and cold.

In hot-hawmid rm
puﬁﬁmmmm

solar radiation (Pigure 71). Breezes —
are desirable 30 cpen walls and elevated COLD WINO <
floocrs allow air circulation for cooling )

by matural ventilation. C'-)(\

tenperature is needed for comfort, thus
mre enevgy is requived.

§

use .
house should be protected against cold MORE HEAT REQUIRED

crevices increases energy use FIGURE 73. Cold winds increase tne use
onsidersbly. A house without caulking of energy in buildings.
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L0 "= SUNNY DAY
63.3 M3/ 190,600 BTU/he)
REQUIRED FOR HEATING R AL ALY

FIGURE 75. More energy is reguired for heating on a ¢loudy day than on a sunny day.

On the other hand, a breeze can be Iong ago, farmers who lived close to
quite welcome in the sumer. The desire mature learned things about the wind that
to utilize nature's air conditioning we should utilize, They learned that
probablymspiredﬂmeumatimofﬂme trees can divert the wind's direction,

porch, The old possun run or dog trot Farmers built their houses and animal
houses in the south provide comfort by shelters down wind of and adjacent to
channeling prevailing summer breezes windlreaks, Claims are made that when
(Figure 74), Air conditioning systems houses are placed in these wind-shield

have not duplicated the effect of a fresh  areas, as mxch as 20% of fuel cost is
breeze. saved.
4. SN

PREVAILING BREEZE Sunshine aids in reducing energy needs

for buildings (Pigure 75). On the other

Usually, these are in the warmer c].imtes.

The sun ig high in summer, low in
winter. The sun’s path is precise and

DOG TROT

FIGURE 74. Porches and breezeways help

cool houses. .
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2.7 MJ/he. - M?
{240 BTU/SQ. FT }(12 NOON)

—— —

22Mi/he - M - -
z ~ OASHED LINE INDICATES
o } B RBTAL RLANE
SUMMER ORBIT THE EAST-WEST AXIS
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FIGURE 76. The path of the sun influences the use of energy in buildings.
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C. How Design and Construction Methods Affect Energy Use

Several factors influence the amount
of erergy used in buildings.

Planning an energy-efficient hame or
building begins with the selection of
the site, followed by the proper orienta-
tion of the building on the site, Design
of the structure, arrangement of rooms,
selectmnofnaterialsmﬂmlnmml

methods will help you save energy in
your building.

F:uuthxssectmwumllheableto

describe how and construction
atfect use, are

headings:

1. Effect of Site Location.

2. Effect Of Iks‘ign.o

3. Effect of Materials Used.

4. Effect of Insulation.

5. Effect of Vapor Barriers.

6. Effect of Weatherstripping and

Caulking.

7. Effect of Windows and Doors.
8., Effect of Heating Methods.

9. Effect of Air Conditioning.
10. Effect of Ventilation Method.

11, New Methods of Heating and Cooling.

12. Effect of Lighting,.
13. Effect of Plumbing.
14. Energy-Efficient Appliances.

1. EFFECT OF SITE LOCATION

Site location and the orientation of
uildings on the site affect the amount
of energy used in heating and cooling,
The sun and wind are two major factors
that influence eneryy use.

Keep in mind that in the northern
hamisphere the sun is high in the sky
during the summer and lower on the hori-
2on during the winter.

1) tops, ridges and higher elevations
hawerrnreexposuretothewirﬂarﬂare
oolder in the winter and cooler in the

sumrer. In cold climates, select scuthern

exposures protected by land of higher
elevations. Flat sites are open to full
sweeps of wind. Air temperatures near

“alaﬁehodiesofvateraretemedbythe

Some trees make good wind screens.
Deciduwus trees are excellent summer
shelters, while evervreens provide
shelter the year round.

Room orientation is also important.
Rooms of major use criented to the
southern, warmer side of a huilding
capitalize on solar energy.

Energy consumption can be reduced by
choosing the gite carefully. Site
location should vary, depending on the
climatic zone. Site locations should be
considerad for each of the zones as
follows:

de mldm

A house built on the northern or
western slope with little or no protec—
tion from the prevailing winds will use
nore energy than one situated on the
southern or eastern slope (Figure 77),

Vegetative protection can also be a
factor in energy use,
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FIGURE 77. Buildings exposed to cold prevailing winds will use more energy

for heating than those protected.

b. Temperate Zone

A halance is needed in the temperate
zone between protection from wind in
winter and access to air in summer,
Also, vegetative protection that is used
in winter may be used as shade in
sumer (Figure 78).

TEMPERATE ZONE

¢. Hbt~Hunid Zone

Summer camfort is more important than
winter heat in the hot-humid zone. If
air circulation is inadequate during
summer, excessive energy will be needad
for cooling. Houses should be situated
on southern and northern slopes with
vegetative protection and shade provided
{Figure 79).

R T ]
N

HOT HUMID ZONE

FIGURE 78. A building in the temperate
zone should be moderately protected.

FIGURE 79. Buildings in the hot-humid
zone should be oriented toward the
north or south with ample shade for
summer.




Hot~-Arid Zone

Houses ghould be oriented toward the
east with afternoon shading (Figure 80).
Wind is not t here because it is
generally not too cold in winter and it
is hot and dry in summer. It is best if
you can ghield the building from sumner
prevailing winds.

d,

HOT-ARIO ZONE

FIGURE 80, Buildings in the arid west
should face the east and utilize after-
noon shading whenever possible,

i

EAST

FIGURE 81. Rectangular houses oriented
toward east and west generally use less
energy year round.

2, EFFECT OF DESIGN

The of a building also has an
effect on amunt of energy used,
Generally, a rectangular house oriented
east and west will use the least amount
of energy (Figure 81).

Design should allow for exposure of
windows to sun in winter and shade in
sumer (Figure 82). Shades may be used
effectively.

SUMMER

WINTER

FIGURE 82. Windows
during summer.

