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Air leakage is a common cause of building energy inefficiency.
This drawing illustrates 19 sites of potential air leakage.

Can you find them?

(See back cover to check your answers.)
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Energy Efficient Building Construction in Florida

Introduction

When used together, the phrases energy efficiency and building construction are often assumed
to mean greater costs with no incentives. But actually, energy efficient building construction
practices can mean greater profits. Energy Efficient Building Construction in Florida is an
adaptation for Florida conditions and code requirements of A Builder’s Guide to Energy Effi-
cient Homes in Georgia. The handbook includes excerpts from Florida’s energy efficiency
code for building construction to aid builders in understanding and complying with the code.
(The relevant sections of the Florida Energy Code that include specific code requirements are
listed under the appropriate chapter title.) Just as importantly, it is designed to bridge the gap
between energy efficient building practices and greater profitability.

Greater profits can be realized around four key concepts: increased sales, improved energy
efficiency, reduced system costs, and improved products.

[ Increased Sales — Increase sales volume by offering more value for less total monthly cost.
Typically energy efficient construction costs more to build, but will be less expensive for
owners to operate, where monthly energy savings exceed any small increase in the monthly
mortgage. Builders can profit by selling extra energy features, attracting more buyers looking
for energy efficient buildings, and reducing expensive call-backs where buildings are more
comfortable and well-built.

(3 Improved Energy Efficiency —Increase spending on critical features that provide a wide
range of owner benefits in addition to impressively lower utility bills. In particular, builders can
look for significant energy savings with high-efficiency building envelopes; heating, cooling
and ventilation (HVAC) systems; lighting; and appliances.

O Reduced System Costs — Realize significant construction cost savings with an integrated
approach to mechanical system design. Opportunities to reduce initial construction costs are
based on more efficient building envelopes, which require smaller HVAC equipment and distri-
bution systems.

O Improved Products — Use the benefits offered by energy efficient features to differentiate
your buildings. In addition to significantly lower utility bills, you can look to offer improved
comfort, quieter interiors, better indoor air quality, high quality construction, positioning for
high resale value, and an environmentally friendly building.

With special mortgage considerations and allowances available to purchasers of energy-effi-
cient buildings, Energy Efficient Building Construction in Florida makes both cents and sense.

Introduction ©2000 University of Florida
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Chapter 1: Step-by-Step
Energy Efficient Construction 7

This quick reference guide shows the key elements of energy efficient construction. These
features save money, improve indoor air quality, enhance comfort, prevent moisture prob-
lems, and increase the long term durability of the building.

Energy Efficient Buildings: The Key Features

Air barrier system

0 Eliminate leakage between conditioned and unconditioned spaces, in particular between:

living areas
attics
crawl spaces

garages

Continuous insulation system

O Install insulation as continuously as possible between conditioned and unconditioned
spaces, including:

exterior walls

floor systems over unconditioned or exterior spaces

ceilings below unconditioned or exterior spaces

wall areas adjacent to attic space—such as knee walls and attic stairways

Select and install energy efficient windows

0 Design buildings with minimal glass, especially on the southeast and southwest sides

O Use double-glazed windows with U-values under 0.70 (R-values of at least 1.65)

0 Consider low-emissivity coatings and other high performance features

O Shade windows in summertime

Step-by-Step Energy Efficient Construction Chapter 1

©2000 University of Florida




Energy Efficient Building Construction in Florida

Design cooling and heating system for efficiency

0O Select high efficiency equipment designed for local climatic conditions

O Size and install equipment properly

O Avoid negative pressures to prevent backdrafting of combustion appliances

O Install fresh air ventilation systems to bring in outside air when needed

Seal ductwork

O

d

a

o

a

Size ductwork to meet the heating and cooling load of each room
Place ductwork to supply proper airflow; measure airflow to guarantee comfort

Seal all potential duct leaks—except those in removable components—with mastic or
mastic plus fiber mesh

Seal leaks around removable components with aluminum tape

Provide for return air duct system where appropriate

Minimize hot water costs

Choose energy efficient appliances and lighting

Carefully consider the placement of the building on the property to provide maximum
shade in the summer and sunlight in the winter

©2000 University of Florida Chapter 1 Step-by-Step Energy Efficient Construction



Energy Efficient Building Construction in Florida 9

Figure 1-1
Building Section

Continuous
ridge vent

Continuous R-25 to R-30
cathedral celling

Insulate knee walls .
to at least R-19 < 7ol
L oy Drywall forms continuous,

Install continuous air barrier airtight barrier

on backside of insulation

Recessed lights should be

Continugus R-30 e All duct Ic"’lkﬁ ! S avoided: \:vhcn.a ulsed,
attic insulation ' sealed WITH P, Bpecify airtight.
mastic iy R 1C-rated

; *ii‘i(; fixtures

\ Seal and insulate

band joists

Seal ductwork 4%
penetrations i Mirimum
! | double-glazed

Continuous f‘—*‘ Iov:;e wir;dows
) . . referre
insulation HVAC unit L_\H‘ p
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m:ula‘:cd -4 : air barrier
sheathing R b3

R-2toR-5.6 \

Continuous

Earth slopes vapor barrier

away from home

Step-by-Step Energy Efficient Construction Chapter 1 ©2000 University of Florida
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Figure 1-2
Site Planning

Low branching trees
on east and west
¥ - to shade in summer
&
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Figure 1-3

Foundation Alternatives

Welded wire mesh

Menolithic Concrete Slab

Stem Wall

For slab-on-grade construction, design footing and foundation wall or monolithic slab
and footing according to local code requirements. If building a suspended floor system,
place a vapor barrier under the footing and over the ground under the floor.

Step-by-Step Energy Efficient Construction

Chapter 1

©2000 University of Florida
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Energy Efficient Building Construction in Florida

. Provide adequate bracing near corners

Figure 1-4
Wall Framing

Header detail

Corner framing detail
with vertical corner
and wood siding

In corner, use single stud corner, or
double stud corner when using wood
siding with vertical cornerboard trim.

Dry wall clip
and at shear panels.

. At partition wall (T-wall) intersection,

eliminate additional studs for nailing drywall; use "ladder" instead. A ladder con-
sists of 2 x 4 blocking turned on edge and nailed flush with the inside face of the
studs 16 inches on center. This will provide nailing for the first stud of the parti-
tion while allowing insulation in the exterior wall (see inset).

. Add 1/2" foam to structural headers.
. Cover entire wall with 1/2" foam sheathing, including band joists and second top

plates.

. Before lifting wall in place, attach sill sealant material to subfloor.

©2000 University of Florida Chapter 1 Step-by-Step Energy Efficient Construction



Energy Efficient Building Construction in Florida 13
Figure 1-5
Ceiling Details
Raised top plate Continuous coverage
—provides ample of R-20 to R-3&
room for insulation insulation
o
I/ Attic storage areas ,
14 , Insulated attic cover
—add 2 x 4 framing .
—either attached to
on edge on top of _
- attic door or foam
joists to allow e lated
\room for insulation neutated cover
Step-by-Step Energy Efficient Construction Chapter 1 ©2000 University of Florida
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Figure 1-6
‘ Seal Plumbing Penetrations

Seal plumbing penetrations

1. Locate plumbing on
interior walls.

2. Use ﬁrcetop rated caulk
to seal holes into attic.

3. Seal under tubs and
showers,

4. Caulk between drywall

and piping penetra- &
tions.

Figure 1-7
Seal electrical penetrations

Seal electrical penetrations

1. Seal holes through bottom plate.

2. Use ﬁrestop rated caulk to seal
holes into attic.

3. Caulk between drywall
and all electrical boxes,
including receptacles,
switches and lights.

|

\

|

1 4, Minimize use of recessed

| lights; where used choose
11\ IC (insulated cover)
|

4‘

\

lamps that also have
airtight ratings.

©2000 University of Florida Chapter 1 Step-by-Step Energy Efficient Construction



Energy Efficient Building Construction in Florida 15

Figure 1-8
HVAC Systems

1. Size for heating and cooling load using Manual J techniques (see Chapter 7).
2. Size latent (dehumidification) load for cooling system.

3. Compare cost and projected energy savings of at least 3 HVAC contractor bids and
3 equipment options:
a. Minimum efficiency: SEER 10 cooling, AFUE .78 furnace, HSPF ©.8 heat

purmp
b. Moderate efficiency: ~ SEER 11 cooling, AFUE .80 furnace, HSPF 7.2 heat pump
¢. High efficiency: SEER 13 cooling, AFUE .20 furnace, HSFF 7.8 heat

pump (make sure the Sensible Heating Ratio (SHR) can
address the latent loads)

4. Consider automatic zoned system instead of multiple separate systems.
5. When selecting a contractor, do not just go by price, but consider the following:
a. reputation for quality
b. type of duct system
¢. humber of returns
d. sound-muffling components
e. willingness to ensure and test for airtight ductwork

Step-by-Step Energy Efficient Construction Chapter 1 ©2000 University of Florida
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Figure 1-9
Duct Testing System

Pressure gauge

Duct tester
assembly

|
Temporary seal

An example of a duct testing system

Ductwork

1. Design using Manual D Concepte.

4 2. Install returns in each room with a

closeable door and more than one
supply.

3. Seal all duct leaks with mastic or
mastic and fiber mesh—use guidelines
in Chapter &.

4, Test ducts for air tightness.

B. Test home for pressure imbalance
probleme.

Figure 1-10
Step-by-Step Duct Sealing

Attach flex-duct
to take-off collar
with strap

Apply mastic
to seal flex-duct
to collar and
collar to plenum

Full insulation

and outer liner

over sealed take-off;
strap outer liner

in place

©2000 University of Florida
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Energy Efficient Building Construction in Florida 17

Figure 1-11
Properly Seal Air Handler :

Mastic
Removable tape !

Many air handler cabinets come from the factory with leaks.
They should be sealed with duct-sealing mastic. Removable
panels should be sealed with cloth or metal duct tape.

Figure 1-12
Prevent Pressure Imbalance Problems

Closed doors isolate !
supply from returns I
|

Step-by-Step Energy Efficient Construction Chapter 1 ©2000 University of Florida
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Chapter 2:
Why Build Efficiently? 19

Investments in energy efficient features in new construction are remarkable because everyone
wins:

0

O

Homeowners receive a positive cash flow within 1 to 3 years.

Homeowners benefit additionally from improved comfort, better indoor air quality, re-
duced moisture problems, and fewer health problems.

Builders have fewer call-backs and make additional profit from the extra construction
COStS.

O Heating and cooling contractors have fewer call-backs.

Real estate licensees receive additional fees from the value added features and enhance
their reputation by selling higher quality homes that consumers appreciate.

Bankers receive higher mortgage payments for homes with lower annual costs of owner-
ship due to the reduced energy bills.

National lending agencies, such as the Federal Housing Authority (FHA), the Veteran’s
Administration (VA), and Fannie Mae offer preferred financing options to owners of
energy efficient homes.

ENERGY STAR® home buyers qualify for more attractive mortgages. Environmental Protec-
tive Agency (EPA) Energy Star Homes must be at least 20% more energy efficient than
the Florida Energy Code. This is verified through a third-party site energy rating and a
performance test. A Home Energy Rating System (HERS) score of 86 or better must be
achieved.

The local economy benefits as more money stays within the community and local subcon-
tractors and product suppliers make additional income by selling improved energy effi-
cient features.

Why Build Efficiently? Chapter 2

©2000 University of Florida
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Achieving Efficiency

Energy efficient buildings are no accident. Too often, measures that may be easier to market
are installed, but key ingredients—such as sealing air leaks and duct leaks—are left undone.
The result is that buildings fall far short of being efficient, with energy bills higher than
necessary, comfort and moisture problems, and owners who are thoroughly dissatisfied—
hardly a positive customer relations situation.

Designing and building a structure that uses energy wisely does not mean sacrificing a
building's aesthetics or amenities. Buildings of any architectural style can meet the require-
ments of this book. Any good building design considers the characteristics of a particular
site: the local climate, the availability and cost of energy sources, and the occupant's lifestyle.

Building an energy efficient structure does not require special materials or construction skills.

However, the quality of basic construction has a major influence on building comfort and
energy costs, especially:

0O Quality of framing and installation of insulation and windows.
O Attention to detail in sealing areas with potential air leaks.

O Design and installation of the heating and cooling equipment.
O Effectiveness of sealing ducts.

Successful builders of energy efficient homes realize the importance of quality. They aiso
know that achieving low energy costs and greater comfort in today's competitive marketplace
requires careful planning throughout the design and construction process.

Table 2-1 shows the savings available for a "typical energy efficient home” (i.e., annual
energy cost is approximately 30 percent less than a standard home). The cumulative net
savings are about $8,000 over a 30-year period. The investment begins providing a positive
cash flow in the second year, once the additional downpayment for the energy feature, added
into the first year's extra mortgage, has been paid.

©2000 Chapter 2 Why Build Efficiently?



Energy Efficient Building Construction in Florida

21

Table 2-1

Savings from an Energy Efficient Home

'

Standard Home

Energy Efficient Home

Annual Extra Annual Total Cumu-
Year Energy | Morigage Energy Cost lative
Cost Cost Cost Savings
ok ) | §$526°  $850  $1,376 | §(i76) |

166

863 1,029

13

* The extra mortgage costs are for financing energy efficient features.
The first year costs are higher because they include the additional
downpayment.

Why Build Efficiently?

Chapter 2
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Energy Efficient Building Construction in Florida

The Florida Energy Code

The Florida Energy Efficiency Code for Building Construction was first enacted in 1980 and
has been revised and updated several times since. Florida's code establishes a minimum
standard of energy efficiency. However, because it is a performance code it does not pre-
scribe how to meet that standard. This allows the builder or designer flexibility in deciding
how to build an efficient building. Prescriptive methods of meeting the code may be used in
some cases, if the builder prefers.

The code establishes a budget of base points for each building using certain optimized
“baseline” features (exterior walls, ceilings, and floors, etc.) and the building’s actual areas
and configuration. The base points are compared to the designed or “as-built” building using
multipliers that reflect energy transfer through the same wall, ceiling and floor areas, and
equipment efficiencies of the components actually designed for that building.

This allows the builder or designer considerable versatility. For example, a more efficient
heating and cooling system could be chosen instead of double pane windows, or more win-
dows on the north side of the building and less on the south or west side of the building.

Cope CompPLIANCE AND PERMITTING

A building's compliance with the Florida Energy Efficiency Code (see Appendix III) should
be based on the climate zone where it is located. Once the climate-specific compliance
method is chosen, certification is indicated by the forms approved for that method. Figure 2-
1 provides an overview of compliance methods.

Refer to the Code to determine who is authorized to prepare and submit Code compliance
forms, as well as jurisdictional and climate zone data. The oniy software approved for deter-
mining compliance with the Code is the EnergyGauge software, available from the Florida
Solar Energy Center (see p. 22 for address).

l ©2000 Chapter 2 Why Build Efficiently?
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Figure 2-1
Code Compliance Flow Chart

Owner (or designated agent) certifies compliance using forms
400A-97, 400A-97, 400B-97, 400C-97 or 400D-97 (commercial) or
forms 600A-97, 600B-97, or 600C-97 (residential).

l Forms are certified by a

registered A/E—except
certain buildings described
in section 101.1.

Building official checks form
submitted, places it in the permit file.

Copy of form is filed with

Any changes made to the energy-related aspects of the DCA on a quarterly
building that would diminish the energy performance of a basis per the schedule
building require submittal of a revised form. in section 105.

Permit revised.

==

Building official checks form submitted,
places it in the permit file.

<=

Permit granted.

S

Final inspection of building to
code compliance submittal.
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Florida Building Energy-Efficiency Rating System

The Florida Building Energy-Efficiency Rating Act, as amended in 1998, provides for a
statewide uniform system for rating the energy efficiency of buildings. This rating system is
based on the building's annual energy usage and costs with consideration to local climate
conditions, construction practices, and building use.

The energy rating for new and existing residential buildings shall be determined using the
Florida Residential Building Energy Rating System software (EnergyGauge/ResFREE,
Version 2). The energy rating for new public and new and existing commercial buildings
shall be determined using the Florida Commercial Building Energy Rating System software
(EnergyGauge/ComFREE 97, Version 2.2). The EnergyGauge software is developed and
maintained by the Department of Community Affairs, which produces the Florida Building
Rating Guide forms. Figure 2-2 illustrates how all compliance and rating elements are orga-
nized within the EnergyGauge program.

The rating system software can be obtained from:

Florida EnergyGauge Program
Florida Solar Energy Center

1679 Clearlake Road

Cocoa, Florida 32922-5703
Phone: (321) 638-1492

email: energygauge @fsec.ucf.edu
Web site: http://www.fsec.ucf.edu

Financing Energy Efficiency

A useful tool is now available in Florida to help finance energy efficiency features and solar
technologies—energy efficient mortgages. With energy efficient mortgages, different finance
options are available depending on the lender. These mortgages help make it easier for

homebuyers to qualify for energy efficient homes or to afford a more costly home at a given
income.

For example, preferred terms for homebuyers purchasing ENercy STar® Homes through an
ENERGY STAR® Mortgage can include:

O Cash back at closing a Free interest lock
O Increased debt-to-income ratio 0 Reduced loan origination fees
(3 Assured appraisal values ) Discounted interest rates

Lenders of energy efficient mortgages usually require a home energy rating.

For more information on energy efficient mortgages and programs that currently operate in
Florida, contact your lending institution,

©2000 Chapter 2 Why Build Efficiently?
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Figure 2-2
EnergyGauge Program Organization

EnergyGauge Program

Residential Commercial

EnergyGauge Software

Energy Code Building Energy Rating System Optimization

EPI Rating Guide HERS
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.

EVALUATING ENERGY EFFICIENT PRODUCTS

The energy efficient builder seeks to minimize the lifetime costs of a home rather than the first
costs. Making such calculations are often time-consuming and confusing. One of the best
ways to determine whether an investment is sound is to compare the annual energy savings
with the additional annual mortgage costs to find the Net Annual Savings.

For example, suppose you are wondering whether it is worthwhile for a home to have high effi-
ciency, low-e windows, which use special coatings to reduce heat loss and gain. A builder had
planned to install double-glazed units, but is now considering an upgrade to low-e units. He
receives the foliowing information from a window dealer:

O Additional Window Cost = $500

O First Year Energy Savings = $75

He can easily calculate that the payback period on the above investment is just under 7 years.
However, he is unsure whether the payback is acceptable. To find the Net Annual Savings, first,
he finds the extra mortgage costs for the windows:

O Mortgage Interest Rate = 8.5%

Term of Mortgage = 30 years

Monthly Fayment per $1,000 (from Appendix 1} = $7.69

Annual Payment per $1 (multiply the above by 12 and divide by 1,000) = $.092

Extra Annual Payment (multiply the additional cost of the windows by the above factor)
= $500 x $.092 = $46

03 Net Annual Energy Savings (subtract the annual payment from annual energy savings)

= $75 - $46 = $29

g Qaaa

Since the Net Annual Energy Savings is positive, the investment is sound, especially when
considering that energy costs will increase over time, while mortgage costs will remain relatively
constant,

It is often useful to calculate the Rate of Return (ROR) for an energy investment, Homeowners
can compare the annual percentage return for an energy measure to that earned by their
financial investment. The steps for finding the ROR, using the above example, are as follows:

1. Find the payback period (divide the total cost by the annual savings) = 500/75 = about 7
years

2. Determine the life of the energy measure = over 20 years

2. For the payback period and lifetime, find the ROR in Table 2-2 = 18% (and it's tax free)

©2000 Chapter 2 Why Build Efficiently?
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Table 2-2
Rate of Return for Energy Investments (%)
Lifetime of Energy Investments (Years)
5 7 10 15 | 17 20
16| 67 73 73 75 75 75

'E.
o

O F
1
ot
[}

o

af
-
@
St

Note: A zero indicates the rate of return is either negligibie or negative.
The table assumes energy prices escalate 4% per year.
Why Build Efficiently? Chapter 2 ©2000 University of Florida
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We sometimes think of buildings as independent structures, placed on an attractive lot, and lived
in without regard to the world around. Yet, most buildings have problems—some simply minor
nuisances, others life-threatening:

3 Mold on walls, ceilings, and furnishings
Mpysterious odors

Excessive cooling and heating bills

High humidity

Rooms that are never comfortable

Decayed structural wood and other materials
Termite or other pest infestations

Fireplaces that do not draft properly

O O o a a a a Q

High levels of formaldehyde, radon, or carbon monoxide

These problems occur because of the failure of the building to properly react to the outdoor or
indoor environment. The building should be designed to function well amid fluctuating tem-
peratures, moisture levels, and air pressures.

The Building as a System Chapter 3 ©2000 University of Florida
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Health and Comfort Factors

The following factors define the quality of the living environment. If kept at desirable levels,
the building will provide comfort and healthy air quality.

O Moisture levels—often measured as the relative humidity (RH). High humidity causes
discomfort and can promote growth of mold and organisms such as dust mites.

O Temperature—both dry bulb (that measured by a regular thermometer) and wet bulb,
which indicates the amount of moisture in the air. The dry bulb and wet bulb tempera-
tures can be used to find the relative humidity of the air.

O Air quality—the level of pollutants in the air, such as formaldehyde, radon, carbon
monoxide, and other detrimental chemicals, as well as organisms such as mold and dust
mites. The key determinant of air quality problems is the strength of the source of
pollution.

O Air movement—the velocity at which air flows in specific areas of the building. Higher
velocities make occupants more comfortable in summer, but less comfortable in winter.

(3 Structural integrity—the ability of the materials that make up the building to create a
long-term barrier between the exterior and inside.

Concepts
HeaT FLows In BuiLDinGs

Health and comfort factors are determined considerably by how readily heat moves through
a building and its exterior envelope. The next page explains the three primary modes of
heat transfer.

©2000 University of Florida Chapter 3 The Building as a System
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HOW HEAT MOVES Figure 3-1
Conduction
CONDUCTION
O The transfer of heat through solid objects, such as the ceiling,
walls, and floor of a home.
O Insulation (and multiple layers of glass in windows) reduce conduc-
tion losses.
Figure 3-2
Convection
CONVECTION
O The flow of heat by currents of air.
As air becomes heated it rises; as it cools, it becomes
heavier and sinks.
Figure 3-3
Air Leakage
O The convective flow of air into a home ts known as infiltration ;
the outward flow is called exfiltration. |n this book, these air
flows are known generally as air leakage.
R ADIATION
O The net movement of radiant energy from warmer to cooler Figure 3-4
objects acrose empty spaces (like warmth from a fireplace). Radiation
0 Examples include radiant heat traveling from:
* inner panes of glass to outer panes in double-glazed
windows in winter
¢ roof deck to attic insulation during hot, sunny days
O Radiant energy exchange can be minimized by installing
reflective barriers; examples include radiant heat barriers in attics and
low-emissivity coatings for windows.
\ w
The Building as a System Chapter 3 ©2000 University of Florida
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AR LEAKS AND INDOOR AIR QUALITY Figure 3-5
Air Quality Problems from "Fresh" Air

Both building professionals and building
occupants have concerns about indoor air
quality. It is important to understand that Ini‘l‘:;on
few studies on the subject have shown a Humidity
strong relationship between indoor air

quality and the air tightness of a building.

Follen
The major factor affecting indoor air 4 Allergens
quality is the level of the pollutant causing _ Hn.l;n;f;ty

the problem. Thus, most experts feel that
the solution to poor indoor air quality is
removing the source of the pollution.

Mol

Designing a leakier building may help Radon
lessen the intensity of the problem, but it Humidity
will not eliminate it, nor necessarily create Festicides

a healthy living situation.

Air leaks often bring in air quality problems from attics, the outside, and crawl spaces
(Figure 3-5), such as:

O Mold

O Radon from crawl spaces and under-slab areas
O Humidity

O Pollen and other allergens

(3 Dust and other particles

The best solution to air quality problems is to construct a building as tightly as possible and
install an effective ventilation system that can bring in fresh outside air (not crawl space or
attic air). Ventilation system design options and indoor air quality are described in greater
detail in Chapter 7.

©2000 University of Fiorida Chapter 3 The Building as a System
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ReLaTive HumiDITy AND __ Figure 3-6 .
WATER CONDENSATION Conditions for Condensation

Surface at or below
Air is made up of gases such as oxygen, nitro- Nw point of air
gen, and water vapor. The amount of water (‘f/ BN

vapor that air can hold is determined by its Air ab M

temperature. Warm air holds more vapor than - Er? g:.vcn. _ k
. . . temperature and ™

cold air. The amount of water vapor in the air . .

. . . . . relative humidity

is measured by its relative humidity (RH). At _

100% RH, water vapor condenses into a liquid. o %

The temperature at which water vapor con-

denses is its dew point. \

M Condensation

The dew point of air depends on its tempera-
ture and relative humidity. A convenient tool
for examining how air temperature and moisture interact is the Psychrometric Chart (see next
page). Preventing condensation involves reducing the RH of the air or increasing the tempera-
tures of surfaces exposed to the air.

the amount of water vapor in
the air at a given temperature

RH =
the maximum amount of water vapor that
air can hold at that temperature

ErFecT oF RELATIVE HumIDITY
People respond dramatically to changes in rélative humidity:
At lower RH, we feel cooler as moisture evaporates more readily from our skin.
At higher levels, we may feel uncomfortable, especially at temperatures above 78°.

Dry air can often aggravate respiratory problems.

Dust mites prosper at over 50% RH.

a
<
a
QO Molds grow in air over 70% RH.
a
O Wood decays when the RH is near or at 100%.
Qa

People are most comfortable at 30% to 50% RH.

The Building as a System Chapter 3 ©2000 University of Florida
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r
MOISTURE AND RELATIVE HUMIDITY
Figure 3-7
A peychrometric chart aids in understand- Psychrgmetric Chart
ing the dynamics of moisture control. A .
simplified chart shown in Figure 3-7 relates 40;’;7/ 0§/ 0\9;9 <
temperature and moisture. Note that at a 0((\ i ' LE
single temperature, as the amount of mois- -40\2\ §
ture incr?aacs (rn.oves up thfs. ver'tic'al axis), , Q_o\’p\ | ; %ny\e\ §
the relative humidity of the air also in- Oo\o A ©
creases. At the top curve of the chart, the N A L 3
relative humidity reaches 100%—air can hold = 'g
no additional water vapor at that tempera- 20 30 40 50 60 70 80 90 100
ture (called the dew point) so condensation Air Temperature (degrece F)
can occur.
WinTER CONDENSATION IN WALLS
I a well built wall, the temperature of the inside surface of the sheathing will depend on
the insulating value of the sheathing, and the indoor and outdoor temperatures. When it
is 35°F outside, and 70°F at 40% relative humidity inside:
O3 The interior surface of plywood sheathing will be around 39 °F
O The interior surface of insulated sheathing would be 47 °F
The psychrometric chart can help predict
whether condensation will occur: .
Fig 3-8
1. In Figure 3-8, find the point repre- Winter Dewpoint Temperature Inside Walls
senting the indoor air conditions @ 4@/\ a;?’ »\5‘? b
(70°F). ((\\b I
- n
2. Draw a horizontal line to the 100% RH X8 // / s §
: WA D T S
line. M - 20 <
N 2 5
o f / L] 2
3. Next, draw a vertical line down from _,é”;__,, 9
where the horizontal line intersects —_—a T
the 100% RH line. Air Temperature {degrees F)
In the example, condensation would occur if the temperature of the inside surface of the
sheathing were at 44°F. Thus, under the temperature conditions in this example, water
droplets may form on the plywood sheathing, but not on the insulated sheathing.
.
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SumMER CONDENSATION IN WALLS i
Figure 3-9 |
l Figurg 3.9 dgpictg a similar case in Summer DeWPOint Temperature Inside Walls L
summer. If the interior air is 75 °F, and - . ‘
» ' —
I outside air at 95°F and 40% relative ((-\\t'@ mé\%éy I ;:-)
humidity enters the wall cavity, will 0\3\\" . Lnljl——“z\ O =
condensation occur? Using the psychro- 9 D L g
Q—f’\@ ’ | n,oq— 8
metric chart we find that the dew point Oo°\o / T 7_0/:»/ o
of the outside air leaking into the wall N } :% ; é
' cavity would be about 67°F. Since the E=—1——7 | | S
drywall temperature is greater than the 20 80 40 80 60 70 80 90 100
dew point, condensation should not Air Tempecature {degrece F) ’
l form. '
\ S
]
|
] |
f
' \
f
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Systems in a Building

Whether the health and comfort factors of temperature, humidity, and air quality remain at
comfortable and healthy levels depends on how well the building works as a system. Every
building has systems that are intended to provide indoor health and comfort:

O Structural system
QO Moisture control system
QO Air barrier system
@ Thermal insulation system
Q HVAC system
STRUCTURAL SYSTEM

The purpose of this book is not to show how to design and build the structural components
of a building, but rather to describe how to maintain the integrity of these components. Key
problems that can affect the structural integrity of a building include:

U Erosion
QO Roof leaks
Q Water absorption into building systems
Ll Excessive relative humidity levels
Q Fire
Q Summer heat build-up
STRUCTURAL RECOMMENDATIONS
To prevent these structural problems, the designer and builder should:

O Ensure the roof is watertight to prevent rainwater intrusion. Provide diverters or gutters
and downspouts to direct water away from entries and walkways. If gutters are used, make
sure that they are properly designed to handle Florida’s frequent and heavy rainfall. (The
owner should clean them regularly.) Gutters should be attached so that water cannot enter
the fascia or spike penetrations, which should be carefully sealed. Good use of diverters
and overhangs can eliminate the need for gutters.

©2000 University of Florida Chapter 3
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(3 Divert ground water away from the building through proper grading and install effective
gutters and downspouts.

(3 Seal penetrations that allow moisture to enter the building envelope via air leakage. Use
firestopping sealants to close penetrations that are potential sources of “draft” during a
fire.

O Prevent air from washing over attic insulation.

O Install a series of capillary breaks that keep moisture from migrating through foundation
systems into wall and attic framing.

MoistTure CONTROL SYSTEM

Buildings should be designed and built to provide comfortable and healthy levels of relative
humidity. They should also prevent both liquid water and water vapor from migrating
through building components.

The moisture control system includes quality construction to shed water from the building
and its foundation, vapor and air barrier systems that hinder the flow of air infiltration and
water vapor, and cooling and heating systems designed to provide comfort throughout the
year.

There are four primary modes of moisture migration into buildings. Each of these must be
controlled to preserve comfort, health, and building durability.

The Building as a System Chapter 3 ©2000 University of Florida
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Bulk moisture transport
3 The flow of moisture through holes, cracks, or gaps (Figure 3-10)

O Primary source is rain Figure 3-10
Bulk Moisture Transport

O Causes include: 1)
T

* Poor flashing
* Inadequate drainage Openings
* Poorquality weatherstrippingor iy puilding
caulking around joints in building envelope
exterior (such as windows,
doors, and bottom plates)

(3 Solved through quality construction
with durable materials

O Most important of the four modes of moisture migration
Capillary action (Figure 3-11)
O Wicking of water through porous materials or between small cracks

O Primary sources are from rain or

ground water .
Figure 3-11

(3 Causes include: Capillary Action

pieces of exterior siding
Membrane serving as
capillary break should
have been installed

* water drawn upward through pores

or cracks in concrete slabs Gaps

| . ) between
; e water migrating from crawl spaces
gr g P horizontal

into attics through foundation walls sidin
and wall framing ?

|
“ * water seeping between overlapping
|

\ Capiliary action
through

O Solved by completely sealing pores or porous materials

| gaps, increasing the size of the gaps
\
|

(usually to a minimum of 1/8 inch), or
installing a waterproof, vapor barrier
material to form a capillary break

| ©2000 University of Florida Chapter 3 The Building as a System
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|
[
Air transport ‘t
‘!
[ Unsealed penetrations and joints between conditioned and unconditioned areas allow air |
containing water vapor to flow into enclosed areas. Air transport can bring 50 to 100 L
times more moisture into wall cavities than vapor diffusion. ‘J
)
O Primary source is water vapor in air |
O Causes include air leaking through holes, cracks, and other leaks between: '
* interior air and enclosed wall cavities j
¢ interior air and attics J
» exterior air and interior air, adding humidity to interior air in summer |
» crawl spaces and interior air 11
;i
3 Solved by creating an Air Barrier System |
Vapor diffusion
(0 Water vapor in air moves through permeable materials (those having Perm ratings over 1,
see Table 3-1)
(O Primary source is water vapor in the air :
O Causes: Table 3-1 |
Perm Ratings of Different Materials
* exterior moisture moving into A >
the building in summer Aluminum foil (35 Mil)....ccorerrieein i, 0.05
e interior moisture pemleatjng Polyethylene plastic (6 mll) .................................... 0.06 :
wall and ceiling finish materi- Plastic-coated insulated foam sheathing ..... under 0.30 ‘
al .
S . o Asphalt-coated paper backing on insulation........... 0.40
* moist crawl] space air migrat- _ _ .
ing into the building Vapor barrier paint or primer .......cccoeevvevienniiinnns 0.45
Plywood with exterior glue........ccccvrerciivivininnnnne. 0.70
(3 Least important of the four )
modes of moisture migration Drywall (unpainted} ..........ccccovvervimninnrienienninnn. 50.0 )
The Building as a System Chapter 3 ©2000 University of Florida
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4 N

MOISTURE PROBLEM EXAMFLE

The owner of a residence complains that her ceilings are dotted with mildew. On closer examina-
tion, an energy auditor finde that the spots are primarily around recessed lamps located close to
‘ the exterior walls of the bullding.

What type of moisture problem may be causing the mildew growth, which requires relative humidi-

ties over 70%% In reality, any of the forms of moisture transport could cause the problem:

1

| Fgure 3-12 Figure 3-14

| Bulk Moisture Transport Air Transport

l f‘; ot, humid air in attic
E% Roof leak tﬂMaiﬁture ::Tm/ﬁ\i; h

‘ | X £

| [ N - =

‘ | & 1 ' /Q;T -

‘ | JTE 1 GE Hle |

‘ l ‘ | ! living space

“ i -

\

\..

Bulk moisture transport—the home may have
roof leaks above the recessed lamps.

Figure 3-13
Capillary Action

3. Excess humuV\m Roof deck cool-—
In avtic @ forms

2 Wood fibers carry IL‘,\,——‘;h

maoisturz to Attc &
via capillary action

Air transport—most recessed lamps are quite
leaky: if the living space is negatively pressur-
ized, hot humid air can be drawn from the attic
to the living space. As the air come into con-
tact with the metal can lip that is in air-
condtioned space, water vapor condenses on
the exposed surface. This is the most likely
explanation,

Figure 3-15
Vapor Diffusion

NMmMun
2. Excees humldity

1. Severe molsture in crawt space %
Capillary action—the home may have a severe ‘ :?E |

moisture problem in ite crawl space or under
the slab. Moisture travels up the slab via
capillary action into the framing lumber, and all
the way into the attic. If the attic air becomes
sufficiently moist, it may condense on the
surface of the cool roof deck and drip onto the
insulation and drywall below.

] pr—
1. Yaper diffuslon——— i m k2 J
i T
i
‘ \

- 1

Vapor diffusion—the least likely explanation.

w
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a1

AIR BARRIER SYSTEM

Air leakage can be detrimental to the long
term durability of buildings. It can also
cause a substantial number of other prob-
lems, including:

) High humidity levels in summer and dry
air in winter

O Allergy problems

O Radon entry via leaks in the floor
system

Mold growth
Drafts

Window fogging or frosting

o u Q

Excessive heating and cooling bills
O Increased damage in case of fire

An air barrier system may sound formi-
dable (Figure 3-16), but it is actually a
simple concept—seal all leaks between
conditioned and unconditioned spaces with
durable materials. Achieving success can
be difficult without diligent efforts, particu-
larly in buildings with multiple stories and
changing roof lines.

Air barriers may also help a building meet
local fire codes. One aspect of controlling
fires is preventing oxygen from entering a
burning area. Most fire codes have re-
quirements to seal air leakage sites.

Figure 3-16
Air Barrier System Requirements

Seal all penetrations

Install continuous air barrier system

The Building as a System
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Chapter 4 describes air barrier systems—which can be effective with proper installation. They
are one of the key features of an energy efficient building. The basic approach is:

0 Seal all air leakage sites between conditioned and unconditioned spaces:

* caulk or otherwise seal penetrations for plumbing, electrical wiring, and other utilities

* seal junctions between building components, such as bottom plates and band joists
between conditioned floors

* consider air sealing insulating materials, such as cellulose or plastic foam

O Seal bypasses—hidden chases, plenums, or other air spaces through which attic or crawl
space air leaks into the building.

O Install a continuous air barrier material such as the airtight drywall approach or continu-
ous air barrier system.

THERMAL INSULATION SYSTEM

Thermal insulation and energy efficient windows are intended to reduce heat loss and gain
due to conduction. As with other aspects of energy efficient construction, the key to a
successfully insulated building is quality installation.

Substandard insulation not only inflates energy bills, but may create comfort and moisture
problems. Key considerations for effective insulation include:

QO Install R-values equal to or exceeding the Florida Energy Efficiency Code.
3 Do not compress insulation.

O Provide full insulation coverage of the specified R-value; gaps dramatically lower the
overall R-value and can create areas subject to condensation.

(J Airseal and insulate knee walls and other attic wall areas with a minimum of R-19 insula-
tion.

Q Support insulation so that it remains in place, especially in areas where breezes can enter or
rodents may reside.

©2000 University of Florida Chapter 3 The Building as a System
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HVAC System

The heating, ventilation, and air conditioning system is designed to provide comfort and im-
proved air quality throughout the year, particularly in summer and winter. Energy efficient
buildings, particularly passive solar designs, can reduce the number of hours during the year
when the HVAC system is needed.

These systems are often not well designed and may not be installed to perform as intended. As
a consequence, buildings often suffer higher heating and cooling bills and have more areas with
discomfort than necessary. Poor HVAC design often leads to moisture and air quality prob-
lems, too.

One major issue concerning HVAC systems is their ability to create pressure imbalances in the
building. The side-bar on the following page shows that duct leaks can create serious prob-
lems. In addition, even closing a few doors can create situations that may endanger human
health. (See "Carbon Monoxide Disaster, pp. 4647, for more detail.)

Pressure imbalances can increase air leakage, which may draw additional moisture into the
building. Proper duct design and installation helps prevent pressure imbalances from occur-
ring.

HVAC systems must be designed and installed properly, and maintained regularly by qualified
professionals to provide continued efficient and healthy operation.

The Building as a System Chapter 3 ©2000 University of Florida
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DUCT LEAKS AND INFILTRATION

Forced-air heating and cooling systems should be bal-
anced—the amount of air deiivered through the supply
ducts should be equal to that drawn through the return
ducts. If the two volumes of air are unequal, pressure imbal-
ances may occur in the home, resulting in increased air
leakage and possible health and safety problems.

