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The interactive features are provided solely to 
enhance your learning experience. We have 
only added links where (in the opinion of the 
editors) additional information is useful. We did 
not want to add so much stuff that it becomes 
a distraction rather than a useful tool. Also, we 
did not want to break the rhythm of your learn-
ing experience with an over abundance of side 
tracks. So don’t expect links on every page. 
We hope you will appreciate this approach. The 
“Links” page at www.homebuildinganswers.com 
will also point you to a wealth of additional 
information.

We do our best to make sure all links are cur-
rent. If you discover a broken link, please let us 
know at 

links@HomeBuildingAnswers.com. 

Be sure to give us the page number where the 
broken link is located and the web address (url) 
that cannot be reached.

We wish you the best of luck in this exciting ad-
venture, and would like to hear from you when 
you get underway. Send your photos to us at

projects@HomeBuildingAnswers.com.

You can mail your videos to us at P.O. Box 
471984, Aurora, CO 80047. Be sure to identify 
yourselves and tell us where you are building!

Special Notice



© 1990-2009 Joseph C. Hill

Successful Home Contracting

Contents
What You Will Learn In This Lesson ..................................................................................... 5
The Plumbing System  ............................................................................................................................. 5

Types of Piping ........................................................................................................................................... 5
Water Heater ................................................................................................................................................... 6
Plumbing Fixtures ................................................................................................................................. 6

Lavatories ................................................................................................................................................... 6
Sink ....................................................................................................................................................................... 7
Bath Tub ....................................................................................................................................................... 7
Shower ............................................................................................................................................................ 7
Toilets................................................................................................................................................................ 8
Faucets ............................................................................................................................................................ 8

Washer and Dryer .................................................................................................................................. 8
Other Indoor Plumbing Needs ........................................................................................ 8
Outdoor Plumbing Requirements ............................................................................. 8

The Electrical System ................................................................................................................................. 9
Outlets ...................................................................................................................................................................... 9
Lighting Fixtures ..................................................................................................................................10

Fixture Locations .......................................................................................................................11
Switches .............................................................................................................................................................12
A Word About Circuits ................................................................................................................13
Electrical Panel ........................................................................................................................................13
Smoke Detector ....................................................................................................................................13
Telephone and TV Cable ........................................................................................................14
Intercoms .........................................................................................................................................................14
Computer Control .............................................................................................................................14

The HVAC System .........................................................................................................................................15
Heating ................................................................................................................................................................15

System .........................................................................................................................................................15
Type of Fuel ........................................................................................................................................15
Sizing the System .....................................................................................................................18
Zoned Systems .............................................................................................................................19



© 1990-2009 Joseph C. Hill

Successful Home Contracting

Air Conditioning ...................................................................................................................................19
Heat Pump ...........................................................................................................................................19

Ducts and Registers ........................................................................................................................20
Ducts ..............................................................................................................................................................21
Registers ..................................................................................................................................................22

Controls ...............................................................................................................................................................22
Ventilation ......................................................................................................................................................23

Attic Ventilation ...........................................................................................................................23
Insulation .........................................................................................................................................................25

R-Value And u-Value ............................................................................................................25
How Much Insulation? .....................................................................................................25
Types of Insulation .................................................................................................................25
Where Insulation Is To Be Used .........................................................................26



© 1990-2009 Joseph C. Hill

Successful Home Contracting

You have found and purchased your lot. 
You have learned what the plans and spec-
ifications are, and what is to be included 
in them. Now you have started to become 

acquainted with all of the elements in your home over which you will 
exercise some control, in the process of developing your plans and 
specifications.

In the last lesson, you examined the Structural Systems of the home. In 
this lesson we'll move on to the Mechanical Systems - electrical, plumb-
ing, and HVAC (heating, ventilation, air conditioning). Not only will we 
look at the various systems available, but also the multitude of fixtures 
which attach to each system . . . everything from electrical switches to 
bath tubs.

In the next lesson, we will talk about what we call the skin or enclosure 
of the home. It will cover the windows and exterior doors, the siding or 
other exterior veneers, interior wall treatments, and the roofing.

WHAT YOU WILL LEARN IN THIS LESSON
• Parts of the Plumbing System.
• Parts of the Electrical System.
• Parts of the HVAC System including:
 - Heating and Air Conditioning
 - Ventilation
 - Insulation 

THE PLUMBING SYSTEM 
The Plumbing System supplies your water and carries off waste water 
and sewage. It consists of the pipes and fittings through which these 
flow, the vent pipes, and all of the fixtures such as bath tubs, sinks, 
and water heaters. It also includes your well and septic tank if these 
are needed.