+ ¥
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should be exposed to sun in winter

and should be shaded
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FIGURE 84. Structures may be designed to accommodate more insulation.

Designers are changing their philosophy

about uildings. The "anything goes"
attitude which was characteristic of the
past decade has suddenly evolved into a
functional and efficient approach to
building design. For example, rambling
structures are being replaced with
cubicle bhuildings which have a minimm of
exterior surface area. Such measures cut
down on one of the greatest sources of
heat loss.

1T M=l

LARGE WINDOWS
REQUIRE

MORE ENERGY

SMALL WINDOWS
REQUIRE
LESS ENERGY

FIGURE 83, Large windows require more
energy than small windows,

The use of glass has become an impor—-
tant factor In design. Before energy
conservation was important, designs with
large expanses of uninsulated and
unprotected glass were cammon. Now the
arount of glass used in many building
designs is being reduced (Figure 83).
Nearly everywhere in the continental
United States, south-facing windows
admit more heat than they lose. To
effectively reduce heat loss through
windows, at least two layers of glass
are needed in cold climates. A third
layer of glass, or moveble insulation
(curtains or shutters) covering the
glass at night, can reduce heat loss
further. An overhang or other shading
will cut unwanted summer heat.

Designs are being adopted which
utilize better insulation. A new design
innovation is the Arkansas System which
recommends 5.1 x 15.2 em (2 x 6 in) stud
framing to accammodate more insulation

{Figure 84).

dditional conservation measures
include the utilization of insulated
doors and malti-pane windows. General,
overhead lighting fixtures are being
replaced by task lighting.
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Many factors are taken into consideva-
tion, including the orientation of the
house, slope of the 8 of sun-
shine, prevailing winds tude,

Mechanical should nmot impose
large loads on the ty system during
peak periods. The selection of oversized
equipment should be avoided. In commercial
buildings, the most significant features
uchﬂatheuseofumlatimm
fenestration, control ©
Tevels of illumination

It has been proven that construction
oosts & not have to be greatly affected
in either residential or commercial
buildings in order to save energy. An
example of this fact in commercial
buildings is in the General Service
Administration Building in New England.
Energy usage is cut between 30-50% by the
use of good design. The price came to
$50.10 per square foot in camparison with
the average cost of $50.00 per square
foot for similar construction in that
m.

orientation of the
ce area.

3. EFFECT OF MATERIALS USED

Inordu‘toconserveaﬂrgym
huildings, the principle is to reduce
heat transfer through the ocuter structure
of the house, Some building materials
allow more heat transfer than others.
For exanmple, just as much heat will be
lost, or gained, the same area
of 20,3 om (8 in) of concrete hlock as
through 1.9 am (3/4 in) of wood and more
through a single window pane (Figure 85).

You should consider using combinations
of construction materials that will allow
the least heat transfer. Table VI gives
the relative heat transfer resistance of
several common building materials,

As to combinations of these, campare
the total resistance to heat transfer of
the two wall compositions in Table VII.
Note that neither wall has insulation.

6

EQUAL ENERGY FLOW

4 8mm
{3!]8!:\}

GLASS

wooD

CONCRETE

FIGURE 85. Heat loss varies through
different materials.

4, EFFECT OF INSULATION

The type, amount and the way insulation
isinstalledareallmportantmre:lming
heat transfer in and out of
For example, you may have 15,2 am (6 i.n)
of insulation in your attic but have more
energy loss than your neighbor whose
house hag the same amount (Figure 86).
The reason is that different types of
insulation have different insulation
values, Another reason isg that one
house may have all the cracks and crevices
covered while the other may not.

You learned from the last section the
importance of selecting materials. Note
the value of insulation in Table VIII as
to resistance to heat transfer.

A




TABRLE VI. RESISTANCE T0 HEAT FLOW OF SOME
(OMMON BUTLDING MATERIALS
Registance
Type and Material to Heat
Flow (R)*
(cm) (in) °¢  h.ft2oF
w Btu
BUILDING BOARD
Gypsum 0.95 3/8 0.06 0.32
1.30 1/2 0.08 0.45
Plywood 0.64 1/4 0.05 0.31
0.95 3/8 0.08 0.47
1.30 1/2 0.11 0.62
1.90 3/4 0.16 0.93
wood Subfloor 1.90 3/4 0.17 0.94
MASONRY
Concrete 15.2 6 .08 .48
20.3 0.11 0.64
Concxete Blocks
3 oval core
gand and gravel 10.2 4 0.13 0.71
20.3 8 0.20 1.11
Cinder 10.2 | 0.20 1.11
20.3 B 0.30 1.72
Common  Brick 10.2 | 0.14 0.80
Face Brick 10.2 4 0.08 0.44
SIDING
wood shingles 41 16 0.15 0.87
wood bevel 1.3 x 20.3 172 x 8 0.14 0.81
wWood plywood 0.95 3/8 0.10 0.59
Alunimmm or steel 0.11 0.61
FINISH FLOORIN
Tile, asphalt, linoleunm,
vinyl, rubber 0.008. 0.05
HBardwood 0.010
ROOFING
Asphalt 0.95 (3/8) 0.08 0.04
built-up 0.06 0.33

[ ]
ﬁ-@ﬁgs (n'eters)2°c + watts

. b;gé.‘l, = Hours (feet)2°F+ British thermal units
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TAHE VII. OOMPARISON OF RESISTANCE TO HEAT
FIOW OF MATERIALS AND TWO TYPICAL

WALL SECTIONS .