O Heated and cooled air will escape to the outside, In-

creasing energy costs.

Less air volume will be “supplied” to the building, so the
pressure inside the building may become negative, thus
increasing air infiltration.

The negative pressure can actually backdraft flues—pull
exhaust gases back into the home from fireplaces and -
other combustion appliances. The health effects can be
deadly if flues contain substantial carbon monoxide.

If return ducts in unconditioned spaces leak:

The home can become pressurized, thus increasing air
leakage out of the envelope.

Hot, humid air is pulled into system ducts in summer;
cold air is drawn into the ducts in winter.

Human health may be endangered if ducte are located in
areas with radon, mold, or toxic chemicals from soil
termite treatments, paints, cleansers, and pesticides.

If combustion appliances are located near return leaks,
the negative pressure created by the leaks can be great
enough to backdraft flues and chimneys.

Figure 3-17
Balanced Air Distribution

If supply ducts in unconditioned areas have more leaks than return ducts:

Figure 3-18
Air Leaks in Supply Ducts

Figure 3-19
Air Leaks in Return System

"
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Figure 3-20
Pressure differences can also result in homes with tight Return Blocked by Door

ductwork if the home only has one or two returns. When
interior doors are closed it may be difficult for the air in these
rooms to circulate back to the return ducts. The pressure in
the closed-off rooms increases, and the pressure in rooms
open to the returns decreases.

Installing muitiple returns, "jumper” ducts that connect
closed-off rooms to the main return, and undercutting doors
to roome without returns will alleviate these problems.

o J
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e “

WALL MOISTURE EXAMPLE

| The following pages describe two examples of building science problems due to common failures of
! the home's systems. These problems can be minimized through careful attention to the con-
| struction techniques described in this book.

A homeowner notices that paint is peeling on the exterior siding near the base of a bathroom wall.
The drywall interior has mildew and the baseboard paint is peeling as well. What happened?

1. The interior of the wall has numerous air leake—an air barrier system failure.

|

!

|

‘ 2. The bathroom has no return air duct, its door is usually closed and is not undercut at the

| bottom. Therefore, when the heating and cooling system operates the room becomes pressur-
ized. This is an HYAC system failure.

3. The bath fan is instalied improperly and does not exhaust moist air—another HYAC system
failure,

4. When air leaks into the wall, it carries substantial water vapor, thus the failure of the air
barrier and HYAC systems has led to a moisture control system failure.

|

4 5. The interior wall has a polyethylene vapor barrier, which was installed by a builder using North-
‘ _ ern building construction techniques. The exterior wall has CDX plywood sheathing, which also
{ can serve as a vapor barrier.

\
: Figure 3-21

i‘ Wall Moisture Example
\

o Plywood sheathing
| Air leaks around
electrical and

! plumbing R-13 batt insulation

f‘ penetration

‘ Drywall ‘ : _ﬁ a\ Moisture-laden air touches

i (airtight . JE’“' cool plywood sheathing—
approach) - condensation occurs and

water pools on bottom plate
Baseboard

Polyethylene vapor barrier with
hole around electrical outlet

., o
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4 ™\
6. When the air leaks carry water vapor into the wall cavity, the two vapor barriers hinder drying —
a moisture control system failure.

7. Inwinter, the inner surface of the plywood sheathing will be several degrees cooler than foam
sheathing would have been. Thus, the piywood-sheathed wall has more potential for condensa-
tion—a thermal insulation system failure.

5. As the water vapor condenses on the sheathing, it runs down the wall and pools on the bottom
plate of the wall. Now the following problems ocour:

O The water threatens to cause structural problems by rotting the wall framing.

O [t wets the drywall, causing mold to grow.

O It travels through the unsealed back surfaces of the wood siding and baseboard, causing
the paint to peel when it soaks throuah the wood.

(0 The multiple failures of the building systems create a potential structural disaster.

To solve this moisture problem the builder must address all of the failures. If only one aspect is

treated, the problem may even worsen.

\ w,
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.

system failure. It High ncga.tlvs
has considerably ~ Pressure i
more supply leakage  Carbon monoxide living room
than return leakage in indoor air Interior
which creates a < doors
strong negative closed
pressure inside the
home when the Return vent grille Excess
heating and cooling supply
system operates. leaks

. The homeowners are

CARBON MONOXIDE DISASTER

A home has been Figure 3-22
built to airtight Carbon Monoxide Example

specifications—an

air barrier system @
success. Chimney /

backdrafts

Airtight
construction
However, the home's

ductwork was not
well sealed-—a HYAC

celebrating winter
holidays. With
overnight guests in the home, many of the interior doors are kept closed. The home has only a
single return in the main living room,

When the system operates, the rooms with closed doors become pressurized, while the central
living area with the return becomes significantly depressurized. Because the building is very
airtight, it Is easier for these pressure imbalances to occur.

The home has a beautiful ﬁrcplacc without an outside source of combustion air. When the fire in

the unit begins to dwindle, the following sequence of events could spell disaster for the house-
hold:

O The fire begins to emolder and produces considerable carbon monoxide.

O Because the fire's heat dissipates, the draft pressure, which draws gases up the flue,
decreases.

O The reduced output of the fire causes the thermostat to turn on the heating system. Due
to the duct problems, the blower creates a relatively high negative pressure in the living
room.

O Because of the reduced draft pressure in the fireplace, the negative preseure in the living
room causes the chimney to backdraft—the flue gases are drawn back into the home. They
contain carbon monoxide and can now cause severe, if not fatal, health consequences for
the occupants.

-
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This example is extreme, but similar conditions occur in a number of Florida homes each year. Com-
parable conditions can also occur with gas-fired hot water heaters. The solution to the problem is
not to build leakier homes — they can experience similar pressure imbalances. Instead, eliminate
the causes of pressure imbalances, as described in detail in Chapter 7, and install an external
source of combustion air for the fireplace.

The Building as a System Chapter 3 ©2000 University of Florida
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See Sections 406 and 606—Air Infiltration requirements

Air leakage is a major problem for both new and existing buildings and can:
O Contribute to over 30% of the cooling and heating costs

O Create comfort and moisture problems

< Pull pollutants such as radon and mold into buildings

O Serve as easy access for insects and rodents

To reduce air leakage effectively requires a continuous air barrier system—a combination
of materials linked together to create a tight building envelope (Figure 4-1). An effective
building envelope should form both a continuous air barrier and an insulation barrier (insula-
tion is discussed in detail in Chapter 5). An air barrier minimizes air currents inside the
cavities of the building envelope which helps maintain insulation R-values.

The air barrier should seal all leaks through the building envelope—the boundary between
the conditioned portion of the building and the unconditioned area. Most standard insulation
products are not effective at sealing air leakage. The R-value for these products may drop
if air leaks through the material.

Some spray-applied insulation materials Figure 4-1

can seal against air leakage. However, Creating a Continuous Air Barrier System
these materials are often only applied in
framing cavities; therefore additional air
sealing must be done between framing
components.

The builder should work with his or her
own crew and subcontractors to seal all
penetrations through the envelope. Then,
continuous material should be installed
around the envelope. It is critical in the air
sealing process to use durable materials
and install them properly.

1. Install continuous insulation

2. Seal penetrations and bypasses
3. Install an air barrier

Air Leakage—Materials and Techniques Chapter 4 ©2000 University of Florida
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Infiltration Control

The Florida Energy Code describes the prescriptive requirements for Air Infiltration in
Exterior Doors and Windows, Exterior Joints in the Envelope, Exterior Doors and Adjacent
Walls, Floors, Ceilings, Recessed Lighting Fixtures, and Building Cavities.

An infiltration barrier shall provide a continuous air barrier from the foundation to the top
plate of the ceiling and shall be sealed at the foundation, the top plate, at openings in the
wall plane (windows, doors, etc.) and at the seams between sections of infiltration barrier
material. When installed on the interior side of the walls, such as with insulated face panels
with an infiltration barrier, the infiltration barrier shall be sealed at the foundation or
subfloor. This prevents wind from circulating air within the insulation. If properly sealed at
the seams and ends, plywood and builder’s felt will serve as an infiltration barrier, but not as
a moisture retardant. A vapor barrier/retarder will essentially stop moisture transmission or
diffusion. Common vapor barriers or retarders are 6-mil polyethylene sheet and aluminum
foil-backed paper or boards. Contrary to northern construction practices, a vapor
barrier, including vinyl wall coverings, installed next to the conditioned space is not
recommended. Otherwise, water may condense on the vapor retarder surface within the
wall cavity when the inside temperature is below the outside dew point in the summer. This
} could wet and degrade insulation, deteriorate wall components, and contribute to mold and

| mildew. Vapor barriers are not recommended on the conditioned side of walls in

; Florida buildings. The ASHRAE 1993 Fundamentals Handbook does not recommend
|

vapor barriers at all in Florida. Check with your local Building Code before including a
vapor barrier.

AR BARRIERS

\

: Housewraps serve as exterior air barriers and help reduce air leakage through outside walls.
i Most products block only air leakage, not vapor diffusion, so they are not vapor barriers.
|

Typical products are rolled sheet materials that can be affixed and sealed to the wall be-
tween the sheathing and exterior finish material (Figure 4-2). For best performance, a
housewrap must be sealed with caulk or tape at the top and bottom of the wall and around
any openings, such as for windows, doors, and utility penetrations.

A housewrap can help reduce air leakage through exterior walls, but by itself is not a con-
tinuous air barrier for the entire envelope, and hence is not a substitute for the airtight dry-
wall approach. Housewraps are recommended primarily as further insurance against air
leakage and, because they block liquid water penetration, can help protect the building from
moisture damage. In some instances, the exterior sheathing may be used as an outside air
barrier (Figure 4-3). Careful sealing of all seams and penetrations is required.

©2000 University of Florida Chapter 4 Air Leakage—Materials and Techniques
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Figure 4-2
Housewrap Installation Details
Plastic-capped nails
to hold housewrap
Seal at top plate or g
fold over top plate and
secure with roofing nails
Sheathing
O Seal floodlight
§ at opening
™~
J Caulk under housewrap
and seal gap between
electrical box and sheathing
Seal spigot at opening
<]
Seal overlap
with tape Seal housewrap below bottom plate
Figure 4-3
Exterior Air Sealing of Sheathing
Caulk at top plate——_-
Sheathing '
g_\ Seal floodlight
. at opening |
L\
I~
s Caulk under housewrap
I and seal gap between
= electrical box and sheathing
Seal spigot at opening
Caulk or tape seams
in sheet goods
Install bottom plate gasket
or seal with caulk
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Materials

Most air barrier systems rely on a variety of caulks, gaskets, weather-stripping, and sheet
materials, such as plywood, drywall, and housewraps. The extra cost of these materials is
usually under $500 for standard house designs.

Use a combination of these different air sealing materials:

Caulk—Use to seal gaps less than ¥5". Select grade (interior, exterior, high temperature)
based on application.

Spray foam—Expands to fill large cracks and small holes. It can be messy; consider new,
water-based foams. Not recommended near flammable applications (flue vents, etc.). Also not
permitted around PVC pipe. May be prohibited around windows by window manufacturer.

Gaskets—Can be applied under the bottom plate before an exterior wall is raised, or used to
seal drywall to framing.

Housewrap—Installed between the sheathing and exterior finish material. Must be sealed
with tape or caulk to form an airtight seal. Resists liquid water and is no? a vapor barrier.

Sheet goods (plywood, drywall, rigid foam insulation)—These are solid materials which
form the building envelope. Air will only leak at the seams or through unsealed penetrations.

Sheet metal—Used with high temperature caulk for sealing high temperature components,
such as flues, to framing,

Polyethylene plastic—Inexpensive material for airsealing that also stops vapor diffusion.
Must have all edges and penetrations sealed to be effective air barrier. This material is
recommended for use under slabs. Incorrect application in wall cavities can lead to mold
and mildew problems.

Weatherstripping—Used to seal moveable components, such as doors and windows.

Do not rely on the insulation—The most common insulation, fiberglass, does not stop air
leakage. In older houses, dirty fiberglass is a telltale sign of air movement (it simply acts as
a filter). Certain types of insulation, such as dense-packed cellulose and urethane foams,
can be effective at reducing air flow.

©2000 University of Florida Chapter 4 Air Leakage—Materials and Techniques
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Seal Penetrations and ] Figure 4-4
Bypasses Air Leakage Through Bypass

The first step for successfully
creating an air barrier system is to
seal all of the holes in the building
envelope. Too often, builders
concentrate on air leakage throug
windows, doors, and walls, and
ignore areas of much greater impor-
tance. Many of the key sources of
leakage—called bypasses (Figure
4-4) are hidden from view behind
soffits for cabinets, bath fixtures, s
dropped ceilings, chases for flues  ;
and ductwork, recessed lighting
fixtures, or insulation. Attic access
openings and whole house fans are
also common bypasses. Sealing these bypasses is critical to reducing air leakage in a build-
ing and maintaining the performance of insulation materials. Table 4-1 provides examples of
commonly used sealants for various types of leaks.

Chase for

ducts or flues
h Dropped S,

sotfit

Table 4-1
Leaks and Sealants
4 ™
Type of Leak Commonly Used Sealants
Thin gaps between framing and wiring, 40-year caulking;

pipes or ducts through floors or walls one-part polyurethane is recommended

Leaks into attics, cathedral ceilings, Firestop caulking, foam sealant

wall cavities above first floor

Gaps, or cracks or holes over 1/8 inch in width Gasket, foarn sealant, or stuff with fiberglass or
not requiring firestop sealant backer rod, and cautk on top

Open areas around flues, chases, plenums, Attach and caulk a piece of plywood or foam
plumbing traps, efc. sheathing material that covers the entire opening.

Seal penetrations.
If a flue requires a non-combustible clearance, use
a noncombustibie metal collar, sealed in place,

to span the gap.
Final air barrier material Install airtight drywall approach or other air barrier
system.
\. v
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The guidelines that follow in Figure 4-5 show _ Figure 4-5 ]
important areas that should be sealed to Typical Home Air Leakage Sites

y create an effective air barrier. The builder
must clearly inform subcontractors and
workers of these details to ensure that the
task is accomplished successfully.

1. Slab Floors—If a house is to be con-
structed on a concrete slab, a vapor

‘ barrier of plastic sheeting should be

i‘ placed under the slab. Without a vapor

\

[

barrier, moisture will migrate from the
ground through the porous slab and into

the house. If a house is to be built off-
grade, a sheet of 6-mil polyethylene

plastic should always be placed directly

on the ground under the house to prevent
moisture from moving upward from the soil.

2. Sill Plate and Rim Joist—seal sill plates in basements and unvented crawl spaces.
Caulk or gasket rim or band joists between floors in multi-story construction.

|

1 3. Bottom Plate—use either caulk or gasket between the plate and subflooring.

| 4. Subfloor—use an adhesive to seal the seams between pieces of subflooring.

5. Electrical Wiring—use wire-compatible caulk or spray foam to seal penetrations.

6. Electrical Boxes-—use approved caulk to seal wiring on the outside of electrical boxes.
Seal between the interior finish material and boxes.

7. Electrical Box Gaskets—caulk foam gaskets to all electrical boxes in exterior and inte-
rior walls before installing coverplates.

8. Recessed Light Fixtures—consider using surface-mounted light fixtures rather than
recessed lights. When used, specify airtight models rated for insulation contact. Ensure
fixtures meet appropriate fire codes.

9. Exhaust Fans—seal between the fan housing and the interior finish material. Choose
products with tight-fitting backdraft dampers.

|
|
|
|
|
\
|
i 10. Plumbing—locate plumbing in interior walls, and minimize penetrations. Seal all penetra-
| tions with sealant or caulk.
!
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11. Attic Access in Conditioned Spaces—weatherstrip attic access openings. For pull-down
stairs, use latches to hold the door panel tightly against the weatherstripping. Cover the attic
access opening with an insulated box.

12. Whole House Fan—use a panel made of rigid insulation or plastic to seal the interior
louvers.

13. Flue Stacks—install a code-approved flue collar and seal with fire-rated caulk (Figure 4-7).

14. Combustion Appliances—closely follow local codes for firestopping measures, which
reduce air leakage as well as increase the safety of the appliance. Make certain all
combustion appliances, such as stoves, inserts, and fireplaces, have an outside source of
combustion air and tight-fitting dampers or doors.

15. Return and Supply Registers—seal all boots connected to registers or grilles to the inte-
rior finish material.

16. Ductwork—seal all joints in supply and return duct systems with mastic. Mechanically
attach duct systems to prevent dislocation and massive leakage.

17. Air Handling Unit (for heating and cooling system)—seal all cracks and unnecessary
openings with mastic. Seal service panels with tape.

18. Dropped Ceiling Soffir—use sheet material and sealant to stop air leakage from attic into
the soffit or wall framing, then insulate (See Figure 4-6 for more details).

19. Chases (for ductwork, flues, etc.)—prevent air leakage through these bypasses with sheet
materials and sealants (See Figures 4-7 and 4-8 for more details).

Air Leakage—Materials and Technigues Chapter 4
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Figure 4-6
Sealing Ceiling Soffit

covers air leakage path

Dropped ceiling soffit - if kitchen or bath/shower enclosures have dropped soffits,
provids a continuous seal at the attic floor.

. _ -
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Figure 4-7
Sealing Bypasses for Flues

Non-combustible
flue collar (sheet metal)

Chases -Framed chases for flues should be sealed at the attic floor. Use a
continuous layer of plywood or other solid sheet-good. Seal between the flue
and combustible materiale with fire-rated caulk and a noncombustible flue collar.

F.igure 4-8
Sealing Bypasses for Ductwork

Sheet good

\.[I :

Sealant s J

Return and supply plenums - Seal framed areas for ductwork
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AIR LEAKAGE DRIVING FORCES

Requirements for air leakage to occur:

sealing efforts.

The common driving forces are:
O Wind—caused by weather conditions.

Figure 4-9
Wind Dri

difference of 10 to 20 Fascals on the windward side.

Figure 4-10
Mechanical System Driven Infiltration

Leaks in supply and return ductwork can cause
pressure differences of up to 30 Pascals. Exhaust
equipment such as kitchen and bath fans and

Figure 4-11
The Stack Effect

The stack effect can create pressure differences
between 1 to 5 Pascals due to the power of rising

On average, wind In the Southeast creates a pressure

clothes dryers can also create pressure differences.

warm air. Crawl space and attic holes are often large.

3 Holes—the larger the hole, the greater the air leakage. Large holes have higher priority for air

O Driving force—a pressure difference that forces air to flow through a hole. Holes that experi-
ence stronger and more continuous driving forces have higher priority.

O Mechanical blower—induced pressure imbalances caused by operation of fans and blowers.
O Stack effect—upward air preseure due to the buoyancy of air.

Wind Is usually considered to be the primary
driving force for air leakage. When the wind blows
against a building, it creates a high pressure
zone on the windward areas. Outdoor air from
the windward side infiltrates into the building
while air exits on the leeward side. Wind acts to
create areas of differential pressure which cause
both infiltration and exfiltration. The degree to
which wind contributes to air leakage depends

on its velocity and duration.

Foorly designed and installed forced-air systems
can create strong pressure imbalances inside
the building, which can triple air leakage when-
ever the heating and cooling system operates.
In addition, unsealed ductwork located in attics
and crawl spaces can draw pollutants and
excess moisture into the building. Correcting
duct leakage problems is critical when con-
structing an energy efficient building.

The temperature difference between inside and
outside causes warm air inside the building to
rise while cooler air falls, creating a driving force
known as the stack effect. The stack effect is
weak but always present. Most buildings have
large holes into the attic and crawl space.
Because the stack effect is so prevalent and
the holes through which it drives air are often
s0 large, it is usually a major contributor to air
leakage, moisture, and air quality problems.

\

S
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MEASURING AIRTIGHTNESS WITH A BLOWER DOOR

While there are many well known sources of air leakage, virtually all buildings have unexpected air
ieakage sites called bypasses. These areas can be difficult to find and correct without the use
of a blower door. This diagnostic equipment consists of a temporary door covering which is
installed in an outside doorway, and a fan which pressurizes (forces air into) or depressurizes
(forces air out of) the building. When the fan operates, it is easy to feel air leaking through
cracks in the building envelope. Most blower doors have gauges which can measure the relative
ieakiness of a building (Figure 4-12).

One measure of a building’s leakage rate is air changes per hour (ACH), which estimates how
many times in one hour the entire volume of air inside the building leaks to the outside. For
example, a home that has 2,000 square feet of living area and &-foot ceilings has a volume of
16,000 cubic feet. If the blower door measures leakage of 80,000 cubic feet per hour, the
home has an infiltration rate of 5 ACH. The leakier the house, the higher the number of air
changes per hour, the higher the heating and cooling costs, and the greater the potential for
moisture, comfort, and health problems (Table 4-2).

To determine the number of air changes per hour, many experte use the blower door to create a
negative pressure of 50 Fascals, A Fascal is a small unit of pressure about equal to the pres-
sure that a pat of butter exerts on a piece of toast — about 0.004 inches water gauge. Fifty
Fascals is approximately equivalent to a 20 mile-per-hour wind blowing against all surfaces of
the building. Energy efficient builders should strive for less than 5 air changes per hour at 50
Fascals pressure (ACHS0).

Table 4-2 Figure 4-12
Typical Infiltration Rates For Homes Blower Door
{in air changes per hour at 50 Pascals - ACHS50)

r

New home with special airtight 1.5-25
construction and a controlled
ventilation system

Energy efficient home with 4.0-6.0
continuous air barrier system

Standard new home 7.0-15.0

Standard existing home 10.0-25.0

Older, leaky home 20.0-500

Air Leakage—Materials and Techniques Chapter 4
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Figure 4-13
Airtight Drywall Approach Air Barrier

Drywall clip

For exterior walls,
seal at top and

For interior walls, bottom plates

seal at top plate

A g

o' d |

Seal all penetrations

<)

Seal electrical boxes
to drywall

S

Airtight Drywall Approach

The airtight drywall approach is an air sealing system that connects the interior finish of drywall
and other building materials together to form a continuous barrier (Figure 4-13). The airtight
drywall approach has been used on hundreds of houses and has proven to be an effective tech-
nique to reduce air leakage as well as keep moisture, dust, and insects from entering the build-
ing.

In a typical drywall installation, most of the seams are sealed by tape and joint compound.
However, air can leak in or out of the building in the following locations:

O Between the edges of the drywall and the top and bottom plates of exterior walls.
O From inside the attic down between the framing and drywall of partition walls.

(3 Between the window and door frames and drywall.

O3 Through openings in the drywall for utilities and other services.

The airtight drywall approach uses either caulk or gaskets to seal these areas and make the
drywall a continuous air barrier system.

©2000 University of Florida Chapter 4 Air Leakage—Materials and Techniques
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ADVANTAGES
Effective—the airtight drywall approach has proven to be a reliable air barrier.

Simple—does not require specialized subcontractors or unusual construction techniques. If
gasket materials are not available locally, they can be shipped easily.

Does not cover framing—the use of the airtight drywall approach does not prevent the
drywall from being glued to the framing.

Scheduling—~-gaskets can be installed anytime between when the house is *“dried-in” and
when the drywall is attached to framing.

Adaptable—builders can adapt airtight drywall approach principles to suit any design and
varying construction schedules.

Cost—materials and labor for standard designs should only cost a few hundred dollars.
DISADVANTAGES

New—although the airtight drywall approach is a proven technique, many building profes-
sionals and code officials are not familiar with its use.

Requires thought—while the airtight drywall approach is simple, new construction tech-
niques require careful planning to ensure that the air barrier remains continuous. However,
the airtight drywall approach is often the most error-free and reliable air barrier for unique
designs.

Reguires care—gaskets and caulking can be damaged or removed by subcontractors when
installing the drywall or utilities.

INSTALLATION TECHNIQUES
SLAB FLOORS

(3 Seal expansion joints and penetrations with a concrete sealant such as one-part urethane
caulk.

EXTERIOR FRAMED WALLS
(3 Seal between the bottom plate and subflooring with caulk or gaskets.

(3 Install gaskets or caulk along the face of the bottom plate so that when drywall is in-
stalled it compresses the sealant to form an airtight seal against the framing. Some build-
ers also caulk the drywall to the top plate to reduce leakage into the wall.

Air Leakage—Materials and Techniques Chapter 4 ©2000 University of Florida
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O Use drywall joint compound or caulk to seal the gap between drywall and electrical boxes.
Install foam gaskets behind coverplates and caulk holes in boxes.

O Seal penetrations through the top and bottom plates for plumbing, wiring, and ducts. Local
fire codes may require firestopping for leaks through top plates.

! PARTITION WALLS
0 Seal the drywall to the top plate of partition walls with unconditioned space above.

O Install gaskets or caulk on the face of the first stud in the partition wall. Sealant should
extend from the bottom to the top of the stud to keep air in the outside wall from leaking
| inside.

(3 Seal the ductwork where it projects through partition walls.

(J Seal penetrations through the top and bottom plates for plumbing, wiring, and ducts.
Winoows anp pooRs

O Seal drywall edges to either framing or jambs for windows and doors.

O Fill rough opening with spray foam sealant or suitable substitute.

(3 Caulk window and door trim to drywall with clear or paintable sealant.

CEiLING

O Follow standard finishing techniques to seal the junction between the ceiling and walls.

O When installing ceiling drywall do not damage gaskets, especially in tight areas such as
closets and hallways.

(3 Seal all penetrations in the ceiling for wiring, plumbing, ducts, attic access openings, and
whole house fans.

[ Seal all openings for chases and dropped soffits above kitchen cabinets and shower/ tub
enclosures.

(3 Avoid recessed lights; where used, install airtight, IC-rated fixtures and caulk between
fixtures and drywall.
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Woob FRAMED FLOORS
O Seal the rim joist to minimize air currents around floor insulation. Also, seal rim joists for
multi-story construction (Figure 4-14).
O Forunvented crawl spaces or basements, seal beneath the sill plate.
0 Seal the seams between pieces of subflooring with quality adhesive.
Figure 4-14
Between Floor Air Barrier
_ Batt insulation
in stud cavity
Continuous
drywall system
Caulk between band joist,
floor joists, and plates
after framing
or
Caulk or gasket between
plates and band joists Floor joists
during framing
lnsulation at
band joist
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Sections 401 and 601—Fenestrations
Sections 402 and 602—Walls
Sections 403 and 603—Doors
Sections 404 and 604—Roofs/Ceilings
Sections 405 and 605—Floors

Figure 5-1

Insulating the Building Envelope —
The key to an effective Typical New Construction R-Values
insulation system is proper
installation of quality insula- p.z0 - Attic
tion products. A building
should have a continuous
layer of insulation around  R-16 - Walls.
the entire building envelope
(Figure 5-1). Studies show Slab on grade,

that improper installation ho minimurm. |
can cut performance by 20% E E}l g

Or more. B

S Select
windows with

a SHGC < 40

Insulation Materials == =M= N=M=1=]

The wide variety of insula-
tion materials makes it difficult to determine which products and techniques are the most cost
effective (Table 5-1, next page).

O Fiberglass and mineral wool products come in batt (Table 5-2a, next page), roll, and loose-
fill form, as well as a high-density board material. Many manufacturers use recycled glass
in the production process. Fiberglass is used for insulating virtually every building compo-
nent—from walis to attics to ductwork.

O Cellulose insulation, made from recycled newsprint, comes primarily in loose-fill form
(Table 5-2b, next page). Cellulose batt insulation has also been introduced in the market-
place. Loose-fill cellulose is used for insulating attics and can be used for walls and floors
when installed with a binder or netting. Because of its high density, cellulose has the advan-
tage of helping stop air leaks in addition to providing insulation value.

insulation Materials and Techniques Chapter 5 ©2000 University of Florida
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O Rock wool insulation is
mainly available as a loose-
fill product. 1t is fireproof
and many manufacturers use
recycled materials in the
production process.

O Expanded polystyrene
(EPS), often known as
beadboard, is a foam prod-
uct made from molded
beads of plastic. While it
has the lowest R-value per
inch of the foam products, it
is also the lowest in price.
EPS is used in many alterna-
tive building products
discussed in this chapter,
such as structural insulated
panels (SIPs).

Table 5-1
Comparison of Insulating Materials
Material Typical R-Value )
(per inch)
Batts, blankets and loose-fill insulation
Mineral wool, fiberglass, rock wool
Batts or blankets ..........ccoeeceieiiiinininne 2.9-38
Loosefill ..., 2.2-2.9
Cellulose (loose-fill) .......cceeeeeeeccceeirieeecine 3.1-37
Foam insulation and sheathing
Polyisocyanurate and polyurethane ............... 5.6-7.0
Extruded polystyrene..........cccceeei e, 5.0
Expanded polystyrene ..........ccceeevevereecieeeseeeeennen, 4.0
Fiberboard sheathing (blackboardy) ...................... 2.6
OSB sheathing .......cccoovvrervirrrcccee e, 1.3
POIYICYNENE ... 3.64.3
Reflective insulation ..........cc.ccoooeeveininiincennen. 4352 )
\

Determine actual R-values and costs from manufacturers or local suppliers.

O Extruded polystyrene (XPS), also a foam product, is a homogenous polystyrene produced
primarily by three manufactures with characteristic colors of blue, pink, and green.

O Polyisocyanurate and polyurethane are insulating foams with some of the highest avail-
able R-values per inch. They are not designed for use below grade, unlike the other foam

insulation products.
Table 5-2a Table 5-2b
Batt Insulation Characteristics Blown Fill Insulation Characteristics
-
Fiberglass [ Cellulose h
Thickness R-value Thickness R-value

(inches)

(inches)

©2000 University of Florida

Chapter 5 Insulation Materials and Techniques



Energy Efficient Building Construction in Florida 69

O Open-cell polyurethane foam, used primarily to seal air leaks and provide an insulating
layer.

O Aerated concrete, including lightweight, autoclaved (processed at high temperature) con-
crete, can provide a combination of moderate R-values and thermal mass for floors, walls,
and ceilings, in addition to structural framing.

O Reflective insulation, often used between furring strips on concrete block walls to reflect
the heat.

(" INSULATION AND THE ENVIRONMENT )

There has been considerable study and debate about potential negative environmental and health
impacte of insulation producte. These concerns range from detrimental health effects for the
installer to depletion of the earth’s ozone layer.

Fiberglass and mineral wool—concerns about impacts on health from breathing in fibers—no
universal proof as yet accepted.

Cellulose—concerns about flammability, but the fire retardant chemical added to cellulose, along
with ite greater density, may provide greater fire safety than other insulation products. Long term
fire retardancy is unknown.

Foam products and chlorofiuorocarbons —for years, many foam products contained chlorofluoro-
carbons (CFCs), which are quite detrimental Lo the earth’s ozone layer. The CFCs were the blowing
agent which helped create the lightweight foams. Current blowing agents are:

O Expanded polystyrene - pentane, which has no impact on ozone layer, but may increase poten-
tial for smog formation.

O Extruded polystyrene, polyisocyanurate and polyurethane - use primarily hydrochloro-fluoro-
carbons (HCFCs) which are 0% less harmful to the ozone layer than CFCs. Some companies
are moving to non-HCFC blowing agents.

O Open-cell polyurethane - uses carbon dioxide, which is much less detrimental than other

blowing agents. )

.

Insulation Materials and Techniques Chapter 5 ©2000 University of Fiorida
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Insulation Strategies

Commeonly used fiberglass and cellulose products are the most economical, while foam prod-
ucts should be used more judiciously. Builders may want to use fiberglass, rockwool, or cellu-
lose insulation in attics, walls, and raised floors. In attics, loose-fill products are usually less
expensive than batts or blankets. Blown cellulose is more dense than fiberglass or rockwool,

which helps it stop air leaks.
CRITICAL GUIDELINES

When installing any insulating material, the following guidelines are critical for optimum
performance:

0 Seal all air leaks between conditioned and unconditioned areas
3 Obtain complete coverage of the insulation, especially around doors and windows
O Minimize air leakage through the material
O Avoid compressing insulation
O Avoid lofting (installing too much air) in loose-fill products
FOAM INSULATION STRATEGIES

Foam products are primarily economical when they can be applied in thin layers as part of a
structural system or to help seal air leaks. Examples include:

O Exterior sheathing over wall framing

O Forms in which concrete can be poured

(J As part of a structural insulated panel for building walls
(3 Spray-applied foam insulation

Foundations

SLAB-ON-GRADE

Most of Florida’s buildings are built concrete slab-on-grade, meaning that a slab situated near
ground level serves as the floor itself. Florida has no minimum requirement for slab-on-grade
insulation. Raised floor systems (wood and concrete) have specific requirements depending on

climate zones.

©2000 University of Florida Chapter 5
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Walls

Walls are the most complex component of the building envelope to provide adequate thermal
insulation, air sealing, and moisture control.

CoNcRETE WALL INSULATION

Foundation walls and other masonry walls are usually built of concrete block or poured con-
crete. Insulating concrete block walls is more difficult than framed walls.

Insulating concrete block cores

Figure 5-2
Builders can insulate the interior Insulating Concrete Block Cores
cores of concrete block walls
with insulation such as: (R-4 to R-6 overall

Loose fill vermiculite
* Vermiculite or polystyrene beads

R-13 through

R-2.1 per inch (Figure 5-2) insulated cel
* Polystyrene inserts or beads

R-4.0 to 5.0 per inch R-2 through
» Urethane foam webbing

R-7.2 per inch

Unfortunately, as shown in Figure Top view

5-2, the substantial thermal

bridging in the concrete connections between cores continues to depreciate the overall R-value.
This approach is only a partial solution to providing a quality, well-insulating wall. Other tech-
niques, as explained in the next few pages, provide a more cost-effective solution.

Exterior rigid fiberglass or foam Figure 5-3
insulation Exterior Foam Insulation

Rigid insulation is more expensive per R- (R-11 to R-12 overall)

value than mineral wool or cellulose, but
its rigidity is a major advantage (Figure
5-3). However, it is difficult and expen-
sive to obtain R-values as high as in

Foundation wall

framed walls.
R-11
2~inch, R-10 rigid insulation
(continuous—prevents thermal bridging
but must be &" above grade if foam) Waterproofing
insulation Materials and Techniques Chapter 5 ©2000 University of Florida
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Interior foam wall insulation . _Figure 5-4 ]
interior Foam Wall Insulation

Foam insulation can be installed
on the interior of concrete
block walls (Figure 5-4); how-  Foundation wall
ever, it must be covered with a
material that resists damage and
meets local fire code require-
ments. Half-inch drywall will
typically comply, but furring
strips will need to be installed as

(R-10 to R-14 overall)

1x 4 furring strips
Yz-inch drywall

R-& to
R-13

nailing surfaces. Furring strips ' E-E‘)to
are usually installed between Waterproofing

sheets of foam insulation;

however, to avoid the direct, 1- to 2-inch foam insulation

uninsulated thermal bridge

between the concrete wall and the furring strips, a continuous layer of foam should be installed
underneath or on top of the nailing strips.

Interior framed wall

In some cases, designers will specify a framed wall on the interior of a masonry wall (Figure 5-
5). Standard framed wall insulation and air sealing practice can then be applied.

Figure 5-5
Interior Framed Wall

(R-11 to R-13 overall)
R-13 batt insulation

2 x4 stud

Waterproofing Ye-inch drywall

Concrete block

©2000 University of Florida Chapter 5 Insulation Materials and Techniques
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Figure 5-6 Insulated concrete form systems
Insulated Concrete Form System

Polystyrene or polyurethane foam can
be used as formwork for poured or
sprayed structural concrete (Figure 5-
Rebar — Poured conorete  ©)- Many of these systems can be

economically attractive in areas with
substantial cooling and heating require-
ments.

(R-17 to R-24 overall)

Plastic or metal / |

furring strips used for
attaching finishing materials

They are often referred to as Insulated
Concrete Forms or ICF.

Foam block—
R16to R-23

Lightweight concrete products

Lightweight, air entrained concrete is an alternative wall system (Figure 5-7). Autoclaved
aerated concrete (AAC), sometimes referred to as precast autoclaved aerated concrete (PAAC),
which can be shipped either as blocks or panels, combines elevated R-values (compared to
standard concrete) with thermal mass.

Figure 5-7
Lightweight Concrete Products

(R-1.1 per inch plus mass effect)

&-inch wall nominally R-9;
believed to be equivalent

to a higher R-value because
of thermal mass effect

Insuiation Materials and Techniques Chapter5 ©2000 University of Florida
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4 INSULATED CONCRETE FORM SYSTEMS )

Foam insulation systems that serve as formwork for concrete foundation walls can save on materi-
als and cut heat flow. Among these types of products are:

Foam blocks (Figure 5-8) - Several companies manufacture foam
blocks that can be installed auickly on the footings of a building. Figure 5-8

Once stacked, reinforced with rebar, and braced, they can be filled Foam Blocks
with concrete. Key considerations are:

O Bracing requirements - bracing the foam blocks before con-
struction may outweigh any labor savings from the system,
However, some products require little bracing.

0 Stepped foundations - make sure of the recommendations for
stepping foundations—some systems have 12" high blocks or
foam sections, while others are 16" high.

O Reinforcing - follow the manufacturer's recommendations for
placement of rebar and other reinforcing materials.

O Concrete fill - make sure that the concrete ordered to fill the foam foundation system has
sufficient slump to meet the manufacturer's requirements. These systems have been subject
to “blow-outs” when the installer did not fully comply with the manufacturer’s specifications. A
blow-out occurs when the foam or ite support structure breaks and concrete pours out of the
form.

O Termites - be sure to follow local or state codes and consult a reputable termite control expert.

Figure 5-9
Foam Panel

Spray-on systems - Concrete can be applied to foam panels covered by a
metal reinforcing grid, part of which is exposed. Structural concrete
mixture is eprayed onto the exposed reinforcing metal. As with foam block
systems, installers must follow manufacturer's recommendations care-
fully for a successful system.

Foam panel/snap tie systems (Figure 5-9) - Some companies produce
systems In which insulation panels are locked together with plastic snap
ties. A space, typically eight inches, is created between the foam panels
that is filled with concrete. As with foam block systems, installers must follow manufacturer's
recommendations carefully for a successful system.

J
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2 x 4 WaLL INSULATION

Throughout the United States, debates continue on optimal wall construction. Table 5-3 sum-
marizes typical problems and solutions in walls framed with 2 x 4 studs. To solve some of the
energy and moisture problems in standard wall construction, builders should follow the steps
shown in Chapter 1. Some of these steps involve preplanning, especially the first time these
procedures are used. In addition to standard framing lumber and fasteners, the following mate-

rials will also be required during construction:

O Foam sheathing for insulating headers

O 1 x4 or metal T-bracing for comner bracing

(3 R-13 batts for insulating areas during framing behind shower/tub enclosures and other

hidden areas

(3 1/2" drywall or other sheet material where needed for sealing behind shower-tub enclosures
and other areas that cannot be reached after construction

O Caulking or foam sealant for sealing areas that may be more difficult to seal later

Table 5-3
2 x 4 Framed Wall Problems and Solutions

Problem

Solution

Small space available for insulation

insulation.