TYPES OF PIPING
For years, copper tubing was the choice for water pipes. Today, many 
plumbers are using plastic piping for supply, waste, and vents. Plastic 
PVC (polyvinyl chloride) pipe is approved by the plumbing code. It is 

Overview
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less expensive and much easier to install - joints are glued instead of 
soldered. Some people still prefer copper. Some people always think 
the "old ways" are best.

If you plan to build a two story home, you may want to consider cast iron 
waste pipes from the second story. They are much quieter than plastic 
pipes. Talk with your plumber about the additional costs involved. 

WATER HEATER
You will need to specify the manufacturer, size, and model number. 
Also, will it be gas or electric? The location of the water heater needs 
to be shown on your plan. It will typically be placed in the garage, 
laundry, or utility room. If space is a great problem, you might consider 
a "low boy" design which allows the heater to be put under a counter. 
This location is more difficult to service and takes up valuable kitchen 
storage space.

PLUMBING FIxTURES
A trip to your local wholesale plumbing supply will be beneficial. They 
will only sell to your plumber, but they will be happy to show you what 
they have, if they know 
you are specifying mate-
rials for a new home.

LAvATORIES
These come in several 
shapes and sizes, and are 
made of enameled steel, 
vitreous china, DuPont's 
Corian™ (a kind of mar-
ble-like material which 
can be cut and worked 
like wood), or "cultured 
marble." They may be 
wall or floor mounted, 
or built into a counter.

Cultured marble starts 
out as a liquid which is 
poured into a form. When 
it hardens, it looks like 
marble. With cultured 

A floor mounted lavatory by Briggs

http://www.homebuildinganswers.com/water-heaters.html
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marble, the lavatory and counter top 
are formed as a single piece. Cultured 
marble comes in many colors.

SINk
The most popular model for the kitchen 
is a 19" double bowl stainless steel 
sink. There are specialty sinks for other 
locations like a wet bar.

BATH TUB
Tubs come in enameled steel (less 
expensive, lighter), cast iron (more 

expensive, heavy, solid feel), fi-
berglass, and acrylic (may include 
walls and even a ceiling). Five foot 
models are "standard." Larger sizes 
are available. You can also choose 
one of the more elaborate models 
which include air and/or water jets. 
These will require some planning to 
make sure you have access space to 
the tub's mechanical parts (pumps, 
valves, etc.). See the manufacturer's 
specification sheet for these require-
ments. You can get white (least ex-
pensive) or colors (more). If there's 

a shower above the tub, you'll want to specify a tub enclosure (glass 
doors) or a shower curtain rod.

SHOWER
Showers can be combined 
with the tub or installed as 
a separate unit. They can 
be custom-built or prefab-
ricated units of fiberglass or 
acrylic. Custom built show-
ers give you the greatest 
flexibility in size, shape, 
and materials.

Briggs' "Lindsay" drop-in lavatory

Briggs' Oakville "UltraTUFF" sink

Briggs' "Adriatic" Whirlpool Tub
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TOILETS
These are called "water closets" in 
the trade. Sounds nicer, doesn't it? 
They come in white or colors, and 
in several shapes . . . including 
the low slung, silent  type.

FAUCETS
These are a part of what is 
called "trim" in the trade. The 
basic choice is for separate con-
trols for hot and cold water or a 
single lever control. The modern 
single lever faucet does not have 
a washer (fewer drips). Faucets 
come in a wide variety of design, 

quality, and material - including gold 
plated! 

WASHER AND DRYER
You'll need to show the location of 
your laundry appliances, so that the 
plumber will be able to provide the 
necessary supply, waste, and vent 
pipes. If you want a laundry chute, 
show that on your plan.

OTHER INDOOR PLUMB-

ING NEEDS
You may wish to include a wet 
bar in your plan. A supply line 
for the refrigerator ice maker 
is convenient.

OUTDOOR PLUMBING 
REqUIREMENTS
Just show on the plan where 
you want the outdoor faucets. 
Incidentally, these are called 

Briggs' "Monterey" Toilet

Plumbing Connections For Your Washer

The “Perlrand” Faucet by Jado
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"hose bibs." Also show 
locations of outdoor hot 
tubs, swimming pools, 
sprinkler systems, etc. 
Seek the help of your 
well and septic tank 
subcontractors and the 
county health depart-
ment in locating the 
well, septic tank, and 
drain field. These last 
items will be shown on 
your site plan.

THE ELECTRICAL SYSTEM
You don't need to know all there is to know about the electrical system 
of your  home to be comfortable as the builder. Every state requires 
electricians to be licensed. In addition, this is an area that is pretty heavily 
inspected. If electrical inspections are not carried out by the jurisdic-
tion in which you're going to build, we strongly suggest that you find 
someone who is qualified to inspect the work. But we're getting ahead 
of ourselves. Inspections will be covered in more detail in Lesson 13.