Resistance
Frame Wall to Heat Flow
(R-value)
n2°C he £t2°F
W Btu
Outside film 24 Jayhr (15 nph) 0.03 (0.17)
wind, winter
Siding, wood 1.3 % 20.3 cm 0.14 (0.81)
(/2 x 8 in lapped) .
Sheathing 1.3cm (1/2 in) regular 0.23 (1.32)
Inside dead air space 0.16 (0,91)
Gypsum wall board 1.3cm (1/2 in) 0.08 (0.45)
Inside surface (winter) 0.12 (0.68)
Total Resistance 0.76 (3.43)
Resistance
Masonry Wall t0 Heat Flow
{R-Value)
Outside surface 24 kmw/hr (15 mph) 0.03 (0.17) .
Face brick 10.2om (4 in) 0.08 (0.44)
Cement mortar 1.3cm (1/2 in) 0.02 {0.10)
Cinder block 20.3am (8 in) 0.30 (1.72)
Air space l.4cm (3/4 in) 0.23 (1.28)
Gypeum board 1.3am (1/2 in) 0.08 (0.45)
Inside surface 0.12 (0.68)
Total Resistance 0.86 (4.84)
62
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TARLE VIII. RESISTANCE T0 HEAT FLOW OF SOME
QOMMON  INSULATION MATERIALS

. Registance

Type of Insulation to Heat Flow
(R-Value)
m2°C h. ft2op
W “Btu
Blanket and Batt: 5.,1+6.9 am (2-2 3/4 in) 1,23 (7.00)
(fiberglass) 7.6-8.9 am (3-3 1/2 in) 1.94 (11.00)
13.3-16.5 am (5 1/4=-6 1/2 in) 3.3 (19,00}
Loose Fill:

Cellulose, per 2,54 om (in) 0.65 (3.70)
Saxdust, per 2.54 em (in) 0,39 (2.22)
Perlite, 2,54 om {in) 0.48 (2.70)

Rineral (rock, slag, glass)
7.6 cm (3 in) 1.58 (9.00)
11.4d om (4 1/2 in) 2,29 (13.00)
16.5 em (6 1/2 in) 3.35 {19.00)
19.1 om (7 1/2 in) 2.23 (24.00)
Vermiculite, per 2.54 an (in) 0.39 (2.20)
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| Ry INSULATION

— . IMPROPERLY
INSTALLED

INSULATION
PROPERLY
INSTALLED

FIGURE 86. Two buildings with the same type and thickness of insulation may

not have the same energy efficiency.

All types of insulation work on the
principle that air is trapped in the
spaces between particles or layers of a
material. Trapped air is a poor heat
conductor, Some insulators combine
aluninm foil as a reflector with other
ingulating material. Alunimm foil
reflects heat.

Insulation is available in a variety
of forms, sizes and thicknesses. Loose-
fill is one of the few types of insulation
that can be used to insulate the walls of
an existing huilding without removing
the walltoard or plaster (Pigure 87).

Loose-fill insulation consists of
small particles of mineral wool, wood
fibers, or vermiculite. This material
can be poured from bags between ceiling
joists in an attic, but in walls of
existing houses special equipment is
required to blow the insulation into the
crevices. Adding proper amounts of
looge- fill insulation to an wninsulated
structure can easily reduce energy
consumption by one-half.

SIDING REMOVED

?

BLOWN-IN
INSULATION

HOLE DRILLED
IN SHEATHING

N

A
~-STUD

¢

.-

)

FIGURE 87. Loose-fill insulation may be
blown in.




INSULATING PANELS

FIGURE BB. Styrofoam and compressed
organic fibers come in rigid sheets.

Insulating panels of styrofoam, poly-
urethane and compressed orqanic fibers
are effective materials when placed in
proper locations in buildings (Figure 88),
These panels are cammonly used on flat
roof decks being put in place before the
final rcofing.

They may also be added to the outside
walls,

Flexible insulation is availahle in
blankets and batts. These, too, may be
of mineral wool, wood fibers, or fiber-
glass and come in varying thicknesses
(Figure 89), Standard widths are 41 and
6l an (16 and 24 in). Batt insulation
is installed between exterior wall studs
and ceiling ¥0ists in residences during
oconstruction.

S. EFFECT OF VAPOR BARRIERS

28 warm air oomes in contact with a
cxler surface, such as wallg and window
panes, water vapor in the air condenses
on the cooler gurface. When insulation
is used in walls and ceilings, moisture
can condense on the inside surface of
the insulation if an extreme temperature
difference exists hetween the room and
the outside. If this mpisture works its
way to the insulation, the insulation
becomes a conductor of heat and loses

€6

much of its value, To prevent the
passage of moisture from the interior

of the room to the insulation, a vapor
barrier is desirable, This vapor

karrier is simply a layer of non-porous
paper, plastic, or alumimm foil on the
ingide surface of the insulating material
(Pigure 90), Should moisture collect on
the vapor lkarrier, it cannot pass through
to the insulation and it eventually
evaporates into the room, Thus the insula-
tion in the wall remains dry and effective,

ROLL

# %m (3%im)

....

FIGURE 89. Insulation batts or fiber-
glass. *

MOISTURE |
ﬁwqr%omsss_ (M g?n%u o
WATER — 1o }
<:""P S ] WARM MOST

Llleo__JAR

T}

.
il I s e
COLD SIDE WARM SIDE
e e e iy -

VAPOR BARRIER

R L I I W R R S

o ek ey W wh e W

FIGURE 90. A vapor barrier is used to
prevent condensation of water on the
cool side of your house.
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AR INFILTRA

FIGURE 91. Much heat loss and gain in
buildings is through air infiltration.

6. EFFECT OF WEATHERSTRIPPING AND CAULKING

Air infiltvation is a robber of energy
in buildings, No matter how much insula-
tion you have, if there are cracks where
cold air can get in, you are going to lose
heat (Figqure 91).

7. EFFECT OF WINDOWS AND DOORS

Glags is a poor insulator. So the

FIGURE 92. Windows have very little
résistance to heat flow.

Oold window panes create a
The air is ocooled by the cold wi
pane and the colder air sinks
the floor, allowing the warmer
move toward the window where it
cooled. This cooled air also
toward the floor causing a constant
motion away from the window, at floor
level, and toward the window in the
wper half of the room. A draft comes
fram the window and is sametimes confused
with a draft blowing through a crack in
the frame or between the window gsash.
Actually this "draft,” or air motion,
normally occurs although the cracks are
sealed.
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FIGURE 93. Storm windows or multi-pane windows save energy.