Install continuous exterior foam sheathing and
medium (R-13) to high {R-15) density cavity

Enclosed cavities are more prone to
cause condensation, particuiarly when
sheathing materiais with low R-values
are used.

Install a continuous air barrier system.
Use continuous foam sheathing.

Presence of wiring, plumbing, ductwork,
and framing members lessens potential
R-value and provides pathways for air leakage.

system.

Locate mechanical systems in interior
walls; avoid horizontal wiring runs through
exterior walls; use air sealing insulation

Insulation Materials and Techniques

Chapter 5
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Avoid side stapling Figure 5-10
Insulating Walls With Batts

Walls are usually insulated with batts having an

| attached vapor retarder facing. Many builders

| question whether it is best to side staple or
face staple batt insulation. The common
arguments illustrate that face stapling results in

i less compression, while side stapling inter-

1‘ feres less with drywall installation.

FPotential air movement
/

Compressed batt

| The ideal solution should focus on wherethe  Side sta plcd\\
| kraft paper (vapor barrier) is, rather than how it —poor practice
i 1s installed. Face stapled

i Unfaced batts
!

|

|

|

\

The face stapling question is an appropriate

question in northern or “heating dominated” climates. In northern areas, vapor barriers should
be installed on the “warm” side of the wall cavity. In southern or “cooling dominated” climates
the vapor barrier should be on the outside surface of the wall cavity. Because of this, the use of
unfaced batts is recommended in Florida (Figure 5-10).

Unfaced batts are slightly larger than the standard 16- or 24-inch stud spacing and rely on a
| friction-fit for support. Since unfaced batts are not stapled, they can often be installed in less
1 time. In addition, it is easier to cut unfaced batts to fit around wiring, plumbing, and other
| obstructions in the walls.
|
|
[
|

Figure 5-11 Blown loose-fill insulation
Blown Sidewall Insulation Options

Loose-fill cellulose, fiberglass, and rock wool
Reinforced plastic insulation can also be used to insulate watlls. It
vapor barrier is installed with a blowing machine and held in
or mesh covering place with a glue binder or netting (Figure 5-

; 11). This technique can provide good insula-

-
f’z—\_

N

e —
—— . )
R
S B e o

tion coverage in the stud cavities; however it is
important that excess moisture in the binder be
allowed to evaporate before the wall cavities
are enclosed by an interior finish.

off excess
8\ insulation

Hose for /

= Loose-fill materials with high densities, such as
s cellulose installed at around 3-4 pounds per cubic
inoulati Ong foot, are not only excellent insulators, but also

|

|

|

\

|

(E Rller to clean . , '
} )

\

|

seal air leaks. Fiberglass is less dense than
cellulose and does not provide as much resis-

i tance to air circulation. Therefore, the additional
\‘ benefits of air sealing must be considered when evaluating the economics of blown cellulose.
I

Insulation hoses from
blowing machine
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Figure 5-12 Blown foam insulation
Blown Foam Insulation
Some insulation contractors are now blowing
polyurethane or polyicynene insulation into
Extra foam over walls of new buildings (Figure 5-12). This
top and bottom technique provides high R-values in relatively
plates seals thin spaces and seals air leaks effectively. The
air leaks. economics of foam insulation should be
examined carefully before deciding on its use.
1-inch layer :
provides about R-7
Structural insulated panels
Another approach to wall construction is the use Fi 5.13
of structural insulated panels (SIP), also known igure 5-
as stress-skin panels (Figures 5-13 and 5-14). Structural Insulated Panels (SIP)
They consist of 4-inch or 6-inch thick foam 57 /
panels onto which sheets of structural ply wood :
or oriented strand board (OSB) have been glued. — l Drval
They reduce labor costs, and because of the g rywa
reduced framing in the wall, have higher R- Exterior — J 0SB panel
values and less air leakage than standard walls. siding — P
SIPs are 4 feet wide and generally 8 to 12 feet E ) R-14 or
long. There are a wide variety of manufacturers, =|! greater foam
each with its own method of attaching panels f
together. Procedures for installing windows, N \
doors, wiring, and plumbing have been worked 05B |
out by each manufacturer. In addition to their pane
use as wall framing, SIPs can also form the
structural roof of a building.
While buildings built with SIPs may be more expensive than those with standard framed and
insulated walls, research studies have shown SIP-built buildings have higher average insulating
values and are tighter. Thus, they can provide substantial energy savings.
Insulation Materials and Techniques Chapter5 ©2000 University of Florida
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4 STRUCTURAL INSULATED PANELS CONSTRUCTION )
Figure 5-14
Structural Insulated Panels
Wiring hole

O Install first panel on top of bottom
plate—caulk in place.

: /Wiring hole O Be careful to install panel plumb and

level.
/sca[a ht

Caulk or glue between
05B and framing

O Continue installing panels, caulking all
seams, and checking for plumb and
level.

O Install continuous top plate.

O install second top plate.
| O Run wiring.
|
| O Cut holes for windows if necessary.
3 O Notch into foam using a special tool
! 3 for inset framing around rough
[ ., ; '
| Receptacles and \ ' openings.
| ?J A switches notched : | _
‘ .‘}- : into foam i; O Install and caulk framing.
| ' Ihset framin
. ’ J/
|
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Metal framing

Builders and designers are well aware of the increasing cost and decreasing quality of framing
lumber. As a consequence, interest in alternative framing materials, such as metal framing, has o
grown. While metal framing offers advantages over wood, such as consistency of dimensions,

lack of warping, and resistance to moisture and insect problems, it has distinct disadvantages

from an energy perspective.

Metal framing serves as an excellent conductor of heat. Buildings framed with metal studs and
plates usually have metal ceiling joists and rafters as well. Thus, the entire structure serves as a
highly conductive thermal grid. Insulation placed between metal studs and joists is much less
effective due to the extreme thermal bridging that occurs across the framing members.

The American Iron and Steel Institute is well aware of the challenges involved in building an
energy efficient steel structure. In their publication Thermal Design Guide for Exterior Walls
(Publication RG-9405), the Institute provides information on the thermal performance of steel-
framed buildings. Table 5-4 summarizes some of their findings.

Moisture-related problems have been reported in metal frame buildings that do not use insu-
lated sheathing on exterior walls. Metal studs cooled by the air conditioning system can cause
outdoor air to condense, leading to mildew streaks. In winter, studs covered by cold outside air
can also cause streaking. Attention to proper insulation techniques can alleviate this problem.

Table 5-4
Effective Steel Wall R-values
{ Y
Cavity Sheathing Effective
Insulation Overall

R-value

Insulation Materials and Techniques Chapter 5 ©2000 University of Florida
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WALL SHEATHINGS

Many builders use ¥2- inch wood sheathing (R-0.6) or asphalt-impregnated sheathing, usually
called blackboard (R-1.3), to cover the exterior walls of a building before installing the siding.
Instead, consider using expanded polystyrene (R-2), extruded polystyrene (R-2.5 to 3), polyiso-
cyanurate or polyurethane (R-3.4 to 3.6) foam insulated sheathing (Table 5-5). (All R-values

| are per ¥2inch.)

The advantages of foam sheathing over wood or blackboard include:

O Energy savings
O Easier to cut and install
O Protects against condensation

O Less expensive than plywood or oriented strand board if used as a combination wall sheath-
ing and insulation

design for windows and doors—usually Y2-inch. Be certain that the sheathing completely
covers the top plate and bottom plate at the floor but does not extend below grade. Check state
or local termite protection code. Most manufacturers offer sheathing products in 9- or 10-foot

|

!

i The recommended thickness of the sheathing is based on the desired R-value and the jamb
|

| ;

| lengths to allow complete coverage of the wall. Once it is installed, patch all holes.

Because of its advantages over plywood, foam sheathing should be used continuously in combi-
nation with let-in bracing, which provides structural support (Figure 5-15). Be sure, as always,
to check and comply with local building code regulations.

Table 5-5
Sheathing Costs*

Cost (%) R-Value )

* For an 1,824 square-foot home using 64 sheets of 4 x 8 material.

©2000 University of Florida Chapter5 Insulation Materials and Techniques



Energy Efficient Building Construction in Florida 81

Figure 5-15
Let-In Bracing

K-brace when
window or door
is near corner

Metal T-bracing saves
on the labor cost of
1x & let-in bracing

T-brace

ot

'y

N, AN
\

|
q
1IN

N ' < )
\ I 1x 4 let-in brace
| ] /

notched into
wall studs

2 % 6 WaLL CoNsTRuUCTION

There has been interest in Florida in the use of 2 x 6s for construction. In most code jurisdic-
tions, 2 X 6s can be spaced on 24-inch centers, rather than the 16-inch centers required for 2 x
4s. The advantages of using wider wall framing are:

(3 More space provides room for R-19 or R-21 wall insulation.

O Thermal bridging across the studs is less of a penalty due to the higher R-value of 2 x 6s.

O Less framing reduces labor costs.

O There is more space for insulating around piping, wiring, and ductwork.

Disadvantages of 2 x 6 framing include:

O Wider spacing may cause the interior finish or exterior siding to bow slightly between studs.
O Window and door jambs must be wider and can add $12 to $15 per opening.

(3 Walls with substantial window and door area may require almost as much framing as 2 x 4
walls and leave relatively little area for actual insulation.

Insulation Materials and Techniques Chapter 5 ©2000 University of Florida
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Table 5-6
Analysis of 2 x 6 Walls*
‘ f )
‘ Description of Wall Average R-values Extra Costs or Savings $
| Wall Only Average with Costs($) | 30-year Net
Windows™** Savings ($) | Savings ($)
No windows

‘ 2x4 15.37 same
} 2x6 19.94 same 18 60 42
‘ 2 windows (double-paned)
1 2x4 14.94 9.65
| 2x6 19.78 11.31 31 59 26
; 5 windows (double-paned)
w 2x4 14.20 6.20

2x6 19.15 6.82 103 57 (-46)

* 400 sq ft. with R-13, 2 x 4 construction versus R-19, 2 x & construction
“* All windows double-glazed, 15 square feet

The economics of 2 x 6 wall insulation are affected by the number of windows in the wall, since
each window opening adds extra studs and may require the purchase of a jamb extender. Table
5-6 shows a comparison of 2 x 4 versus 2 X 6 framing. Walls built with 2 x 6s having few
windows provide a positive economic payback. However, in walls in which windows make up
over 10% of the total area, the economics become questionable.

| J
|
|
\
|
x

4
|
|
|
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Ceilings and Roofs
Attics over flat ceilings are usually the easiest part of a building’s exterior envelope to insulate.
They are accessible and have ample room for insulation. However, many homes use cathedral
ceilings that provide little space for insulation. It is important to insulate both types of ceilings
properly.

ATTIC VENTILATION

In summer, properly-designed ventilation reduces roof and ceiling temperatures, thus poten-
tially saving on cooling costs and lengthening the life of the roof. In winter, roof vents expel
moisture which could otherwise accumulate and deteriorate insulation or other building materi-
als.
At present, several research studies are investigating whether attic ventilation is beneficial. For
years, researchers have believed the cooling benefits of ventilating a well-insulated attic are
negligible. However, some experts are now questioning whether ventilation is even effective at
moisture removal. Until the results of current research have been accepted, builders should
follow local code requirements, which usually dictate attic ventilation. The amount of attic
ventilation needed is based on state and local codes.
Testing is being performed by a variety of organizations to verify leak-free operation of con-
tinuous ridge vents in high wind situations. Care should be taken to ensure that the vents chosen
are appropriate for hurricane-prone areas of Florida.
Vent selection
If ventilating the roof, locate vents high along Figure 5-16
the roof ridge and low along the eave or soffit. Ridge and Soffit Vents
Vents should provide air movement across the
entire roof area (Figure 5-16). There is a wide
variety of products available including ridge,
gable, soffit, and mushroom vents.
The combination of continuous ridge vents
along the peak of the roof and continuous soffit
vents at the eave provides the most effective
ventilation. Ridge vents come in a variety of
colors to match any roof. Some brands are
made of plastic covered by cap shingles to hide
the vent from view.

Insutation Materials and Techniques Chapter 5 ©2000 University of Florida
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Powered attic ventilator problems

Figure 5-17
Pressure Problems Due to
Powered Attic Ventilators

ventilators can consume more
electricity to operate than they
“ save on air conditioning costs
‘ and are not recommended for
: most designs. Power vents can When fan operatee,

attic pressure drops

‘ Electrically powered roof
|

Attic vertilation fan

create negative pressures in the
ii home which may have detrimen-
‘ tal effects such as (Figure 5-
| 17):

T Drawing outside air into  Airis deawn into
the home attic causing |

house pressurs |1
to drop .

1 Moisture and radon
1 I8 drawn into house

O Pulling pollutants such as
radon and sewer gases
into the home

(3 Backdrafting fireplaces
and fuel-burning appliances

Either loose-fill or batt insulation can be installed on an attic floor. As shown in Table 5-7,
blowing loose-fill attic insulation is usually less expensive than installing batts or rolls. Most
attics have either blown fiberglass, rock wool or cellulose. Ceilings with a rise greater than 5
and a run of 12 (5 over 12) should not be insulated with blown-in insulation. See sections 404

\

1

I

|

|

\

|

i ATTIc FLOOR INSULATION TECHNIQUES
\

|

|

|

|

|

! and 604 of the Florida Energy Efficiency Code for specific restrictions for blown-in insulation.
l

Table 5-7
Typical Attic Insulation Costs*

4 ™
Flat Ceiling

R-19 Batt Insulation ........ $471
R-30 Batt Insulation ........ $745

R-19 Blown Insulation ..., $271
R-30 Blown insulation .... $428

R-38 Blown Insulation .... $542
\. J
* For a 1,056 square-foot attic (materials only).
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Steps for installing loose-fill attic insulation:

1.

2.

Seal attic air leaks, as prescribed by fire and energy codes.

Follow manufacturer’s clearance requirements for heat-producing equipment found in an
attic, such as flues or exhaust fans. Other blocking requirements may be mandated by local
building codes. Use either metal flashing, plastic or cardboard baffles, or pieces of batt
insulation for blocking. Attic blocking requirements are shown later in the chapter.

Use cardboard baffles, R-30 batts, or other baffle materials to preserve ventilation space at
eave of roof for soffit vents.

Insulate the attic hatch or attic stair. Foam boxes are available for providing a degree of
insulation over a pull-down attic stairway.

Determine the attic insulation area; based on the spacing and size of the joists, use the chart
on the insulation bag to determine the number of bags to install. Table 5-8 (next page)
shows a sample chart for cellulose insulation. Cellulose is heavier than fiberglass for the
same R value. Closer spacing of roof joists and thicker drywall is required for larger R
values. Check this detail with the insulation contractor.

Avoid fluffing the insulation (blowing with too much air) by using the proper air-to-insula-
tion mixture in the blowing machine. A few insulation contractors have “fluffed” (added
extra air to) loose-fill insulation to give the impression of a high R-value. The insulation
may be the proper depth, but if too few bags are installed, the R-values will be less than
claimed.

Obtain complete coverage of the blown insulation at relatively even insulation depths. Use
attic rulers (obtainable from insulation contractors) to ensure uniform depth of insulation.

Insulation Materials and Techniques Chapter 5

©2000 University of Florida



;

| 86 Energy Efficient Building Construction in Florida
Table 5-8
Blown Cellulose in Attics

[ R-value | Minimum Minimum 2 x 6 joists spaced 2 x 6 joists spaced A

‘ at 75°F | thickness (in) | weight (Ib/ft?) | 24" on center 16" on center
Coverage per | Bags per Coverage per | Bags per

‘ 25-1b bag (f?) | 1,000 ft 25-lb bag (%) | 1,000 ft2
| R-40 10.8 2.10 12 83 13 77
1 R-32 8.6 1.60 16 63 18 56
,1 R-24 6.5 98 21 48 23 43
‘ R-19 5.1 67 37 27 41 24
-\ /

Steps for installing batt insulation
1. Seal attic air leaks, as prescribed by fire and energy codes.

2. Block around heat-producing devices, as described in

|

|

| F

‘ ; igure 5-18

\ Step 2 for Loose-fill Insulation. Full a" dth Batts

\ .

| 3. Insulate the attic hatch or attic stair as described in Step Batts are cut wider on top—

| 4 for Loose-fill Insulation. they cover top of the ceiling joists
\

| 4. Determine the attic insulation area; based on the spac- & TN

1 ing and size of the joists, order sufficient R-30 insula- ] / \ AN
|

{ y
tion for the flat attic floor. Choose batts that are ta- : &
pered—cut wider on top—so that they cover the top of & XW

L {]

the ceiling joists. (See Figure 5-18)

5. When installing the batts, make certain they completely fill the joist cavities. Shake batts to
ensure proper loft. If the joist spacing is uneven, patch gaps in the insulation with scrap

‘ pieces. Try not to compress the insulation with wiring, plumbing or ductwork. In general,

obtain complete coverage of full-thickness, non-compressed insulation.

Figure 5-19 6. Attic storage areas can pose a prob-
Insulating Under Attic Floors lem. If the ceiling joists are shal-
2 % 4 spacer lower than the depth of the insulation
pace e Flywood (generally less than 2 x 10s), raise
X . /‘wﬂ?o” the finished floor using 2 x 4s or
- It other spacing lumber. Install the batts
;?56 Al before nailing the storage floor in

place. (See Figure 5-19)

penctrations

2x 4 on edge a ceiling

Ceiling joist
allows for full insulation

©2000 University of Florida Chapter 5 Insulation Materials and Techniques



Energy Efficient Building Construction in Florida 87
INCREASING THE ROOF HEIGHT AT THE EAVE
Figure 5-20
Insulation Options for Eaves
Truss roof One problem area in many standard roof
designs is at the eave, where there is not
n enough room for full R-30 insulation with-
: out preventing air flow from the soffit vent
Problem: Roof deck compresses insulation or corrfpressing the insulation, which re-
and blocks air flow from soffit vent  duces its R-value. Figures 5-20 and 5-21
show several solutions to this problem. If
using a truss roof, purchase raised heel
trusses that form horizontal overhangs.
They should provide adequate clearance for
both ventilation and insulation.
Solution: Raised heel trusses—insulation not
compressed; air flow path is open
Figure 5-21
Insulation Options for Eaves
Wood-framed roof
In stick-built roofs, where rafters and
ceiling joists are cut and installed on
the construction site, an additional top
plate that lies across the top of the
cellngO{sts atftgle eav'e ‘,Nﬂl 11)re.vent Problem: Roof compresses insulation at eave
compressmn.o. © attlc. 1nsu' ation. and blocks air flow from soffit vent
The rafters sitting on this raised top
plate allow for both insulation and
ventilation.
Solution: Raised top plate—insulation not
compressed; air flow path is open
Insulation Materials and Technigues Chapter 5 ©2000 University of Florida



.

\” 88 Energy Efficient Building Construction in Florida .
i
i RaDpIANT HEAT BARRIERS l
“
T; Radiant heat barriers (RHB) are reflective materials that can reduce summer heat gain by the I
insulation and building materials in attics and walls. RHBs work two ways: first, they reflect
thermal radiation well and second, they emit (give off) very little heat. RHBs should always
face a vented airspace and be installed to prevent dust build-up. They are usually attached to the l
underside of the rafter or truss top chord or to the underside of the roof decking and may be i
| cost-effective in hot climates. Acceptable attic radiant barrier configurations can be found in l
. Figure 5-22.
|
|
| ]
|
| .
| Figure 5-22 l
1 Radiant Barriers
|
i Roof deck I
| z ;
| V] i M I
| Roof truss Double- or single-sided radiant
\ barrier stapled to truss l
|
! Roof deck
f / Double- or single-sided radiant .
| Roof truss barrier draped between trusses
|
| Roof deck l
| ,
1 i i
i Radiant barrier giued or
| Roof truss stapled to underside of roof
i‘ i
|
| i
|
|
|
|
» i
\
|
i i
|
‘ ©2000 University of Florida Chapter 5 Insulation Materials and Techniques .
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s

3-inch clearance around
standard recessed Iighl

ATTIC BLOCKING REQUIREMENTS

Figure 5-23
Attic Blocking Requirements

2-inch clearance around
double-wall insulated

or triple-wall metal chimney,
or follow manufacturer's
recommendations N

Kitchen/bath exhaust fan ;
may require clearance 4

\-

2-inch clearance
around masonry chimney

Object

Recessed light

Doorbell
transformer

Masonry chimney

Metal chimney

Vent pipes from
fuel-burning
equipment

Kitchen/bath
exhaust

Heat/light/
ventilation

Uncovered electric
junction boxes

Whole house fan

Put covers on all
electric junction boxes
and insulate over.

If uncovered, maintain  Attic access door
B-inch clearance.

~N

Recommended Action™

3-inch clearance on all
sides, unless rated as
Insulated Contact (IC)

Do not cover; no clearance
on sides required

2-inch clearance

2-inch clearance or follow
manufacturer's
recommendations

Follow manufacturer's
recommendations

Duct to the outside; leave
3-inch clearance at mouth
of blower if not ducted

3-inch clearance on all
sides

Cover the box and insulate
over it. If It is left
uncovered, leave a 3-inch
clearance

Install blocking up to the
fan housing; leave 3-inch
clearance around fan
motor

Block around the door if
blowing in loose-fill
insulation

“These are general guidelines. Follow specific

manufacturer's recommendations.

Insulation Materials and Techniques

Chapter 5
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PROBLEMS WITH RECESSED LIGHTS

‘ Standard recessed fixtures require a clearance of several inches between the sides of the
| lamp’s housing and the attic insulation. In addition, insulation cannot be placed over the
| fixture. Even worse, recessed lights leak considerable air between attics and the home.
|
|
|
|
|
|
|
|
|
{
|
|
|
I
|
|
|
\

Insulation contact (IC) rated fixtures have a heat sensor switch which allows the fixture to be
covered—except for the top—with insulation. (See Figure 5-24 for proper insulation methods
for these fixtures.) However, these units also leak air. Specific air tightness requirements can
be found in the Florida Energy Code (606.1.ABC.1.2.4). If you have to use recessed lights,
install airtight IC-rated lamps. There are alternatives to recessed lights, including surface-
mounted ceiling fixtures and track lighting,

Figure 5-24
Choose Quality Recessed Lamps
! Cylindrical shield made if can is covered with insulation, Covering an airtight can with
from batt insulation, metal, or a thermal overload switch in the can insulation will usually not trigaer
other non-combustible materials will cycle the lamp on and off. the thermal overload switch.
Typically, top of can Is left exposed.
Blown-in attic insulation I
- % E\ ’
| % I
s e
i Conventional Standard "IC" Airtight "IC"
} downlight can downlight can downlight can
% {not airtight) (recommended)
!
i
!
“
|
|
\
:
i
| ©2000 University of Florida Chapter 5 Insulation Materials and Techniques
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Cathedral Ceiling Insulation Techniques

Cathedral ceilings are a special case because of the limited space for insulation and ventila-
tion within the depth of the rafter. Fitting in a 10-inch batt (R-30) and still providing ventila-
tion is impossible with a 2 x 6 or 2 x 8 rafter (R-19 or R-25 respectively).

The Florida Energy Code allows R-10 cathedral ceiling insulation for some house designs.
For most areas of the state, R-30 insulation is recommended. Builders may find consider-
able installation cost savings using R-25 batts; however, they are about the same thickness
as high density R-30 batts and would follow the same construction practices as outlined
below.

BuiLbing R-30 CATHEDRAL CEILINGS

Cathedral ceilings built with 2 x 12 Table 5-9

rafters can be insulated with standard Cathedral Ceiling Insulation Options
R-30 batts and still have plenty of
space for ventilation. Some builders
use a vent baffle between the insula-
tion and roof decking to ensure that
the ventilation channel is main-
tained.

If 2 % 12s are not required structur-
ally, most builders find it cheaper to
construct cathedral ceilings with 2 x
10 rafters and high-density R-30
batts, which are 8 1/4 inches thick
(Table 5-9).

Some contractors wish to avoid the
higher cost of 2 x 10 lumber and use

2 x 8 rafters. These roofs are usu- Rafter  Batt Typical Cost”
ally insulated with R-19 bats. 2x10 R-25 $1.50/sq ft
However, by using lower grade 2 x 2x10  R-30High Density =~ $1.65/sq ft
10 lumber the additional costs may 2x12  R-30 Regular Density $1.95/sq ft

be avoided.

* Typical labor and materials cost for rafter framing and insulation.

In framing with 2 x 6 and 2 x 8 rafters, higher insulating values can be obtained by installing
rigid foam insulation under the rafters. However, foam can be expensive and using thicker
rafters may be substantially less costly. Note that the rigid foam insulation must be covered
with a fire-rated material when used on the interior of the building. Half-inch drywall usually
meets the requirement. Check with local building codes if unsure.

Insulation Materials and Techniques Chapter 5 ©2000 University of Florida
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Scissor trusses

| Scissor trusses are another cathedral ceiling framing option. Make certain they provide

| adequate room for both R-30 insulation and ventilation, especially at their ends, which form
i the eave section of the roof.
|
|
|

Difficulties with exposed rafters

A cathedral ceiling with exposed rafters or roof decking is difficult and expensive to insulate
well. Often, foam insulation panels are used over the attic deck as shown in Figure 5-25. How-
ever, to achieve R-30, 4 to 7 inches of foam insulation, which typically cost $1 to $3 per square
foot, are needed. Ventilation is also a problem and some shingle manufacturers do not offer
product warranties unless the outer roof decking is ventilated.

In homes where exposed rafters are desired, it may be more economical to build a standard,
energy efficient cathedral ceiling, and then add exposed decorative beams underneath. Note
that homes having tongue-and-groove ceilings can experience substantially more air leakage
than solid, drywall ceilings. Install a continuous air barrier, sealed to the walls, above the
tongue-and-groove roof deck.

Figure 5-25

Cathedral Ceiling - Exterior Roof Insulation

Exposed beam
Outer roof decking y

1
|
|
| 3 to 4-inch
| rigid insulation
|

| Exposed ceiling decking

; (drywall or tongue-in-groove
| interior finish)
\
\
|

Ventilation channel

Decorative beam

~Continuous air barrier

(such as sealed housewrap)
installed between batt and
tongue-in-groove interior finish

R-30 high density
insulation batt 2 x10 rafter

©2000 University of Florida Chapter 5 Insulation Materials and Techniques
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See Sections 401 and 601—Fenestration
See Section 603—Doors

Windows connect the interior of a house to the outdoors, provide ventilation and daylighting,
and are key aesthetic elements. Windows and doors are often the architectural focal point of
residential designs, yet they provide the lowest insulating value in the building envelope.
Poorly chosen windows can increase the costs of keeping a house cool, cause glare, fading of
fabrics, and reduce residents' comfort. Well designed buildings carefully consider location,
size and performance.

Although recent developments in energy efficient products have markedly improved the effi-
ciency of windows, poorly engineered windows still represent a major energy liability in new
construction. The type, size, and

location of windows greatly affect Figure 6-1

cooling and heating costs. Select Cross-section of single-hung window
good quality windows, but shop wisely

for the best combination of price and

performance. Many housebuilding

budgets have been exceeded by spend-

ing thousands of additional dollars on Inside casing Flaching
premium windows suitable for north- - Outside casing
. . . Foam sealant i Jamb

ern and central climates with marginal, Parting stop
if any, energy savings for southern Rail for upper sash
climates. In general, if the windows '
are well-built, reduce solar heat gain
an_d have good weather-stripping, they Weatherstripping N 3 Meeting rail
will serve you well. :
In passive design buildings, windows Lower eash
can provide a significant amount of - _
heat, ventilation and light for a house. Stool = Rf"l

. . S Sill
Details are covered in Chapter 11, e
Siting and Passive Design Features, Apron —
and Chapter 7, Heating, Ventilation,
Air-conditioning (HVAC). -

Windows and Doors Chapter6 ©2000 University of Florida
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Windows

To understand new window technologies, it is helpful to understand how they gain and lose heat
(Figures 6-2 and 6-3):

O Conduction through the glass and frame
[J Convection across the air space in double-glazed units
O Airleakage around the sashes and the frame
O Radiant energy from the sun through the glazing
U.S. DePARTMENT oF ENERGY GoALS oF EFFICIENT WINDOWS*

OO Low Solar Heat Gain Coefficients—transmission rates of invisible radiation (ultraviolet and
infrared light energy)—0.40 or lower, which most often requires double-glazed units

O Low overall U-factors—preferably 0.7 or lower, which can also require double-glazed units

O Low air leakage rates

* less than 0.25 cfm (cubic feet per minute) per linear foot of sash opening for double-hung
windows

* less than 0.10 cfm per linear foot for casement, awning, and fixed windows
O Moderate to high transmission rates of visible light - preferably above 0.70

In the past several years, the window industry has unveiled an exciting array of high efficiency
products that meet these goals. The most useful developments for Florida include:

O Low-emittance coatings, which hinder radiant heat flow (Figures 6-2 and 6-3).

O Tighter weather-stripping systems to lower air leakage rates.

O Thermal breaks to reduce heat losses through highly conductive glazing systems and metal
frames (Figure 6-4, next page).

* All numbers are for whole window performance.

©2000 University of Florida Chapter 6 Windows and Doors
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Figure 6-2 Summer Heat Gain in a Double-glazed Window
Incoming
gunlight -
"W Radiant heat Low E Performance
Absorbed
[l Radiant hoat gain
Transmitted ¢ reflected outside
Reflected solar gain (78%)
Conduction through L
metal channel : -:‘.; Morg invisible
Wood frame B sunlight reflected
conduction
Figure 6-3 Winter Heat Loss in a Double-glazed Window
Radiant heat ﬂowtomm &~ ] M
cool window surfaces
! Low E Performance
I
Conduction Fr?m ' L o
glass to outside air Low-¢ layer on interior
Corw::ﬂman Metal spacer channel —of inside pane reduces
& |~ filled with dessicant ‘ radiant heat loss
Conduction through o
metal channel
Wood frame
conduction
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;
THERMAL BREAKS AND WINDOW SFACERS A

Thermal breaks in metal window frames are of particular importance. Metal is a very poor insula-
tor—in fact, it is a good conductor of heat. /E thermal break separates inside and outside pieces
of the window frame with an insulating material, thus improving U-factors or R-values. Always
specify windows with thermal breaks, listed as "T.LM" (thermally improved metal) when purchasing

metal windows.
Figure 6-4
Metal Window Frame When shopping for windows note:

I
|
|
1
! Wi | k

i‘ th Thermal Brea * the U-factor (or R-value) for the entire
‘ window, not just that for the glass

|

|

|

4

|

|

|

|

* how the U-factor was determined

* whether any standardized test procedure
was used to derive it

* gas fill will improve thermal performance
but is not really needed in Florida

Metal frames

~ for windows It makes no sense to pay top dollar for a
window that looks great on paper, but
performs poorly in the real world. Depend on
certification lik?NNFat(i:o)nal Fcncs(tration

. Rating Council RC), AAMA (American
Insulating Architechtural Association), or WOMA
thermal break  (Window and Door Manufacturers Associa-
tion), to get the quality and performance
you purchased.

Low EmiTTANCE TECHNOLOGIES

Figure 6-5 shows the solar control properties of several glass types available in Florida. On the
graph, light is characterized as UV, visible and infrared. UV and infrared are invisible to the
naked eye. Note that the space beneath each line is the amount of light and heat each window
type admits to the building envelope.

As shown in Figure 6-5, there are different types of low-E (for emissivity) coatings. The low
solar gain coating is most applicable for Florida because it blocks the most heat while admitting
more than 60% of the visible light. The high solar gain coating lets in more heat, which is
desirable in northern climates to maximize passive solar heating. However, this kind of window
is counterproductive for Florida, since keeping heat out of a building is the dominant concern
for most of the year. High solar gain windows can actually increase a Florida building’s energy
load, because they not only admit solar heat, but prevent it from escaping as well. High solar

gain windows are sold in Florida, so make sure you ask for a solar heat gain coefficient of 0.40
or less.

©2000 University of Florida Chapter6 Windows and Doors
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WHY DO LOW-E WINDOWS WORK?

The sun’s complete solar spectrum produces heat, but only a small portion is seen as light. invis-
ible radiation has either shorter (UVP) or longer (infrared) wavelengths than visible light (See Figure
©-B). Some surfaces, such as the flat black metal used on wood stoves, have high emissivities and
radiate heat readily. However other surfaces, such as shiny aluminum, have low emissivities and
radiate little heat, even at elevated temperatures. Low emittance (or low-E) coatings are primarily
designed to hinder radiant heat flow. Some block more than others do. The lower the solar heat
gain coefficient, the more wavelengths are blocked. That's why low-E windows are also better for
interior furnishings—they block the UV light that fades upholstery.

Figure 6-5
Spectral Selectivity
100
o Uy |Visible Solar Infrared
80 .
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Compraring WiNDOWS

The National Fenestration Rating Council (NFRC) offers a voluntary testing program for win-
dow and door products. The NFRC has an approved procedure to determine several key charac-
teristics:

O Solar Heat Gain Coefficient (SHGC)
O U-Factor

i‘ O Visible Light Transmission (the fraction of visible light that passes through the window)—
optional

O AirLeakage Rates—optional

The NFRC reports an average whole window U-factor. If windows used in your building are
certified by the NFRC, they will include a label showing test results (see Figure 6-6).

©2000 University of Florida Chapter 6 Windows and Doors
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Figure 6-6
Components of the NFRC Label
The Manufacturer Name The Product Description
displays the name of the provides information
window, door, or about the characteris-
skylight manufacturer. tics of the product.
|
World's Best
Millennium 2000+ Casement
CPD#0098-xyz-001
Vind-Clad W%od grame Double Gleze
Argon Fill Low E +Solar Contral Codlings
Rating Coundl : ~
CERTIFIED
Energy savings will depend on your specific climate, house and lifestyle
For more informnation, call 1-800-WBW-1234 or visit NFRC's web site at
www.Nfre.org
Techricdl Information
SolaHed Gain Visible Light
Res [IEdsssl .32 Coefficient .38 Tersmitonce 58
B 31 a0 60
Res [ ] [ ]
Manufacturar sfipulates that these rafings coriom to #pplicable NFRC procedures for determining
whole proauct energy performance. NFRC ratings are elermined for a fixed set of envronmental
conditions and specific product sizes.
4 N 7 ™ '
The U-Factor measures the amount The Solar Heat Gain Coefficient The Visible Light
of heat that escapes through the {SHGC) measures the ability of Transmittance rating
product. It refers to the whole the window to absorb or reflect measures the percent-
window U-factor. The lower the solar radiation. The lower the age of visible light that
rating, the better the window is at SHGC, the better the product is at passes through the
preventing heat loss. The label blocking unwanted solar heat window. The higher the
provides a rating for both gain. This rating is optional and it number, the more light
residential and nonresidential is up to the manufacturer to allowed in. This rating
versions of the same product for all decide whether to include it on the is also optional. Select
energy performance label. In Florida, select windows windows with a minimal
characteristics. NFRC certified with a SHGC less than 0.40. VT rating as high as you
products require U-factor ratings. . _J can find.
In Florida, select windows with a U- . J
factor at least as low as 0.7.
\. j
Windows and Doors Chapter 6 ©2000 University of Florida




100

Energy Efficient Building Construction in Florida

Difficulties in Reporting Window Values
INsuLATING VALUES

Window insulating values are typically reported in U-factors—the inverse of R-values. Double-
glazed products can have R-values as high as 3.3, or U-factors of about 0.30 (1/IR=1/3.3=
0.30). Single-glazed windows generally have R-values of 1.0 and thus have U-factors of 1.0.
The R-value is no longer commonly used by certifying agencies to evaluate window perfor-
mance, but many window manufacturers include it in their window ratings. It can be confused
with the R-classification of structural design pressure values, so ask for the U-factor to avoid
confusion.

CoMPONENT vs. WHOLE WINDOW PERFORMANCE

Often, window U-factors and Solar Heat Gain Coefficients are reported as the value through the
glass surface alone. However, windows are made of more than just glass. They have a frame or
sash, spacer strips that hold the sections of glass in a double-glazed window apart, and a jamb.
The claimed value should reflect the overall insulating value of all of the components. New

procedures are encouraging all manufacturers to report window U-factors consistently and
accurately.

For an example on insulating value, there are two companies that produce extremely efficient
windows. Both have two outer glass panes and two inner layers of low-E coated film. In one
case, all air spaces are filled with argon, providing an U-factor of 0.13 for the glass. However,
losses through the edges and frames changes the overall window U-factor to 0.25. (Remember,
lower numbers indicate better ratings.) Another window is filled with air rather than argon
yielding an U-factor of 0.15 for the glass. Due to its unique edge system, which has thermal
breaks made of nylon spacers with insulation in between, the overall window U-factor is 0.16—
better than the window with the higher glass U-factor.

SHaDING COEFFICIENTS

In warm climates such as Florida, a low Solar Heat Gain Coefficient or SHGC is the most
important criteria in window selection. SHGC measures the amount of solar radiation that
enters a building through the window and causes heat gain. A poor performance window that has
a SHGC of 0.80 allows 80% of the solar heat to pass through it. Windows with low SHGCs are

good at preventing heat gain caused by solar radiation. Select windows with a SHGC of less
than 0.40 in warm climates.

Construction professionals are more likely to be familiar with the shading coefficient or SC,
which measures how the solar gain of a glazing system compared to that transmitted through
clear, single-pane glass. The more layers of glass, coatings, or tints that a window has, the more
sunlight it impedes and hence, the lower the shading coefficient.

©2000 University of Florida Chapter6 Windows and Doors
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SC was formerly widely used to measure solar control properties, but is now being phased out
in favor of the more accurate SHGC. However, you can still find SC rating listed in window and
window treatment performance literature (Table 6-1). To make an approximate conversion
from SC to SHGC, multiply the SC value by 0.87. Divide by 0.87 to covert from SHGC to SC.

Table 6-1
Window Treatment Shading Coefficients
- y
Treatment Window Shading
Type Coefficient*

Single-glazed window 1/8-inch glass .......ccceeenee 1.00
1/4-inch glass .................... .94
tinted (1/4-inch}) ........c.ccoee. .78

Double-glazed window 1/8-inch glass .......cccccevenee, .88
1/4-inch glass .......ccccccccviiee .81
tinted (1/4-inch) .....cccccoeueee. 67

Venetian blinds 1/4-inch single glass ........... .60
1/4-inch double glass .......... .54

Roller blinds (white) 1/4-inch single glass ........... 25
1/4-inch double glass........... 25

Light, airy drapes 1/4-inch single glass ........... 70
1/4-inch double glass........... .58

Heavy drapes 1/4-inch single glass ........... .45
1/4-inch double glass .......... .42

Exterior shade screen/ 1/4-inch single giass ........... .38

louvered sun screen 1/4-inch double glass .......... .42

\. v

* Fraction of sunlight that passes through glass and window treatment. Assumes sunlight
strikes pempendicular to glass.