The main thing you want to accomplish  at the plan stage is to decide 
where you want all of the outlets, lighting fixtures, and switches, and to 
establish a lighting fixture budget.

OUTLETS
Make sure you specify the grounding type (the kind with the third round 
hole for the grounding 
pin). Many appliances 
now come with this kind 
of plug. Save yourself the 
trouble of finding an 
adaptor. Get grounding 
outlets. Not to mention 
the code requires them 
in most places!

Outlet location will be 
shown  on the plan. The 

Hose Bib

Showing Switches, Outlets, and Fixtures On Your Plan
(On the plan, they are shown WITHOUT the labels.)

3-Way switch Outlet

Light Fixt.

MASTER BATH
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symbol used on your plans is a circle with two lines through it. The 
electrical code requires outlets to be located within 6 feet of a door, and 
then every 12 feet. The biggest problem that occurs is not enough outlets. 
Do yourself a favor. Be generous. A few extra outlets won't break you! 
Especially in the kitchen, the den or family room where you're planning 
that entertainment center, and in the bedrooms.

If you like, you can wait until the basic plan for your home has been 
roughed out, and then put a mark where you think you would like to 
have an outlet. If you want some outlets to be controlled by a switch, 
make a note of that too.   Don't worry about code requirements. The 
person drawing your plans will add any required outlets. If he doesn't, 
the electrician will when he wires the house.

Another place to remember is the baths - you need several for all those 
curling irons, hair curlers, hair dryers, elec-
tric toothbrushes and shavers, hot lather 
machines, etc! Get the picture? Bathroom 
outlets will be on a special circuit which 
is protected by a special device called a 
ground fault breaker. This device greatly 
reduces the danger of getting zapped in 
the bathroom.

Exterior outlets come in very handy. These 
are usually placed near the doors or on 
outside walls near decks and patios. If you 
are planning yard lighting, a pool, or some 
other outdoor feature requiring electricity, 

be sure this is noted in your 
plans and specifications.

If you are planning a shop in 
the garage, be sure to note the 
height of the shop outlets on the 
plan. This will be at workbench 
height - the same as kitchen 
counter outlets.

LIGHTING FIxTURES
What you'll want to do first is 
to decide where you want light 

This outlet is set in a bathroom 
mirror and has a mirrored 

cover plate!

An outdoor outlet with its special weather-
tight cover plate
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fixtures. Again, as with the outlets, you'll need to have these located on 
your plan. Then you need to establish the lighting budget. The budget 
will be used by the bank's appraiser in coming up with the value of 
your proposed home (and hence how much the bank will loan to help 
you build it). Later, when you actually go shopping for your fixtures, 
you can really spend what you want. The only thing is, overages may 
have to come out of your pocket if the construction loan well runs dry. 
There are a couple of things that usually come out of the fixture budget 

that aren't really light fixtures. They 
are the smoke detector(s) and the 
door bell.

FIxTURE LOCATIONS
First you'll want one at or near each 
entry to the home.  While you're 
thinking about the outside, how about 
lights at the garage, walk, deck, patio, 
pool? And how about some flood 
light fixtures mounted up under the 
eaves to light up the outside when 
you hear those strange noises in the 
middle of the night?

Moving inside, you'll want a nice light 
in the foyer. This fixture and the one 
i n  t h e 

dining room will probably consume about 
75% of your whole lighting budget.  How 
big should your lighting budget be, you say? 
How much does a house cost? Who knows? 
Go down to the lighting fixture store and see 
what they're selling for. Spend your money for 
the entrance and the dining room, and maybe 
something nice for the bath. You can get by 
everywhere else with some pretty basic stuff. 
Ever take a look at the overhead fixture in a 
bedroom? These are not expensive fixtures.

Speaking of overheads, many people hate 
them. Especially in living rooms and bed-
rooms. What's the alternative? Include some 
switched outlets. That way you can plug in 
a lamp and control it from a wall switch. Of Front Door Fixture

Foyer Fixture
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course you'll need good illumination in the halls and stairways. These 
will probably be overheads or wall mounted fixtures.

Let's look at some special lighting situations you may want to consider. 
Illuminated kitchen ceilings are popular in some parts of the country. 
This is accomplished by dropping a ceiling of translucent panels below 
the regular ceiling (at 7'-0"), and having some fluorescent fixtures above 
this lower ceiling. The effect is very nice.

Another trick is the lighting soffit. You've seen this in bathrooms over 
the mirror. This is the long, box-shaped well which is located along the 
wall over the vanity. It usually contains a fluorescent fixture. The lighting 
soffit can also be used in the kitchen area over counters.