Stom windows or milti-pane windows 8. EFFECT OF HEATING METHDDS
help to eliminate this problem (Figure
93). They provide for air space which The amount of energy used is directly
is resistant to conductive heat flow relatad to the size of the house (Figqure
between two or three panes of glass. 94). You should consider heating and

cooling only part of your hame if it is

very large

LARGE HOUSE

vahe

SMALL HOUSE

FIGURE 94, A large building will naturally use more

energy than a small building.
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FIGURE 95. Forced air system.

All heating systems burn fuel, but
same are more efficient than others.
There is a difference in efficiency
of equipment in some systems, But the
nmein consideration is the cost of fuel,
which may vary with your locality,

Heating systems generally used are
as follows:

- Forced air (Figure 95).

FIGURE 97. Electric radiant system,

~ Hot water (hydronic) (Figure 96).
- Electric radiant (Figure 97).

- Electric resistance (Figure 98).

- Heat puwp (Figure 99),

- Fireplace (Figure 100). .

- Stove (Figure 100),




e~—RESISTANCE
. ELEMENT

FIGURE 98. Electric resistance system.

HEATING CYCLE FOR WINTER USE

COOLING CYCLE FOR SUMMER USE

FIGURE 39. Heat pump.

“"

COOL AIR
INTAKE

. FIGURE 100. Fireplace and stove.
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9. EFFECT OF AIR CONDITIONING

If you live in a temperate zone,
you can expect to use about as mxch
energy to cool your house as you do to
heat it (Figure 101). Here you are
trying to prevent heat on the outside
from becaming ecqual to the temperature
on the inside.

The same insulation is required.
But direct sun light should be shaded
from windows.

3>
33°C (95°F)
OUTSIDE

26°C (BO°F}
INSIDE

FIGURE 101. In some areas, it taies as
much energy to cool & house in summer
as to heat it in winter.

More and 1ore. Arericans are regarding
air conditioning as a necessity, rather
than a lury. iven though air cooling
is only 3% of the tctzl national snergy
oconsuption, in the hot ronths it rises
to about 42% of total energy consumption.

10. EFFECT OF VENTILATION METHCD

A certain amount of ventilation is
required in a home. One reason is for
comfort. Amother is for cooling in
sumer, Particularly the attic should
have an air exchange (Figure 102).
Tamperatures in attics may get as high
as 60°C (140°F}.

11, NEW METHODS OF HEATING AMD COOLING

Pagssive solar systems are helping to
reduce energy consumpticon.

70

RIDGE veu‘[‘ /
WIND

FIGURE 102. Attic cooling vents will
save energy in summer.

Most of the energy used by lighting
is in the form of heat. Since lights
do supply some heat during winter, it is
ot so important to turn them off. But
in sumer, heat from lights works against
the air conditioning system,

You can save energy by planning your
lighting so that it is the nost efficient
(Figure 103). Fluorescent lights give
nore light for energy used than incandes-
cent lights.

40 WATT 40 WATT
INCANDESCENT FLUORESCENT
BuULE BULB

INCANDESCENT BULB GIVES ABOUT 1/3
AS MUCH LIGHT AS FLUDRESCENT BULB
WITH THE SAME AMOUNT OF ENERGY

FIGURE 103. Plan an efficient lighting
system to save energy.




13. EFFECT OF PLUMBING

Plumbing can be designed to save
energy. Dripping faucets lose energy,
especially hot water faucets, It is
usually not ocost effective, however, to
ingulate residential pipes.

A water heater located ingside the
living area will help heat the house
in sumer (Figure 104). In any case, the
water heater should be well-insulated.

hen adding insulation to gas heaters,
bemhoprwicbfwairtotmumm

14. ENERGY-EFFICIENT APPLIANCES

Much emphasis is now being placed on
the operating efficiency of appliances.
When purchasing new appliances, you

ficiencies.

VINYL
QUTER LAYER

4.8cm {1%in)
FIBER GLASS
INSULATION

FIGURE 104. Water heaters should be
well-insulated.




D. General Recommendations for Energy Efficiency in Residences

FIGURE 105. Winter degree days for different yeographic locations,

General recommendations for improving

the energy efficiency in your hame are
as follows:

1.
2.
3.

Caulk all cracks and joists.
Weatherstrip all doors and windows.

Insulate heating and ventilating
pipes and ducts if they are in
unconditioned space.

Useszorpipesa.ndR4 for ducts.

Provide outside oombustion air o
all fossil fuel huamers.,

This includes wood stoves and fire—
places.

Fit fireplaces with a glass~front
seal.

6.

10.

Use only high-efficient heating,
air conditioning arxd appliances.
Heating systems shouid not be
designed for greater than 15%
oversize. EER ratings should be
B or alove.

Find winter degree days for your
locality (Figure 105).

For more specific information,
contact your Energy Extension
Office.

Select type of heating fuel you
are using in column 2, Table IX,

Find R-value recammernded for
ceilings, walls and floors for
your type of windows and doors.

Follow procedures in Parts Two
and Three for computing rmore
accurately the heat loss and
gain and selecting and installing
materials.
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" TAELE IX. GENERAL RECOMMENDATIONS FOR ENERGY EFFICIENCY IN BUILDINGS (HUD, 1978)