Windows and Doors Chapter 6 ©2000 University of Florida
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Window Options

Up t0 40% of unwanted heat gain is due to windows, according to the Energy Efficient and
Renewable Energy Network at the U.S. Department of Energy. Construction professionals in
Florida have a wide choice of options in addition to high efficiency windows to reduce heat
gain:

O Window tints and films

3 Overhangs

O External shades and shutters

O Interior shades and shutters

O Landscaping and trees (see Chapter 11 for detailed information)

The effectiveness of different window shading options depends on the composition of the
incoming sunlight. Sunlight reaches the building in three forms: direct, diffuse, and ground
reflected. On a clear day, most sunlight is direct, traveling as a beam without obstruction from
the sun to a building’s windows. In winter, most of the direct sunlight striking a window is
transmitted; however, in summer, the sun strikes south windows at a much steeper angle, and
much of the direct sunlight is reflected.

The majority of the sunlight entering south-facing windows in the summer is either diffuse—
bounced between the particles in the sky until it arrives as a bright haze—or is reflected off the

ground.

In developing a strategy for effectively shading windows, both direct and indirect sources of
sunlight must be considered. Overhangs, long thought to be totally effective for shading
south-facing windows, are best at blocking direct sunlight and are therefore only a partial solu-
tion. Excessive overhangs make the home building structurally vulnerable to hurricane winds.
A better approach would be to use exterior shutters, such as Bahama shutters, for shading the
window, allowing the view and protecting the window from damage.
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HIGH PERFORMANCE WINDOWS

The US Department of Energy recently added windows to its line of
Fi i ENErGY STAR® identified products. Three geographic zones reflect
igure 6-7 . oa .
ENerGYSTAR® Lodo different performance criteria needed for each climate. E NerGY
9 S1ar® windows suitable for Florida should be identified for southern

or cooling climates.
/-\ Many large national glass and window manufacturers actively
W participate in the program. However, few local manufacturers are
s even aware of the program’s existence. Therefore, insist on prod-
ucts that meet the same requirements for the Southern region:
U-factor of 0.75 or lower and SHGC of 0.40 or lower,

Visible transmittance is not included in the criteria. However, it should be considered, given current
technologles. Again, high efficiency does not mean reduced visibility. Glazings with low SHGC rates
and high visible transmittance (0.70 and above) do exist. Windows with these glazings may be more
expensive and difficult to obtain, but the investment may be worth it for unobstructed, east/west
waterfront exposures.

Lastly, a few manufacturers have created hurricane-resistant windows. While not purely an energy
efficiency topic, considerable energy and resources can be saved if a building’s integrity remains
intact during a windstorm. Windows are a key failure point. Hurricane-resistant windows may be
reaLuired for code. It Is possible to achieve low solar heat gain with windstorm-resistant windows.
Ask your supplier about options.

RerFLecTive FiLms AnD TINTS

Reflective or low emittance films, which adhere to glass and are found often in commercial
buildings, can block up to 85% of incoming sunlight. If visible transmittance is similarly
reduced, this can lead to higher interior electric lighting use, and the same or higher electricity
bills. In fact, many of the same films are inserted between glazings during assembly of low-
emittance windows by manufacturers. The film blocks sunlight all year, so it may be inappropri-
ate on south windows in passive solar buildings. However, it may be practical for unshaded east
and west windows. Also, it can often degrade when applied post-installation, requiring replace-
ment. Itis not recommended for windows that experience partial shading because as the film
absorbs sunlight it may heat the glass unevenly. The uneven heating of windows may break the
glass or ruin the seal between double-glazed units. Many double-paned window manufacturers
void their warranties if unapproved window films are applied to their products. In cooler parts
of Florida where solar heat gain is desired in the winter, choose films with moderate SHGC
ratings. The installed cost of reflective films varies. Price should not be the sole criterion
when selecting a film installer—quality is a vital consideration affecting the appearance of the
house and the beauty of the view to the outside.

Windows and Doors Chapter 6 ©2000 University of Florida
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Most window manufacturers also offer tints—a color, such as green, amber, rose, or blue, added
to the glazing mixture. They can have shading coefficients under 0.30. In some cases, the
window can have areflective finish to block additional sunlight. These tints are often inexpen-
sive, but, don’t forget that the tint is permanent, so incoming sunlight will be blocked in both
summer and winter. Some homeowners have a perception that their entire home will have a blue
hue, although it is hardly noticeable once installed.

OVERHANGS

Overhangs shade direct sunlight on windows facing within about 30 degrees of south. Overhangs
on east and west windows are ineffective unless they are as long as the window is high. Keep in
mind long overhangs should be adequately designed for typical hurricane wind loads.

Retractable awnings allow full winter sunlight, yet provide effective summer shading where they
do not conflict with hurricane codes. They should have open sides or vents to prevent accumu-
lation of hot air underneath. Awnings may be more expensive than other shading options, but
they serve as an attractive design feature.

While other overhangs and awnings provide considerable energy savings, they should be care-
fully considered with regard to hurricane preparedness. Poorly designed overhangs can be a
serious detriment in windstorms. Look for awnings or other external operable shutters that are
wind resistant. Check local codes for parameters.

EXTERNAL SHADES AND SHUTTERS

Exterior window shading treatments are effective cooling measures because they block both

| direct and indirect sunlight before it enters windows. Solar shade screens are an excellent

| exterior shading product with a thick weave that blocks up to 70 percent of all incoming sun-
light before it enters the windows. The screens absorb sunlight so they should be used on the
outside of the windows. From the outside, they look slightly darker than regular screening, and
provide greater privacy. From the inside many people do not detect a difference. Most prod-

1 ucts also serve as insect screening and come in several colors. They can be removed in winter
i in north Florida where full sunlight is desired for the colder season.
|

|

Hinged decorative exterior shutters which close over the windows are also excellent shading
options. However, they obscure the view, block daylight, can be expensive, are subject to wear
and tear, and can be difficult to operate on a daily basis. Again, refer to local hurricane code
before investing in these devices. There are edge-encapsulated exterior roller shades that may
not be as susceptible to these problems.
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INTERIOR SHADES AND SHUTTERS

Shutters and shades located inside the building include curtains, roll-down shades, and Venetian
blinds. More sophisticated devices, such as shutters that slide over the windows on a track and
interior movable insulation, are also available.

Interior shutters and shades are generally Table 6-2

the least effective shading measures Shading Coefficients

because they try to block sunlight that for Window Coverings

has a]readgf entered the room (Table §—2). [ Type of Covering Shading h
However, if east-, south-, or west-facing Coefficient*
windows do not have exterior shading,

interior measures are heeded. The most NONE .. e e 0.88
effective interior treatments are solid Medium-colored venetian blinds .......... 0.57
shades with a reflective surface facing Opaque dark shades ............cccceereeeee. 0.60
outside. In fact, simple white roller Opague white shades ........ccccceevceenenee 0.25
blinds keep the building cooler than more | Translucent light shades ..................... 0.37
expensive louvered blinds, which do not Open weave dark draperies ................ 0.62
provide a solid surface and allow trapped Close weave light draperies ................ 0.45

heat to migrate between the blinds into - /
the building. * Lower numbers shade better. The table assumes windows are

double-glazed. Source: ASHRAE Handbook of Fundamentals,
19865.

Proper Window Installation

Step 1: Make sure window fits in rough opening and that the sill is level.
Step 2:  Install window level and plumb according to the manufacturer’s instructions.

Step 3:  Use non-expanding foam sealant to seal between the jamb and the rough opening, or
stuff the gap with backer rod or insulation and cover the insulation with caulk (re-
member—most insulation doesn’t stop air leaks, it just serves as a filter).

Step 4:  If using an air barrier, seal the barrier to the window jamb with long-life caulk or
other appropriate, durable sealant.

Step 5:  After interior and exterior trim is installed, seal the gap between the trim and the
interior or exterior finish with long-life caulk.

Windows and Doors Chapter 6 ©2000 University of Florida
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Doors

Exterior wood doors have low insulating values,
typically R-2.2. Storm doors increase the U-factor
or R-value only to about R-3.0 and are not good
energy investments. The best energy-conserving
alternative is a metal or fiberglass insulated door
(Figure 6-8). Metal doors have a foam insulation
core which can increase the insulating value to
above R-7. They usually cost no more than conven-
tional exterior doors and come in decorative styles,
complete with raised panels and insulated window
panes.

Insulated metal or fiberglass doors usually have
excellent weatherstripping and long lifetimes. They
will not warp, and offer increased security; however,
they are difficult to trim, so careful installation is

required. As with windows, it is important to seal the rough openings. Thresholds should seal
tightly against the bottom of the door and must be caulked underneath. After the dooris in-
stalled, check it carefully when closed to see if there are any air leaks.

AccessisLE DEsiGN

Almost one out of ten people will suffer from physical disabilities during their lifetime. De-
signing buildings to ensure accessibility for the physically impaired adds little to the cost of a
building. One important feature is to ensure that both exterior and interior door openings and
hallways are 3'-0" wide to allow passage of a wheelchair or walker. Ensuring that baths and
kitchens have adequate room for wheelchairs is another feature that adds little to construction

costs but is expensive to retrofit.

Figure 6-8
Insulated Metal Door

Wood framing

Metal surface
of door

Foam insulation
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See Sections 407 and 607—Space Cooling Systems

One of the most important decisions regarding a new building is the type of heating and cooling
system to install. Equally critical is the heating and cooling contractor selected, as the operat-
ing efficiency of a system depends as much on proper installation as on the performance rating.
Keys to obtaining the design efficiency of a system in the field include:

O Sizing the system for the specific heating and cooling Ioad of the building being built
(3 Selection and proper installation of controls

O Correct design of the ductwork or piping

O Insulating and sealing all ductwork

Improper installation of components, in particular of ductwork, has negative impacts on com-
fort and energy bills, and can dramatically degrade the quality of air in a building. Poorly de-
signed and installed ducts can create dangerous conditions that may reduce comfort, degrade
indoor air quality, or even threaten the lives of the occupants.

Heating, Ventilation, Air Conditioning (HVAC)  Chapter7 ©2000 University of Florida
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Figure 7-1
Components of Forced Air Systems

Return plenum Supply plenum

——Branch duct

+—Trunk duct
Indoor coil

Fitter
Blower
Heating source

Refrigerant lines 4 S

Condensate line

Types of HVAC Systems

Most new buildings have forced-air heating and cooling systems—either using a central
furnace and air conditioner or a heat pump. As shown in Figure 7-1, in forced air systems, a
series of ducts distributes the conditioned heated or cooled air throughout the building. The
conditioned air is forced through the ducts by a blower, located in a unit called an air han-
dler.

Most buildings in Florida have a choice of two approaches for central, forced air systems:
fuel-fired furnaces with electric air conditioning units or electric heat pumps. The best
system for each building depends on the cost and efficiency of the equipment, annual energy
use, and the local price and availability of energy sources. In most buildings, either type of
system, if designed and installed properly, will deliver comfort economically.

When considering a HVAC system for a residence, remember that energy efficient and
passive solar buildings have less demand for heating and cooling, so substantial savings may
be obtained by installing smaller units that are properly sized to meet the load.

SizinG

Since January 1, 1993, it has been required by law to perform HVAC load calculations for
new homes constructed in Florida. The Florida Energy Code states that: “Cooling and
heating design loads, for the purpose of sizing HVAC systems, shall be determined for each
zone within a dwelling in accordance with ACCA Manual J, ACCA Manual N, or the
ASHRAE Cooling and Heating Load Calculation Manual, Second Edition.”

Many contractors select air conditioning systems based on a rule such as 600 square feet of
cooled area per ton of air conditioning (a ton provides 12,000 Btu per hour of cooling).
Instead, use a sizing procedure such as:

©2000 University of Florida Chapter7  Heating, Ventilation, Air Conditioning (HVAC)
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(3 Calculations in Manual J published by the Air Conditioning Contractors Association l

O Similar procedures developed by the American Society of Heating, Refrigeration, and Air
Conditioning Engineers (ASHRAE)

[ Software procedures developed by electric or gas utilities, the U.S. Department of Energy,
or HVAC equipment manufacturers

The heating and cooling load calculations should be based on the exact area and type of con-
struction for each component of the building envelope, as well as the heat given off by the
lights, people, and equipment inside the building. If a zoned heating and cooling system is used,
the loads in each zone should be calculated.

An oversized air conditioning system will operate for a short time and then cycle off. Since it
takes a certain length of time for the air conditioning coil to become cool enough for proper ‘_
dehumidification, short cycling will limit the amount of time that the system is effectively ?
removing moisture from the dwelling.

For example, a building equipped with an oversized air conditioner on the hottest days of the
year will see the compressor operate 20 minutes each hour. The first 3 minutes of this
period are required to develop low coil temperatures for adequate dehumidification. During
an eight-hour period proper dehumidification is occurring for only 136 minutes.

A building equipped with a properly sized air conditioner on the hottest days of the year

could see the compressor operate up to 50 minutes or more, each hour. During an eight-hour

period, proper dehumidification is occurring for 376 minutes. This is nearly three times as |
much dehumidification as the over-sized case.

A properly sized air conditioning system should operate nearly continuously on the hottest
days of the year.

A properly sized air conditioning system will:
O Minimize construction costs

O Provide maximum dehumidification

O Minimize energy costs

It is important to size heating and air conditioning systems properly. Not only does over-
sized equipment cost more, but it can waste energy and may decrease comfort.

Heating, Ventilation, Air Conditioning (HVAC)  Chapter7 © 2000 University of Florida
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Table 7-1
Equipment Sizing and Cost Comparison
r Type of House More Less )
Efficient Efficient

Insulation R-Values and Areas:
R-30 Attic 2,000 sgit 1,000 sq it
R-25 Cathedral Ceiling Osqft 1,000 sq ft
Wall Area/ R-value 1,750 sq ft/ R-21 1,600 sqft/R-16
Window Area/ R-value 250/R-3 400/R-2
Floors 2,000/R-21 2,000/R-13
Air Leakage (ACH)* 0.35 0.60
Buct Leakage (CFM25)** 50 250
HVAC System Sizing:
Heating (Btu/hour) 22,000 34,000
Cooling {Btu/hour) 20,000 27,000
Estimated tons of cooling*** 2 25
Square feetfton 1,000 800
Typical Equipment Cost:
Lower Efficiency $3,600 $4,200

X Higher Efficiency $4,000 $4,700

v

-

ACH means the number of natural air changes per hour the home has due to air leakage.
CFM25 is the duct leakage rate at a pressure of 25 Pascals—a standard number used during a
duct leakage test.

***  There are 12,0600 Btuwhour in a ton of cooling.

ok

Table 7-1 compares the size of heating and cooling systems for two homes with identical floor
areas. The more efficient home reduces the heating load 35% and the cooling load 26%. Thus,
the additional cost of the energy features in the more efficient home is offset by the $600 to
$700 savings from reducing the size of the HVAC equipment.

Oversimplified rules would have provided an oversized heating and cooling system for the more
efficient building. The oversized unit would have cost more to install. In addition, the operating
costs would be higher, it would suffer greater wear, and it may not provide adequate dehumidifi-
cation.

Proper sizing includes designing the cooling system to provide adequate dehumidification. In
Florida's humid climate it is critical to calculate the latent load—the amount of dehumidifica-
tion needed for the building. If the latent load is ignored, the building may become uncomfort-
able due to excess humidity.

The Sensible Heating Ratio (SHR) designates the portion of the cooling load for reducing
indoor temperatures (sensible cooling). For example, in a HVAC unit with a .75 SHR, 75%
of the energy expended by the unit goes to cool down the temperature of indoor air. The
remaining 25% goes for latent heat removal—taking moisture out of the air in the building.
If the designer of a HVAC system accurately estimates the cooling load, they will also
calculate the desired SHR and thus, the latent load.
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Many buildings in Florida have design SHR's of approximately 0.7—70% of the cooling will be
sensible and 30% latent. Systems that deliver less than 30% latent cooling may fail to provide

adequate dehumidification in summer.

MANUAL J EXAMPLE*
4 . ™)
1 Name of Room Entire House
Manual J, Load Calculation for 2  Running Ft. Exposed Wall 94.5
Residential Winterand Summer | 3 Rgoom Dimensions Ft. 32 x 625
Air Conditioning, is published by 4 Ceiling Ht. Ft. 8
the Air Conditioning Contractors of
America (ACCA). The proce- TYPE OF Consty _HTM |Area/ Btuh
dures in the manual calculate the EXPOSURE No. | Htg.| Clg. |Length) Htg. | Clg.
building heating and cooling loads 5 | Gross a 12F 1,512
as follows: Exposed b
1. Determine all dimensions of Walls & c
the exterior building envelope Partitions d
for each type of surface (wall, 6 | Windows & a 2 | 305 200 | 9.150
floo;, window, door, ceiling, Glass b ’ ’
etc.).
2. Note R-values of all compo- Doors Hig. 3
nents.
3. Find the Construction Number | 7 | Windows & North 16 75 1,200
of each component based on Glass E&W 46 150 6,900
tables in the book. DoorsClg. South 25 75 1,875
4. Look up climatic data in the 8 | Other Doors 10D {23 (109 42 966 458
manual for the locality in 9 [Net a 12F | 35| 17|1,170 | 4095 | 1,989
which the building is being Exposed b
constructed. Walls & c
5. Based on the Construction Partitions d
Number and the climatic data, o
find the Heat Transfer Multi- 10 | Ceilings g 16G | 1.6 1.2]12,000 | 3,200 2,400
plier (HTM) for the different
components during the heating 11 | Floors a 19D | 13| 0 |2000 | 2600 0
{Htg.) and cooling (Clg.) b
$easons. 12 | Infiltration HTM 11,757 54878
6-:"!1_" the t:blesl_for}hed 13| Sub Total Btuh LoSS = 6+8+9+10+11+12 31,768 | 20,700
eating and cooling load.
7. Calculate the infiltration loads, 14} Duct Biuh Loss 0.1 3,177 0
internal gains, and latent loads | 18] Total BtuhLoss=13+14 34,945
in separate charts. 16 | People @ 300 & Appliances = 1200 2,400
8. Find the grand total loads. 17 | Sensible Btuh Gain = 7+8+9+10+11+12+16 23,100
9. Use Manual S, Residential 18 | Duct Btuh Gain 0.05 1.155
Equipment Selection, also - - -
published by ACCA, to help 19 | Total Sensible Gain 24,255
select the equipment for the Latent Gain Calculations
home. Latent Infiltration 2,471
Latent Ventilation 0
Latent Internal Gains 1,920
Total Latent Gain 4,391
. J
* An experienced person can perforrn a Manual Jecalcutation in 30 to 60 minutes for an average home. The measurements for the
calculations are available from the construction drawings. Manual S calculations require an additional 15 to 30 minutes.
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TemMPERATURE CONTROLS

The most basic type of control system is a heating and cooling thermostat. Programmable
thermostats, also called setback thermostats, can be big energy savers for buildings by
automatically adjusting the temperature setting when people are sleeping or not in the building
(Table 7-2). Be certain that the programmable thermostat selected is designed for the particular
heating and cooling equipment it will be controlling. This is especially important for heat
pumps, as an improper programmable thermostat can actually increase energy bills. Also, look
for those with the ENERGY STAR® label.

| A thermostat should be located centrally within the building or zone. It should not receive

;f direct sunlight or be near a heat-producing appliance. A good location is often 4 to 5 feet
| above the floor in an interior hallway near a return grille.

|

|

|

\

The interior wall on which it is installed, like all walls, should be well sealed at the top and
bottom to prevent circulation of cool air in winter or hot air in summer. Some building
occupants have experienced headaches for years because air from the attic leaked into the
wall cavity behind the thermostat and caused the cooling or heating system to run much
longer than needed.

|

|

|

‘ Table 7-2

! Typical Savings from

}‘ Programmable Thermostats
1
|

4 ™)
Winter Heating Setting Energy Savings ($/yr)
72°F Day / 72°F Night......c..cceeveevveenen. 0
72°F Day / 65°F Night.......cccoeeevvenrenne. 28
68°F Day / 68°F Night..........ccoccevevirans 48
68°F Day / 60°F Night.......ccccecveemneneen. 74
68°F Day / 55°F Night.........cccccceuuene..e. 77
\, S
|
|
i
|
\
\
f
!‘
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COOLING EQUIPMENT SELECTION

Tables 7-3 and 7-4 show equipment charts for two sample air conditioning units. Each system

]]grovidce a wide range of outputs, depending on the blower speed and the temperature conditions.

he SHR in the chart is the Sensible Heating Ratio—the fraction of the total output that cools
down the air temperature. The remainder of the outgut dehumidifies the air—provides latent
cooling. Note that both systems provide about 36,000 Btu/ hour of cooling.
System A: with 80° return air, SEER = 1215

At low fan speed, provides 55,800 Btu/hour, 0.71 SHR, and thus 29% latent cooling
(dehumidification).

At high fan epeed, provides 38,600 Btu/hour, but a 0.61 SHR, and only 19% latent cooling—
not enough dehumidification in many Florida buildings.

System B: with 80° return air, SEER = 11.55
At low fan speed, provides 52,000 Btu/ hour, 0.67 SHR and 33% dehumidification.
At high fan speed, provides 35,600 Btu/hour, 0.76 SHR and 247% dehumidification.

Thus, System A, while nominally more efficient than B, provides less dehumidification and poten-
tially less comfort.

Table 7-3
Sample Cooling System A Data
SEER =12.15

r
Total Total Sensible Heating

Air
Volume

(cfm)

Cooling
Capacity

Ratio (SHR)
Dry Bulb Temperature

{Btuh)

75°F

80°F

85°F

950
1,200
1,450

.

35,800
37,500
38,800

0.58
0.61
0.64

0.71
0.76
0.81

0.84
0.9
0.96

Table 7-4

SEER=11.55

Sample Cooling System B Data

f Total
Air
Volume
{cfm)

Total
Cooling
Capacity
{Btuh)

Sensible Heating
Ratio (SHR)
Dry Bulb Temperature

75°F

80°F

85°F

950
1,200

1,450
.

32,000
34,100
35,600

0.56
0.58
0.61

0.67
0.71
0.76

0.78
0.84
0.80
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ZoNep HVAC SysTems

Larger buildings often use two or more separate heating and air conditioning units for different
floors or areas. Multiple systems can maintain greater comfort throughout the building while
saving energy by allowing different zones of the building to be at different temperatures. The
greatest savings come when a unit serving an unoccupied zone can be turned off.

Rather than install two separate systems, contractors can provide automatic zoning systems that
operate with one system. The ductwork in these systems typically has a series of thermostati-
cally controlled dampers that regulate the flow of air to each zone. Although somewhat new in
residential construction, thermostats, dampers, and controls for zoning large central systems
have been used for years in commercial buildings. An example is shown in Figure 7-2.

If your heating and air conditioning subcontractor feels that installing two or three separate
HVAC units is necessary, have him or her also estimate the cost of a single system with
damper control over the ductwork. Such a system must be carefully designed to ensure that
the blower is not damaged if dampers are closed to several supply ducts. In this situation,
the blower still tries to deliver the same air flow as before, but now through only a few
ducts. Back pressure created against the blades of the blower may cause damage to the
motor. There are three primary design options:

Figure 7-2 1. Create two zones and oversize
Automatic Zoned System - the ductwork so that when the
damper to one zone is closed, the
blower will not suffer damage.

2. Install a manufactured system
that uses a dampered bypass
duct connecting the supply ple-
num to the return ductwork.
These controls always allow the
Air flow to both zones same approximate volume of air
to circulate.

3. Use a variable speed HVAC |
Bypass damper system. Because variable speed
opens automatically ' systems are usually more effi-
cient than single-speed systems,
they will further increase savings.

Dammper closed by
thermostat in zone

Air flow to one zone
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Air Conditioning Equipment

Air conditioners and heat pumps work similarly to provide cooling and dehumidification. In the
summer, they extract heat from inside the building and transfer it outside. In winter, a heat
pump reverses this process and extracts heat from outside and transfers it inside.

Both systems typically use a vapor compression cycle, which is described on the following
page. This cycle circulates a refrigerant, a material that increases in temperature significantly
when compressed and cools rapidly when expanded. The exterior portion of a typical air condi-
tioner is called the condensing unit and houses the compressor, the noisy part that uses most of
the energy, and the condensing coil.

An air-cooled condensing unit should be kept free from plants and debris that might block the
flow of air through the coil or damage the thin fins of the coil. Ideally the condensing unit
should be located in the shade. However, do not block air flow to this unit with dense vegeta-
tion, fencing or overhead decking.

The inside mechanical equipment, called the air-handling unit, houses the evaporator coil, the
indoor blower, and the expansion, or throttling valve. The controls and ductwork for circulat-
ing cooled air to the building complete the system.

Thue SEER Rarting

The cooling efficiency of a heat pump or an air conditioner is rated by the Seasonal Energy
Efficiency Ratio (SEER), a ratio of the average amount of cooling provided during the cool-
ing season to the amount of electricity used. Current national legislation mandates a mini-
mum SEER 10.0 for most residential air conditioners. Efficiencies of some units can exceed
SEER 15.0. Packaged units, which combine the outdoor and indoor components into one
package located outside, have a minimum SEER of 9.5.

Builders should be aware that the SEER rating is a national average based on equipment
performance in Virginia. Some equipment may not produce the listed SEER in actual opera-
tion in Florida's buildings. One of the main problems has been the inability of some higher
efficiency equipment to dehumidify buildings adequately (see p. 109).

If units are not providing sufficient dehumidification, the typical owner response is to lower
the thermostat setting. Since every degree the thermostat is lowered increases cooling bills
3 to 7%, systems that have nominally high efficiencies, but inadequate dehumidification may
suffer from higher than expected cooling bilis.

As illustrated in Tables 7-3 and 7-4, poorly functioning "high" efficiency systems may
actually cost more to operate than a well designed, moderate efficiency unit. Make certain
that the contractor has used Manual J techniques so that the air conditioning system meets

_both sensible and latent (humidity) loads at the manufacturer's claimed efficiency.
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AIR CONDITIONERS AND HEAT PUMPS

| Air Conditioners use the vapor compression cycle, a 4-step process:

i 1. The compressor (in the

| outside unit) pressur- Figure 7-3

! izes a gaseous refriger- i i
| ant. The refrigerant Air Conditioner
i heats up during this
| process.
/

[

1

I

2. Fans in the outdoor
unit blow air across the
heated, pressurized
gas in the condensing

| coil; the refrigerant gas

| cools and condenses

‘ into a liquid.

3. The pressurized liquid
i6 piped inside to the
air-handling unit. It
enters a throttling or
expansion valve, where it expands and coole.

4. The cold liquid circulates through evaporator coile. Inside air is blown across the coils and
cooled while the refrigerant warms and evaporates. The cooled air is blown through the duct-
work. The refrigerant, now a gas, returns to the outdoor unit where the process starte over.

Heat pumps use a reversed version of the same cycle for heating. A reversing valve allows the heat
pump to work automatically in either heating or cooling mode. The steps for heating are:

1. Tne compressor )(in
the outside unit .
pressurizes the Figure 7-4
refrigerant, which Heat Pump

“ is piped inside.

: 2. The hot gas enters

@ the inside con-

densing coil. Room
| air passes over the

‘ coil and is heated.

| The refrigerant.

i cools and con-

denses.,

} 3. The refrigerant,

! now a pressurized
u liquid, flows out-

! side to a throt-
tlihng valve where it
expands to become a cool, low pressure liquid.

4. The outdoor evaﬁorator coil, which serves as the condenser in the cooling process, uses out-
side air to boil the cold, liquid refrigerant into a gas, This step completes the cycle.

5. If the outdoor air is s0 cold that the heat pump cannot adequately heat the building, electric
resistance strip heaters usually provide supplemental heating.

|

; ©. Feriodically in winter, the heat pump must switch to a "defrost cycle," which melts any ice that
| has formed on the outdoor coll.

|

|

[

Fackaged systems and room units use smaller versions of these components in a single box.

J
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VARIABLE SPEED UNITS

The minimum standard for air conditioners of SEER 10.0 provides for a reasonably efficient
unit. However, higher efficiency air conditioners may be quite economical. Table 7-5
examines the economics of different options for a sample home.

In order to increase the overall operating efficiency of an air conditioner or heat pump,
multispeed and variable speed compressors have been developed. These compressor units
can operate at low or medium speeds when the outdoor temperatures are not extreme. They
can achieve a SEER of 15 to 16.

The cost of variable speed units is generally about 30% higher than standard units. Advan-
tages they offer over standard, single-speed blowers:

O They usually save energy.

(3 They are quieter, and because they operate fairly continuously, there is far less start-up
noise (often the most noticeable sound in a standard unit.)

O They dehumidify better. Some units offer a special dehumidification cycle, which is
triggered by a humidistat that senses when the humidity levels in the building are too

high.

An example of air conditioner economics is shown in Table 7-5. This table is based on
2400 annual operating hours for the air conditioning system and utility rates of $0.09/kWh.

Table 7-5
Air Conditioner Economics
4 Y
Type of Treatment Incremental Incremental 30 yr. mortgage 30 yr. mortgage
Energy Savings Installed 7% interest rate 8% interest rate
($iyr) Costs (§) ($/year) (Sfyear)
SEER 11 (3 tons) — Compared to SEER 10 71 500 90 94
SEER 13 (3 tons) — Compared to SEER 10 180 900 72 79
SEER 11 (4 tons) — Compared to SEER 10 94 600 48 53
\. S
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PROPER INSTALLATION

Unlike a refrigerator or an air conditioner in an automobile, the air conditioner in a house is
assembled on-site. Major components, such as the air handler and the condenser are joined
together for the first time at the construction site. The efficiency and reliability of the entire
system is directly related to the care and quality of the work that goes into the installation of
the complete system.

Proper installation techniques include detailed work in the following areas:

O All gauges and measuring equipment must be properly maintained and calibrated. A quick
glance at a calibration sticker should not reveal a date many years in the past. Proper refrig-
erant charging depends on accurate measurements.

O Manufacturer’s procedures should be followed regarding the proper joining of refrigerant
piping.

O Evacuation is often required before refrigerant charging. The manufacturer’s procedures
for this process should be followed precisely. Any air that invades the system at the job
site will reduce system efficiency and also contain moisture that will accelerate internal
COITOSION.

O Charging the system with refrigerant should also be completed by following the
manufacturer’s recommendations.

Improper refrigerant charging seriously degrades system performance. The textbook Refrig-
eration & Air Conditioning, published by the Air Conditioning & Refrigeration Institute,
provides the following information:

O A refrigerant under-charge of 5% causes a 2.4% decrease in system efficiency.
O A refrigerant under-charge of 10% causes an 8.3% decrease in system efficiency.
0O A refrigerant under-charge of 15% causes a 19.6% decrease in system efficiency.

Refrigerant under-charging of these percentages often represents refrigerant amounts of justa

few ounces. This should illustrate the necessity of proper charging and measuring tech-
niques.

Another often-neglected area of installation concerns is the placement of the outside unit.
Homeowners often want to hide the condenser from view behind a screen, small fence or
bushes. Care must be taken to prevent any blockage of air flow from the unit.
Manufacturer’s recommendations for proper clearance distances should be followed. Limit-
ing the air flow to the condenser will cause the unit to operate less efficiently.
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. Heating Systems

Figure 7-5
Types of Heat Pumps Two types of heating systems are most com-
mon in new buildings—fisrnaces, which burn
natural gas, propane, or fuel oil, and electric
heat pumps. Furnaces are generally installed
with central air conditioners. Heat pumps
provide both heating and cooling. Some
heating systems are integrated with water

heating systems.

Air-source heat pump

Hear Pump EQUIPMENT
AIR-SOURCE HEAT PUMPS

The most common type of heat pump is the
air-source heat pump (Figure 7-5), which
extracts heat from warm inside air in the
summer, just like an air conditioner. In
winter, it reverses the cycle and obtains heat
from cool outside air. Most heat pumps
Shallow trench loop operate at least twice as efficiently as con-

. ventional electric resistance heating systems.
They have typical lifetimes of 15 years,
compared to 20 years for most furnaces.

At outside temperatures of 25 to 35°F, a
temperature known as the balance point, heat
pumps can no longer meet the entire heating
load of the building, so many use electric
resistance coils called strip heaters to pro-
vide supplemental backup heat. Strip heat-
ers, located in the air handling unit, are much
more expensive to operate than the heat pump
itself, They should not be oversized, as they
can drive up the peak load requirements of
the local electric utility. A staged, heat pump
thermostat can be used in concert with multi-
stage strip heaters to minimize strip heat
operation. To overcome this problem, some
buildings use a dual-fuel or piggyback sys-
tem that heats the building with natural gas or
propane when temperatures drop below the
balance point.

Deep well loop
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Air-source heat pumps should have outdoor thermostats, which prevent operation of the strip

‘ heaters at temperatures above 35°F or 40°F. The energy code requires controls to prevent
strip heater operation during weather when the heat pump alone can provide adequate heat-

l ing.

|

| GEOTHERMAL HEAT PUMPS

|

\

|

Unlike an air-source heat pump which has an outside heat exchanger, a geothermal heat pump
relies on fluid-filled pipes buried beneath the earth as a source of heating in winter and cooling
in summer (Figure 7-5). In each season, the temperature of the earth is closer to the desired
temperature of the building, so less energy is needed to maintain comfort. Eliminating the
outside equipment means higher efficiency, less maintenance, greater equipment life, no noise
and no inconvenience of having to mow around the outdoor unit.

k]

I

| Geothermal heat pumps have SEER ratings above 15 and can save up to 40% on the heating and

\‘ cooling costs for a standard air-source heat pump. Some products have greater dehumidifica-
tion ability than air-source heat pumps. Many units can also provide hot water at much greater

| efficiency than standard electric water heaters. Because of the warmer temperatures of the

‘ earth, geothermal heat pumps deliver heated air in winter into the building at a temperature

| between 95 to 110°F.

‘ I

; The following are types of closed loop designs for piping:

} O Indeep well systems, a piping loop extends several hundred feet under ground.

O Shallow loops are placed in long trenches, typically about 6-feet deep and several hundred
feetlong. Coiling the piping into a “slinky” reduces the length requirements.

O For buildings located on private lakes, loops can be installed at the bottom of the lake which
usually decreases the installation costs and may improve performance.

Some geothermal heat pump systems that rely on water may require consumptive water use
permits and/or discharge permits. Check your local requirements before proceeding.

ity of the system, so choose only qualified professionals who have several years' experience

|
| Proper installation of the geothermal loops is essential for high performance and the longev-
|
j installing geothermal heat pumps similar to that designed for your home.

should last as long as any other traditional heating or cooling system. The buried piping usually
has a 25-year warranty. Most experts believe the piping will last longer because it is made of a

| durable plastic with heat-sealed connections, and the circulating fluid has an anticorrosive
| additive.
|
|

i Geothermal heat pumps provide longer service than air-source units. The inside equipment
\
|
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Geothermal heat pumps cost $800 to $1,400 more per ton to install than conventional air-
source heat pumps. The actual cost varies according to the difficulty of installing the ground
loops as well as the size and features of the equipment. Because of their high installation |
cost, geothermal heat pumps may not be economical for buildings with low heating and :
cooling needs. However, their lower operating costs, reduced maintenance requirements, and |
greater comfort may make them attractive to many homeowners.

MEASURES OF EFFICIENCY FOR HEAT PUMPS

The heating efficiency of a heat pump is measured by its Heating Season Performance
Factor (HSPF), which is the ratio of heat provided in Btu per hour to watts of electricity
used. This factor considers the losses when the equipment starts up and stops, as well as
the energy lost during the defrost cycle.

Typical values for the HSPF are 6.8 for standard efficiency, 7.2 for medium efficiency, and
8.0 for high efficiency. Variable speed heat pumps have HSPF ratings as high as 9.0, and
geothermal heat pumps have HSPFs over 10.0. The HSPF averages the performance of
heating equipment for a typical winter in the United States, so the actual efficiency will vary
in different climates.

FurNACE EQUIPMENT

Furnaces burn fuels such as natural gas, propane, and fuel oil to produce heat and provide
warm, comfortable indoor air during cold weather in winter. They come in a variety of
efficiencies. The comparative economics between heat pumps and furnaces depend on the
type of fuel burned, its price, the building's design, and the outdoor climate. In general,
moderately efficient natural gas furnaces with central air conditioning and electric, air-source
heat pumps have similar installation and operating costs.

FURNACE OPERATION

Furnaces require oxygen for combustion and extra air to vent exhaust gases. Most furnaces
are non-direct vent units—they use the surrounding air for combustion. Others, known as
direct vent or uncoupled furnaces, bring combustion air into the burner area via sealed inlets
that extend to outside air. All buildings equipped with a fuel burning furnace of any type or
style should be equipped with a carbon monoxide detector.

Direct vent furnaces can be installed within the conditioned area of a building since they do not
rely on inside air for safe operation. Non-direct vent furnaces must receive adequate outside
air for combustion and exhaust venting. The primary concern with non-direct vent units is thata ;
malfunctioning heater may allow flue gases, which could contain poisonous carbon monoxide, :
into the area around the furnace. If there are leaks in the return system, or air leaks between the
furnace area and living space, carbon monoxide could enter habitable areas and cause potentially
severe health problems.
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Most new furnaces have forced draft
exhaust systems, meaning a blower
propels exhaust gases out the flue to
Scrsnadigh s o the outdoors. Atmospheric furnaces,
intc mechanical room which have no forced draft fan, are

not as common due to federal effi-
ciency requirements. However, some
furnace manufacturers have been able
to achieve the efficiency requirements
in atmospheric units.

Figure 7-6
Sealed Mechanical Room Design

Insulsted and sealed walls
between mechanical room
and home

Atmospheric furnaces should be iso-
lated from the conditioned space.
Those units located in well ventilated
crawl spaces and attics usually have
plenty of combustion air and encounter
\ no problem venting exhaust gases to

. the outside.

U However, units located in closets or

mechanical rooms inside the building,
or in relatively tight crawl spaces and
basements, may have problems. Fur-
nace mechanical rooms must be well sealed from the other rooms of the building (Figure 7-6).
The walls, both interior and exterior, should be insulated. Two outside-air ducts sized for the
specific furnace should be installed from outside into the room, one opening near the floor and
another near the ceiling, or as otherwise specified in your local gas code.

Mecharnical room accese door is solid (non-louvered}
with weatherstripping and a tight threshold

MEASURES OF EFFICIENCY FOR FURNACES

The efficiency of a gas furnace is measured by the Annual Fuel Utilization Efficiency (AFUE), a
rating which takes into consideration losses from pilot lights, start-up, and stopping. The
minimum AFUE for most furnaces is now 78 percent, with efficiencies ranging up to 97 per-
cent for furnaces with condensing heat exchangers.