Lots of people like recessed lighting. It does look good. If used between 
the first and second floor, it's OK. If they poke through to an uncondi-
tioned space, however, you're in trouble. These little buggers act just like 
an open window. Out goes the heated (or cooled) air. And the codes 
forbid putting insulation on top of them or even right up beside them 
because of the danger of fire.

SWITCHES
You'll want the silent type. They don't "snap" when you turn them on or 
off. They have a little bulb of mercury inside. When you lift the switch, 

An "Illuminated"  Kitchen Ceiling
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the mercury runs downhill and covers the two bare contacts, closing the 
circuit.  They cost a little more than the noisy ones, but the cost differ-
ence is not worth mentioning.

Switch locations are not too hard to figure out. Look at how it's done 
where you live now. How could it be better? Most of it is automatic, but 
some switches you'll have definite opinions about. Now is the time to 
think about them and get your ideas and requirements down on paper. 
Even if it's just in sentence form, so you can give the information to 
your architect later.

One thing to be careful about with switches is trying to control some-
thing like a light fixture from too many locations. Try to hold it to one or 
two locations when possible. Two locations require three-way switches. 
Three locations require two three-way switches and a four-way switch. 
It starts to get complicated. Remember the KISS formula (Keep It Sim-
ply, Stupid!). Also, try to avoid a lot of real long runs from switch to the 
device it controls. An obvious one you'll want  to include is a switch in 
the master bedroom to those eave floods.

The other thing you'll want to specify about switches and outlets is 
color. Switches and their cover plates come in basic brown, ivory, and 
white. The cover plates also come in many other colors, patterns, and 
materials.

A WORD ABOUT CIRCUITS
We're not going to get into a technical discussion here about circuit 
design. Just make sure your electrician knows that you require enough 
different  lighting and appliance circuits so that you won't constantly be 
tripping a breaker because you have to overload one circuit with too 
many devices. Also, if you need 220 volt circuits (shop equipment, win-
dow air conditioner, etc.), be sure to remember to specify them where 
you need them. The symbol used on your plans for a 220 volt outlet is 
a circle with three lines through it.

ELECTRICAL PANEL
It may seem like a small thing. But just wait until you need to get to it. 
Put it in a convenient location! Make sure it's a modern, breaker type 
150-200 amp service.

SMOkE DETECTOR
The smoke detector should be the ionization type that will detect invis-
ible products of combustion - not just visible smoke. They are available 

http://www.homebuildinganswers.com/wiring-3-way-switch.html
http://home.howstuffworks.com/smoke.htm
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as wired or battery powered. 
The battery powered smoke 
detector will alert you even if 
the power has been disrupted 
by  the fire . . . assuming you've 
kept them supplied with good 
batteries. It's not hard to re-
member, since most of them 
alert you that the battery is 
getting weak by emitting a 
sharp beep  (usually in the 
middle of the night). Quite 
unnerving!

TELEPHONE AND Tv 
CABLE
Although these are not really 
part of the electrical system, 
they will be installed at the 
same time during construc-
tion. And since they both deal 
with wire, they seem  related. These locations should also be stipulated 
in your plans. Phone outlets in every room! You can buy a phone now 
for five bucks. Make their use convenient for yourself.

INTERCOMS
Although this is really an equipment  item (see Lesson 8), its installation 
is electrical and in the wall. Like the TV cable and phones, it seems like 
it ought to be included here too. Anyway, if you're going to have one 
of these systems, go ahead and show the location of the terminals on 
your plan.

COMPUTER CONTROL
There are several new systems available to allow you to control many 
of the functions of the home by a personal computer. These range in 
sophistication from the simple turning on or off of certain lights at a 
prearranged time to make it look as if you were at home when you're 
not, to the control of the efficiency with which the heating and cooling 
systems operate. Some of these systems require modules  for controlling 
switches and outlets. They are fairly expensive and should be included 
in your specifications for appraisal purposes.

This builder put the Panel outside, next to the 
meter. Not very convenient when a circuit trips 

on a cold night!

http://www.smarthome.com/
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THE HvAC SYSTEM
When you think of the mechanical system, you usually think of the heat-
ing  and air conditioning equipment, the ducts, the registers, and the 
controls. However, since this system is referred to as "HVAC" (heating, 
ventilation, and air conditioning), and since ventilation requirements 
are covered in this section of the code, we will also present ventilation 
considerations here. The HVAC system, along with its partner - the in-
sulation system - will account for a great deal of the comfort  you will 
experience in your home. This part you want right!

HEATING
There are several items to tie down here - the type of system you want, 
the type of fuel  you want to use, the sizing of the system, and the de-
livery system.

SYSTEM
Here you will choose either a forced air system or a radiant system. In 
a forced air system, air is heated and distributed throughout the home. 
This is the most common way to heat.

Radiant heating systems depend on water be heated and circulated 
through baseboard units, in-floor piping, or both. This is a more expen-
sive way to go, but produces a very comfortable home.