Floors Over Foundation

Unheated Walls of layers of
Ceilings* Walls* Spaces* Heated Spaces* Glazing: Storm Door
Winter Heating R-Value R-Value R=-Value R-Value Windows and or
Degree Days °F Fuel SI us SI us 81 us SI us Glass Doors Thermal Door
0 - 1000 - — S —
Fossit Fuel - _
Electricity 3.9 (220 2.3 3% 2.3 Q30 - - 2 Mo
1001 - 2500 ve — — - — —
Fossil Fuel a — _ _ ™
or Heat P 3.3 (199 L9 a7y - T L l. L No
Electricity 5.3 (300 2.3 (13 3.3 (19 1.2 ) 2 No®
2501 - 4500 = — — —
Fossil Fuel <]
on Hoat B 3.9 (22) 2.3 ] a3 2.3 ) (13) _ 1.2 _ (?) L 1 'bb
Electricity 5.3 (30) 2.3 (13 3.3 (19 1.2 (7) P Yes
4501 - 7000 = - ——— - —
Fossil Fuel ¢
Fossil Fy %3 G0 23 Ay 23 Ay 1.2 7 zb_m ™
Electricity 7.0 (38) 2.3 (13) 3.3 (19 1.2 ) P Yes
7001 or more fossil Fuol - —————— - r————
or Heat Pup 5.3 (30) 23 (13 3.3 (19) 1.2 (7) P Yes
aRemnrerﬂedonlyvﬁmenmll covering is removed and an adequate vapor barrier ig installed.
Insulating frames should also be provided if replacement sashes are installed,
CStorm or ﬁbemal door is reoamended if the primary door is hollowoore or over 25% glass.
*SI = R =
w USs=R= h.ft
Q ;7 1 ?5
ERIC®




IV. Care and Maintenance of
Energy-Efficient Buildings

Buildings are designed, built and
maintained by people. Poor design leads
to poor use of materials. Poor construc-
tion leads to high maintenance costs.
From beginning to end, buildings require
energy -~ energy we pay for.

An energy-efficient building must be
built that way or rercvated. To ramain
energy efficient, it mast be maintained
properly. The custodian or building
engineer tries to maintain a huilding
for the users. However, all building
users should help to "maintain® the space
they use. In addition to your home, if
you consider all the buildings you use in

a year, you will soon realize your
responsibility for helping to save
energy and maintain these buildings.

Following are some hints for main-
taining energy-efficient buildings. We
will start with the maintenmance of a
home and then consider the important
factors in the maintenance of public
buildings. They are discussed under the
following headings:

Maintaining an Energy-Bfficient
Home .

Maintaining an Energy-Efficient
Public Building.

A.

B.

A. Maintaining an Energy-Efficient Home

1. Check insulation wherever possible--

unfinished crawl spaces or attics.

Check thickness and condition.
Damp insulation should lead you
to discover the source of the

problem. Make necessary improve-
ments,

2. Ilook closely at weatharstrippi
ca aro
and doors.

Repair cracked or separated
caulking and replace worn-out

3. Clean and repair windows.

Check weatherstripping and make
sure windows operate easily.
Check caulking around storms.,
Store screens to give maotimum
light for the winter.

4. Cover exterior Eion of your
air t unit a
weatherproof sieeve during the
winter.

5. Clean all gutters and drain pipes.




7.

8.

10.

12,
13.

14.

15.

16,

Service heating systems and heat
RS,

Lrain a few pails of water from
the Tot water heater to remove
sedivent. -

Extensive draining o €lear the
water may swyqgest rust problems
or other detorioration.

Check and clean hurner units on
hot water lieaters.

Replace washers on leaky faucets.
Check caulking around outside

faucets and drain them so that
the vater won't ireeze.

Check roofs for leaks.

Use unfinished attic and/or damp
insulation as a way to detect
leaks. Replace any damaged tiles
or roofing materials. With a
finished atti€, you can check
from the outside.

Clean all lighting fixtures.

Check house siding for holes or
cracks.

Fill with caulking.
Check and clean your humidifier as

recamended by the manufacturer's
instructions.

Check fireplace damper to make
sure it Closes tightly.

Have chimney €leaned.

Check insulation on pipes passing
through unheated areas.

17.

18,

19.

Store canvas awnings to prevent
UNNECESSALY wear.

Clean refrigerator and freezer
coils.

Determine if off-peak-hour use of
electricity is on proper scheduie.

SPRING CHECK LIST
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1.

2.

5.

7.

Chack for winter damage to windows
and doors. o o

Caulk, weatherstrip and refinigh
if necessary. Check and replace
screens. Store stomms.

Check attic for any ventilation
Problems.

Clean the attic to control dust
and dirt ¢irculation. Clean
vents if necessary and check for
insect nests. Power vents should
be ¢leaned according to manu-
factwrer's instructions.

Check outside of house for
cracks, peeling paint and other

Schedule necessary painting.

Clean drapes and blinds and make
sure they are in good working

Reinstall summer awnings.

Check and repair.

Ramove winter cover from air
conditioner.

Clean or replace filter.

Switch off pilox 1 for gas

or o1l heat.

Have service person do thisg if
ranote switch is not in use,

76




8. Clean dryer vent.

Install one if this has not been
done.

" 9. Check off=-peak-hour schedule for
use of electricity.

10. Check&a.nd clean stove hood ard
room fans.

11. Turn thermostats on heating

{s‘y_itfgns to lowest position or
position.

12. Check seals on refrigerators and
freezers and clean refrigerator
colis.

13. Clean fireplace.

With a2 screened chimrey, the

damper may be left open for
better ventilation.

If basavent is damp or moisture
shows on walls, remedy the situa-
tion with a dehumidifier or
special paint.

16. Put dehumidifier into service

cleaning acocording to

instructions.

17. Check plumbing and make repairs.

racwrer's

B. Maintaining an Energy-Efficient Public Building

The diverse nature of commercial,
institutional and industrial buildings
makes it difficult to prescribe specific
maintenance procedures to £it all situa-
.tions. We are assuning that the building
has been made energy-efficient. Primarily,
this term refers to the way in which a
building shell has been designed and
constructed. Secondly, it refers to the
selection of equifment needed to provide
heat, air conditioning, light, water and
other services. It also includes site
development and landscaping. Energy-saving
ideas for designing and constructing a
building shell are given in the following
sumary.

Suggestions for selecting energy-
efficient equipment to service a building
were given in previous chapters. Now let
us look at ways in which a maintenance
program can be developed which will effect
miniman costs and obtain maximum service
and comfort for its users.

2.