Unlike SEER and HSPF ratings, the AFUE does not consider the vnit's electricity use for fans
and blowers. These can vary by over $50 annually.

An AFUE rating of 78 percent means that for every $1.00 worth of fuel used by the unit, ap-
proximately $.78 worth of usable heat is produced. The remaining $.22 worth of energy is lost
as waste heat and exhaust up the flue. Efficiency is highest if the furnace operates for longer
periods of time. Oversized units run intermittently, reducing efficiencies up to 15 percent.
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Furnaces with AFUEs of 78% to 87% include components such as electronic ignitions, effi-

cient heat exchangers, better intake air controls, and induced draft blowers to exhaust combus-

tion products. i
i

Models with efficiencies over 90%, commonly called condensing furnaces, include special
secondary heat exchangers that actually cool flue gases until they partially condense, so that
heat losses up the flue are virtually eliminated. A drain line must be connected to the flue
to catch condensate. One advantage of the cooler exhaust gas is that the flue can be made
of plastic pipe rather than metal and can be vented horizontally through a side wall.

There are a variety of condensing furnaces available. Some rely primarily on the secondary
heat exchanger to increase efficiency, while others, such as the pulse furnace, have re-
vamped the entire combustion process.

A pulse furnace achieves efficiencies over 90% using a spark plug to explode gases, send-
ing a shock wave out an exhaust tailpipe. The wave creates suction to draw in more gas
through one-way flapper valves, and the process repeats. Once such a furnace warms up,
the spark plug is not needed because the heat of combustion will ignite the next batch of gas.
The biggest potential problem is noise, so make sure the furnace is supplied with a good muf-
fler, and do not install the exhaust pipe where any potential noise will be annoying.

Because of the wide variety of condensing furnaces on the market, compare prices, warranties,

and service. Also, compare the economics carefully with those of moderate efficiency units.

With the lower heating requirements in Florida, the higher costs of these units might produce an ‘
unacceptably long payback period. |
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UnvenTep FueL-FIRED HEATERS
Unvented heaters that burn natural gas, propane, Figure 7-7
kerosene, or other fuels are not recommended. Unvented and Direct Vent Heaters

While these devices usually operate without
problems, the consequences of a malfunction
are life-threatening—they can exhaust carbon
monoxide directly into the air. They also can T
cause serious moisture problems inside the _ o o o oo oo,
building (Figure 7-7). : v

usually in emall concentrations)

Unvented heater

Combustion air
{from interior of home)

Most devices come equipped with alarms
designed to detect air quality problems.
However, many experts question putting a
family at any risk of carbon monoxide poi-
soning—they see no rationale for bringing
these units into a building. There are a wide
variety of efficient, vented space heaters
available. Direct vent_heater

Examples of unvented units to avoid include:

O Flueless gas fireplaces—use sealed com- Exhaust gases 10 outeide W
bustion, direct vent units instead. Combustion alr =0
(from exterior) i

O Room space heaters—choose forced draft,
direct-vent models instead.

Ventilation and indoor Air Quality

All buildings need ventilation to remove stale interior air and excessive moisture. There has
been considerable concern recently about how much ventilation is required to maintain the
quality of air in buildings. While there is substantial disagreement on the severity of indoor
air quality problems, most experts agree that the solution is not to build an inefficient,
“leaky” building.

Research studies show that standard buildings are as likely to have indoor air quality problems
as energy efficient ones. Some building researchers believe that no building is so leaky that the
occupants can be relieved of concern about indoor air quality. They recommend mechanical
ventilation systems for all buildings.
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The amount of ventilation required depends on the number of occupants and their lifestyle, as
well as the design of the building. The ASHRAE standard, “Ventilation for Acceptable Indoor
Air Quality” (ASHRAE 62-1989) recommends that houses have 0.35 air changes per hour

(ACH).

Older, drafty houses can have infiltration rates of 1.0 to 2.5 ACH. Standard buildings built
today are tighter and usually have rates of from 0.5 to 1.0 ACH. New, energy efficient buildings
may have .35 ACH or less.

The problem is that infiltration is neither continuous nor constant; it is unpredictable, and rates
for all buildings vary. For example, infiltration is greater during cold, windy periods and can be
quite low during hot weather. Thus, pollutants may accumulate during periods of calm weather
even in drafty houses. These buildings will also have many days when excessive infiltration
provides too much ventilation, causing discomfort, high energy bills, and possible deterioration
of the building envelope.

Concerns about indoor air quality are leading
more and more building owners to install
controlled ventilation systems for providing a
reliable source of fresh air. The simplest
approach is to provide spot ventilation of
bathrooms and kitchens to control moisture.
Nearly all exhaust fans in standard construction
are ineffective—a prime contributor to interior
moisture problems in Florida buildings (Figure
7-8). Bath and kitchen exhaust fans should vent Spot fan—""
to the outside—not just into an attic or crawl

Figure 7-8
Ventilation with Spot Fans

space. General guidelines call for providing a ”‘:1'" dm:’f' :“ e
minimum of 50 cubic feet per minute (cfm) of v 'mug m,n vente :
air flow for baths and 100 cfm for kitchens. Ardeawnin _______ | |

. through air leaks .
Manufacturers should supply a cfm rating for ]
any exhaust fan.

The cfm rating typically assumes the fan is working against an air pressure resistance of 0.1
inch of water—the resistance provided by about 15 feet of straight, smooth metal duct. In
practice, most fans are vented with flexible duct that provides much more resistance. Some
fans are also rated at pressures of 0.25 to 0.30 inches of water—the resistance found in most
installations. Most ventilation experts suggest choosing a fan based on this rating.

While larger fans cost more, they are usually better constructed and therefore last longer and
run quieter. The level of noise for a fan is rated by sones. Choose a fan with a sone rating of
2.0 or less. Top quality models are often below 0.5 sones.
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Many ceiling- or wall-mounted ex- ~ Figure 7-9
haust fans can be adapted as “in-line” In-Line Ventilation Fans
blowers located outside of the living
area, such as inan attic. Manufactur- 7 Outlet vent
ers also offer in-line fans to vent a - :
single bath or kitchen, or multiple In-line
rooms (Figure 7-9). Distancing the ventilation fan

in-line fan from the living area less-
ens noise problems,

While improving spot ventilation will
certainly help control moisture prob-
lems, it may not provide adequate
ventilation for the entire building. A
whole house ventilation system can
exhaust air from the kitchen, all baths,
and perhaps the living area or bed- — : — %
rooms.

Inlet vcne to
other rooms

20

Whole house ventilation systems usually have large single fans located in the attic. Ductwork
extends to rooms requiring ventilation. These units typically have two-speed motors. The low
speed setting gives continuous ventilation—usually 10 cfm per person or 0.35 ACH. The high
speed setting can quickly vent moisture or odors.

SuppLYING OuTsiDe AIR

FROM AIR LEAKS

The air vented from the building by exhaust fans must be replaced by outside air—either
through air leakage or a controlled inlet. Relying on air leaks requires no extra equipment;
however, the occupant has little control over the air entry points. Plus, many of the air leaks
come from undesirable locations, such as crawl spaces or attics. If the building is too air-
tight, the ventilation fans will not be able to pull in enough outside air to balance the air
being exhausted. It will generate a negative pressure in the building, which may cause
increased wear on fan motors. Plus, the exhaust fans may threaten air quality by pulling exhaust
gases from flues and chimneys back into the building.

FROM INLET VENTS

Providing fresh outside air through inlet vents is another option. These vents can often be
purchased from energy specialty outlets by mail order. They are usually located in exterior
walls. The amount of air they allow into the building can be controlied manually or by humidity
Sensors.

Locate inlet vents where they will not create uncomfortable drafts. They are often installed in
bedroom closets with louvered doors or high on exterior walls.
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4 ™
SAMFLE VENTILATION FPLANS

Figure 7-10: Upgraded Spot Ventilation Figure 7-10

N,

‘A
This relatively simple andinexpensivewhole

houseventilation systemintegrates spot
ventilation using bathroom and kitchen
exhaust fans with an upgraded exhaust
fan (usually 100 to 150 ¢fm) in a cen-
trally located bathroom. When the fan

operates, outside air is drawn through
inlets inclosets withlouvereddoors. The . ...
faniscontrolled by atimer set to provide  airinlet
ventilation at regular intervals. Interior

exhaust fan

doors are undercut toallow airflowtothe
central exhaust fan. The fan must be a long-life, high-quality unit that operates quietly. Ih addition to the
automatic ventilation provided by this system, occupants can turn on allexhaust fans manually as needed.

Figure 7-11

Figure 7-11: Whole House Ventilation System

This whole houseventilation systemuses
a centralized two-epeed exhaust fan to
draw air from the kitchen, bath, laundry,
and living area. The blower is controlled
by a timer. The system should provide

Central
o exhaust
T fan

approximately 0.35 ach on low speed

and 1.0 ach on high speed. Outside airis

supplied by a separate dampered duct

connected to the returh air system, D2mperd
outside 7

Whenthe exhaust fan operates, theout-  air duct

) . . Cantrl'al heating
side air damper opens and allows air to and cooling system

be drawn into the house through the forced-air ductwork.

Figure 7-12: Heat Recovery Ventilation (HRV) System Figure 7-12
An enthalpy air-to-air heat exchanger T
draws fresh outside air through a duct T ~
into the heat exchange equipment and
recaptures heating or cooling energyfrom
stale room air as it is being exhausted.

S Stale room air ST,
return ducte ]

The system also dries incoming humid air
in summer — a particular benefit inthe  gmaust air
Southeast. Fresh airflowsintothehouse outist W

via aseparate duct system, which should A
be sealed as tightly as the HVAC duct- Feehed —

. ) airiniet  Heat recovery
work. Room air can either be ducted to ventilator
the exchanger from several rooms or a single source. Some HRY unite can bewall-mounted in the living area,
while others are designed for utility rooms or basements.

.

-’
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ViA DUCTED MAKE-UP AIR

Outside air can also be drawn into and distributed through the building via the ducts for a
forced-air heating and cooling system. This type of system usually has an automatically
controlled outside air damper in the return duct system.

The blower for the ventilation system is either the air handler for the heating and cooling
systern or a smaller unit that is strictly designed to provide ventilation air. A disadvantage
of using the HVAC blower is that incoming ventilation air may have sufficient velocity to
affect comfort conditions during cool weather.

The ductwork for the heating and cooling system may be connected to a small outside air
duct that has a damper which opens when the ventilation fan operates. The resulting re-
duced air flow should not adversely affect comfort. Special controls are available to ensure that
the air handler runs a certain percentage of every hour, thus drawing fresh air in on a regular
basis.

DEHUMIDIFICATION VENTILATION SYSTEMS

Florida buildings are often more humid than desired. A combined ventilation-dehumidifier
system can bring in fresh, but humid outdoor air, remove moisture, and supply it to the
building. These systems can also filter incoming air. Because these systems require an
additional mechanical device—a dehumidifier installed on the air supply duct—they should
be designed for the specific needs of the building.

Heatr ReEcoveErY VENTILATORS

Air-to-air heat exchangers, or heat recovery ventilators (HRV), typically have separate duct
systems that draw in outside air for ventilation and distribute fresh air throughout the house.
Winter heat from stale room air is “exchanged” to the cooler incoming air. Some models,
called enthalpy heat exchangers, can also recapture cooling energy in summer by exchanging
moisture between exhaust and supply air. The term enthalpy is referring to the energy
content due to the sensible temperature difference plus the latent heat due to the moisture
content as well.

While energy experts have questioned the value of the heat saved in Florida buildings for the
$400 to $1,500 cost for an HRV, recent studies on enthalpy units indicate their dehumidifica-
tion benefit in summer offers an advantage over ventilation-only systems. The value of any
heat recovery ventilation system should not be determined solely on the cost of recovered
energy——the controlled ventilation and improved quality of the indoor environment must be
considered as well.
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See Sections 410 and 610—Air Distribution Systems

The Problem of Duct Leakage

Studies conducted throughout the country have found that poorly sealed ductwork is often the
most prevalent and yet easily solved problem in new construction. Duct leakage contributes 10
to 30% of heating and cooling loads in many homes. In addition, duct leakage can lessen
comfort and endanger health and safety.

Locating ducts in conditioned space eliminates many problems with leakage. They are often
installed in chases—{ramed air passageways situated behind the ceiling or wall finish. How-
ever, these chases are often connected more directly to unconditioned space than interior

space. Therefore, it is important to seal these areas completely from unconditioned spaces.

A common practice sometimes locates the air-handling unit in the garage. Supply and return
air ducts are connected to the unit through the main supply duct and a return air plenum. While
this practice saves interior space by locating the equipment in the garage, it can cause other
problems. The garage is a storage area for gasoline, paints, solvents, and insecticides. Starting
a car also fills the garage with by-products of combustion. Any leaks in the return side of the
air handling unit can draw these fumes into the air conditioning system. This can create indoor
air quality problems that could be serious.

The heating and cooling contractor should use proper materials when sealing ductwork—in
particular, duct sealing mastic. Duct insulation does not provide an airtight seal. To ensure
ducts are tight, have your HVAC contractor conduct a duct leakage test.

Efficient operation requires that duct systems are installed as tightly as possible. In particu-
lar, mastic and mesh tape must be used to seal leaks.
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DucTt Leaks aAnp Air LEAKAGE

Forced-air heating and cooling systems should be balanced—the amount of air delivered
through the supply ducts should be equal to that drawn through the return ducts. If the two
volumes of air are unequal, then the pressure of the building can be affected. Pressure
imbalances can increase air leakage into or out of rooms in the building.

Pressure imbalances can create dangerous air quality in homes including:

O Potential backdrafting of combustion appliances such as fireplaces, wood stoves and gas
burners. An improperly balanced system can create negative pressures within a struc-
ture. This imbalance or negative pressure can pull hot, humid attic air into a home. In
homes with gas or propane fired appliances and furnaces this imbalance can prevent
combustion gases from exiting the flue. This can cause a build up of carbon monoxide
within the home, which can cause illness and even death.

O Increasing air leakage from the crawl space or slab to the home, which may draw in dust,
radon gas, molds, and humidity.

@ Pulling pollutants into the air handling system via return leaks.

Typical causes and concemns of pressure imbalances, addressed more fully in Chapter 3,
include:

0 HVAC systems with excessive supply leaks can cause homes to become depressurized,
which may cause backdrafting of combustion appliances in the home.

O HVAC systems with excessive return leaks can cause homes to become pressurized and
create negative pressures around the air handling unit. The negative pressures may
cause combustion appliances near the air handling unit to backdraft.

00 Homes with central returns can have pressure imbalances when the interior doors to
individual rooms are closed. The rooms having supply registers and no returns become
pressurized, while the areas with central returns become depressurized. Often the returns
are open to living rooms with fireplaces or combustion appliances. When these spaces
become sufficiently depressurized, the flues will backdraft.

3 Tighter homes with effective exhaust fans, such as kitchen vent hoods, clothes dryers,
and attic ventilation fans, may experience negative pressures whenever these ventilation
devices are operating.
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SeALING AIR DISTRIBUTION SYSTEMS

Duct leakage should be eliminated. In standard construction, many duct seams are not sealed or
are poorly sealed with ineffective materials such as cloth “duct tape,” unrated aluminum tape, or
similar products with lower quality adhesives not designed to provide an airtight seal over the
life of the home. The following products are examples of proper materials to be used to seal
duct systems:

O Duct sealing mastic with Figure 8-1
fiberglass mesh tape—highly Sealing Flex-duct Collar with Mastic
preferred—may add $20 to
$55 to the cost of a $5,000

system, but will provide a

lifetime, airtight seal (Figure Attach flex-duct

to take-off coliar

8-1).
with strap
O Aluminum tape witha UL-
181 A or B rating may be
used for assembling fibrous
duct board—but must be Apply mastic

installed properly to be
effective. The duct surface
must be clean of oil and dirt,
and the tape must fully adhere
to the duct with no wrinkles.
A squeegee must be used to

to seal flex-duct
to collar and
collar to pienum

remove air bubbles from Pull insulation
beneath the taped surface. and outer liner
There are some tapes that led take-off:
meet the UL standard that are over sealed LareTom:
not aluminum. strap outer liner

in place
O High quality caulking or foam
sealant.

O Some duct manufacturers are listing closure products that they allow to be used with their
products.

Proper sealing and insulation of the ductwork in unconditioned areas requires careful attention
to detail and extra time on the part of the heating and air conditioning contractor. The cost of
this extra time is well worth the substantial savings on energy costs, improved comfort, and
better air quality that an airtight duct system offers.

Duct Design and Sealin Chapter 8 ©2000 University of Florida
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Figure 8-2
Disconnected Ducts Are High Priorities

Dislodged

supply duct

Ducts can become disconnected during initial installation,
maintenance, or even normal operation.
They should be checked periodically for problems.

Disconnection
at boot 3 I

‘ Sometimes, disconnected ducts can be hidden behind the insulation.
Look for patterns of dust or dirt on the insulation that indicate air leaks,
or Kinks or curves where there is no elbow.

©2000 University of Fiorida Chapter 8 Duct Design and Sealing
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The easiest answer to the question of where to seal air distribution systems is “everywhere.”

A list of the key locations is as follows:

High priority leaks

(0 Disconnected components (Figure 8-2),
including takeoffs that are not fully in-
serted, plenums or ducts that have been
dislodged, tears in flex-duct, and strained
connections between duct, as in Figure 8-
3 (visible when the duct bends where
there is no elbow).

[ The connections between the air handling
unit and the supply and return plenums.

Figure 8-4
Seal All Leaks in Air Handling Unit

Marty air handling cabinets come from the fastory
with lzaks, which should be scaled with duct-sealing mastic.
Removable panzls should be scaled with tape.

Removable pansl
sealed with tape

Figure 8-3
Duct Leaks in Inside Spaces

T

_j."'; AT ‘
L

Although this supply duct is theoretically
in conditioned space, the supply leaks
pressurize the band joist area and air leaks
to the outside. The best solution: seal all
duct leaks and all building envelope leaks.

(3 All of the seams in the air handling
unit, plenums, and rectangular duct-
work—Ilook particularly underneath
components and in any other tight areas
(Figures 8-4 and 8-5). Also seal the
holes for the refrigerant, thermostat, and
condensate lines. Use tape rather than
mastic to seal the seams in the panels of
the air handling unit so they can be
removed during servicing. After
completion of service and maintenance
work, such as filter changing, make sure
the seams are retaped.

Duct Design and Sealing

Chapter 8

©2000 University of Florida
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Figure 8-5
Shelf-Mounted Systems Without Returns

Nonducted returns can severely depressurize
mechanical room closets, not only sapping
the system’s efficiency, but also creating
ideal conditions for backdrafting and other
air quality problems. Seal all leaks with
mastic or caulk.

The return should be connected to the home
via a well-sealed duct. All holes from the
mechanical room closet to the other spaces
should be completely sealed.

©2000 University of Florida Chapter 8
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|

[J The return takeoffs, elbows, boots, and Figure 8-6 E

other connections (Figure 8-6). If the Seal All Leaky Takeoffs |

return is built into an interior wall, all ‘

connections and seams must be sealed T

carefully. Look especially for unsealed
areas around site-built materials.

O The takeoffs from the main supply ple-

num or trunk line.
. . e a Seal leaky filter rack
O Any framing in the building used as Leaky return takeoff with rated aluminum tape :
ductwork, such as a “panned” joist in pulls in surrounding air |
]

which sheet metal nailed to floor joists
provides a space for conditioned air to
flow. It is preferable to avoid using !
framing as a part of the duct system.

Figure 8-7
Sealing Leaky Boots

[ The connections near the supply regis-
ters—between the branch ductwork and
the boot, the boot and the register, the
seams of the elbows, and all other
potential leaks in this area (Figure 8-7).

Moderate priority leaks

(3 The joints between sections of the
branch ductwork.

Low priority leaks |
|
O Longitudinal seams in round metal
ductwork.

Use mastic to completely seal all
leaky seams and holes. Use mesh ;
tape with mastic to cover cracks |
over 1/6-inch wide. |
Duct Design and Sealing Chapter 8 ©2000 University of Florida ‘
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TESTING FOR DUCT LEAKAGE

The best method to ensure airtight
ducts is to pressure test the entire
duct system, including all boot con-
nections, duct runs, plenums, and air
handler cabinet. Much like a pressure
test required for plumbing, ductwork
can be tested during construction so
that problems can be easily corrected.

Figure 8-8
Duct Test on Return Grille

In most test procedures, a technician
temporarily seals the ducts by taping
over the supply registers and return
grilles. Then, the ducts are pressur-
ized to a given pressure—usually 25
Pascals. This pressure is comparable

to the pressure the ducts experience //
when the air handler operates.

The ducts are usually tested for tightness using a duct testing fan. Measuring the airflow
through the fan gives an estimate of the air leakage through unsealed seams in the ductwork.

Temporary seal

g «— Fressure gauge

*‘ «—— Duct tepter assemy

Some energy efficiency programs require that the cubic feet per minute of duct leakage measured
at a 25 Fascal pressure (CFM25) be less than 3% of the fioor area of the house. For example, a
2,000-square-foot house should have less than 60 CFM25 of duct leakage.

Another test is to use a blower door {described in Chapter 3) and a duct testing fan together to
measure duct leakage after construction is complete. This procedure gives the most accurate
measurement of duct leakage to the outside of the home. A duct leakage test can usually be done
in about one hour for an average sized home.

©2000 University of Florida Chapter 8 Duct Design and Sealing
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Duct Design
DucTt MATERIALS
Figure 8-9
The three most common types of duct Types of Ductwork

material used in building construction
are metal, fiberglass duct board, and
flex-duct (Figure 8-9). Both metal
and fiberglass duct board are rigid
and installed in pieces, while flex-duct
comes in long sections.

Flex-duct is usually installed in a
single, continuous piece between the
register and plenum box, or plenum
box and air handler. While it has
fewer seams to seal, it is important
that the soft lining material not be
torn. The flex-duct must also not be pinched or constricted. Long flex-duct runs can se-
verely restrict air flow, so they must be designed and installed carefully (Figure 8-10). Flex-
duct takeoffs, while often airtight in appearance, can have substantial leakage and should be
sealed with mastic.

Ductboard

Flex-duct

Round and rectangular metal duct must be sealed with mastic and insulated during installa-
tion. It is important to seal the seams first, because the insulation does not stop air leaks.
Rectangular metal duct used for plenums and larger trunk duct runs is often insulated with
duct liner, a high density material that should be at least 1 inch thick.

Figure 8-10
Comparison of Air Flow in Different 6-inch Ducts

=P 130 cfm

—pp 100 cfm

Straight, short, round metal duct Long, convoluted, round metal duct

wp 110 cfm
=) 75 cfm
Straight, short flex-duct Long, convoluted flex-duct
Duct Design and Sealing Chapter 8 ©2000 University of Florida
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Metal ducts often use fiberglass insulation having an attached metal foil vapor retarder. The
duct insulation should be at least R-6, and the vapor retarder should be installed to the
outside of the insulation—facing away from the duct. The seams in the insulation are usu-
ally stapled together around the duct and then taped. Duct insulation in homes at least two
years old provides great clues about duct leakage—when the insulation is removed, the lines
of dirt in the fiberglass often show where air leakage has occurred.

Sizing and layout

The size and layout of the ductwork affects the efficiency of the heating and cooling system
and comfort levels in the home. The proper duct size depends on:

(3 The estimated heating and cooling load for each room in the house.
3 The length, type, and shape of the duct.

O The operating characteristics of the HVAC system (such as the pressure, temperature,
and fan speed).

The lower temperature of the heated air delivered by a heat pump affects the placement of
the registers. A heat pump usually supplies heated air between 90°F and 110°F. At these
temperatures, air leaving registers may feel cool. It is important that they are placed so as to
avoid blowing air directly onto people. Fuel-fired furnaces typically deliver heated air at
temperatures between 110°F and 140°F, 40°F to 70°F greater than room temperature, so
placement of the supply registers is less important to maintain comfort.

In standard duct placement and design, supply registers are almost always located on out-
side walls under or above windows, and return registers are placed towards the interior,
typically in a central hallway.

Some builders of energy efficient homes have found little difference in temperature between
interior areas and exterior walls because of the extra energy features. Locating the supply
registers on exterior walls is not as necessary to maintain comfort. These builders are able
to trim both labor and material costs for ductwork by locating both supply and return ducts
near the core of the house.

In standard duct design, virtually all supply ducts are 6-inch flex-duct or round metal pipe.
Most standard designs have only one return for each floor.

©2000 University of Florida Chapter 8 Duct Design and Sealing
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The above rules work for some homes, but can create operating problems for others, includ-
ing:

O Too much heating and cooling supplied to small rooms, such as bathrooms and bedrooms
with only one exterior wall.

) Inadequate airflow, and thus, insufficient heating and cooling in rooms located at a dis-
tance from the airhandler.

O Overpressurization of rooms when interior doors are closed.

The heating and cooling industry has comprehensive methods to size supply and return
ductwork properly. These procedures are described fully in Manual D, Duct Design pub-
lished by the Air Conditioning Contractors' Association (example on the following pages).

Unfortunately, few residences have ductwork designed via Manual D. Most HVAC contrac-
tors use 6-inch ductwork for every supply register in the home. The primary "design” is
determining, usually via intuition, how many registers should be installed in each room.

Figure 8-11 shows the size ductwork Manual D would specify for a small home. The design
is vastly different than the typical, all 6-inch system. The advantage of proper design is that
each room receives air flow proportionate to its heating and cooling load, thus increasing
overall comfort and efficiency.

The following recommendations, while no substitute for a Manual D calculation, should
improve system performance:

3 If two rooms have similar orientation, window area, and insulation characferistics, but
one room is considerably farther from the air handling unit than the other, consider in-
creasing the size of the ductwork going to the farthest room.

O Bonus rooms over garages often need additional or larger supplies.

O Rooms with large window areas may warrant an extra supply duct, regardless of the room
size.

O Likewise, large rooms with few windows, only one exterior wall, well insulated floor, and
conditioned space above may need only one small duct.

[ Provide return air capability for bedrooms when bedroom doors are shut.

Duct Design and Sealing Chapter 8 ©2000 University of Florida
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¢ ™\
CHECKING SYSTEM AIR FLOW
Use this simple form to check the ductwork for proper sizing:
Step 1: Find the system's cooling capacity in tons.
Step 2: Multiply the tonnage by 400 to get the desired total air flow in cubic feet per minute (cfm) =
400 x tons = cfm total
Step 3: Check the supply air flow
a. Determine the number of supply registers connected to 4", 6", 8", and 10" branch ducts .
b. Fill in column 2 in the chart below. Then multiply the number of ducts by the air flow and put the
result in Column 4. Add the flows in Column 4. If the total is within 10% of the actual air flow (from
Step 2), the supply ductwork is probably adequate.
1. Branch Duct 2. Number 3. Air Flow 4. Duct Air Flow (cfm)
Size of Supply Registers per Register (cfm) Step 2 x Step 3
4" 50
6" 100
8" 200
10" 400
Total Air Flow cfm
Step 4: Check the return air velocity
a. Measure the total area of all return grilles = square inches
b. Multiply the total area in 4a by 70% = __ square inches
¢. Divide the answer to b by 144 to get square feet of area = square fest
d. Write the total air flow here = cfm (total cfm in chart above)
e. Divide the air flow in 4d by the area in 4¢ to get the estimated return air velocity:
airflow /area = ft/minute
If the velocity is over 650 ft/ minute, add a return or increase the size of a return.
Example:
Home with 2.5 ton system, one 4-inch, eight 6-inch, and one 8-inch branch supply ducts.
Step 1: 2.5tons
Step 2: 400x 2.5 = 1,000 c¢fm
Step 3:
1. Branch Duect 2. Number 3. Air Flow 4. Duct Air Flow (cfm)
Size of Supply Registers per Register {cfm) Step 2 x Step 3
4" 1 50 50
6" 8 100 800
8" 1 200 200
10" 0 400
Total Air Flow 1,050 ¢fm
Since 1,050 cfm is within 10% of system air flow, there should be enough supply ducts. )

©2000 University of Florida Chapter 8
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Figure 8-11
Duct Design Using Manual D

(In standard duct installation, all supply registers would be © inches
in diameter, and there would be a single 14-inch to 16-inch return.)
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Ductwork Summary
Supply Return
Size Number Size | Number
3" 4 7" 1
4" 1 12" 1
5" 1 14" 1
6" 3
7" 1
8" 2
9" 1
Duct Design and Sealing Chapter 8 ©2000 University of Florida
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See Sections 412 and 612—Water Heating Systems

Water heating is an important end-use that Figure 9-1

accounts for roughly 16% to 20% of the total Hot Water Use in Typical Homes
{by place of use)

energy consumption in the home. Recently
enacted efficiency standards on water heaters
and hot water-using appliances and equipment
(e.g., showerheads, faucets, dishwashers and

clothes washers) can and will substantially Bath
. 12%

affect the energy use of water heaters in the

future.

The typical U.S. homeowners’ hot water

consumption, by place of use, is shown in Dishwasher

Figure 9-1. 14%

Clothes washer
26%

Source: United States Department of Energy

Energy Conservation For Water Heating

No matter what type of energy source is used to heat water, be certain to take advantage of
the savings from conservation measures:

O Lower the temperature setting on the water heater to 120°F.

* Saves energy; for each 10°F (5.6°C) reduction in water temperature, water-heating
energy consumption can be reduced 3% to 5 %.

» Reduces the risk of injury from scalding.
* Provides plenty of hot water.

 If hotter temperatures are needed for dish washing, select dishwashers with booster
heaters.

Domestic Water Heating Chapter 9 ©2000 University of Florida




144 Enefgy Efficient Building Construction in Florida

0 Wrap the outside of the water heater tank with an insulation jacket (Figure 9-2).

* Simple to install,

* On all types, do not cover the emergency pressure relief or drain valve; pressure
| buildup due to continuously heated water will force open this valve, allowing hot
‘ water to flow out of the tank through the pressure relief pipe to an outlet outside.
|
!

* On electric water heaters, do not cover the thermostat or access panels.

] * On gas water heaters, do not cover the top, the controls, or the lower third of the

“ tank—the air inlet or the flue vent on the top. Check with the installer for specific

| instructions, because if insulation is placed over any of these areas, the controls may

| overheat or the unit may become starved for air—resulting in hazardous explosions.

| Keep in mind that some models have the temperature/pressure relief valve and the
overflow pipe on the side of the tank instead of on the top.

|

|

| O Install heat traps, or one-way valves, which allow water to flow into the tank and prevent
unwanted hot-water flow out of the tank. Most new water heater models have factory-

‘ installed traps (Figure 9-2). Those not having built-in heat traps should be installed with
| an external heat trap. The Energy Code states that such devices shall consist of either a
| commercially available heat trap or a downward and upward bend of at least 3 ¥ inches

‘ in the hot water distribution line and cold water line located as close as practical to the
| storage tank.

Figure 9-2
Insulating Jackets for Electric and Gas Water Heaters

Hot

Heat trap .
reduces = il
heat loss

Insulate first 4 feet
of all metal pipes
extending out of
water heater

Electric water heater Gas water heater

" ©2000 University of Florida Chapter 9 Domestic Water Heating



Energy Efficient Building Construction in Florida 145 |

(J Insulate the first three or four feet of the cold and hot water pipes connected to the unit.

O Install low-flow showerheads with well-designed fixtures that deliver water at about 1.5
to 2.5 gallons per minute and still provide plenty of force.

O Put in shutoff valves on low-flow showerheads and kitchen faucets, which are designed
to dribble when closed, so water in the pipe stays at the selected temperature while
soaping, shaving or shampooing. These valves are built into many low-flow heads.

O Include low-flow aerators or laminar flow controls on sink and lavatory faucets.

» Saves on energy bills as aerators add air to the water stream and make a light flow
feel heavier.

» Laminar flow controls work by producing dozens of streams of water very close to
one another. Many believe they make the water feel that it is flowing at a higher rate |
than in actuality.

» Kitchen sink may need a higher volume flow faucet (2.5 gallon-per-minute) for wash-
ing/rinsing dishes and filling cooking containers. |

O Minimize the piping runs to the bathroom and kitchen.

(3 Put in or recommend ENERGY STAR® washing machines; approximately 90% of the energy
used is to heat water, with some of the newer energy-efficient models using about one- ;
third the hot water. }

(3 Install Enercy STAR® dishwashers; approximately 80% of the energy consumed for |
dishwashing is used by the hot water heater to heat water to 140°F. New, energy efficient
dishwashers are equipped with a temperature boost feature that raises the incoming water |
temperature by 20°F, ﬁ

Domestic Water Heating Chapter 9 ©2000 University of Florida
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OTHER PossiBLe Ways To Conserve WATER

METLUND® Hor Water D’MAND™ System

This pumping system utilizes the cold water line as a return line for a hot water loop back to
the water heater. The system is placed between the cold and hot water line located under
the cabinet at the most distant fixture. When the system is activated, an electronic valve
opens and the pump moves the cold water in the hot water side rapidly across the valve to
the cold water side. The cold water in the line is then replaced by the hot water that is now
moving from the water heater through the hot water pipe towards the most distant fixture.
Upon the arrival of the hot water, a thermal sensor at the location senses a temperature rise,
thus quickly closing the valve and automatically shutting down the pump. This system can
be activated in a number of different ways including push button, remote control, light beam,
motion sensor, etc. The savings are a result of getting hot water to your farthest fixture
faster without the loss of any water down the drain. The energy requirement to run the pump
is minimal since it only operates when activated and turns off automatically.

AppiTionAL WATER HEATER

Some builders add a small (2 to 6 gallon) water heater at the end of a long plumbing run. By
being connected in a series with the main water heater, the owner has instant hot water and
before the small heater runs out of water, the main unit is activated. Energy is spent to save
water.

Selecting an Efficient Water Heater

Sizing

Above all, the “capacity” of a water heater should be judged by its first hour rating (FHR),
not its tank size. The peak-hour demand capacity or the FHR, required on the EnergyGuide
label, is actually more important that the size of the storage tank. The FHR is a measure of
how much hot water the heater will deliver during a busy hour. Due to larger burners, some
gas water heaters with smaller tanks usually have higher capacities (FHRs) than models with
larger tanks. The size tank needed will depend on the number of people living in the home
and the patterns of usage. Selecting an oversized water heater, besides raising the purchase
cost, will result in increased energy costs due to excessive cycling and standby losses.

Gas water heaters have higher FHRs than electric water heaters of the same storage capac-
ity. Therefore, it may be possible to meet the water-heating needs with a gas unit that has a
smaller storage tank than an electric unit with the same FHR. More efficient gas water
heaters use various nonconventional arrangements for combustion air intake and exhaust.
These features, however, can increase installation costs.

©2000 University of Florida Chapter 9 Domestic Water Heating
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All other things being equal, the smaller the water heater tank, the higher the efficiency.
Compared to small tanks, large tanks have a greater surface area, which increases heat loss
from the tank and decreases the energy efficiency somewhat, as mentioned above.

Selecting an oversized water heater, besides raising purchase cost, will result in increased
energy costs due to excessive cycling and standby losses. The American Council for an
Energy-Efficient Economy's (ACEEE) Consumer Guide to Home Energy Savings and the
Gas Appliances Manufacturers Association’s (GAMA) Consumer’s Directory of Certified
Efficiency Ratings provide good, simple guidance on proper sizing of water heaters.

FueL TypPE

One of the first steps in choosing a water heater is to determine the appropriate fuel type.
Natural gas water heaters are generally less expensive to operate, but not always—<check
local rates. Also check rebates from local utility companies.

EFFicieEncy FacTon

Once you have decided what type of water heater best suits your needs, determine which
water heater in that category is the most fuel efficient. The best indicator of a heater’s
efficiency is its Energy Factor (EF), which is based on recovery efficiency (i.e., how effi-
ciently the heat from the energy source is transferred to the water), standby losses (i.e., the
percentage of heat lost per hour from the stored water compared to the heat content of the
water), cycling losses, and the average household use of 64 gallons of hot water per day.
The higher the EF, the more efficient the water heater. Electric resistance water heaters have
EFs ranging from 0.7 to 0.97 (the most efficient electric storage water heaters all have
energy factors between 0.94 and 0.97). Note that heat pump water heaters use less than half
as much electricity as conventional electric resistance water heaters.

The most efficient gas-fired storage water heaters have energy factors ranging from 0.60 to
0.64 with some high-efficiency models ranging around 0.8; and heat pump water heaters
from 1.8 to 2.5. The efficiency of a dual integrated system is given by its combined annual
efficiency, which is based on the AFUE of the space heating component and the energy
factor of the water heating components.

ENERGYGUIDE LABEL

In the U.S., all water heaters are sold with a bright yellow and black EnergyGuide label to
indicate the estimated annual energy consumption and operating cost of the appliance at a
given rate. These labels provide an estimated annual energy consumption on a scale show-
ing a range for similar models. By comparing a model’s annual operating cost with the
operating cost of the most efficient model, you can compare efficiencies. Be sure to check
the rates in your area for comparison purposes. See Tables 9-1 and 9-2 for electric and gas
water heater examples.

Domestic Water Heating Chapter 9
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Types of Available Water Heaters

The following types of water heaters are now on the market: conventional storage, demand,
! heat pump, tankless coil, indirect, heat recovery unit, and solar. It is also possible to pur-
chase water heaters that can be connected to your home’s space-heating system.

' ConveENTIONAL STORAGE WATER HEATERS

Ranging in size from 20 to 80 gallons (75.7 to 302.8 liters), storage water heaters remain the
most popular type for residential heating needs in the US. A storage heater operates by
releasing hot water from the top of the tank when the hot water tap is turned on. To replace
that hot water, cold water enters the bottom of the tank, ensuring that the tank is always full.

|
|
|
|
[ . .
| Because the water is constantly heated in the tank, energy can be wasted even when no
| faucet is on.
;‘
|
|
|
\
|

SpreciaL NoTe oN FueL-Firep WATER HEATERS

Where natural gas is available on site, a gas water heater will usually be life-cycle cost
effective relative to an electric model—but check local rates. For safety as well as energy-
efficiency reasons, when buying gas-fired water heaters, look for units with sealed combus-
tion or power venting to avoid back-drafting of combustion gases into the building.

If fuel-fired water heaters are located in interior spaces, such as interior mechanical rooms
connected to conditioned spaces or laundry rooms, they should include provisions for out-
side combustion air (Figure 9-3).

} More sophisticated energy features found on high efficiency furnaces, such as electronic

i ignition, flue dampers, and condensing heat exchangers, are being introduced into domestic
“ water heaters.
1
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Figure 9-3 {
Combustion Closet for Fuel-Fired Water Heater ;
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\
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DemAND oR INSTANTANEOUS (TANKLESS) WATER HEATERS

Some homes have bathrooms located away from the kitchen and other bathrooms. This can
typically be found in ranch-style homes. The long piping that runs from the centrally located
“ water heater to a distant bathroom contributes to high “transmission” losses. In these cases,

J a demand or tankless water heater might be recommended (Figure 9-4).