TYPE OF FUEL
Most people will heat with electricity 
or gas. Some will opt for oil. Others 
will go for solar. A very few will select 
wood. Almost nobody uses coal these 
days. Here's a few words about each 
to help you decide.

ELECTRICITY

Next to solar, electricity is the cleanest 
fuel since there is no combustion as 
such. The electric furnace  produces 
its heat by passing a current through 
a heating element which is made of a 
material that doesn't transmit electricity 
very well. Its resistance  to the pas- How A Radiant Heating System Works

(From woodfloorsonline.com)

http://www.homebuildinganswers.com/radiant.html
http://www.homebuildinganswers.com/radiant-book.html
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sage of electricity causes 
friction which generates 
the required heat. This is 
one of the most expensive 
ways of heating.

Electric heating systems 
usually deliver their heat 
in the form of forced air. 
Very simply, air is blown 
over the heated elements, 
through the duct work to 
the various rooms. Elec-
tricity can also be used to 
produce radiant  heat.

GAS

A few decades ago there 
was a big scare that we 
were about to run out of 
natural gas. Then huge re-
serves were discovered, 
which gave us another 
couple hundred years supply. By then we should have come up with 
some more efficient ways of heating our homes. Gas is cheap and avail-
able. Some people also heat with propane gas.

Modern furnaces are very efficient and burn cleanly. Gas is the preferred 
choice of many home builders and home owners. One of the benefits 
of using gas is that, like electricity, it is delivered directly to your home 
with no effort on your part. It's like the water supply. You don't have 
to call up and order it. When the furnace needs some, it's there to use. 
All you have to do is pay the bill. Spend a little extra and get a high-ef-
ficiency furnace.

OIL

Oil on the other hand has to be delivered. Most oil dealers, however,  
will come out without being called. They know how big your tank is 
and about how much you've been using (depending on the weather). 
But if they mess up, you can run out. Oil furnaces are rare in new home 
construction in most parts of the country. Modern oil furnaces may be 
as efficient as gas.

This natural gas furnace is located in the basement
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SOLAR HEAT

Solar heating systems must have some kind of back up -   (what do you 
do if the sun doesn't shine for a couple of weeks?). So if you use solar, 
you're going to have to put in another, conventional  system that is fully 
capable of supplying all of your heating needs. If you borrow money to 
build your home, the banker will insist on it!

Solar can be divided into active  and passive  designs. Active solar 
systems involve 
some type of 
collector panel. 
Typically, water 
or some other 
liquid is circu-
lated through 
t u b e s  i n  t h e 
panel, which is 
designed and 
located to cap-
ture the sun's 
rays. The heated 
water is used to 
provide heat for 
the home. One way is to pass the hot liquid through a  heat exchanger 
and blow air over it. A more complex method would be to use a water-
to-air heat pump to extract the heat from the liquid.

One of the benefits of the solar collector panel system is that it can also 
be used to heat water. Heating water for home use is one of the biggest 
consumers of your energy dollars.

On the minus side, these systems can be quite complex and expensive. 
The fact is that a well insulated home can be heated very cheaply by 
conventional means. When you compare this cost to the long payback 
period for expensive solar equipment, it's not clear if you are really sav-
ing by using this "free" fuel. On top of that, these systems are prone to 
maintenance problems - primarily leaks and corrosion.

Passive Solar Systems
Passive systems are constructed by using a carefully planned combina-
tion of design, materials, and orientation to capture the suns heat, to 
store it (usually by heating something massive, like a masonry wall or 

Solar Collector Panels

http://www.homebuildinganswers.com/solar-hot-water-book.html
http://www.homebuildinganswers.com/solar-design-book.html
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water filled barrels), and to distribute it through natural radiation and 
convection.

If solar heating interests you, we suggest you consult the Bibliography 
for further reading. A word to the wise. If you go this route, be very 
careful who you're dealing with. The industry has many qualified profes-
sionals. But it has also attracted more than its share of fast buck artists. 
Get references!

WOOD

Wood heat is very charming . . . if you have a good supply of fire wood 
. . . if you don't mind all the trouble of starting the fire, feeding it, and 
cleaning it out. We know people who spend practically nothing each 
year to heat their homes. They cut and split their own wood, and heat 
exclusively with wood stoves. Most of us, however, are unwilling to 
devote the time and effort a wood burning system demands. We like to 
set the thermostat and forget it! 

If you're into this sort of thing, there are several different types of wood 
stoves on the market including stand alone units and fireplace inserts. Some 
are quite sophisticated (by wood stove standards) with thermostatically 
controlled fans and dampers. You'll have to do your own research here. 
We've included some reference material at the end of the chapter. The 
dealers can also help answer your questions. We also strongly recommend 
you talk with some users to get their opinions before you leap.