-

Establish a cooperative planning
Jrovp.

It should be representative of all
personnel ‘who have the responsibility
building's functions and use.

Establish a comwnication system.

Management should readily express
its plan for the bhuilding's opera-
tion by which employees and other
public users can feed back ideas or
Canplaints.

Develop a training program,

Maintenance personnel should be
introduced to the need ard proce~
dures required for energy conserva=
tion. This should be a continuous
process to allow for ease in
instituting new methods.




‘.

7.

Develop a maintenance schedule. 8.

It should be inclusive of all
of the service equipment,
uilding shell and landscaping.

Match training and skills of main-
tenance personnel with the required

tasks, )y 9,

A———

Place one person in charge of each
of the categories indicated in
Number 4.

Use the information from the chapters
ard categories in this book.

Develop detailed plans and proce-
dures for the care and maintenance
of the building in question,
Building management: and custodial
personnel have this responsibility.

Use engineer atﬂotlm‘mer_gx
consultantsinl

Get help to solve problems peculiar
to the building in question.
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10,

Keep records of the cost benefits
resulting from your energy conser-
vation efforts.

Publish summaries of these results

in anmial reports, local newspapers
and national trade journals.

Supportscl'nolaxﬂmuutyefﬁorts
to develop energy conservation
habits.

Public users and employees of any
establishment can contribute
greatly to the maintenance or
deterioration of an energy-saving
program.

Spread the word,

Your energy-efficient building and
program should be publicized through
public talks, conventions and
associations,
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V. Developing Energy-Saving Habits

You have been considering one of the
most difficult problems facing cur nation
—energy consuption. Demand for energy
is becoming greater than U. S. sources
and those of the world.

B. Practicing Energy-Saving Tech=
mquesatSctm’ or in Other

Certainly, alternative energy sources
mst be found. C(onservation is the most
immediate source of energy we can tap.

It will not be easy to develop energy-

saving habits because it will mean a new
lifestyle for most people—especially

for those who presently consume the most.

If you apply the information in this
ocourse, you will have the basis for our 1. Heating.
new energy-saving habits. This section 2. Air Conditioning
simply lists a few of the various Lighting.
techniques for saving energy in two Refrigerators and Freezers.
main areas: Dislwashers.

A. Practa.cing Energy-Saving Tech-
niques in the Home.

Ovens and Stoves.
Clothes Washers and Dryers.

A. Practicing Energy-Saving Techniques in the Home

1. HFATING

1. Keep all parts of the heating
clean.

This includes filters, ducts,
vents, hlower fan and thermostat.

2. Be sure themostat is placed
where it will not be affected by
calddraftsorheat-pmduc
sourcessmhas'ﬁl'sorl@s

3. Turn the thermostat to its lowest

settings when gone for more than
a day.

Shut heating system off campletely

in wamer seasons.

Lower the thermostat to 20°C (68°F)

for the day, and 16°C (60°F) for

the might {10 p.m. t0 6 a.m.).

From a 22°C (72°F) reference
setting, this could save as much
as 20% on winter heating in
Minneapolis and 48% in Atlanta.

Use an electric blanket at night.

Set the thermostat at 16°C (60°F).
This is much cheaper than running
the heating system at daytime
teaperatures.



10.

12.

1.

Set the thermostat no than
the desired temperature a
room has been cool.

It may be forgotten and overheat
your home.

Uge dr or insulated shades
to awid heat loss through windows.

neatocﬂgﬂwserm&me

Close doors to unheated roonm.

Use a f gparingly unless
ts hag been recently

inmproved.
Close damper when fireplace is

not in use-—warm air can be
sucked up the chimney.

Maintain proper humidity in a
house.,

Dry air feels ocooler than the
actual tamperature setting.

Keep heating vents fres from
obstructions.

Move such obstructions as drapes,
furniture, shelves or radiator
covers.

Check out heat-saving gadgets.

They may improve your heating
system, so make sure they can
be operated safely and comply
with all local milding codes.

2, AIR OONDITIONING

Use a celling mounted fan and a
well-ventilated attic.

It will draw cooler evening air
through windows and exhaust hot
air as a method for reducing
ocooling costs.

§1

2.

4.

10.

12.

Adjust room air conditioner vents
upward.
This position allows for the best

circulation and cooling of the
warm air near the ceiling.

Close hea system registers
ﬁmﬂmmrgrﬂiﬁm

This practice will prevent cool
air loss through basement ducts.

Avoid 1i as it
gives o%g Et %ﬂi‘ %
cooling.

Use ghades and dﬁs to out
solar radiation retain
cooled air.

windows Closed and doors
Spariily. =

Use attic ventilation to
mﬁﬁﬁﬁﬁﬁﬁw

down and warm the rooms below.

Keep such devices as lanps and
hot plates away fram the air
conditioner.

Keep the outside portion of the
air conditioner unit free from
direct suniight, leaves, etc.
Use a ferce or shrube to provide

shade. Mount on morth side of
house when possible.

indoor ocooling vents free
turearlsgarapas.
Use kitchen and bathroom vents

only long enough to remove excess
moisture and odors.

Prolonged operation remowves
oooled air.

Use a timer to turn on ai
mmrﬁ
retuming home fram work to
avold unnecessary cooling during

the day.
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13,

4.

1.

Turn off air condi when
yOu are gone for sever. ys.
Set air-oorﬂ:.t t.hemostats
ro lower than

A 78-degree setting versus a 2=
degree setting could lower cooling
cost by over 40%.

. LIGHTING

{fake the best use of natural
lighting.

Place desks ard other work areas
near windows. Skylights can
serve the same function as
windows.

Avoid excessive lighting.

Use light fixtures which direct
light exactly where you need it
—track llghts; spot 1191'“:8:
lamps--in preference to general
ceiling lights.

Use fluworescent and HID lamps
wherever practical in halls,
baths, EI%E ocounters,
Install dimmer switches and

ec-way O ailow for
lower intensity when desired.