]

|

Tankless water heaters are sized in gallons per minute (gpm) of flow. Most provide 2 to 3
gpm of hot water...at most four to five gallons of heated water per minute. Size your unit to
meet the peak demand that will be placed on it.

i‘ Another thing to consider with tankless heaters is the minimum flow rate required to activate
them. Most need a flow rate of about ¥2 to % gpm to power up; but some are as high as 2
gpm, so they won’t heat water unless you turn the water up high.

There is no industry standard for testing and rating the efficiency of tankless water heaters.
Electric tankless heaters should save energy compared to electric storage systems, but gas-
fired tankless heaters are only available with standing pilot lights, which lower their effi-

ciency.
Figure 9-4
Instantaneous Water Heater
Flue if
fuel-fired
! heater
\
|
i —Heat exchanger
i‘ Heat from
] fuel combustion—
| or electric elements
i
{ Cold water in— —Hot water out
|
|
|
|
\
\
;
“
|
|
i
i
;
|
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HeaT-Pump WATER HEATER

Unlike the conventional water heater, which uses only resistance heating coils to heat water,
the air-source heat pump water heater works by taking heat from the surrounding air and
transferring it to the water in the tank. It uses the same principle as refrigerators but in
reverse. Heat-pump water heaters have back-up heating coils to ensure ample hot water
supply should the heat pump not produce the necessary amount of hot water.

Heat-pump water heaters are available in

Figure 9-5 two styles: self-contained and add-on. A
Heat Pump Water Heaters self-contained unit looks like a taller ver-
- sion of a standard electric water heater.
This type completely replaces the conven-
H _ tional electric water heater. An add-on
Mr " heat it b hased -

pump unit can be purchased sepa
— rately and installed on top of, alongside, or
even several feet away from your tradi-
tional electric water heater (Figure 9-5).
The heat-pump unit (about the size of a
1 window air conditioner) provides the en-
: D ergy, but uses your standard water heater
for storage.

Hot water out

Standard ]
water heater They have essentially the same perfor-
mance as electric resistance storage water
& heaters, except that efficiencies are typi-

cally 2 to 2.5 times higher. Energy Factor
(EF) ranges from 1.8 to 2.5, compared to
0.88 to 0.97 for electric resistance sys-
tems.

R

Heat pump water heaters cool and dehumidify the air surrounding the evaporator coil. This
can be an advantage where cooling is desirable, a disadvantage when cooling is undesirable.
Some heat pump water heaters are designed to recover waste heat from whole house ventila-
tion systems.

Although a heat-pump water heater may have a high initial cost, it can save up to 50% of
your water heating bill in moderate climates. They require installation in locations that
remain in the 40° to 90°F range year-round. To avoid damaging the equipment, never install
a heat pump water heater in areas where the temperature drops below freezing. When oper-
ating, they are about as loud as an air conditioner, so do not locate them where noise will be
a problem.

Domestic Water Heating Chapter 9 ©2000 University of Florida
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TAaNKLESS ColiL AND INDIRECT WATER HEATERS

A home’s space-heating system can also be used to heat water. Two types of water heaters
that use this system are tankless coil and indirect. Tankless coil water heaters use a heating
coil installed in the main furnace for water heating. No separate storage tank is needed
because water is heated directly inside the boiler in a hydronic (i.e., hot water) heating
system. The system is Iess efficient during warmer months and in warmer climates where
the boiler is used less frequently.

Like the tankless coil, the indirect water heater circulates water through a heat exchanger in
the boiler. But this heated water then flows to an insulated storage tank. Because the boiler
does not need to operate frequently, this system is more efficient than the tankless coil. In
fact, when an indirect water heater is used with a highly efficient boiler, the combination may
provide one of the least expensive methods of water heating.

Heatr Recovery Units

A heat recovery unit (HRU) contains a heat exchanger which captures some of the heat the
air conditioning system is removing from the house and transfers it to the water in the water
heater. It is installed between the central air conditioner or heat pump and your water heater.
A small circulating pump forces water through the heat exchanger while the air conditioner is
running. As long as your central system is operating, this “free” heat is used to heat water.
A backup electric or gas system provides hot water when the air conditioner is off. This
system not only makes free hot water in the summer, but also helps your air conditioner to
operate more efficiently by providing an additional place to dump the heat from the house.

If installed on a heat pump, water heating savings can also be realized during the heating
season, since the heat pump is 2 to 3 times more efficient than the electric resistance heaters
in your water heater. Note: Check with the manufacturer of the air conditioner if you're
considering this option as some super high efficiency models don’t accept HRUs very well.

SoLAarR WATER HEATERS

For homes that use a large amount of hot water and receive full sun year-round, solar water
heaters may be economical. Most solar water heaters operate by preheating water for a
standard water heater. Normally, gas or electric water heaters bring incoming cold water to a
desired temperature of about 120°F. A solar water heater uses sunlight to preheat cold water
and stores it, often at temperatures well above 120°F.

If the solar-heated water is hot enough, the standard water heater does not need to add more
heat. If the water is cooler than needed, the standard water heater will operate as a backup

to increase the temperature. Thus, the temperature or availability of hot water is never
affected.
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Of course, even when the solar-heated water is at temperatures below 120°F, the backup unit
will use less energy than it would to heat incoming cold water.

A variety of solar water heaters is available commercially, most of which should last 15
years or longer. They are divided into three categories: active, thermosiphon, and integral
collector/storage (ICS)—sometimes referred to as batch. In active and thermosiphon water
heaters, solar panels or collectors trap the sun’s heat. Water or other fluid running through
the collectors absorbs heat and increases in temperature. The liquid then travels to a storage
tank where the heat it gains is stored.

Active systems use electric pumps to move
the water from the collectors to the storage
tank (Figure 9-6). Thermosiphon water
heaters require no outside power because
they use the natural tendency of water to
rise as its temperature increases to push
water from the collectors to the storage
tank, which must be located higher than the

Figure 9-6
Active Solar Water Heating Systems

Coliector

|
I collectors.
: 4 | Some solar water heaters use a single, large
Y | —= i@hz"f;;:\ _ storage tank that has a backup source of
e : water heating. Other systems use a stan-
LH\I ; dard water heater as a backup and a sepa-
' rate solar storage tank. Active and

] ___Storage tankf !
| "~ back-up watef Hoater thermosiphon systems cost from $1,500 to

\ SN / - $5,000 and supply up to 70 percent of a

Pump Surned on Indoring watr family’s annual hot water needs.

by control system supply (cold)

For all shingle and tile roofs in Florida that
generally have pitches greater than 3 in 12 (i.e. 14 degrees), collectors should be mounted
parallel to the roof. Collectors mounted in this manner are more aesthetically pleasing.
However, for flat or very low-sloping roofs, collectors should be titled at an angle (to the
horizontal) that is approximately equal in degrees to the local latitude. Florida latitudes
range between 25 degrees (in the Florida Keys) to 31 degrees (northern border). Since the
sun is lower on the horizon during the winter months, tilting the collector at an angle up to 15
degrees greater than latitude will increase winter performance, which is desirable in most
cases.

Solar water heaters must be protected from freezing. Active and thermosiphon systems use
nonfreezing fluids or automatic drain systems to prevent freezing.
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Another type of solar water heater incorporates Figure 9-7
the collector and the storage tank into one unit Batch Solar Water Heating System

(Figure 9-7). The collector box has insulated
sides, one or more clear covers and large tubes T il
that absorb the solar energy and also act as the / SolarHier toster </ | Hobwater ot
storage tank. This style of collector typically R : 7

stores between 30 and 50 gallons of water. |
The integral collector/storage (ICS) solar Insulated Pipe
water heaters (batch) have several advantages. Cold water in

They don’t require a pump, which uses elec- T

tricity and has moving parts that wear out.

This typically makes them less expensive than
active systems. 1

On a sunny day, sunlight travels through the
glazing of the batch unit and strikes the tanks, I
which are flat black in color. In most cases,

the tanks are covered with a speciat selective

surface coating that readily absorbs sunlight, but reduces heat loss from the tank. When the
tanks absorb the sun’s energy, the water inside heats up. Local water pressure pushes the
solar-heated water into the regular water heater whenever a fixture or appliance, such as a
shower or dishwasher, is drawing hot water.

ICS solar heaters are manufactured and sold commercially. Prices range from about $800 to
$1,500. However, because of the simplicity of the design, some people build their own.

The collectors for any type of solar water heater should be located as close as possible to
the water heater tank to minimize the connecting piping. The glazing should face within 45
degrees of due south.

Collectors are usually located on the roof, but they can be attached to supports on the side
of a house or on the ground. Because ICS solar heaters combine collectors, storage tanks,
and water they are heavy. Adequate structural support must be provided when they are
located on the roof.

Water inside the tanks of an ICS water heater will only freeze on bitterly cold nights. How-
ever, the water in the pipes that connect the batch heater to the inside can freeze at tempera-
tures around 32°F. A special freeze prevention drip valve should be used on an ICS solar
water heater.

Solar water heating can provide year round savings. Households that use a large amount of
hot water and can adapt the time when hot water is used to match when it is available will
benefit the most. Savings will be greatest if laundry, dishes, and bathing are done between
noon and early evening—after the sun has heated the water stored in the tank.
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See Section 415—Lighting

Energy Efficient Appliances

Cooling, hot water, and heating are usually the biggest portion of energy needs in Florida
homes. However, the cost of operating major appliances is significant. In the average home,
energy bills range from $200 to $400 each year to run refrigerators and freezers, clothes
washers and dryers, ranges and ovens, and other appliances.

While most new appliances offer a wide variety of features, many models are not designed
to be energy efficient. When choosing appliances, it is important to consider their operating
costs—how much energy they require to run—as well as the purchase price and the various
features and conveniences they offer.

The National Appliance Energy Conservation Act (NAECA), which upgraded the efficien-
cies of heating, cooling, and hot water systems, also required improvements in appliance
efficiencies. As a result of refrigerator standards that became effective January 1, 1993, a
typical refrigerator of today uses less than 800 kilowatt-hours (kWh) per year—less than
half of that for a typical 1973 model.

Appliances which operate efficiently may cost more to buy, but the energy savings they
provide make them a good investment. For example, running a standard refrigerator over its
life of 15 to 20 years costs about three times as much as its purchase price. An energy
efficient model can save hundreds of dollars over the life of the appliance. Table 10-1 (next
page) shows typical annual energy costs for several appliances.

In addition to saving money on operating costs, energy efficient appliances give off less
waste heat than standard models. Therefore, they help keep rooms inside the building cooler
during warm weather.

Appliances and Lighting Chapter 10 ©2000 University of Florida
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Table 10-1
Typical Energy Costs for Appliances
j
‘ [ Appliance Existing New High Efficiency Model
“ {NAECA min.)
Refrigerator/freezers $93 $61 $24
; Clothes Washers $78 $70 $43
| Clothes Dryers $85 $77 $71
Dishwasher $50 840 $29
Total $306 $248 $167
Overall Savings 19% 45%
(33%")
\ v
*compared to NAECA minima. Source: Energy Star Homes Builder Guide, 1997

ENerGcY STArR® Appliances

The U.S. EPA has done some of the research for consumers and has
labeled certain appliances with the ENerRGY STAR® logo (as seen here)
that meet their criteria for energy efficiency. An appliance receives the
_ ENERGY STAR®rating if it is significantly more energy efficient than the
™ %¢ minimum government standards, as determined by standard testing
procedures. The amount by which an appliance must exceed the mini-
mum standards is different for each product rated and depends on available technology. ENERGY
Star®rated products are always among the most efficient
available today. Figure 10-1
EnergyGuide Label

Bazed on standard LS. Governmen lesls

EneErRcYGUIDE LABEL

. an r
tors, freezers, water heaters, dishwashers, clothes washers, 'm

room air conditioners, central air conditioners, heat pumps,

I o EXAMPLE, INC.
| ) Models 1245/5678
| To compare the cnergy usage of an appliance, use the Compare the Energy Use of this Dishwasher
i‘ EnergyGuide label (Figure 10-1). Federal law requires with Others Before You Buy.

y that manufacturers display this label on all new refrigera- This Made Uses

|

|

‘ furnaces, and boilers. By e
450
} The EnergyGuide label provides the name of the manufac- Mmr"“‘mﬂﬂ i st
: turer, model number, type of appliance, and capacity. Dishwashiors nsing more enorgy cust mars o operate,
EnergyGuide labels won't tell you which is the best appli- "uwmm":
ance to buy. They will display the estimated annual Ut ot

energy consumption and operating cost of the appliance ata | wiyemin over oo mivis e mes

Mgt o 7. K321

i 7y
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given rate, enabling you to compare the models you're interested in. Make sure you compare
similar models with similar capacities—for example, that you're comparing one top-loading
clothes washer with another top-loader that handles the same sized batch of laundry. Much like
the federal miles-per-gallon ratings for automobiles, the actual amount of energy used and its
cost will vary according to local prices and each family's life-style. (Check consumer maga-
zines for other information such as repair history.)

Appliance Shopping Checklist

ALL APPLIANCES

O Use the EnergyGuide label and ENerGY STAR® symbol, where applicable, to help select unit.

Find the savings in operating costs for the more efficient appliance. Divide the savings per
year into the extra purchase price to get the payback period. Paybacks of less than five years
are generally attractive. See Chapter 2 (Why Build Efficiently?) for information on how to
determine payback.

REFRIGERATORS
The most efficient models are in the 16- to 20-cubic foot range.

Side-by-side refrigerator/freezers use more energy than similarly sized models with freez-
€rs on top.

Features such as automatic icemakers and through-the-door dispensers add somewhat to
energy use.

Units that are more square, rather than rectangular, also save energy, but may not be as
convenient to use.

Manual defrost units save considerably more than frost-free units, but create more work for
the building occupant.

Look for a power-saving switch that turns off a condensation-prevention heater. Keep this
switch off unless the unit experiences significant condensation.

A new generation of refrigerators not using chlorofluorocarbons (CFCs) exceeds the mini-
mum standards of NAECA by about 30%—the result of the electric utility funded Super
Efficient Refrigerator Program (SERP).

Try to install the refrigerator in a cooler location—in particular, it should not receive direct
sunlight or be positioned near heat-producing appliances.

The refrigerator should operate between 36°F and 38°F, and the freezer should be 0°F to 5°F.
Correct temperatures that are outside of this range.

Appliances and Lighting Chapter 10 ©2000 University of Florida
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DiSHWASHERS
Water heating accounts for about 80% of energy use.
Should have light, medium, and heavy cycle options.

Should have an energy saving "air dry” or "no-heat dry" switch.

O O Q Q

For most uses, choose a unit that contains a supplemental or booster water heater; then set
the building's water heater to 120°F.

CLOTHES WASHING MACHINES

Q

Water heating accounts for about 90% of energy use.

O Front-loading models (horizontal axis) use about 1/3 the hot water of typical top-loading

|
|
|
|
3 Choose a machine that offers several wash and rinse cycles and several sizes of loads.
|
} models.

O New energy efficient top-loading models are also now available.

CLOTHES DRYERS

O Energy-saving switches and models that detect "dryness” and shut off automatically offer
considerable energy savings.

* Some units have moisture sensors in the drum, which save about 15% over standard

dryers.

* Others have a temperature sensor in the dryer exhaust, which saves about 10% over
standard units.

(0 Higher spin speeds extract more water from clothing, thus reducing the heating require-
ment of the appliance.

O If clothes that usually need ironing are removed while slightly damp, they can be hung up
to save on dryer and ironing energy use. However, if the building has high humidity
problems this is inadvisable.
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Cooxing

O Convection ovens are about 1/3 more efficient than standard ovens.

O Cooktops vary tremendously. Although energy efficiency is very important, issues such as
type of cookware to use, ability to maintain low constant temperature, etc. are also impor-
tant. Current electric choices include coil, ceramic glass (radiant), halogen, and induction.
With regard to energy, induction elements, which use electromagnetic energy to heat the
pan, are the most efficient.

O Be careful with large kitchen exhaust fans. While they are important, oversized units can
create considerable negative pressures in tight homes and may cause backdrafting of
combustion appliances.

Lighting

Standard incandescent bulbs are the most common lighting source for homes. However,

incandescent lamps are quite inefficient. They convert only 10 percent of the electricity to

lighting; the rest produces waste heat. Energy efficient lighting design will not only reduce

the lighting portion of utility costs, but can also affect HVAC loads and costs {Table 10-2).

- Table 10-2
Standard Versus Energy Efficient Residential Lighting
~
Standard Lighting Design Energy Efficient Design A

Room Type* Watts Hours/ kWh/ Extra Type Watts kWh/

day year Cost ($) year

Kitchen | 150 8 438 30 F 60 175

Living | 150 6 328 5 H 135 296

Dining | 75 5 137 - I 75 137

Bathrooms (2) | 200 4 292 - | 200 292

Haliway i 150 10 545 30 F 60 219

Bedrooms (3) | 225 4 328 30 F 90 131

Laundry/ Utility { 100 4 146 25 F 30 44

Closets (5) 1 300 1 110 - 1 300 110

Porch ] 100 12 438 15 F 30 13

Exterior Floodlight | 360 12 1,577 100 HPS 150 657

Total Annual Electricity Use (kWh) 4,339 2,192

Annual Lighting Cost ($ @ $.075/kWh) 325 164

Estimated Extra Cost for Energy Efficient Lighting $210

Payback Period 1.3 years

Rate of Return on Investment 60% )

\.
* l=incandescent; F=fluorescent; H=halogen; HPS=high-pressure sodium
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Figure 10-2
Energy Efficiencies of Lights
(Lumens per Watt)
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EFFICIENCY

A 100-watt lamp does not necessarily provide more illumination than a 75-watt lamp. Watts
measure energy use. Lumens measure light output. For example, a 100-watt incandescent
bulb provides 1,710 tumens and uses 100 watts of energy. Its efficiency (or efficacy) is 17
lumens per watt (LPW). A compact fluorescent lamp provides similar light output, an average
of 1750 lumens and uses 28 watts. Because it provides over 63 lumens per watt, it is much

| more efficient (Figure 10-2). A federal law passed in 1995 (EPACT) requires all lamp manu-
| facturers to list the lumens and watts on a label.

| Lamp LiFe

Lamp life is also important. Taking the energy savings into accouat, the higher priced fluores-
cent lamps cost even less to operate compared to an incandescent bulbs. Using the comparison
above, the 100-watt incandescent bulb has an average life of 750 hours and cost about $0.77 or
$81 (bulbs + electricity) for 9000 hours of life. The fluorescent lamp has an average life of
10,000 hours and costs $21 or $41 (bulbs + electricity) for 9000 hours of life. The user
actually comes out ahead with the fluorescent alternative, even though the fluorescent tube
costs more. Table 10-3 provides additional comparisons.
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Table 10-3
Purchase and Operating Costs of Different Lighting Products
- - ™)
Wattage  Typical Lumens RatedLife Efficacy Energy Cost
Purchase {Hours) (Lumens/ for 10,000
Cost ($) Watt) hours ($)*
Incandescent and Fluorescent
Standard 60 0.50 870 1,000 15 48
Energy saving (Halogen) 52 0.79 800 1,000 15 42
Compact fluorescent 15 13.00 720 10,000 48 12
Standard 75 0.50 1,210 1,000 16 60
Energy saving (Halogen) 67 0.79 1,130 1,000 17 54
Compact fluorescent 18 18.00 1,100 10,000 61 14
Compact fluorescent 20 20.00 1,200 10,000 60 16
Standard 100 0.77 1,750 780 17 80
Energy saving (Halogen) 90 0.79 1,620 750 18 72
Compact flucrescent 23-27 20-25 Comparable 10,000 64 20
Torchiere Fixtures
Halogen 300 20 4,000 2,000 13 240
Compact fluorescent 78 80 4,200 10,000 62
with three, 26-watt lamps
Room Lighting
Incandescent fixture with 180 30 2,610 1,000 15 144
three, 60-watt lamps
Standard fluorescent fixture 92 30 6,300 20,000 68 74
with two, 40-watt lamps
Above fixture with 32-watt 54 42 5,500 20,000 102 48
lamps/electronic ballast
Exterior Fixtures (assuming 4 outdoor fixtures)
Standard PAR lamp 1,800 120 20,880 2,000 12 1,440
(4 lamps/fixture)
Tungsten-halogen 1,080 144 21,600 2,000 20 864
(4 lamps/fixture)
Mercury Vapor 400 65 23,000 24,000 57 320
(1 lamp/fixture)
Metal Halide 250 100 20,500 10,000 82 200
(1 lamp/fixture)
High Pressure Sodium 200 90 22,000 24,000 110 160
{1 lamp/fixture)
\ J
* Electricity cost @ $0.08/kWh
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“ Table 10-4
Characteristics of Several Common Types of Lamps

| ( A
i Type Watts | Lumens | LPW CRI cCcT

95+ 2800
95+ | 2800
95+ 3080

| ' IncandescentHalogenFiood, 5°BeamSpread | 75 | 1100 | 147 | 95+ | 3050 ]
Fluorescent, 48" Tubular T12 Cool White 34 3050 89.7 60+ 4200

: | Fuor escent, 48" Tubular TERE730 | % | 2850 | 884 | 70+ | 3000 |

Fluorescent, 48° Tubular T8 RES30 k¢ 2] 3050 89.7 80+ 3000

| GompactFluorescent, LowerPower | 18 | 710 | 546 | 80r | 3000

| Compact Fluorescent, Higher Power 27 1620 60 80+ 3000 )
i \.

CoLor RENDERING

The color rendering index (CRI) measures the perceived color of objects under artificial Light.

| It is measured on a scale of 0 to 100. Standard incandescent bulbs have a CRI of 95+. A lower

! CRI means that some colors will look unnatural under the artificial light. The old standard cool
| white fluorescent lamp has a much lower CRI of 62, which is why people complain that fluores-
5 cents give false colors. Today, many kinds of fluorescent lamps have a much higher CRT—80

| and above—than the cool white lamp.

|

CoLor oF THE LIGHT

The color correlated temperature (CCT) measures the appearance of the light itself. Color
temperature is another common complaint about fluorescent lighting. Often, fluorescent
lighting is considered harsh compared to incandescent lighting. People perceive of some
light as “warm” and other light as “cool.” A low CCT—below 3100 K—is a warm white
light. For instance, standard incandescent bulbs have a CCT of 2800. Many fluorescents
have a CCT of 3000 and provide the same warm, white light that an incandescent bulb

produces. Keep in mind that daylight, the most desired form of light, has a color tempera-
ture of 5000 K.

|

| Table 10-4 compares the efficiency, CRI, and CCT of a few of the many kinds of lamps that
\‘ are available. As this table shows, there are many alternatives. Choose the combination of
; efficiency, lamp life and cost, color rendering, and color correlated temperature that best fits
| each application. For the foreseeable future, fluorescents will offer the greatest range of

} tried and tested alternatives to the standard incandescent or halogen bulb.

\
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Lamps
FLuoResceNT Lamps

The old complaints about fluorescents—they give false colors, they are too harsh (cool), they
buzz, flicker and hum, and they take too long to start—are no longer true. Fluorescent lamps
outperform incandescents in energy efficiency. They usually also provide longer lamp life,
ranging from 7500 to 20,000 hours. The combination of lower energy use, less heating load,
and longer lamp life means that fluorescents usually have a lower total operating cost than
incandescent lamps, despite their higher initial cost. Therefore unless there are compelling
reasons to the contrary, select a fluorescent alternative.

Fluorescent lamps are normally installed into a luminaire that contains a ballast, either magnetic
or electronic. They vary greatly in energy efficiency, lamp life, and color characteristics, all of
which will probably be important to your customer. Remember that the label provides the
information needed about energy efficiency (lumens and wattage) and lamp life (average rated
lamp life). What does T8 RE830 mean? T8 means that the lamp has a diameter of 1 inch be-
cause tube diameter is measured in eighths of an inch (T8 = 8/8 inch diameter). RE means that
itis a rare earth lamp. The 8 means that the CRI is between 80 and 89. The 30 means that the
CCT is 3000 K. This lamp will give good color rendition and the color of the light itself is
almost the same as that of an incandescent lamp.

Fluorescent lamps come in a wide array of shapes, sizes, and lengths. Linear fluorescents are
the standard long, straight tube lamp. They are usually the least expensive to buy. However,
they are long and straight, which does not lend itself to some situations—a pull-down lamp over
atable, for example. U-shaped fluorescents are simply a long tube bent into a “U.” Circline
fluorescents are a long tube bent into a circle. Compact fluorescents come in many sizes and
shapes and are designed to be used in applications which normally take an incandescent or
halogen lamp.

Screwbase compact fluorescent lamps can replace standard incandescent lamps since, as their
name suggests, they are a “screw-in” lamp. They come in two forms, one a combined iamp and
ballast, the other a separate ballast and lamp. Units with separate ballast and lamps are prefer-
able because ballasts last much longer than lamps. In the combined type the consumer must
replace—and pay for—the ballast every time the lamp burns out.

Screwbase fluorescents with diffusers and reflectors are also available, and may be worth their
extra cost in some applications. Lamps with diffusers, like tubular fluorescents, shed light in
all directions. However, the diffuser does just what it says—diffuses the light. This effect can
be important—in a pull-down light over a table, for example. Reflectors aim the light. Again,
this can be important in some situations, such as accent lighting on a piece of artwork. In
general, select these more expensive alternatives only when other fluorescents cannot produce
the desired result.
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i‘ Remember CRI and CCT. The traditional “cool white” or “warm white” fluorescent lamps do
| not give good color characteristics. The newer rare earth fluorescents are much better. In
places where color does not matter—such as the garage—the very inexpensive traditional
fluorescent lamps will usually be fine. In a living room or bathroom, on the other hand,
color is important, Choose a lamp with good color characteristics: a CRI of more than 80
and a CCT of 3000 K or less.

BALLASTS

Except for screwbase compact fluorescents, fluorescent luminaires come with either magnetic
or electronic ballasts. Electronic ballasts are more energy efficient than magnetic ballasts. For
many applications, you can select between three start-up modes—preheat, rapid start and instant
start. Preheat starts cause the lamp to flicker a few times before it starts, a feature that may be
unacceptable to many clients for most indoor residential uses. In the rapid start mode, there is
a delay of 1 to 2 seconds before the lamp starts, but there is no flickering. In the instant start
mode, there is no delay or flickering. Most electronic ballasts are instant start,

INcCANDESCENT LAMPS

i Reduced wattage and long-life bulbs may or may not save energy or money and the savings are
usually not great. Compare a 100-watt soft white bulb to a 90-watt “energy saving” alternative.
Remember that it is LPW (lumens per watt), not watts themselves that matter. The 100-watt
standard bulb provided 1710 lumens, or 17.1 LPW while the 90-watt alternative provided only
1510 lumens, or only 16.8 LPW. Another lamp, a 100-watt long life bulb, provided even fewer
lumens, only 1500 or 15 LPW. The long life bulbs do last longer, 1500 hours instead of 750 to
1000 for the standard or reduced wattage bulb in our comparison.

RerFLECTORS

1‘ Standard incandescent bulbs emit light in all directions. Reflector bulbs, often called PAR
lights, direct light in one direction. This means that you can often use a lower wattage
reflector bulb and still provide adequate light. Lamp life is comparable to long-life standard
incandescent lamps. Nonetheless, reflector bulbs are not nearly as energy efficient as fluo-
rescent lamps. However, they do provide one way of reducing energy use in situations

| where only an incandescent lamp will meet the lighting need. A luminaire with a reflective

| surface will also permit you to use a lower wattage incandescent lamp. Note that there are

| reflectors for compact fluorescents also on the market. Check with a distributor,
|

|
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HALoGeEN BuLes {
}

Halogen bulbs are slightly more energy efficient than incandescent lamps. Table 10-3 shows a
90-watt halogen that provided 1620 lumens, or 18 LPW with a cost of $72 for 10,000 hours.
However, concern has grown over the potential for fire hazard from halogen bulbs, especially if
the occupants are not aware of where they should be placed.

HigH INTENSITY DiscHARGE (HID)

Consider high intensity discharge (HID) lamps if frequent outdoor night illumination is desired.
HID lamps use an electric arc to produce intense light and can save 75% to 90% compared to
incandescent lamps. They have ballasts and take a few seconds to produce light when first
turned on, because the ballast needs time to establish the arc. The most energy efficient types
are metal halide and high pressure sodium. HIDs provide ample illumination, but have very poor
color rendition. However, this is rarely an issue for the applications where HIDs are used, such
as parking lots or playing fields.

Lighting Needs

There is great opportunity for originality and ingenuity in residential lighting design. A home
combines more functions and needs than most other buildings, yet energy efficient lighting can
be achieved at minimal cost. Common needs are listed below:

O Ambient lighting provides illumination for performing routine daily activities—such as
watching television—and safety—in a hallway, for example. Low light levels are usually
fine for ambient lighting. L

O Indirect lighting, or uplighting, where light is directed to the ceiling and upper part of the
walls, is a specific technique commonly used to provide ambient lighting or lighting
where glare can be a problem. It provides a very evenly distributed light and helps
prevent reflected glare from glossy surfaces, such as televisions.

O Activity lighting provides illumination for a specific task, such as reading or woodwork-
ing. The light needed will vary by task and by how long the task is performed. Sewing
for a few minutes does not require as much light as sewing for an extended period of
time, for example.

(O Accent lighting focuses light on an object or an area in the room to emphasize it. Accent
light is used to draw attention to artwork or interesting architectural details. |

O Wall washing is similar to accent lighting because it, too, draws attention. It can also
provide ambient lighting because the light is reflected off the wall.

O Special purpose lighting refers to such uses as medicine cabinets and under- cabinet
lighting in the kitchen. ]
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\ Treatments and Luminaires

| Once the amount of lumens that are needed is determined, choose a luminaire (the lamp plus

f the fixture) that uses the fewest watts. In designing a lighting plan, consult with knowledge-

| able professionals about optimum lighting levels and different types of fixtures and lamps.

1 Table 10-5 shows sizing guidelines for fluorescent lighting systems. Different treatments
and types of luminaires can be used to meet each lighting need (Table 10-6).

\

\

| Table 10-5

| Fluorescent Lighting Guidelines

! 4 ™
| Type of Room Size of Room Amount of Light Needed

|

1 Living room, bedrooms, family, or recreation room under 150 sqft ................ 40 to 60 walts

“ 150t0 250 sg ft................ 60 to 80 watts

i over250 sqft.......ccccennnee 0.33 watt/sq ft

|

! Kitchen, laundry, or workshop 758qQft oo 55to 70 watts

| 7510 120 S ft couvervennee. 60 to 80 watts

1 over 120 sqft...c.ceeueene... 0.75 watt/sq ft

| - _J

Ceiing-MounTED

Ceiling-mounted luminaires are the standard fixture attached to the ceiling. There are two
types: diffusers and track or adjustable heads. Since these luminaires are not recessed, they
can be installed where plenum space is limited above the ceiling or where there are obstruc-
tions, such as ducts, that prevent installing recessed fixtures. However, one luminaire in the
middle of even a medium-sized living room causes glare with typical furniture arrangements.

SUSPENDED

Suspended luminaires hang from the ceiling. They can be more flexible than many other
! kinds of luminaires if fixtures with retractable cords or chains are chosen so that their height
\ can be adjusted as required. They work well in rooms with high ceilings, but may be a poor
| choice for rooms with low ceilings.
|
|
|

RECESSED

Recessed lighting can be used for almost every lighting need. However, these fixtures are
installed into the ceiling and are notorious for air leakage, which can greatly increase heating
and cooling costs. Some argue that it is virtually impossible to install a recessed fixture so
that it does not leak air. Make sure that the housing (or “can”) does not have perforations in
it. These perforations are a direct pathway for losing heated or cooled air. Look for a
housing that meets the energy code air infiltration standards.

©2000 University of Fiorida Chapter 10 Appliances and Lighting



' Energy Efficient Building Construction in Florida 169
l L
; Table 10-6
| l Lighting Need and Types of Luminaires to Use {
4 N |
Type of Luminaire Ambiert | Indirect | Activity | Accemt | Wall | Special |
l Wash | Purpose !
Ceiling-Mounted  Diffuse v
I " Track or v v v v v
Adjustable Head ‘
t
. Suspended Downiight v v v v ‘
" Uplight v v
I " Uplight/Downlight v v
" Chandelier v v :
l " Ceiling Fan v v
Recessed Troffer and v v
l “Luminous Ceiling”
y Downlight v v v
I " Wall Wash v v
" Accent v v
l Architectural Cove v v v
" Soffit v v v r
l " Valence v v v v v :
Wall-Mounted Sconce or Diffuser v v r
l " Vanity Lights v
Cabinet-Integrated Medicine Cabinet v
' " Under-Cabinet v 4
or Furniture
u w
| ;
E
| |
|
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Further, many recessed fixtures cannot have insulation touching them. Look for a housing rated
airtight “IC,” meaning that it can be covered by insulation. (Refer to Chapter 5, Insulation
Materials and Technigues, for more information.) Additionally, install a luminaire that uses
fluorescent lamps to further reduce energy use. Long lasting (10 year) compact fluorescent
lamps are convenient for recessed cans that are difficult to reach in cathedral ceilings. Many
recessed luminaires require at least 8 inches of space in the plenum.

ARCHITECTURAL

Coves, soffits and valances can meet almost any lighting need, although the soft, diffuse light
they provide may require additional lighting for some tasks, such as reading. They are an en-
ergy-efficient alternative because they use fluorescent tubes. Unlike recessed lighting, they do
not require penetrating the ceiling and risking air leakage. Coves and valances are good choices
for rooms with high ceilings and can provide dramatic effects in rooms with cathedral or
vaulted ceilings (Figure 10-3). A valance mounted lower on the wall can provide overhead light
above the bed. Soffits can be used in rooms with low ceilings and often are very useful in
rooms, such as bathrooms, with very limited ceiling height. Soffits can provide counter lighting
in kitchens by adding a strip of wood that extends downward from the upper cabinet to hide the
lamp and prevent glare.

Figure 10-3
Tips for installing architectural luminaires

When installing architectural luminaires, avoid producing dark spots or
*scallops” on the wall by putting tubes end to end.

Dark Dark
L ;:spom{ RS }spots{...:.._.. ey

» e

Instead, overlap the ends of the fluorescent tubes where a single row of tubes is installed.

C e R L R
T .

Stagger the ends of the tubes were two rows are installed.
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WaLL-MounTED

Wall-mounted luminaires provide ambient and indirect lighting and are often used for special
purpose lighting. They work with any ceiling height. However, be careful where you place
them. They can create a glare problem when they are in the line of view of the occupant.
Take height, shielding, and aiming angle into account to help prevent this problem. They
also offer little opportunity to rearrange the room when used for accent or activity lighting.

FurNITURE OR CABINET-INTEGRATED

There are many kinds of furniture or cabinet-integrated lighting, including the lighting on
many appliances such as range hoods or microwave ovens. One recurring problem with
these luminaires is that the switches are located in hard-to-reach places. This encourages
people to leave the lights on for long periods of time, even when not needed. Make sure that
switches are easily accessible. Remember that people in wheel chairs cannot reach switches
located more than 4 feet above the floor. Providing good access to switches on medicine
cabinets or cabinets for these people is even more difficult.

In designing a lighting plan, consultation with a knowledgable professional or supplier can be
a sound investment, enabling the builder to make effective use of the broad range of lumi-
naires and lamps available today.

Appliances and Lighting Chapter 10
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A site is an ecosystem. Careful siting can help reduce the impacts of construction on soils,
water, and the plant and animal community. Site features such as topography can also make a
building more energy efficient. Simple building structures, such as overhangs and awnings, take
advantage of the natural setting to reduce energy use. These features also affect the value of the
building. A building that blends into its surroundings can have a higher value than buildings that
do not. You can help your clients make wise decisions by pointing out the total savings over a
ten- or twenty-year period that will result from
good siting and passive design features.

KEY FACTORS IN FLORIDA
o Access to solar radiation
e Ventilation

In Florida, there are two principal factors in siting
and passive design: access to solar radiation and
ventilation.

Solar Radiation

Let’s look at solar radiation first. The impact of solar radiation is a critical issue because
heating and cooling account for a large part of the energy use in both residential and commer-
cial buildings in Florida (Figures 11-1 and 11-2). Exposure to the sun is required only during
the winter months in hot, humid regions where heating requirements are small. Shading and air
movement are the most important factors during the rest of the year.

Figure 11-1 Figure 11-2
Typical Residential Energy Use in Florida Typical Commercial Energy Use in Florida
Cooking Water
Lighting 6%
6% G Air e
~.Conditionin S
He;’t/:ngﬁ ' o "2 AIr
£ Condition- /
- ing
Refrigerationg 40%
14%
ater A% !f
Heating ™
: 22%
Miscellaneous Lighting
18% 28%
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[ Y Thisreduces overheating because the short east and west

l ORIE NT’A"TI ON sides are exposed to the sun for most of the day during the

} Long side faces south summer. The long side of the building is exposed to the low-
i and length is within 15° angle rays of the winter sun. Calculate the east-west axis

| of the east-west axis. from true north. True north is shown on topographic maps,

| but not by a compass. Compasses point toward magnetic
north, which can vary as much as 20° from true north.

1
1‘ The configuration of the building is important ¢ D
!‘ because the amount of heat the building loses CONFIGURATION

| increases with surface area. Compact shapes In most cases, buildings should be

| lose less heat through the skin than narrow or at least one and one-half times as

1 elongated shapes. The correct configuration long as they are wide.

| of a building therefore depends on the re- L y

gional climate. It also depends on the degree
to which passive cooling systems are used and on the kind of passive cooling that is used. A

| combination of active and passive cooling systems are usually used in Florida. In this case, a
building should be at least one and one-half times as long as it is wide with the longer side of
the building oriented to make maximum use of solar radiation.

In homes, kitchens and dining rooms should be on the north or east sides or in the center of the
building. Primary living spaces, such as living and family rooms, should be on the south side of
| homes to provide for year-round moderate temperature control where low sun angles can

\ provide passive solar heating. Closets, utility rooms and storage rooms can act as insulating

| buffers to the living spaces. Kitchens and dining rooms on the north or east sides or in the
|

\

center of a home help prevent heat from cooking being added to the heat from solar radiation on
the west side.

r ™
| FLOOR PLAN FOR HOMES

* Primary living spaces on the south side

‘ * Kitchens and dining rooms on the north or east side, or center of house

i‘ * Closets, utility rooms and storage rooms as buffers to living spaces

\. 7

Predominant window areas of a building should face north or south to reduce heat gain from solar
radiation during the summer. One 6 X 8 foot clear glass area on a west wall can require more air
conditioning to offset heat gain than all the rest of the wall. Glass areas should not exceed about
10% of the wall area in single-story houses and about 6% in two-story houses. Solar screens or

| tinted windows can reduce heat gain from glass areas significantly. Clear glass has a shading coeffi-

L cient of 1. A solar screen or film with a shading coefficient of 0.2 would reduce direct solar radia-
tion by 80%. Double-pane windows are better insulators against cold and heat than single-pane glass.