The same comment can also be made here as with solar. Your banker 
will want to see a conventional heating system as well as your wood 
stove.

COAL

Almost nobody uses it to heat homes in this country anymore, so why talk 
about it. We might just as well discuss nuclear energy or whale oil!

SIzING THE SYSTEM
Go to a qualified heating air conditioning contractor. You will need to 
have your plans completed and answers to certain questions:

1. How much insulation will you have in your walls, ceilings, and 
floors?

2. Will your windows be single or double glazed (thermopane)?
3. Will you have storm windows?
4. Will external doors be wood or insulated metal? Any glass in them? 

Is it thermopane?
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The contractor will measure the area of outside surfaces and open-
ings and, using the information you provide (above), he will do a heat 
gain/heat loss calculation for the home. The results  will enable him to 
properly size your equipment.

It used to be a common practice for HVAC contractors to oversize equip-
ment. This is a tremendous waste for you. Not only will the initial outlay 
be greater, but the monthly operating cost will also be higher. All energy 
saving programs for residential construction emphasize the importance 
of properly sized heating and cooling equipment. Be sure the supplier 
understands you want properly sized equipment. You'll probably have 
two or three supplier/contractors to quote the job anyway, so you'll be 
able to compare what each recommends and have some ammunition 
for intelligent questioning.

zONED SYSTEMS
One way to reduce heating/cooling costs is to install a zoned system. 
This simply uses two or more smaller systems for different parts of the 
home with separate controls . . . so that you can "shut off" part of the 
home when it's not in use. This does not always have to involve fully 
blown systems. For example, a bedroom wing which was only used a 
couple of times a year might be heated by some baseboard strip resistance 
heaters and cooled by window air conditioning units - allowing you to 
significantly reduce the size of your central heating and cooling units. 

AIR CONDITIONING
Air conditioners basically come as central units or as window units. Noth-
ing complicated. The most important things to remember are:

1. Get it properly sized
2. Get one with a high energy efficiency rating 

HEAT PUMP
One piece of equipment you'll probably want to investigate is the heat 
pump.  This is basically a reversible air conditioner!  In the summer it 
takes the heat out of your home.  In the winter it "pumps" heat into your 
home from outside. But wait a minute! How can it pump heat into your 
home if it's cold outside? Well, what it does is take 40° air and make it 30° 
air, having 10° left over to add to your inside air. This is vastly oversim-
plifying it of course, but that's basically what happens. The heat pump is 
efficient down to some pretty chilly temperatures (well below freezing). 

http://home.howstuffworks.com/question49.htm
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When temperatures fall below the point of efficiency,  a backup strip 
resistance heating element, which is built into the system, kicks in.

Heat pumps are great because they don't burn any fuel. You're talking 
about a pump and a fan. They're very inexpensive to operate compared 
to electric heat and even gas. There are even models which will extract 
heat from water. If you're building in a rural area, you could use well 
water for heat.

The problems with heat pumps are initial cost, maintenance, and perceived 
comfort. They do cost more initially, and since they're more complex 
mechanically, they tend to require more maintenance - although this 
problem has been greatly reduced in recent years. The modern heat 
pump is remarkably reliable. The biggest problem is the temperature of 
the air you get. A heat pump usually puts out air at around 72°. If you're 
standing naked and wet outside the shower on a winter day and get hit 
with a blast of 72° air, you'll feel like you're being air conditioned instead 
of heated. Especially if you are used to the very warm air produced by 
a gas furnace.

DUCTS AND REGISTERS
There is little for you to decide concerning registers. Their locations 
are pretty much 
c o n t r o l l e d  b y 
the layout of the 
house. In conven-
tionally insulated 
homes, the typical 
practice is to posi-
tion the registers 
so that they flood 
the outside walls 
- particularly the 
window areas - 
with conditioned 
air because most of 
your heat loss will 
be at these areas. 
In super insulated  
homes the registers 
can be anywhere 
in the room. This Duct Board
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Ducts "furred down" into the conditioned 
space (under the insulated ceiling).

may make some shorter, 
more efficient duct runs 
possible.

DUCTS
Ducts are available in sev-
eral materials. You can get 
sheet metal ducts which 
are shop fabricated, then 
installed and insulated on 
the job site. Ducts can also 
be made of duct board  
- a kind of light weight, 
insulated material which 
can be easily cut with a 
knife and made into ducts 
right on the job. Flex duct  

is a flexible, insulated tube which comes in several diameters. It is very 
easy to install this material.