Replace darkened bulbs as they
give off less hgpi

Use them in garages and base-
ments.

Dust light fixtures regularly.

Turn off incandescent lights
when you leave a roum, even if
only for a few minutes.

Fluorescent lights can be left
on if you will return to the
area within 15 minutes.

10.

Use automatic switches or red
rs [}
wmm.

They will make sure that lights
are ghut off.

Securi outdoors or

be autcmaticall
cntroiTed Iy Potoslexric calle
or saveern_u

SF iy Gy

n

L

-

Plan to take out as many itams
at one time as you can.

Defrost frostfree models
avold excessive
ice can act as an

freezers and freezer cul{ut
ments riilea to
warm | entering
opened.
Place water-filled milk cartons
in empty spaces.

Leave air between items in
re jie) o
air circulation.

Use to capacity, however, and
don’t block air vents.

Use the ~gAVer Or ecoromizer
1f the um.ig Es 80 m

Awoid excesgive moisture

cover .

Myisture causes the unit to work
harder.




10.

ot dishes should cool to room
ture 1f possible before
in refrigerator.
Older refrigerators are less
e:’flc lent.

Use them as backup units only
when needed.

Freeze only 2~3 pounds per cubic
Toot of Japacity at one time
awoia prolonged operation.

5. DISHWASHERS

1,
2.

Wash only full loads.

Prerinse dishes when are to
unti] di is

Use hot water no higher than 150°F.

Follow the manufacturer's directions
50 that sollaa parts
ffaoe the washing action.

Measure detergents properly.

Allawdlsl'xeshoag_rdrywl'len
poss gsible.

Most units NOW have a oconvenient
selector button for this.

6. OVENS AND STOVES

1,

Use as small amount of water as
1s necessary.

Small ampunts heat more quickly.
Use a steamer rack.

Make sure the pan fits the size
of the burner.
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10.

11.

A gmall pan should be used on a
small element. It may be possible
to adjust the element settirg or
gas flame to fit the pot size you
are using.

Boil water in a covered pot.

This provides a 20% savings since
it boils faster.

Use thawed or partially thawed
food. -

It oooks sooner.

Bake as many items at one time
as you can, o -

Clean pans.

Dirty, dull pans won't be as
efficient to cook in as clean,
shiny ones—especially in
electric cooking.

Use stove-top elanents t0 cook

foods which cook in a snort time
andtheovmfor fooas which take

a_long time.
An electric range uses 1.5 kilo~

watts per houwr and an oven uses
5 kilowatts per hour.

When cooking, bring water to a
quick boil and then turn down to

Use a microwave oven whenever
pos e, 1f you have one.

Do not pre~heat the hroiler or
oven unless olutely

necessary.
Use a lower temperatwre (usually

257 Tess) when you use a glass
oL ceramic gish.
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14,

15.

16.

17.

18.

20.

DO not use your range Or oven to

7o

CLOTHES WASHERS AND DRYERS

heat the kitchen.

1.
If you use a self-cleaning oven,
activate it right alter vou have
been baking.

Use the smaller of two ovens
whenever possible in a double
oven unit,

2.

Use copper, stainless steel and
cast iron pots.

They rerquire lower temperature
settings than does aluminum.

3.

If yvou have a pressure cocker,
use 1t whenever possible.

4,

It saves time and energy. 5.

Turn off an electric range 5
minutes ghead of tine,

The food will continue to cock

as the wnit oools. Ge

Use smaller cooking appliances
such as toaster—-oven, crockpot,
electric frying pan.

They consume less energy than a
range for many cooking tasks.

Keep reflector pans under surface
units on your electric
clean to Lmprove their

7o

8.

ciency.

Whenever possihle, keep the oven
door closed while baking.

As much as 20% of the heat can
be lost with one opening.

Do not use aluminum foil to line
your oven unless manufacturer's
instructions permit it.

9.

10,

Raduced circulation and efficiency
can result.

Use the least amunt of water
for the washing job to be done.

Water-level controls are avail- -
able on many machines.

Do not overload your washer.

’ﬁ

If you do, the machine has to
overwork and will not operate
efficiently.

Use warm or cold water whenever
possicie.

Clean the lint filter after each
load,

Sort clothes bw color and fabwic.

Wash similar items together.
You will save on hot water and
al&tricj.ty.

Take care in the amount of deter-
gent;@ use.
Too mach can overwork your machine. .

Try to run the dryer onty when
you have full loads,

Do ot overdryﬁthe clother.

This wastes energy, causes
wrinkles in clothes, and fabrics
may even wear ocut sooner.

If your dryer has a heat-
control or timer, be sure to use

it to avold overdrying.
Run g__r.yyg loads of similar

ranrics.

Some fabrics require a shorter
drying period than others.




1l.

12.

Dry clothes in consecutive loads
to retain heat fram one load to
the next.

Clean the lint filter after each
load.

13.

If clothes must later be dampened
for ironing, do not completely
dry them in the dryer.

B. Practicing Energy-Saving Techniques
at School or in Other Buildings

Your knowledge and practice of energy
conservation can make a major contribu-
tion to solving our energy problems. The
following tips for saving energy can be
applied in schools ard other buildings,
Whatever the method used, it will require
the cooperation of ali persons imolved.

éuggestions are given under the
following headings:

1.

1. General.
2. Heating and Cooling.
3. Lighting and Electricity.
4. Building Design and Renovation.
5. Extra Activities.
6. Food Services.
1. GENFRAL

Involve everyone at his or her
level.

Establish quidelines for energy
conservatiot.

Irvolve everyone aad take in all
facets of an educational program
or business,

Evaluate present systems and
methods and recammend short and

long-range changes.

Provide a clearinghouse for
information and procedures.

Determine energy needs for a
recent specific time.

Use this as a basis for comparison
to project future action.

6.

1.

10,

11.

12,

13.

14.

Make use of surveys which have
been done on energy use.

Insure that future building
plans are based on conservation
as well as educational and
aesthetic features.