©2000 University of Florida Chapter 11 Siting and Passive Design Features
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-
GLASS AREAS

® Predominant window areas on the north or south

¢ Unshaded/untinted glass areas 10% or less of wall area in single story homes

¢ Unshaded/untinted glass areas 6% or less of wall area in two-story homes

® Solar screens or tinted windows

¢ Double-pane or storm windows

Storm windows are another alternative. Their depth depends on the site’s latitude. You need to
know the sun’s pattern over the site and the height of the window-to-roof line to determine the
correct overhang depth.

In many areas, the best trees are those 4 ™)
that have a dense canopy in the summer VEGETATION

and an open, leafless canopy in the * Deciduous vegetation in north Florida
winter. For example, deciduous trees on e Evergreen vegetation in central and

the east, west, and south sides of a south Florida

building provide shading in the summer, { y

reducing cooling bills by as much as

40%. Yet, they still allow the sun’s rays to penetrate in the winter. In South Florida, where
winters are very mild and short, evergreens are better because they provide shading year-round.
Enviroscaping to Conserve Energy: A Guide to Microclimate Modification provides in-
formation on species selection and landscape design. This publication can be found at your
local County Extension Service Office or through the University of Florida’s Web site at http://
edis.ifas.ufl.edu/scripts/htmlgen.exe?ZDOCUMENT_EH143.

Thermal mass is a building component that stores heat well and has a tendency to lose and gain
heat slowly. It moderates the impact of outside temperature extremes because it absorbs the
sun’s energy during periods when the building is exposed to the sun and releases the energy to
the inside when the solar radiation is absent. Thermal mass reduces the load on heating and
cooling systems, which in turn reduces energy use. Thermal mass must be combined with
proper insulation (R-6 or better), shading, and proper orientation to increase a building’s energy
efficiency.

Greenhouses or sunspaces can be used as exterior spaces to trap solar radiation and transfer heatto a
thermal mass. The mass separates the greenhouse or sunspace from the inside of the building.
However, the greenhouse or sunspace must be a separate thermal zone from the rest of the building
because they are subject to extreme temperatures. Well insulated and sealed doors and windows
between them and the building are critical. When heating from these spaces is desired, vents allow
warm air to flow into the building. These vents should be placed both high and low on the thermal
mass that separates the sunspace from the inside of the building. Overheating of the sunspace in the
summer can be prevented by shading and by placing vents near the top of the sunspace.

Siting and Passive Design Features Chapter 11 ©2000 University of Florida
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Figure 11-3
Cross ventilation depends
on using prevailing winds

Ventilation

Now let’s look at the second

important factor, ventilation.

Natural ventilation brings in

outdoor air, which passes

directly over people to in-

crease cooling from evapora- @
tion on the skin. However, a
completely passive system is
rarely possible even where
this is the main cooling @
strategy because it requires

consistent, relatively high

wind velocities with low

humnidity (see Figure 11-3), ﬂ@@@‘
conditions not found in most

of Florida. Nonetheless, buildings that permit maximum use of natural ventilation during the
fall and spring reduce air conditioning needs significantly.

O NN

Natural ventilation is most appropriate when indoor temperatures and humidity are above the
outdoor level. Natural ventilation is not recommended if the outside dew point temperature
exceeds 60°F. It will only increase the humidity indoors and contribute to the growth of mold
and mildew. Well-designed buildings use the prevailing wind direction to cool in the summer,
but protect buildings from winter winds. The meteorological station at the nearest airport can
give you information about local wind patterns so that you can judge how well a building in the
area is designed to take advantage of natural ventilation.

( ")
GREENHOUSES AND SUNSPACES

* Separated from the rest of the building
by a thermal mass

o Well insulated and sealed doors and windows
between them and the building

* Vents both high and low on the thermal mass

©2000 University of Florida Chapter 11 Siting and Passive Design Features
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Ideal orientation for solar access

and ventilation sometimes con- Buildings can be oriented to take advantage
flict. Solar radiation is more of prevailing winds during the fall and spring.
important because it affects the

heating and cooling of the building

more. Protecting against prevailing north winds during the winter is important in cooler parts
of the state. A long south side is desirable not only to prevent excessive heat gain from solar
radiation, but also to promote cross-ventilation for incoming breezes from the north.

Topographic features can also help make
Take advantage of natural topographic buildings more energy efficient. Hills can
features to protect buildings. protect buildings from cold winter winds
in cooler regions. Natural topographic
features can also be used to reduce danger
of flooding and to increase the kinds of vegetation in the landscape.

More open plans are better than plans with many inte-

rior partitions because partitions resist air flow and FLOOR FLAN
decrease total ventilation. Transoms—windows above * Fewer interior partitions
doors—allow for some cross-ventilation and yet ¢ Transoms above doors

maintain privacy between adjacent rooms.

Cross ventilation allows air to flow from a strong positive pressure area to a negative pressure
area in the opposite wall (Figure 11-3). Therefore, correct window placement depends on the
prevailing wind direction and cross ventilation is less successful where there is no strong
prevailing wind direction. Window areas should be split about equally between the windward
and leeward sides of a building for good cross ventilation. Window area should be about 15%
of the floor area to both maximize cross ventilation and to prevent excessive heat gain when
using air conditioning. Win-

4 "\ dows low on the wall allow
WINDOWS viewing while sitting or
e Window placement to allowcross ventilation standing. If the occupants will
P " . be sitting most of the time,
from prevailing winds the windows should be about
* Window areas split about equally between the 3 feet above the floor, ending
windward and leeward sides of a building no higher than 6.5 feet from
the floor.
*» Window area of about 15% of the floor area
¢ Correct window height to direct air toward
occupants
\ J
Siting and Passive Design Features Chapter 11 ©2000 University of Florida
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A low window is especially important when hoppers or jalousies are used because they tend to
deflect air upward. Casement or pivoting windows deflect the air stream from side to side.
They can act as fin walls when they swing outwards. Hoppers or jalousies deflect wind verti-
cally. They can be used to deflect rain while still admitting air. However, they may also direct
the air over the occupants’ heads. Horizontal or strip windows are often the best choice to
ventilate large areas.

Fin walls can greatly increase the air that enters a . . .
building from windows on the same wall. They Fin walls on walls with windows
are used when the wall does not directly face into direct air into the building.

the prevailing winds. Fin walls must be placed
correctly, as seen in Figure 11-4, to be effective.
They keep air from entering the room if they are placed incorrectly.

Figure 11-4
Correct and incorrect placement of fin walls

Kight Wrong

7

N2

Roof vents and cupolas can lower attic temperatures

Roof vents and cupolas can and help ventilate buildings if the wind speed in an
help ventilate buildings. area is adequate. The vacuum produced by wind
blowing across the cupola will exhaust the rising hot
air from the house.
©2000 University of Florida Chapter 11 Siting and Passive Design Features
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Wind is a liability in the winter. Both wind speed and flow affect heat transmission through the
building envelope. Vegetation and other barriers can reduce wind speed and flow at sites where ;
reducing heat loss is important. Or, they can be used to increase heat loss at sites where exces- :
sive heat buildup is the more important problem. Trees, for example, can be a windbreak or they |
can funnel cool breezes into a building. Plants near buildings can help prevent cool winds from

easily escaping around the sides of the building (Figure 11-5).

Hurricanes Andrew and Hugo showed that some trees resist wind damage better than others.
One of the most durable is the Florida state tree, the Sabal Palm. Most palm trees are very
resistant to high winds. Other wind-resistant trees include hickory, pecan, live oak, bluff oak,
bald cypress, and American ash. Trees that resist wind poorly include laurel oak, water oak,
sweet gum, sugarberry, cherry laurel, and pine. Place these species well away from buildings to
avoid possible damage.

Figure 11-5
Vegetation can help prevent breezes from
escaping around the sides of the building

Wrong Right

=
=g g% L

® M @

VEGETATION

* Trees and shrubs or walls that protect the building
from cooling winds in the winter

e Trees and shrubs or walls that direct breezes
toward the building where cooling is critical

* Wind resistant trees, especially near buildings
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Appendix I:
Mortgage Rate Tables 181

The following tables show the monthly payment for principal and interest for a $1,000 loan
at various interest rates and amortization periods. For example, a $50,000 loan at 15%
with a 25-year amortization period will have monthly payments of $12.81 x 50 = $640.42.
This table is useful in comparing different methods of financing construction loans and
permanent mortgages and their effect on the economics of energy efficient construction
techniques.

Mortgage Rate Tables Appendix | ©2000 University of Florida
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Interest Rate

5.00 | 5.25 | 5.50

5.75

7.00

Years of Amortization

6.32

6.65

6.82

Gﬁ'do]t 6.99 | 7.16 | 7.34
Interest Rate
8.25 | 8.50 | 8.75| 9.00 | 9.25 | 9.50 | 9.75 | 10.00 | 10.25 | 10.50 | 10.75 | 11.00 | 11.25

87.10

Years of Amortization

©2000 University of Florida
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Interest Rate
11.50 | 11.75 |12.00 | 12.25 | 12.50 | 12.75 | 13.00 | 13.25  13.50 | 13.75 | 14.00 | 14.25 | 14.50 t

Years of Amortization

Interest Rate '
14.75 | 15.00 |15.25 | 15.50 | 15.75 | 16.00 | 16.25 | 16.50 |16.75 | 17.00 | 17.25 | 17.50 | 17.75 b

-

90.14 180.26 190. 0.61 19073 190.85 19097 191.09 91.20 |91.3 A4 | 9, }

aloin

i~ m th

ization

Years of Amort

12.44 | 12.64 |1

Mortgage Rate Tables Appendix | ©2000 University of Florida 1




184

Energy Efficient Building Construction in Florida

Interest Rate

16.50

16.75

Years of Amortization

Interest Rate

19.75

20.00

Years of Amortization

16.79

17.38 | 17.56

16.99

16.50

16.71
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Appendix li:

Fingertip Facts

185

This section contains statistical energy information—conversion factors, R-values, fuel
prices, and energy efficiency recommendations. It serves as a reference guide for those
seeking a quick answer to an energy question.

Abbreviations

Btu British Therma! Unit, the amount of heat needed to increase the temperature of
one pound of water one degree Fahrenheit (about the amount of heat released
when a kitchen match burns)

12F one degree Fahrenheit cf cubic foot
MMBtu million Btu cfm cubic foot per minute
kWh kilowatt-hour bbl barrel
kw kilowatt gal gallon
Energy and Fuel Data
Energy Units Power Units
1kWh = 3,412Btu 1 wait = 3.412 Btu/hour
1 MMBtu = 293 kWh 1 kW = 3,412 Btu/hour
1 Btu = 252 calories 1 horsepower = 746 watts
1 Biu = 1,055joules 1 ton of heating/cooling = 12,000 Btu/hour
Fingertip Facts Appendix Il ©2000 University of Florida
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| |
3 Fuel Units

[

.i 1 cf of natural gas = 1,000 Btu lI
| 1 therm = 100,000 Btu

|

1 bbl fuel oil = 42gallons |
:‘ 1 bbl fuel oil = 5.8 MMBtu _
| 1 ton fuel oil = 6.8bbl |
| 1 gallon fuel oil = 136,000 Btu

|

}‘ 1 gallon propane = 91,500 Btu I'
|

3 1 ton bituminous (Eastern) coal = 21-26 MMBtu

} 1 ton sub-bituminous (Western) coal = 14-18 MMBtu !I
} 1 cord wood = 128 cubic feet (4 ft x 4 ft x 8 ft) II
| 1 cord dried oak = 23.9 MMBtu

} 1 cord dried pine = 14.2 MMBtu II
[

I

\

‘ HVAC Equipment Efficiencies I'
|

; Annual Fuel Utilization Efficiency (AFUE)

‘ shows the average annual efficiency at which fuel-burning furnaces operate. I'
| .

i‘ Coefficient of Performance (COP) ‘

| measures how many units of heating or cooling are delivered for every unit of electricity used ll

in a heat pump or air conditioner.

Heating Season Performance Factor (HSPF) II
measures the average number of Btu of heating delivered for every watt-hour of electricity
used by a heat pump. Il

Seasonal Energy Efficiency Ratio (SEER)
measures how readily air conditioners convert electricity into cooling—a SEER of 10 means
the unit provides 10 Btu's of cooling per watt-hour of electricity.

©2000 University of Florida Appendix | Fingertip Facts



Energy Efficient Building Construction in Florida 187
Insulating Values
The R-value is the measure of resistance to heat flow via conduction. R-values vary ac-
cording to specific materials and installation.
Material R-value )
Insulation R-value per inch
Fiberglass batts/rolls 3.2
Fiberglass loose-fill 2.2
Rockwoo! loose-fill 2.6
Cellulose 3.7
Vermiculite 2.1
Perlite 3.3
Rigid Insulation Boards
Fiberboard sheathing 2.6
(noninsulating blackboard)
Expanded polystyrene (beadboard) 4.0
Extruded polystyrene 5.0
Polyisocyanurate and polyurethane 7.2
Building Materials
Drywall 9
Wood siding 9to1.2
Common brick 2
Lumber and siding
Hardwood .810.94
Softwood 9to1.5
Plywood 1.3
Particle Board (medium density) 1.1
Asbestos-cement (entire shingle) 21
Building Materials Total R-value
Concrete block (entire block)
Unfilled 2.0
Filled with vermiculite/perlite 401t0 6.0
Filled with cement mortar 1.8
Dead Air Spaces R-value of air space
Ye-inch 75
3%-inch 77
3¥%-inch .80
31z-inch, reflecting surface on one side 1.6
31-inch, reflecting surface both sides 2.2
- y
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A STUDY GUIDE FOR THE 1997 EDITION OF FLORIDA’S ENERGY
EFFICIENCY CODE FOR BUILDING CONSTRUCTION

PREFACE

In response to a federal requirement of the Energy Policy and Conservation Act (Public law
94-163), the 1977 Florida Legislature passed two laws which required local governments to
adopt energy efficient building standards. In effect, this precipitated the local adoption of an
energy code for certain categories of buildings for which building permits were issued after
March 15, 1979. The two laws enacted by the Florida Legislature were the “Florida Ther-
mal Efficiency Code” (Ch. 553.900, Florida Statutes) and the “Florida Lighting Efficiency
Code” (Ch. 553.908, Florida Statutes), which were combined in 1980 as the Florida Model
Energy Efficiency Code for Building Construction.

Originally, this state law referenced minimum standards for construction to meet or exceed
national standards such as those of the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, Inc. (ASHRAE 90-75). However, nationally recognized energy codes
or standards such as ASHRAE were designed primarily for climates where heating is more
important than cooling. The Florida Energy Efficiency Code for Building Construction was
developed to be climate-specific for Florida and is not readily applicable for use in other parts
of the nation.

The Florida Legislature, through Chapter 81-226, Laws of Florida, and Chapter 553, Part VII,
Florida Statutes, established the Florida Energy Efficiency Code as the statewide uniform
standard for energy efficiency in the thermal design and operation of all buildings in the State
of Florida (with certain exemptions; see Section 101.3(g)2). As such, the Energy Code is a
uniform code and may not be made more stringent or lenient by local government. Any changes
to the Code will be made through the Administrative Procedures Act process.

Energy Code Excerpts Appendix I ©2000 University of Florida
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| The Florida Department of Community Affairs (DCA) was given the responsibility for
: administering, modifying, revising, updating and maintaining this Energy Code. DCA was
also made responsible for at least triennially determining cost-effective, energy-saving

equipment and techniques available and updating the Code to incorporate such equipment
and techniques.

Prior to issuing any building permit, certification of Code compliance, using forms identified
within the body of the Code, must be submitted to the local building official.

|
|
| Purrose OF THis MaNuAL

This manual is intended to be used as a study guide to important Energy Code information
needed to take construction industry licensing tests. It is not intended to take the place of the
Florida Energy Efficiency Code for Building Construction. It is comprised of excerpts taken
from the Energy Code, but is by no means inclusive of all Code requirements. Design and
construction professionals should own and refer to a current edition of the Energy Code book.

Cobe Formar

Commercial buildings and residential buildings greater than 3 stories comply by Chapter 4 of

| the Code, which is broken out into four compliance methods: Method A (the Whole Building

3 Performance Method), Method B (the Component Performance Method), Method C (the

; Limited and Special Use Buildings Prescriptive Method) and Method D (the Renovations and

| Systems Prescriptive Method). Residential buildings of 3 stories or less comply by Chapter 6,
\ which is broken out into three compliance methods: Method A (the Whole Building Perfor-

| mance Method), Method B (the Component Prescriptive Method), and Method C (the Limited
Applications Prescriptive Method).

Requirements for major categories of building elements are then lumped together: Building

|
|
} Envelope Systems, Mechanical Systems, Plumbing Systems and Electrical Systems. Each
| component has its own section.

|

|
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ADMINISTRATION AND ENFORCEMENT

100 GENERAL

100.1 TiTLE.

This Code shall be known as the Florida Energy Efficiency Code For Building Construction,
and may be cited as such. It will be referred to herein as “the Code” or “this Code”.

100.2 INTENT.

The provisions of this Code shall regulate 1) the design of building envelopes for adequate
thermal resistance and low air leakage and 2) the design and selection of mechanical, electrical,
and illumination systems and equipmént which will enable the effective use of energy in new
building construction, additions, alterations or any change in building configuration.

Itis intended that these provisions provide flexibility to permit the use of innovative approaches
and techniques to achieve effective utilization of energy. These provisions are structured to
permit compliance with the intent of this Code by the following design paths as applicable for
the type of construction and date permitted.

1. Chapter 4, Commercial Building Compliance Methods
2 Chapter 6, Residential Building Compliance Methods.

Compliance with these paths meets the intent of this Code as allowed by sections 101.1 and
101.2 of this Code.

This Code is not intended to abridge any safety or health requirements mandated under any
other applicable codes or ordinances.
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101 SCOPE

101.0 GENERAL.

This Code is a statewide uniform code and shall not be made more stringent or lenient by
local government. The Code provides for a uniform standard of energy efficiency by, at a
minimum, setting forth minimum requirements for exterior envelopes, lighting, electrical
distribution, and selection of heating, lighting, ventilating, air conditioning and service water
heating systems. It shall apply to all new buildings, to additions to existing buildings and
manufactured homes, to renovations to existing buildings, both public and private, with
certain exceptions, to changes of occupancy type, to the site-installed components and
features of manufactured homes at their first set-up, and to the installation or replacement of
building systems and components with new products for which thermal efficiency standards
are set by this Code. New buildings, with the exception of those exempted below, and in
accordance with the specific exceptions of individual sections shall be designed to comply
with Chapter 4 or 6 of this Code.

101.1 CommerciaL BuiLbings.

101.1.1 New CoNSTRUCTION.

Chapter 4, Commercial Building Compliance Methods. Commercial buildings of any
size and multifamily residential buildings greater than three stories shall comply with Chap-
ter 4 of the Code. This chapter contains four compliance methods:

Method A: Whole Building Performance Method
Method B: Component Performance Method
Method C: Limited Applications Prescriptive Method

Method D: Renovations and Systems Prescriptive Method

101.1.2 ApbbiTiONS.

Additions to existing commercial buildings are considered new building construction and
shall comply with Chapter 4 of this Code as allowed in section 101.1.1,

Additions to existing non-residential buildings that are unable to comply with Code require-
ments for the addition alone may comply with the Code by bringing the entire building into
compliance with the requirements for new buildings.
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101.1.3 ReENOVATIONS.

Renovated commercial buildings shall, when applicable (see section 202, Renovations),
comply with the prescriptive requirements contained in Form 400D or with Method B of
Chapter 4 for insulation, HVAC systems, lighting, water heating systems and exterior enve-
lope components being retrofitted or replaced.

101.1.4 BuiLoings WitTH MuLtipLe Occupancy TYPEs.

When a building contains more than one occupancy type, each portion of the building shall
conform to the requirements for the occupancy housed therein.

EXCEPTIONS:

1. Where minor occupancy use does not occupy more than 5 percent of the floor area of the
building, the major use shall be considered the building occupancy.

2. Residential dwelling units such as congregate living facilities that are part of a larger
commercial occupancy type and are three stories or less may comply with Chapter 4 of
this Code.

101.1.5 LimiTep or SpeciaL Use BuiLDINGs.

Buildings determined by the Department of Community Affairs to have a limited energy use
potential based on size, configuration or time occupied, or to have a special use requirement
shall be considered Limited or Special Use Buildings and shall comply with the Code by
Method C of Chapter 4. Code compliance requirements shall be adjusted by the Department to
handle such cases when warranted.

101.1.6 SHELL BuiLDINGS.

Non-residential buildings that are permitted prior to design completion or which will be fin-
ished in sections at a time after construction of the shell shall comply with Method B of Chap-
ter 4 of the Code prior to granting of a permit to build. All assumptions made about features
not installed until later that are not on the building plans shall be listed and appended to the
Form 400B submitted to the Building Department. Unless the building is completed as per
all assumptions made in the original Code compliance submittal, a revised Code

submittal(s) using Methods A, B or C shall be submitted when completion of the building (or
part of the building) is permitted.
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101.2 ResIDENTIAL BuIiLDINGS.

101.2.1 New CONSTRUCTION.

New residential construction shall comply with this Code by using the following compliance
methods.

Chapter 4, Commercial Buildings Compliance Methods. Multifamily buildings greater
than three stories shall comply by Chapter 4 of the Code.

Chapter 6, Residential Buildings Compliance Methods. Single family residential buildings
and multifamily buildings of three stories or less shall comply with this chapter of the Code.
This Chapter contains three compliance methods:

Method A: Whole Building Performance Method
Method B: Component Prescriptive Method

Method C: Limited Applications Prescriptive Method

101.2.2 ApbiTiONS.

Additions to existing residential buildings shall be considered new building construction and
shall comply with the requirements of either Method A, Method B, or Method C of Chapter 6,
as applicable. Additions to residential buildings over three stories shall comply by Chapter 4.

Additions to existing residential buildings that are unable to comply with Code requirements for
the addition alone may comply with the Code by bringing the entire building into compliance
with the requirements for new buildings given in section 101.4.2.

101.2.3 ReNovATIONS

Renovated buildings shall, when applicable (see section 202, Renovations), meet the prescrip-
tive requirements contained in Method C of Chapter 6 for residential applications of the Code
for insulation, HVAC systems, lighting, water heating systems and exterior envelope for those
components being retrofitted or replaced.

101.2.4 ManuracTurep HoMmEs.

Site-installed components of manufactured homes and residential manufactured buildings
shall meet the prescriptive requirements contained in Method C of Chapter 6 for those
components.
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101.2.5 Buibings PermITTED TOGETHER.

101.2.5.1 Residences in which two buildings are permitted together that are not connected
by conditioned space shall be considered separate residences for the purposes of compli-
ance with this Code if the following conditions apply:

1. The secondary building has its own bathroom and kitchenette or bar; and

2. The secondary building is heated and/or cooled by a separate heating and/or cooling
system.

101.2.5.2 Conditioned workrooms, exercise rooms, play rooms, pool rooms and similar
types of rooms that are separated from the main residence and do not meet the conditions in
section 101.2.5.1 shall use Chapter 4 to demonstrate compliance with this Code.

EXCEPTION:

If a workroom or other room is separated from the main residence only by enclosed
unconditioned space and is heated or cooled by the same system(s) as the primary build-
ing, it shall comply with this Code as part of the primary building.

101.3 CHaNnGgEs oF OccupPAancy TYPE.

101.3.1 Buildings having a change of occupancy type that were permitted prior to March 15,
1979, shall meet the requirements for renovations in section 101.1.3 or section 101.2.3, as
appropriate, for those components which are being retrofitted or replaced.

101.3.2 Buildings having a change of occupancy that were permitted after March 15, 1979,
shall comply with the requirements of Chapter 4 for commercial applications and multifamily
residential buildings greater than three stories or Chapter 6 for residential applications of three
stories or less. Where the efficiency of a building component is unknown, it shall be deter-
mined in accordance with the criteria specified in section 101.4.2.1.

101.4 ExisTING BUILDINGS

101.4.1 Existing BuiLbings NoT PRreviousLy CONDITIONED.

101.4.1.1 Previously unconditioned existing buildings which were permitted prior to March
15, 1979 to which heating or cooling systems are added shall meet the prescriptive require-
ments contained in Method B of Chapter 4 for commercial applications and Method C of
Chapter 6 for residential applications of the Code for insulation, HVAC system(s), water
heating system and/or exterior envelope for those components which are being retrofitted or
replaced.

Energy Code Excerpts Appendix Il
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101.4.1.2 Existing buildings which were permitted after March 15, 1979 as unconditioned
space to which comfort conditioning is added shall be considered additions and shall be
brought into full compliance with this Code.

101.4.2 Non-ExempT ExisTing BuiLDINGS.

Existing buildings not exempt from the provisions of this Code (see section 101.5.1), for
either the entire building or an addition to the building, that are unable to meet one or more
current prescriptive Code minimum requirements may be exempt from those minimum
requirements if the entire building is brought into compliance with the following chapters and
the assumptions in section 101.4.2.1 are used:

1. Commercial buildings and residential buildings greater than three stories: Method A of
Chapter 4.

2 Single-family residential buildings and multifamily buildings of three or less stories:
Method A of Chapter 6.

101.4.2.1 AssumpTions For ExisTing BuiLbing EFFICIENCIES.
The following restrictions apply if the entire building is used to demonstrate Code compliance:

1. The owner shall demonstrate to the building department’s satisfaction that all R-values and
equipment efficiencies claimed are present. If the building was built after 1980, the
original Energy Code submittal may be used to demonstrate efficiencies.

2 Ifitis apparent from inspection that no insulation is present in the existing walls, floors
or ceilings, or if inspection is not possible, an R-value of zero (0) shall be used for that
component in the calculation. If as part of the addition and renovation project, insulation
or equipment in the existing structure is upgraded, the new values may be used in the
calculation. Multipliers for insulation levels not on Form 600A may be found in sec. 2.0
of Appendix C,

3. If, upon inspection, insulation is found but the R-value is unknown, then an R-value shall be
determined by an energy audit utilizing current acceptable practice based on insulation
thickness, density and type.

4. Equipment efficiencies shall be demonstrated, either from manufacturer’s literature or
certified equipment directories, or by the procedure provided in section 407.1.ABC.3 or
section 607.1.ABC.3 based on system capacity and total on-site energy input. Equipment
to be added shall meet the applicable minimum equipment efficiency from Tables 4-3
through 4-9 for commercial occupancies and from Tables 6-3 through 6-9 for residential
occupancies. Equipment efficiencies not meeting the values given in Tables 4-3 through
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4-9 or 6-3 through 6-9, shall utilize the cooling or heating system multipliers provided
by FLA/COM for commercial occupancies and Table 6-13 of Appendix C for residen-
tial occupancies complying by Chapter 6. Residential ducts with less than R-4.2 insula-
tion shall use the multipliers provided in Tables 6-15 to 6-17 in Appendix C.

5. Any non-vertical roof glass shall be calculated as horizontal glazing.

101.5 Exempt Buildings. Buildings exempt from compliance with this Code include those
described in sections 101.5.1 through 101.5.8.

101.5.1 Existing buildings except those considered renovated buildings, changes of occupancy
type, or previously unconditioned buildings to which comfort conditioning is added.

101.5.2 Any building or portion thereof whose peak design rate of energy usage for all pur-
poses is less than 1 watt (3.4 British thermal units per hour) per square foot of floor area for all

purposes.

101.5.3 Any building which is neither heated nor cooled by a mechanical system designed to
control or modify the indoor temperature and powered by electricity or fossil fuels. Such
buildings shall not contain electrical, plumbing or mechanical systems which have been de-
signed to accommodate the future installation of heating or cooling equipment.

101.5.4 Any building for which federal mandatory standards preempt state energy codes.
101.5.5 Any historical building as described in Section 267.021, Florida Statutes.

101.5.6 Any state building that must conform to the “Florida Energy Conservation Act of
19747, and amendments thereto, implemented by rules of the Department of Management
Services, State of Florida, including the use of life-cycle analysis (FLEET).

101.5.7. Any building of less than 1,000 square feet whose primary use is not as a principal
residence and which is constructed and owned by a natural person for hunting or similar recre-
ational purposes; however, no such person may build more than one exempt building in any
12 month period.

101.5.8 Any building where heating or cooling systems are provided which are designed for
purposes other than general space comfort conditioning. Buildings included in this exemption
include:

1. Buildings containing a system(s) designed and sold for dehumidification purposes only
and controlled only by a humidistat. No thermostat shall be installed on systems thus
exempted from this Code.
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2. Commercial service areas where only ceiling radiant heaters or spot coolers are to be

installed which will provide heat or cool only to a single work area and do not provide
general heating or cooling for the space.

of products or systems. Such systems shall not provide heating above 50°F.

4 Pre-manufactured freezer or refrigerated storage buildings and areas where the tempera-

ture is set below 40°F and in which no operators work on a regular basis.

5. Electrical equipment switching buildings which provide space conditioning for equipment

only and in which no operators work on a regular basis.

101.6 Building Systems. Thermal efficiency standards are set for the following building
systems where new products are installed or replaced in existing buildings, and for which a
permit must be obtained. Such systems shall meet the minimum efficiencies allowed for that
system on Form 400D for commercial buildings and on Form 600C for residential buildings.

1

2.
3.

4.

. Heating, ventilating or air conditioning systems;
Service water or pool heating systems;
Electrical systems and motors;

Lighting systems.

EXCEPTIONS:

1. Where part of a functional unit is repaired or replaced. For example?rcplacement of an

entire HVAC system is not required because a new compressor or other part does not
meet Code when installed with an older system.

Where existing components are utilized with a replacement system, such as air distribu-
tion system ducts or electrical wiring for lights, such components or controls need not
meet Code if meeting Code would require that component’s replacement.

- Replacement equipment that would require extensive revisions to other systems, equip-

ment or elements of a building where such replacement is a like-for-like replacement,

such as through-the-wall condensing units and PTACs, chillers, and cooling towers in
confined spaces.

HVAC Equipment sizing calculations are not required for systems installed in existing
buildings not meeting the definition of renovation in section 202.

Buildings heated with a system designed to provide sufficient heat only to prevent freezing

©2000
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102 MATERIALS AND EQUIPMENT

102.1 Efficiency and Maintenance Information. An operating and maintenance manual
shall be provided to the building owner for all commercial buildings. The manual shall
include basic data relating to the design, operation and maintenance of HVAC systems and
equipment. Required routine maintenance actions shall be clearly identified. Where appli-
cable, HVAC controls information such as diagrams, schematics, control sequence descrip-
tions, and maintenance and calibration information shall be included. Operations manuals
shall be available for inspection by the building official upon request. See section
414.1.ABC.A4.

102.2 Alternate Materials - Method of Construction, Design or Insulating Systems.
The provisions of this Code are not intended to prevent the use of any material, method of
construction, design or insulating system not specifically prescribed herein, provided that
such construction, design, or insulating system has been approved by the Building Official
and the Department of Community Affairs as meeting the intent of the Code. This clause
shall not allow disregard of any provision(s) of the Code by building departments, nor shall
it prevent uniform statewide implementation of the Code as required by Florida law (Section
553.901, Florida Statutes).

102.3 Air Conditioners Sold or Installed in Florida. All air conditioners installed in new
or renovated buildings in the State of Florida shall comply with requirements set forth in Chap-
ters 4 or 6, as applicable.
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103 CODE COMPLIANCE AND PERMITTING

103.0 General. Code compliance for all buildings shall be certified by use of approved
forms for the compliance method chosen that are specific to the climate zone in which the
building will be located. See Figure 1-1.

The only software approved for determining compliance with this Code shall be the software
developed and maintained by the Department or its designated representative.

Worst case calculations may be submitted for identical buildings facing different cardinal
directions; however, original Code certification signatures shall be provided for each building.

103.1 Certification of Compliance. Code compliance for non-residential and multifamily
residential applications (except for duplexes, townhouses, or other buildings identified in
Sections 481.229 and 471.003, Florida Statutes) shall be certified by the owner, project archi-

tect (registered in the State of Florida), or other officially designated agent allowed in section
103.2.

103.1.1 Cope CompLIANCE PREPARATION.

The person preparing the compliance calculation shall certify that the plans and specifications
covered by the calculation, or amendments thereto, are in compliance with the Florida Energy
Efficiency Code for Building Construction.

103.1.1.1 CommeERcIAL APPLICATIONS

Completion of procedures demonstrating compliance with this Code for commercial build-
ings shall be signed and sealed by an architect or engineer licensed to practice in the State of
Florida, with the exception of buildings excluded by Section 481.229, Florida Statutes, or
Section 471.003, Florida Statutes. Calculations for buildings falling within the exception of
Section 471.003, Florida Statutes, may be performed by air conditioning or mechanical con-

tractors licensed in accordance with Chapter 389, Florida Statutes, or under any special act or
ordinance.

Design professionals responsible under Florida law for the design of lighting, electrical, me-
chanical, and plumbing systems and the building shell, shall certify compliance of those build-
ing systems with the Code by signing and providing their professional registration number on
the Energy Code form provided as part of the plans and specifications to the building depart-
ment.
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EXCEPTION:

Typed names and registration numbers may be provided in lieu of a signature where all
relevant information has been included on signed and sealed plans.

103.1.1.2 RESIDENTIAL APPLICATIONS

103.1.1.2.1 Single-Family Residential, Duplexes, Townhouses. No license or registration
is required to prepare the Code compliance form for single-family residential dwellings, du-
plexes and townhouses.

103.1.1.2.2 Multifamily Residential. Form preparation for multifamily dwellings except
duplexes and townhouses shall be signed and sealed by an architect or engineer registered in the
State of Florida, with the exception of buildings excluded by Section 481.229, Florida Statutes,
or Section 471.003, Florida Statutes. Calculations for buildings falling within the exception of
Section 471.003, Florida Statutes, may be performed by air conditioning or mechanical con-
tractors licensed in accordance with Chapter 489, Florida Statutes, or under any special act or
ordinance.

103.1.2 Cope CompPLIANCE CERTIFICATION.

The building’s owner, the owner’s architect, or other authorized agent legally designated by the
owner shall certify that the building is in compliance with the Code, as per Section 553.907,
Florida Statutes, prior to receiving the permit to begin construction or renovation.

If, during the building’s construction or renovation, alterations are made in the building’s design
or in materials or equipment installed in the building which would diminish it’s energy perfor-
mance, an amended copy of the compliance certification shall be submitted to the building
official on or before the date of final inspection by the building owner or his/her legally
authorized agent.

103.2 Details, Plans and Specifications. Plans and specifications shall be submitted with
each application for a building permit. Energy Code calculations shall be made a part of the
plans and specifications of the building. The Building Official shall require, subject to the
exceptions in Section 481.229, Florida Statutes, and Section 471.003, Florida Statutes, that
plans and specifications be prepared by an engineer or architect licensed to practice in the State
of Florida. The plans and specifications, including the Energy Code calculations, shall show, in
sufficient detail, all pertinent data and features of the building and the equipment and sys-
tems as herein governed including, but not limited to: design criteria, exterior envelope
component materials, U values of the envelope systems, R-values of insulating materials,
size and type of apparatus and equipment, equipment and systems controls and other perti-
nent data to indicate conformance with the requirements of the Code.
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103.3 Building Permits. Prior to receiving the permit to begin construction or renovation,
owners, or an agent duly designated by the owner, of all buildings shall certify Energy Code
compliance to the designated local enforcement agency. If, during the building construction or
renovation, alterations are made in the design, materials, or equipment which would diminish
the energy performance of the building, an amended copy of the compliance certifications shall

be submitted to the local enforcement agency on or before the date of final inspection by the
building owner or his agent.

Building officials or their officially designated representatives shall assure that the compliance
forms are complete and without gross errors.
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104 INSPECTIONS ‘

104.1 General. All construction or work for which a permit is required shall be subject to
inspection by the Building Official or his/her officially designated representative.

104.2 Approvals Required. No work shall be done on any part of the building or structure
beyond the point indicated in each successive inspection without first obtaining the written |
approval of the Building Official. No construction shall be concealed without inspection :

approval.

104.3 Inspections Required. There shall be a final inspection for Code compliance on all
buildings when completed and ready for occupancy.

104.4 InFormaTION CARDS REQUIRED.

104.4.1 Energy Performance Level (EPL) Display Card. The building official shall require
that an Energy Performance Level Display Card be completed and certified by the builder to
be accurate and correct before final approval of the building for occupancy. Florida law (Sec-
tion 553.9085) requires the EPL Display Card to be included as an addendum to each sales
contract executed after January 1, 1994, for both pre-sold and non-presold residential build-
ings.

The Energy Performance Level (EPL) Display Card contains information indicating the energy
performance level and efficiencies of components installed in a dwelling unit. The building
official shall verify that the EPL Display Card completed and signed by the builder accurately
reflects the plans and specifications submitted to demonstrate Code compliance for the
building.

104.4.2 HVAC Efficiency Card. The building official shall require that a completed HVAC
Efficiency Card signed by a representative of the heating and cooling equipment contractor be
posted in a prominent location on the cabinet of the indoor air handler or furnace of each
heating or heating and cooling system installed in the building at the time of installation.

Where single package units are installed, the card shall be posted on the unit itself. The card
shall be durable, readable and shall contain the following information:

1 Manufacturer’s name(s);
2. Brand name(s);

3. Model numbers of the furnace, compressor unit, and air handler (and evaporator coil, if
the air handler can be equipped with more than one coil) for each system installed;

4. Efficiency ratings of the combined equipment for each system actually installed;
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5. Name and address of the heating and or cooling company installing the equipment;

6. Signature line and date line, preceded by the statement “With the authorization of the
installing contractor I certify that the information entered on this card accurately repre-
sents the system installed.”

7. Signature line and date line, preceded by the statement “As the Building Official or the
representative of the Building Official I certify that the information entered on this card
accurately represents the system installed.”

EXCEPTIONS:

1. If the information required above has been previously submitted and is included on the
plans required at the building site, the HVAC Efficiency Card need not be provided. How-
ever, the plans shall be signed by a representative of the heating and cooling company
installing the equipment and shall be available for inspection by building inspectors and by
prospective buyers until the time of title transfer.

2. The Federal Trade Commission’s Energy Guide Label may be used to fulfill this require-
ment.

104.4.3 Insulation Certification Card. In cases where the R-value of insulation installed in
either walls, ceilings or floors is not readily apparent, the local building official shall require
that an R-Value Certification Card signed by the insulation contractor be posted in a promi-
nent location at the time of installation. The card shall contain, at a minimum, the following
information:

1. Insulation manufacturer’s name;
2. Insulation type;
3. R-value of insulation installed;

4. Thickness of insulation installed;

5. Location of insulation installed;
6. Indication that the installation has been checked and does not block attic ventilation.
7. Name and address of the contractor installing the insulation;
8. Date of installation.
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104.4.4 Energy Guide Labels. Energy Guide Labels required by the U.S. Federal Trade
Commission for heating and cooling systems, water heaters and other appliances covered by
federal law shall remain on those appliances until time of title transfer.