SUPPLY AND RETURN

Homes used to be built with a supply duct system and a return duct system. 
Each room had two sets of registers - one for the air to come out of (from 
the furnace or air conditioner), and one for the air to go into (to go back 
through the system for reconditioning). Many modern homes eliminate 
the return duct system in favor of one central return register that directly 
feeds the air handling system. The air from the home flows naturally to 
this point. In order to facilitate this flow, doors are trimmed at the bottom 
to allow a little space for the air even when the door is closed. This prac-
tice may be viewed as a compromise, but it works well in many homes 
and certainly saves some money initially. Whether it will work in your 
home will depend 
on the design of 
the home. Talk with 
your HVAC supplier/
contractor about this 
possibility.

LOCATION OF DUCTS

Ducts are usually 
run in crawl spaces, 
basements, attics, 
and between floors. 

Flex Duct
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Register

Thermostat

In two story homes, a space must be provided for the return duct serv-
ing the second floor.

Some programs promoting energy efficiency call for all ducts to be run 
in conditioned air.  This is accomplished by placing the air handling unit 
of the system (usually a heat pump) near the center of the home and 
running the ducts just below the ceilings. They are boxed in with 2x4's 
(this is called furring down) and drywalled. Since this process lowers 
the ceiling, it is best to have most runs in halls, baths, and closets. The 
advantage of this system is that there is no heat loss through the duct 
work - a prime place for losing conditioned air in most systems. Any 
heat lost from the ducts in this system, is lost to the room! 

If you use this system, you may 
think it's not necessary to insulate 
the ducts - since they're in con-
ditioned space. If you're using 
anything but sheet metal, you 
have insulated ducts anyway. If 
you're using sheet metal, you'll 
want them insulated for sound 
control.

REGISTERS
The registers are where the ducts 
terminate in the room. Usually 
they are located along exterior 
walls to help control heat loss 
and heat gain. Often they are located above or below windows and 
exterior doors. Work with your architect and HVAC contractor during 
the planning/design phase of your project to get these where you want 
them.

CONTROLS
You'll probably want to get the best 
thermostats available. The ones 
which allow for separate timed 
settings for the night and the day 
are nice. This allows you to auto-
matically turn the heat down at night 
and during workdays, when no one 
is at home.
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vENTILATION
To prevent you from being asphyxiated from the by-products of your 
own breathing, the air in your home must be exchanged with the air 
outside continually. In normally insulated homes this occurs about once 
every hour. One complete change every five hours is adequate. 

There is very little for you to decide at the plans and specifications stage 
about ventilation systems. If you're going to have a crawl space, the foun-
dation wall will have some 
vents built in (unless you're 
doing a Plenwood system).  
If your bath rooms don't 
have windows, they have 
to have an exhaust fan. 
You may want one anyway! 
Don't forget the vent for the 
clothes dryer. In the kitchen 
you can choose between a 
range vent that is ducted to 
the outside or one that passes 
the air through a charcoal 
filter and recirculates it back 
into the room.

ATTIC vENTILATION
One area you may want to give a little thought to is the ventilation of 
the attic space. This is important for several reasons. In hot weather 
the heat build up in attic spaces can be tremendous. Not only is this a 

Thid Is One Type Of Ridge Vent

Air Flow With Soffit And Ridge Vents (from Owens Corning)
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Gable Vent

Soffit Vents

drain on your conditioned air 
inside, it also shortens the life 
expectancy of your roof. In 
cooler months it is important 
to remove the moisture-laden 
air that has come from the 
home so that this moisture 
does not condense on struc-
tural members causing dam-
age. You have some choices here. Choices which not 
only affect the efficiency of the ventilation, but a lso  how 
the house looks.

Attic ventilation can be accom-
plished with soffit (eave) vents, 
gable vents, ridge vents, roof 
ventilators, or any combination 
of the above. Soffit vents are 
either 8"x16" square, louvered, 
aluminum things, or are con-
tinuous, screened slots about 
2" wide.  Gables are the "A" 
shaped part of the roof at the 
end of the house. Gable vents 
come in a variety of sizes and 
shapes (triangular, rectangular, 
circular, octagonal). Ridge vents 
go right along the very top edge 
of the roof (the ridge line). The 
roof is actually open along the 

ridge and is covered by a linear device which keeps rain and insects out. 
Roof vents are holes cut in the roof and covered with a thermostatically 
controlled fan or one of those strange round things you've seen whirl-
ing round and round.

Perhaps the most effective combination is the soffit vent and the ridge 
vent. As the sun heats up the air in your attic, the warm air rises and 
passes out of the attic at its highest point, the ridge. At the same time, 
cooler air is automatically drawn in at the lowest point, the soffit. There 
is no place for pockets of "dead air" to accumulate. And since the sys-
tem is powered by natural convection, there is no electricity wasted  
running fans. 
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INSULATION
All materials provide some insulation . . . even air! When the heat loss/
heat gain calculations are done by your HVAC contractor, he will figure 
the total insulation value of your walls. This will include all of the mate-
rials. A typical example (from the outside) would be: brick, air space, 
insulated sheathing, wall insulation, vapor barrier, and drywall.  