Remind people that energy conser-
vation begins in a small way on
an individual basis.

Launch a public relations pro-
gram to broaden understanding
of the situation.

Develop a cooperative effort
among_schools, business, industry
and the camunity.

Encourage an exchange of ideas
from all ieveis.

Teach energy usage amd conserva~
tion as part of the curricuium
or training program.

Urge purchase and use of equip-
ment which uses energy most

efficiencly.

Consider alternatives to the
traditional school year or
working week to make optimum
use of non-energy-consunptive
mon _space available.
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2. HEATING AND COOQLING

l.

Review scl‘np} calendar.

Extend school days in the time
frames which require the minimen
use of heating fuels as related
to heating degree days.

Estahlish a starﬂard thermostat
mu—"ﬂ_&lﬁt Wiii not intertere
with 1 ] or working
si1tuations.

Provide for an individual thermo-
stat in each roam or work area
SO as to effrment;y controi

tgﬁature

Reduce to a minimm the heat in
auditoriums and gyms,

Check room partitioning so that
intake and ocutlet air flow is
not restricted.

Reduce temperatures after regular

Programs or work hours.

Curtail work activities beyond
rormal school day.

Consolidate work areas.

Consclidate essential after—
programs.

Clean all air intake filters
periocTicall}_ and service

regularly.

Insure boiler efficiency by
periodic cleaning and pro
water treatment to prevent

scale.

Insure burner efficiency by
proper mechanical operation,
proper fuel and alr mixture
(best Jjet device) and periodic
cleaning.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25,

Check stack teamperatures to
preclude the loss of neat in
the canbustion process.

Insure that all valves in the
heat I an tunction 1y,
C or leaks 1ni

system.

Insure that all vacuum and
condensation=-return
function properly.

BalamakBaUngandaJrcmﬂl

t1 to minimize hot
cO s in .
Investigate mergx_gfﬁ___c%
as of tne criteria
p\.:m%sm' heating or cool J.rgg_'

equipment.,
Schedule all meetings
for one hulding at cammon times.

Replace clder non—efficient
heat-producing electrical devices

with new solid-state (cooler)
devices.

Provide facilities of a size
appropriate to i s ol
a group.

Investigate the use of dimmer
switc requlation of
lights 1n areas not COMOnLy
used. '

Lower ceilings, where possible,
to reduce air space for. heating.

Draw shades and curtains at
night to retain neat.

Check and refurbish insulation
and weatherstripping.

Keep windows axd doors closed
to retain heat.




26. Turn off heat in stairways and 12. Investigate the use of tmers

haiiways. on electrical devices.
. 3. LIGHTING AND ELECTRICITY 13. Regulate and reduce the use of
mon-essential appliances.
1. lace older incandescent
%tﬁiﬂngi Tighting 14. Use paints which reflect light

systems with fluorescent (cooler) without glare.
systems or H .

4. BUIIDING DESIGN AND RENOWVATION

2. Minjmizetrelﬁgoftime . o
artafic ight 1s . 1. Consider energy as important in
- design as educational function:

Use windows and skylights to and aesthetic reatures.
good advantage.
2. Modify existing buildings in

- 3. Shut off banks of light pearest well-planned phases.

naturai light sources when not

. - 3. Utilize a variety of consultants
» in all planning groups.
4. Consider fewer bulbs with higher - e
wattage when designing a lighting 4. Plan alternate lighting systams
arrangement. with a reexamination of recammended
standards.
5. Develop specifications for elec-
trical equipment which emphasize 5. Review present methods of insulating
minimal energy use. buildings.
6. Operate every other fluorescent 6. Install storm windows or insulated
. tube in a bank of fluorescent glass.
lignts.
7. Examine and repair weather-
7. Investigate new lighti stems stripping.
{both sectricai E% natural] for
ancorporation into present 8. Select heating and air condi-
buiidings. tioning units which are rost
efficient.

8. Keep fluworescent tubes clean.

9. Alr corditioning systems for
The dirt they attract will reduce short term use may be unnecessary.
lighting efficiency. T

10. lLandscape for minimal energy use
9. shut cff lights when not in use, in upkeep and maximum protection
- of building from weather.

10. Schedule large power~-consuming

activities for off-peak nours. 1i. Position classrooms and offices
for minimum exposure to wind,
11. Schedule cleaning for dayllght direct sunlight, and noise.

hours whenever possible.

12. Minimize 9}_&\55 ared.

At night, use lights only in
the roams being cleaned.
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13. Consider lower ceilings. 6. Bwloy menus that reduce the

amunt of cooking necessary.
14. Replace inefficient older equip-
ment with new equipment. 7. Use as many manual devices
{can openers) as practicabie

15. Plan t0 reuse waste heat when

wﬁ' e, 8. Defrost refrigerators me wally.
16. Pplan a light, efficient and 9. Minimize snacks and snack time.
canfortabile decorating scheme. R
10. Plan baking o use gvens to
5. EXIRA ACTIVITIES capacity and efficienovy.
1. Cﬁt'xalize necessary evening 11, Encowrage use of c¢old lunches.
classes.
. _ ] 12. Check cleanliness of refrigera-
2. Eliminate non-essential evening tion coils other factors
classes. which use extra energy.
3. Reschedule as many club and 13. Use prepared foods unless the
activity groups during a " free cost is 1. onsitive.
period” of the da
schequle or just a school. 14, Minimize temperature on steam

tables and warming ovens

4, Review athletic schedules to

activities within a certain 15. Thaw frozen foods before cocking.
m:l.leage ' range.
5. Reschedule night games to after-
mm.

6. Use smaller vehicles for dnver
education classes.

7. Schedule athletic orrother after~
SChoOL activities SIMULtANEOusly.

6. FOOD SERVICES

1. - Centralize food preparation.

2. Route service vehicles efficiently.

3. loy faster cooking methodg—
pressure cooking and microwave.

4. Use cold water when possible for
washing.

5. Replace inefficient, obsolete
equipment.
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