In this section we will be talking about the material used to increase 
the insulating value of the structural and finish elements of the home. 
These insulating materials (insulation) are put in your walls, floor, and 
ceiling. If a Plenwood™ system is being used, the foundation wall is 
also insulated.

R-vALUE AND U-vALUE
There are two units of measure used to describe the insulating value of 
a material. One is the R-value,  which indicates the relative resistance 
a material has to the passage of heat. The higher the R-value , the bet-
ter the material is at insulating. The other unit is u-value , which is the 
reciprocal of R. This simply means that it is one divided by the R value 
(1/R). The lower  the u-value, the better the material is at insulating. 
The R-value is the most commonly used unit of measurement. Typical 
R values are R-11, R-13, R-19, and R-30.

HOW MUCH INSULATION?
How much insulation (what R value ) you need will depend on where 
you live and how much you are willing to invest now to save later. R-11 
and R-13 fiberglass batts (see next paragraph) are  designed to go into a 
2x4 wall. R19 requires a 2x6 wall.  R-19 is also used for floor insulation. 
Because heat rises, a lot of your heat loss will be through the ceiling. 
Thus, attic insulation is usually beefed up to R-30 or more. Maps are 
available which divide the country into insulation zones, with R-values 
recommended for walls, floor, and ceiling in each zone. You may see a 
map wherever insulation is sold.

TYPES OF INSULATION
You will probably be using one or more of the following materials for 
insulation:

http://www.homebuildinganswers.com/insulation-book.html
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FIBERGLASS

You will probably use fiberglass insulation. This comes in rolls and can 
be purchased in widths appropriate for either 16" or 24" stud spacing. 
When unrolled the material forms sheets called "batts." The insulation 
may be faced  or unfaced . Faced insulation is attached to paper, which 
has been coated with an asphalt like material. The paper acts as a vapor 
barrier and a means of attachment. The paper is a little wider than the 
insulation so that it overlaps the studs on each side. It is stapled into 
place. Unfaced insulation is called "friction fit", since it is friction that 
holds it in place. When used to insulate floors, fiberglass batts are usually 
held in place with pieces of wire that fit between the floor joists. 

BIBS

BIBS (blown-in-batt-system) is a fairly new system of blowing insulating 
materials into a wall cavity. The advantages are that a higher density 
of insulation can be achieved and that all the spaces (around wiring, 
behind electrical boxes, etc.) are completely filled. The disadvantage is 
a higher cost. Check your yellow pages for a local insulation contractor 
who does this.

ROCk WOOL

This is sometimes used in attics, although fiberglass is much more com-
mon today. It is blown into place.

STYROFOAM

Styrofoam is a very effective insu-
lator, but may initially be more ex-
pensive than fiberglass. It is often 
used in thin sheets as a sheathing 
material, but seldom as the primary 
wall, ceiling, or floor insulation. Sty-
rofoam is also used as foundation 
insulation and around the perimeter 
of concrete floor slabs. It has been 
found that most of the heat loss 
in a slab occurs around the edge. 
Styrofoam along and under the 
outer edges greatly reduces this 
heat loss.

WHERE INSULATION IS TO BE 
USED
Insulation is to be used  anywhere 

Dow Chemical's Styrofoam used as 
sheathing and foundation insulation
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the outside interfaces with the inside. Here are some of the places you 
will insulate:

1. In floors where there is a crawl space.
2. Around the perimeter of a slab.
3. The foundation wall of a Plenwood™ System (see p. 191).
4. Outside walls.
5. At overhangs.
6. In ceilings.
7. In the roof of a sloped  ceiling.

Taking a brief look backward, you have 
learned how to determine how much home 
you can afford, how to select and purchase a 
lot, what should be in your plans and spec-
ifications, and design decisions you'll make 

concerning the structure of your home.  In this lesson we examined the 
mechanical systems - the plumbing, the electrical, and the HVAC (heat-
ing, ventilating, and air conditioning).

As a matter of convenience, we grouped insulation in with these me-
chanical systems.

In the plumbing system, we talked about types of pipe you could specify 
and choices concerning the water heater, lavatories, sink, tub, etc.

Concerning the electrical system, we talked about switches and outlets, 
light fixtures, and other equipment such as smoke detectors, intercoms, 
and telephone wiring.

Summary
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Return to Home-Building-Answers.com

questions  
and Answers

With the HVAC  system, we 
looked at types of fuel, heat 
pumps, duct and register 
considerations, and a re-

turn air idea called the Plenwood™ System.

CHECK LISTS Q&A’s

Looking Forward
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