104.4.5 Fenestration Energy Rating Labels. Energy performance values (i.e., U-value,
Shading Coefficient, Solar Heat Gain Coefficient) of fenestration products (i.e., windows,
doors and skylights) shall be determined by an accredited, independent laboratory and labeled
and certified by the manufacturer. Such certified and labeled fenestration energy ratings shall
be accepted for the purposes of determining compliance with the building envelope require-
ments of this Code.

Where the specified energy performance (U-value, Solar Heat Gain Coefficient or Shading
Coefficient) of the fenestration product is not labeled nor readily apparent, the default proce-
dures outlined in section 3.1 of Appendix B shall be used to determine Code compliance.
Product features must be verifiable for the product to qualify for the default value associated
with those features. Where the existence of a particular feature cannot be determined with
reasonable certainty, the product shall not receive credit for that feature. Where a composite of
materials from two different product types are used, the product shall be assigned the worst
value.

U-values (thermal transmittances) of fenestration products (windows, doors and skylights) shall
be determined by an accredited, independent laboratory in accordance with National Fenestra-
tion Rating Council 100: Procedure for Determining Fenestration Product Thermal Prop-
erties. The Solar Heat Gain Coefficient (SHGC) for glazed fenestration products (windows,
glazed doors and skylights) shall be determined in accordance with National Fenestration Rating
Council 200: Procedure for Determining Fenestration Product Solar Heat Gain Coeffi-
cients at Normal Incidence. Where a Shading Coefficient (SC) for fenestration is to be used to
determine Code compliance, it may be determined by converting the product’s Solar Heat Gain
Coefficient, as determined in accordance with NFRC 200, to a Shading Coefficient, by dividing
the product’s SHGC by 0.87.
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105 REPORTING

105.0 Reporting to the Department of Community Affairs. A reporting form shall be
submitted to the local building department by the owner or owner’s agent with the submittat
certifying compliance with this Code. Reporting forms shall be a copy of the front page of the
form applicable for the Code chapter under which compliance is demonstrated.

105.1 Reporting Schedule. It shall be the responsibility of the local Building Official to
forward the reporting section of the proper form to the Department of Community Affairs on a
quarterly basis as per the reporting schedule in Table 1-1.

Table 1-1
Reporting Schedule
Group I Group lI* | Group llI*
Quarter 1 12/31 1/31 2/28
Quarter 2 3/31 4/30 5/31
Quarter 3 6/30 7/31 8/31
Quarter 4 9/30 10/31 11/30

*See Appendix A for Group designations.

105.2 JurispicTioNn NUMBERS.

For data collection purposes, all permitting jurisdictions in the State of Florida have been
assigned a six digit jurisdiction number. The jurisdiction number is required on all Energy Code
forms. Jurisdiction numbers are listed by county in Appendix A.

106 VALIDITY

106.0 VaLiDiTy.

If any section, subsection, sentence, clause, or phrase of this Code is, for any reason, held to
be invalid for any reason, such decision shall not affect the validity of the remaining portions
of this Code.
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|

Figure 1-1 :

Code Compliance Flow Chart :
|

I

Owner (or designated agent) certifies compliance using forms
400A-97, 400A-97, 400B-97, 400C-97 or 400D-97 (commercial)
or forms 600A-97, 600B-97, or 600C-97 (residential).

Forms are certified by a
registered A/E—except
« certain buildings described

in section 101.1.

Building official checks form

submitted, places it in the permit file.
\ Copy of form is filed with
DCA on a quarterly basis
per the schedule in :
section 105.

Any changes made to the energy-related aspects of the
building that would diminish the energy performance of
a building require submittal of a revised form.

Permit revised.

v

Building official checks form submitted,
places it in the permit file.

v

Permit granted.

v

Final inspection of building to
code to compliance submittal.
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COMMERCIAL BUILDING COMPLIANCE METHODS

400 ADMINISTRATION

400.0 General. The provisions of this Chapter apply to all new commercial occupancy
buildings, additions to existing commercial occupancy buildings, and multifamily residential
buildings over three stories in height. Building type classifications shall be those defined in
Chapter 2 of this Code under “Occupancy Classification”. This Chapter provides three
Methods by which commercial buildings may be brought into compliance with this Code.

Method A, the Whole Building Performance Method. This is a computer-based annual

1 energy performance calculation. Under this method, energy performance is calculated for the

| entire building based on the envelope and major energy-consuming systems specified in the

i design and simultaneously for a Baseline building of the same configuration, but with baseline

| systems. Compliance calculations are described in the sections called Performance Calcula-

‘ tion Procedures. The ratio of the total points for the As-Built Building to the total points

| calculated for the Baseline building shall be 1.0 or less to comply with this Code. Basic pre-

i‘ scriptive requirements described in the sections called Prescriptive Requirements must also be
[ met.

Method B, the Component Performance Method. This is a computer-based calculation
methodology. Under this method, components of building systems must meet minimum per-
formance standards, as described in the sections called Performance Calculation Procedures.
Basic prescriptive requirements described in the sections called Prescriptive Requirements
must also be met. Shell buildings shall comply by Method B of this Chapter.

Method C, the Limited and Special Use Buildings Prescriptive Method. This method
requires that a list of prescriptive requirements specified for a given building type be met or
exceeded to comply with this Code. The following building types may comply by Method C of
this Chapter:

-

Detached commercial buildings of less than 200 sq ft area.
Skyboxes or sports stadiums.

Traffic safety control towers.

el R

Convenience stores <5,000 sq ft.
5. Restaurants <5,000 sq ft
6. Retail stores <5,000 sq ft
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7. Office buildings <5,000 sq ft
8. School buildings <5,000 sq ft
9. Storage buildings <5,000 sq ft

Method D, the Renovated Buildings and Systems Method. This method requires that a {
list of prescriptive requirements specified for one or more building components be met or
exceeded to comply with this Code. Renovated buildings shall, when applicable (see sec-
tion 202), meet the efficiencies listed on Form 400D for components being changed or shall ‘
comply with the envelope or systems criteria in Method B of FLA/COM for the components |
being changed. Existing buildings not meeting the definition of a renovation in which new
heating, cooling, water heating, electrical or lighting systems are installed shall meet the
minimum efficiencies listed in Form 400D for the system(s) being changed.

400.0.ABCD Compliance Criteria. Commercial buildings demonstrating compliance with |
this Code by Methods A or B shall meet all of the criteria given in the text as specific to the
chosen method of compliance for 1 - 4 below . Commercial buildings utilizing Method C or D |
for Code compliance shall meet all criteria specified for that Method C occupancy type or :i
building configuration for 1, 3 and 4 below. :‘

|

I

1. Prescriptive Requirements.

2. Performance Calculation Procedure.
3. Certification of Compliance.

4. Reporting

400.1 Prescriptive Requirements. Basic Prescriptive Requirements shall be met for all
buildings. The section number followed by the combined number and letters *“.1. ABCD” indi-
cates these Basic Prescriptive Requirements (i.e., prescriptive requirements that shall be met
by buildings complying by either Method A, B, C, or D) in sections 401 through 415. Pre-
scriptive Requirements specific to Method A, B, C, or D (i.e. “.1.B” is specific to Method B)
shall be met when complying with the Code by that method. Where a Prescriptive Requirement
specific to a method is more stringent than the Basic Prescriptive Requirement, the more
stringent requirement shall be met.

400.2 Performance Calculation Procedures. The calculation procedures contained in the
personal computer-based program entitled FLA/COM shall be used to demonstrate Code com-
pliance of the design for commercial buildings complying by Method A or Method B of this
Chapter. The building components’ efficiency levels specified in the performance compliance
calculation (or amended copy submitted to the building department) are the minimum efficien-
cies allowed to be installed in the building.
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400.2.A.1 Additions. Additions to existing buildings shall follow the same Method A
calculation procedure as new construction with the following qualifications:

1. Calculations shall be conducted using only the components of the addition itself, in-
cluding those pre-existing components which separate the addition from other spaces.

2. Efficiencies for heating and cooling systems shall be assumed to be the minimum
efficiency allowed by the Code for that type and size of equipment unless new equip-
ment is installed to replace existing equipment or to service the addition specifically or
higher equipment efficiencies can be documented.

400.3 CeRTIFICATION OF COMPLIANCE.

400.3.ABCD.1 Code Compliance Preparation. The FLA/COM Performance Calculation
Procedures demonstrating Code compliance for Methods A and B, and Forms 400C and 400D
demonstrating Code compliance for Methods C and D shall be prepared, signed and sealed by an
architect or engineer registered in the State of Florida, with the exception of buildings excluded
by Section 481.229, Florida Statutes, or Section 471.003, Florida Statutes. Calculations for
buildings falling within the exception of Section 471.003, Florida Statutes, may be performed
by air conditioning or mechanical contractors licensed in accordance with Chapter 489, Florida
Statutes, or under any special act or ordinance.

The person preparing the compliance calculation shall certify that the calculation, or amend-
ments thereto, is true and accurate and demonstrates that the building is in compliance with the
Florida Energy Efficiency Code For Building Construction.

400.3.ABCD.2 Code Compliance Certification. The building’s owner, the owner’s architect,
or other authorized agent legally designated by the owner shall certify to the building official
that the building is in compliance with the Energy Efficiency Code For Building Construction
prior to receiving the permit to begin construction or renovation.

If, during the building’s construction or renovation, alterations are made in the building’s design
or in materials or equipment installed in the building which would diminish it’s energy perfor-
mance, an amended copy of the compliance certification shall be submitted to the building

official on or before the date of final inspection by the building owner or his/her legally autho-
rized agent.

The certified FLA/COM calculation printout or Form 400C shall be a part of the plans and
specifications submitted for permitting.

The party responsible under Subsections 471.003 and 481.228 and Chapter 489, Florida Stat-
utes, for the design and specification of each building system shall certify that the plans and

specifications for that system comply with the requirements of the Florida Energy Efficiency
Code for Building Construction. See also section 103.2.

©2000 University of Florida Appendix ll| Energy Code Excerpts



Energy Efficient Building Construction in Florida 211

400.3.ABCD.3 Forms. Forms referenced in Table 4-1 shall be used to demonstrate Code
compliance with this Chapter.

Table 4-1
Index to Commercial Code Compliance Forms
Method Form Number

Method A Whole Building Performance Form 400A-97

(FLA/COM Computer printout)
Method B Component Performance Method Form 400B-97

(FLA/COM Computer printout)
Method C Limited and Special Use Buildings Form 400C-97

(separate forms for North, Central,
and South Florida)

Method D Renovated Buildings and Form 400D-97
Systems Method (all climate zones)

400.3.A Method A Forms. An accurately completed Form 400A-97 (generated by the
FLA/COM-97 computer program) demonstrating that Code compliance has been achieved
shall be submitted to the building official for Method A compliance. Calculations shall be
performed for the climate zone in which the building will be located and according to the
procedures specified for Method A in this Chapter.

400.3.B Method B Forms. An accurately completed Form 400B-97 (generated by the
FLA/COM-97 computer program) demonstrating that Code compliance has been achieved
shall be submitted to the building official for Method B compliance. Calculations shall be
performed for the climate zone in which the building will be located and according to the
procedures specified for Method B in this Chapter.

400.3.C Method C Forms. An accurately completed Form 400C-97 demonstrating that
Code compliance has been achieved shall be submitted to the building official for Method C
compliance. The form submitted shall be specific for the climate zone in which the building
will be located.

400.3.D Method D Forms. An accurately completed Form 400D-97 demonstrating Code
compliance shall be submitted to the building official for Method D compliance.

400.4.ABCD Reporting. A copy of the front page of the 400 series form submitted to demon-
strate Code compliance shall be sent by the building official to the Department of Community
Affairs on a quarterly basis for reporting purposes.
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401 FENESTRATIONS
(GLAZING)

401.1.ABCD Basic PRescrIPTIVE REQuIREMENTS FOrR MEeTHODS A, B, C, anp D.

‘ 401.1.ABCD.1 Window Leakage. All exterior windows shall be designed to limit air

‘i‘ leakage into and from the building envelope. Manufactured windows shall have air infiltra-
tion rates not exceeding those shown in Table 4-2 (see section 406.1). Site constructed
windows shall be sealed in accordance with the requirements of section 406.1.

Table 4-2
Air Leakage for fenestrations and Doors
Maximum Allowable Infiltration Rate

Component CFM/FT? of Area
| Finished window
| opening in the
plane of the wall

Fenestration

Wall Sections

1 Operable .

| Jalousie 1.2
| Sliding glass doors 0.3
i Doors

Wood 0.3
i‘ Commercial entrance doors 1.2
1 Residential swinging doors 0.5
!

|

Aluminum 0.1

|
1
!
|
\
|
|
[
|
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' 402 WALLS
l 402.1.ABCD Basic PrescrirTive REquiReMENTS FOR METHODS A, B, C, anD D
I 402.1.ABCD.1 Thermal Resistance Requirements for Adjacent Walls. All opaque

portions of walls separating conditioned spaces and interior unconditioned spaces shall be
l insulated and for the following shall have an insulation R-value of at least:
I Climate Zone Insulation

1,2and 3 R-5

l 4,5and 6 R-2.5
I 7,8and9 R-1.6
l Energy Code Excerpts Appendix [l ©2000 University of Florida
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404 ROOFS/CEILINGS

404.1.ABCD Basic PRescRrIPTIVE REQUIREMENTS FOR MEeTHoDs A, B, C, ano D

404.1.ABCD.1 Roof/Ceiling Thermal Envelopes. The roof or ceiling which functions as
the building’s thermal envelope shall be insulated to a R-value of at least R-10.

404.1.ABCD.2 Cavities Used as Plenums. Cavities beneath a roof deck which will be

used as supply or return plenums shall have an insulated roof. The insulation shall have a
R-value of at least R-19.

404.1,ABCD.3 Vented Cavities above Dropped Ceilings. Where cavities beneath a roof
deck are not sealed from the outside environment, the ceiling shall be treated as the exterior
thermal and pressure envelopes of the building.

406 AIR INFILTRATION

406.1.ABCD Basic Prescriptive Requirements for Methods A, B, C, and D. The re-
quirements of this section shall apply only to those locations that separate interior building
conditioned space from the outdoors or from unconditioned space or crawl spaces. Compli-
ance with the criteria for air leakage through building components shall be determined by
tests conducted in accordance with ASTM E283-91,

406.1. ABCD.1 Minimum Infiltration Levels Allowed.

406.1.ABCD.1.1 Exterior Doors and Windows. All exterior doors and windows shall be
designed to limit air leakage into or from the building envelope. Manufactured doors and
windows shall have air infiltration rates not exceeding those shown in Table 4-2. These rates
shall be determined from tests conducted at a pressure differential of 1.567 1b/ft2, which is
equivalent to the impact pressure of a 25 mph wind. Compliance with the criteria of air leakage
shall be determined by testing to AAMA/NWWDA 101/1.S. 2-97 or ASTM E283-91, as appro-
priate. Site constructed doors and windows shall be sealed in accordance with the requirements
of this section.

406.1.ABCD.1.2 Exterior Joints in the Envelope. All exterior joints, cracks and holes in the
building envelope shall be caulked, gasketed, weatherstripped or otherwise sealed.

Such joints shall include, but not be limited to, the foliowing:
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1. Around window or door frames;

Between walls and foundations;

Between walls and roof/ceilings;

Through wall panels and top and bottom plates in exterior walls;

At penetrations of utility services or other service entry through walls, floors and roofs;

Between wall panels, particularly at comers and changes in orientation;

Ns R W

Between wall and floor where the floor penetrates the wall,
8. Around penetrations of chimneys, flue vents, or attic hatches; and
9. Walls bounding building cavities between floor/ceilings and ceilings/roof decks.

406.1.ABCD.1.3 Apertures in The Building Envelope. Any intentional apertures or
openings in walls, ceilings or floor between conditioned and unconditioned space (such as
hydrostatic openings in stairwells for coastal buildings) shall have dampers which limit air
flow between the spaces.

406.1.ABCD.1.4. BuiLping CAvVITIES.

406.1.ABCD.1.4.1 Where vented dropped ceiling cavities occur over conditioned spaces,
the ceiling shall be considered to be both the upper thermal envelope and pressure envelope
of the building and shall contain a continuous air barrier between the conditioned space and
the vented unconditioned space that is also sealed to the air barrier of the walls. IMPOR-
TANT NOTE: See the definition of air barrier in section 202,

Where unvented dropped ceiling cavities occur over conditioned spaces that do not have an
air barrier between the conditioned and unconditioned space (such as T-bar ceilings), they
shall be completely sealed from the exterior environment (at the roof plane) and adjacent
spaces by a continuous air barrier that is also sealed to the air barrier of the walis. In that
case, the roof assembly shall constitute both the upper thermal envelope and pressure enve-
lope of the building.

Unconditioned spaces above separate tenancies shall contain dividing partitions between the
tenancies to form a continuous air barrier that is sealed at the ceiling and roof to prevent air
flow between them.

406.1.ABCD.1.4.2 Building cavities designed to be air distribution system components shall
be sealed according to the criteria for air ducts, plenums, etc. in section 410.1 ABCD.3.6.
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407 SPACE COOLING SYSTEMS

407.0 Applicability. This section covers the determination of minimum cooling system
design requirements and efficiencies. The requirements of this section apply to equipment
and mechanical component performance of all air conditioning systems installed in new and
renovated buildings including, but not limited to: unitary (central) cooling equipment (air-
cooled, water-cooled and evaporatively cooled); the cooling mode of unitary (central) and
packaged terminal heat pumps (air source and water source); packaged terminal air condi-
tioners; roof air conditioners; room air conditioners; and heat-operated cooling equipment
such as absorption equipment, engine-driven equipment and turbine-driven equipment.

EXCEPTIONS: Special applications, including, but not limited to, hospitals, laboratories,
thermally sensitive equipment rooms, and computer rooms may be exempted from the require-
ments of section 407 when approved by the Building Official.

407.1.ABCD Basic PrescripTIVE REQUIREMENTS FOR METHODS A, B, C, anp D

407.1.ABCD.1 Sizing. A cooling load calculation shall be performed for newly installed units

as per criteria of section 5.1 of Appendix B. This calculation shall be attached to the Code

event the mechanical permit is obtained at a later time, the sizing calculation shall be submitted
with the application for the mechanical permit.

l
% compliance form submitted to the building department when the building is permitted or, in the
|
i
| EXCEPTIONS:

|

|

1. Where mechanical systems are designed by an engineer registered in the State of Florida,
a signed and sealed summary sheet may be submitted in lieu of the complete sizing
calculation(s). Such summary sheet shall include the following (by zone):

* Project name/owner e« Total heating required with outside air ¢ Qutdoor dry bulb used

* Project address * Total sensible gain * Outdoor wet bulb used
* Sizing methodused  » Total latent gain * Relative humidity
* Areain sq.ft. * Total cooling required with outside air * Indoor dry bulb

* Grains water (difference)

2. Systems installed in existing buildings not meeting the definition of renovation in section
202.
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407.1.ABCD.1.1 HVAC systems and equipment shall be sized to provide no more than the
space and system loads calculated in accordance with section 407.1.ABCD.1. A single piece of
equipment providing both cooling and heating shall satisfy this provision when the cooling
function meets the provisions of section 407.1.ABCD.1, and the heating function is sized as
small as possible to meet the load within available equipment options.

EXCEPTIONS:

1. When the equipment selected is the smallest size needed to meet the load within available
options of the desired equipment line.

2. Stand-by equipment provided with controls and devices that allow such equipment to
operate automatically only when the primary equipment is not operating.

3. Multiple units of the same equipment type with combined capacities exceeding the design
load and are provided with controls that sequence or otherwise optimaily control the
operation of each unit based on load.

407.1.ABCD.1.2 Buildings which contain assembly occupancies shall have equipment sized or
controlled to prevent continuous space cooling or heating of such spaces with peak capacity
equipment by the following options:

1. Equipment is staged to include cooling or heating to the space and stages are controlled by
an electronically controlled energy management system.

2. A separate cooling or heating system is utilized to provide cooling or heating to the as-
sembly occupancy.

3. A variable speed compressor is utilized to provide incremental cooling or heating to the
assembly occupancy.

407.1.ABCD.2 ConTROLS

407.1.ABCD.2.1 Simultaneous Heating and Cooling. Zone thermostatic and humidistatic
controls shall be capable of operating in sequence the supply of heating and cooling energy to
the zone. Such controls shall prevent:

1. Reheating of spaces and cooling supply air volumes;
2. Recooling of spaces and heating supply air volumes;

3. Mixing or simultaneous supply of air that has been previously mechanically heated and air
that has been previously cooled by mechanical refrigeration and

4. Other simultaneous operation of heating and cooling systems to the same zone.
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EXCEPTIONS:

a. Variable-air-volume systems that, during periods of occupancy, are designed to reduce

the air supply volume to each zone to a minimum before heating, recooling, or mixing
takes place. This minimum volume shall be no greater than the larger of: 30% of the
peak supply volume; the minimum required to meet minimum ventilation requirements
of ASHRAE Standard 62-1989; 0.4 cfo/ft* of zone conditioned floor area; or 300 ¢fm.

. Zones where special pressurization relationships or cross-contamination requirements

are such that variable air volume systems are impractical, such as isolation and operat-
ing rooms of hospitals, and laboratories.

. At least 75% of the energy for reheating or for providing warm air in mixing systems is

provided from a site-recovered (including heat recovery on water-source heat pumps) or
site-solar energy source.

Zones where specified humidity levels are required to satisfy process needs, such as
computer rooms and museums.

. Zones with a peak supply air quantity of 300 cfm or less.

Systems that are designed and dedicated to condition only the outdoor ventilation air
stream to meet the requirements of ASHRAE Standard 62. Such systems shall be con-
trolled so that they do not allow overcooling of the building. Any building utilizing this
exception that has a system that requires reheat, other than reclaimed waste heat, shall
comply by Method A of this Code.

407.1.ABCD.2.2 TemperaTURE CONTROLS.

407.1.ABCD.2.2.1 Systems. Each HVAC system shall include at least one temperature control
device.

407.1.ABCD.2.2.1.1 Temperature Reset for Air Systems. Air systems supplying heated or

peratures by representative building loads or by outside air temperature, Temperature shall be

| cooled air to multiple zones shall include controls which automatically reset supply air tem-
|
|

reset by at least 25% of the design supply-air-to-room-air temperature difference. Zones
which are expected to experience relatively constant loads, such as interior zones, shall be
designed for the fully reset supply temperature.

EXCEPTIONS:

Systems which comply with section 407.1.ABCD.2.1 without using reheat or mixing of
previously conditioned air.

! ©2000 University of Florida Appendix Ili Energy Code Excerpts



Energy Efficient Building Construction in Florida 219

407.1.ABCD.2.2.1.2 Hydronic Systems, Reset Controls. Systems supplying heated and
or chilled water to comfort conditioning systems shall include controls which automatically
reset supply water temperatures by representative building loads (including return water
temperature) or by outside air temperature. Temperature shall be reset by at least 25% of
the design supply-to-return water temperature difference.

EXCEPTIONS:

1. Systems for which supply temperature reset controls cannot be implemented without
causing improper operation of heating, cooling, humidification or dehumidification sys-
tems.

2. Systems with less than 600,000 Btw/h design capacity.

407.1.ABCD.2.2.2 Zones. The supply of heating and cooling energy to each zone shall be
controlled by individual thermostatic controls responding to temperature within the zone. For
the purposes of this section, a dwelling unit is considered a zone.

EXCEPTION:

Independent perimeter systems that are designed to offset only envelope heat losses or
gains or both may serve one or more zones also served by an interior system when the
perimeter system includes at least one thermostatic control zone for each building expo-
sure having exterior walls facing only one orientation for at least 50 contiguous feet and
the perimeter system heating and cooling supply is controlled by thermostat(s) located
within the zone(s) served by the system.

407.1.ABCD.2.2.2.1 Where used to control comfort cooling, zone thermostatic controls shall

be capable of being set locally or remotely by adjustment or selection of sensors up to 85°F or
higher.

407.1.ABCD.2.2.2.2 Where used to control both comfort heating and cooling, zone thermo-
static controls shall be capable of providing a temperature range or deadband of at least 5°F
within which the supply of heating and cooling energy to the zone is shut off or reduced to a

EXCEPTIONS:
1. Special occupancy or special usage conditioning approved by the building official.

2. Thermostat controls that require manual changeover between heating & cooling modes.
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407.1.ABCD.2.3 Humidity Control. Systems equipped with a means for adding moisture
to maintain specific humidity levels in a zone or zones shall have a humidistat provided
capable of being set to prevent the use of fossil fuel or electricity to provide relative hu-
midities in excess of 30% for comfort purposes.

Where purchased energy reheat is utilized for comfort dehumidification, the system shall be
equipped with a humidistat capable of being set to prevent the use of fossil fuel or electricity
to reduce relative humidities below 60%.

407.1.ABCD.2.4 Orr-Hour ConTROLS

407.1.ABCD.2.4.1 Automatic Setback or Shutdown Controls. HVAC systems shall be
equipped with automatic controls capable of accomplishing a reduction of energy use through
control setback or equipment shutdown.

EXCEPTIONS:
1. Systems serving areas expected to operate continuously.

2. Equipment with full-load demands not exceeding 2 kW controlled by readily accessible
manual off-hour controls.

407.1.ABCD.2.4.2 Shutoff Dampers. Outdoor air supply and exhaust systems shall be pro-
vided with motorized or gravity dampers or other means of automatic volume shutoff or reduc-
tion.

EXCEPTIONS:
1. Systems serving areas expected to operate continuously.
2. Individual systems which have a design air flow rate of 3000 cfm or less.

3. Gravity and other non-electrical ventilation systems may be controlled by readily acces-
sible manual damper controls.

4. Where restricted by health and life safety codes.

407.1.ABCD.2.4.3 Zone Isolation. Systems that serve zones which can be expected to operate
non-simultaneously for more than 750 hours per year shall include isolation devices and con-
trols to shut off or set back the supply of heating and cooling to each zone independently.
Isolation is not required for zones expected to operate continuously or expected to be inopera-
tive only when all other zones are inoperative.

For buildings where occupancy patterns are not known at the time of system design, such as
shell buildings, isolation areas may be predesignated.
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The grouping of zones on one floor into a single isolation area shall be permitted when the total |
conditioned floor area does not exceed 25,000 square feet per group. !

407.1.ABCD.2.5 Controls Testing. HVAC control systems shall be tested to assure that ‘.‘
control elements are calibrated, adjusted, and in proper working condition.

407.1.ABCD.3 EQuiPMENT PERFORMANCE STANDARDS
407.1.ABCD.3.1 Equipment Ratings. Cooling system efficiencies shall be rated as follows: |

1. Central air conditioning equipment under 65,000 Btu/h capacity, both split-system and ;
single-package equipment, single- or three-phase, shall be rated with a Seasonal Energy
Efficiency Ratio (SEER). Three phase units may also be rated with an Integrated Part Load ]
Value (IPLV). |

2. Packaged terminal air conditioners and heat pumps shall be rated with an Energy Effi-
ciency Ratio (EER).

3. Room air conditioners shall be rated by an Energy Efficiency Ratio (EER).

4. Central air conditioning equipment over 65,000 Btw/h shall be rated with an Energy Effi-
ciency Ratio (EER).

5. Water-cooled and evaporatively cooled central systems under 135,000 Btu/h shall be rated
with an Energy Efficiency Ratio (EER).

6. Air-cooled, evaporatively-cooled and water source unitary air conditioning systems over
65,000 Btu/h may also be rated with an Integrated Part-Load Value (IPLV).

7. Heat-operated cooling equipment such as gas driven heat pumps shall be rated with a
Coefficient of Performance (COP)-cooling.

407.1.ABCD.3.1.1 Matched Equipment. Equipment efficiency ratings shall be obtained from
a nationally recognized certification program directory or from a manufacturer’s rating certi-
fied with an approved Department of Energy (DOE) or Air-conditioning and Refrigeration
Institute (ART) rating procedure. Equipment efficiencies shall be based on the Standard Rating
Conditions contained in the test standard referenced in Chapter 3 that is appropriate for that
equipment. The procedure for determining the Integrated Part-Load Value (IPLV) for a piece of
equipment shall be the one provided in the appropriate ARI test standard for the type of equip-
ment referenced. Ratings for products covered under the National Appliance Energy Conserva-
tion Act of 1987 shall be those determined for the Federal Trade Commission’s required appli-
ance labeling.
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407.1.ABCD.3.1.2 Mix-Matched Equipment. Ratings for unitary central air conditioning and
heat pump systems less than 65,000 Btwh, using evaporator/(condenser) coils manufactured by
independent companies, shall meet all requirements of either section 407.1.ABCD.3.1.2.1 or
407.1.ABCD.3.1.2.2. Equipment components manufactured by the same company that are not
designed and tested for operation together shall also meet these requirements.

407.1.ABCD.3.1.2.1 Companies whose equipment is certified under a nationally recognized
certification program or rating procedure where sample units are tested on a regular basis and
efficiencies are published in a directory may rate their equipment in accord with the require-
ments of that program.

407.1.ABCD.3.1.2.2 Companies whose equipment is not certified under a nationally recog-
nized testing and certification program shall publish equipment efficiencies not greater than the
efficiency rating of the condensing unit (cooling mode) or outdoor unit (heating mode)
manufacturer’s most commonly sold condensing unit-evaporator coil or outdoor unit-indoor
coil combination.

The evaporator/ (condenser) coil manufacturer shall submit computer simulated equipment
efficiency ratings to demonstrate predicted equipment efficiencies. Where simulated efficien-
cies are less than the condensing unit or outdoor unit manufacturer’s most commonly sold
combination efficiency, a rating not to exceed the simulated rating shall be used. Published
simulated equipment efficiency rating submittals shall identify any enhancement features
included to attain claimed ratings.

Computer simulated equipment efficiency ratings submitted shall be based on the condensing
unit manufacturer’s tested combination (as listed in the current ARI Directory and identified by
the model numbers of both the condensing unit and coil or outdoor unit and indoor coil as listed
by ARI) and the independent coil manufacturer’s evaporator/(condenser) coil performance data.
Such simulated ratings shall be certified, signed and dated by a Florida-registered professional
engineer, or, for the cases of a secondary original equipment manufacturer (OEM) and a com-
pany manufacturing component parts specifically for mix-matched cooling or heating equip-
ment, the president or chairman of the board of the manufacturing company and a professional
engineer registered in the state of manufacture, and shall show that the unit, identified by model
number, meets the minimum Code requirements. The certification shall attest to the accuracy
of the input data, the validity of the calculation procedure utilized and that the results of the
simulation are in accordance with the DOE approved methodology. Simulated equipment
efficiency rating certifications shall identify any enhancement features included to attain
claimed ratings. A full set of input data utilized to arrive at the rating shall be available as
documentation on request.
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When challenged, computer simulated ratings shall not exceed 105 percent of the SEER, EER,
HSPF or COP rating, as appropriate, of the actual tested performance for that condensing unit
evaporator coil configuration. Unsubstantiated claims for such equipment shall be dropped
from publication.

407.1.ABCD.3.1.3 Field-Assembled Equipment and Components. Air conditioning and
heat pump systems with capacities of 65,000 Btu/h or greater where components such as indoor
or outdoor coils are used from more than one manufacturer, shall be rated by a calculated total
system Energy Efficiency Ratio (EER). Component efficiencies shall be specified based on
data provided by the component manufacturers. Calculations documenting how the efficiency
rating was derived shall be submitted with the appropriate Code compliance form and shall be
signed and sealed by a registered professional engineer.

Total on-site energy input to the equipment shall be determined by combining inputs to all
components, elements and accessories, such as compressor(s) internal circulating pump(s),
condenser-air fan(s), evaporative-internal circulating pump(s), purge devices, viscosity control
heaters, and controls.

407.1.ABCD.3.2 Minimum ErFriciencies For CooLING EQuIPMENT

407.1.ABCD.3.2.1 Electrically Operated, Cooling Mode. These requirements apply to air-
conditioning equipment installed in buildings covered by this code including but not limited to:
unitary (central) cooling equipment (air-cooled, water-cooled and evaporatively cooled); the
cooling mode of unitary (central) and packaged terminal heat pumps (air source and water
source); packaged terminal air conditioners; roof air conditioners; and room air conditioners.

EXCEPTION:

Existing systems in existing buildings which must comply with this code are exempt from
minimum efficiency requirements.

407.1.ABCD.3.2.1.1 HVAC system equipment of less than 65,000 Btu/h, whose energy input in
the cooling mode is entirely electric, shall have a Seasonal Energy Efficiency Ratio (SEER),
Energy Efficiency Ratio (EER), may have an Integrated Park-Load Value (IPLV), as applicable
for that piece of equipment (see section 407.1.ABCD.3.1), of not less than the values shown in
Table 4-3.
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Table 4-3
Electrically Driven Cooling Equipment
Capacities: <65,000 BTU/H
Minimum Performance Efficiencies'?

Type of Equipment, Capacities, EER SEER IPLV2
Standard Rating Conditions (°F)

Central Units
Air-Cooled—Seasonal Rating®
Split-system 10.0
Single-package 9.7
Evaporatively Cooled
Standard Rating (80db/67wb indoor
95db/75wb outdoors) 9.3
Int. Part Load Value (80db/67wb out) 8.5
Water-Cooled
Water-Source Heat Pump (80db/67wb indoor)
Standard Rating (85 entering water) 9.3
Low Temp. Rating (75 entering) 10.2
Ground-Water Heat Pump
Standard Rating (70 entering)
Low Temp. Rating (50 entering)
Ground Source Heat Pump

77° Entering brine 10.0
70° Entering brine 10.4
Unitary Air Conditioners (80db/67wb indoor)
Standard Rating (85 entering) 8.3
Int. Part Load Value (75 entering) 8.3

Packaged Terminal Units (PTAC & PTHP)
Standard Rating (95db outdoor)

< 7,000 8.9
7,001-8,000 Btu/h 8.8
8,001-9,000 Btu/h . 8.6
9,001-10,000 Btu/h 8.5
10,001-11,000 Btu/h 8.3
11,001-12,000 Btu/h 8.2
12,001-13,000 Biu/h 8.0
13,001-14,000 Btu/h 7.8
14,001-15,000 Biu/h 7.7
>15,000 Btu/h 7.6
Room Units?®

Without reverse cycle
<6,000 Btwh 8.0
6,000-7,999 Btu/h 8.5
8,000-13,999 Btu/h {with louvers) 9.0
14,000-20,000 Btu/h (with louvers) 8.8
20,000 Btu/b (with louvers) 8.2
8,000-20,000 BTU/H {(without louvers) 8.5
>20,000 Btu/h (without louvers) 8.2

With reverse cycle (with louvers) 8.5

With reverse cycle (without louvers) 8.0

! Test procedures for equipment referenced shall be in accordance with the applicable standard listed in Chapter 3.

? Products covered by the 1992 Energy Policy act have no efficiency requirements at other than standard rating
conditions for products manufactured after 1/1/94.

? To be consistent with National Appliance Energy Conservation Act of 1987, PL. 100-12.
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407.1.ABCD.3.2.1.2. HVAC system equipment with capacities between 65,000 Btu/h and
135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall show an En-
ergy Efficiency Ratio (EER) and/or Integrated Part-Load Value (IPLV), as applicable for that
piece of equipment (see section 407.1.ABCD.3.1), of not less than values shown in Table 4-4.

Table 4-4
Electrically Driven Cooling Equipment
Capacities: > 65,000 BTU/H <135,000 BTU/H
Minimum Performance Efficiencies
Type of Equipment, Capacities, EER IPLV?
Standard Rating Conditions (°F)
Central Units
Air-Cooled
Standard Rating (95db outdoor) 8.9
Int. Part Load Value (80db outdoor) 8.3
Evaporatively Cooled
Standard Rating (80db/67wb indoor,
95 db/75 wb outdoor) 10.5
Int. Part Load Value (80db/67wb outdoor) 9.7
Water-Cooled
Water-Source Heat Pump (85° entering water)
Standard Rating (80db/67wb indoor) 10.5
Groundwater-Cooled Heat Pump?®
Standard Rating (70° entering) 11.0
Low Temperature Rating (50° entering) 11.5
Ground Source Heat Pumps?®
77° Entering brine 10.0
70° Entering brine 10.4
Unitary Air-Conditioners (80db/78wb)
Standard Rating (85° entering) 10.5
Reference standards for equipment testing are specified in Chapter 3.
2 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard
rating conditions for products manufactured after 1/1/94.
3 Rating for groundwater-cooled, ground source heat pumps applies to all units under 135,000 Btu/h.
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407.1.ABCD.3.2.1.3. HVAC system equipment with capacities equal to or greater than 135,000

Btu/h whose energy input in the cooling mode is entirely electric, shali show an Energy Effi-
ciency Ratio (EER), and/or Integrated Part-Load Value (IPLV), as applicable for that piece of

equipment (see section 407.1.ABCD.3.1), of not less than the values shown in Table 4-5.

Table 4-5
Electrically Driven HVAC System Components'
Capacity: > 135,000 BTU/H
Minimum Performance Efficiencies

. Types of Equipment, Capacities EER cOoP IPLV
Standard Rating Conditons (F°)
Large Unitary Air Conditioners and Heat Pumps
Air Conditioners?
Air-cooled < 760,000 Btu/h 8.5 7.5
Air-cooled > 760,000 Btu/h 8.2 7.5
Water/evaporative cooled 9.6 9.0
Heat Pumps?
Air-cooled < 760,000 Btu/h _ 8.5 75
Air-cooled> 760,000 Btu/h 8.2 7.5
Condensing Units
Air-cooled 8.9 11.0
Water/evaporative cooled 12.9 12.9
Water Chilling Packages
Water-cooled with screw, scroll, or centrifugal compressor
> 300 tons 523 5.3
>150 tons, < 300 tons 4.2 4.5
< 150 tons 3.8 3.9
Water-cooled, with reciprocating compressor 3.8 3.9
Air-cooled with condenser
> 150 tons 2.5 2.5
< 150 tons 2.7 2.8
Air-cooled, condenserless 3.1 3.2

appropriate for that equipment.
determined may deduct 0.2 from all required EERs and IPLVs.

requirements are reduced to 4.7 COP and 4.8 IPLY,

When tested to the Standard Rating Conditions contained in the test standard referenced in Chapter 3 that is
Units that have an integral gas, oil or hydronic heating assembly that was not present when the unit efficiency was

Where R-22 or CFC refrigerants with ozone depletion factors less than or equal to those for R-22 are used, these
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407.1.ABCD.3.2.2 Heat Operated, Cooling Mode. These requirements apply to cooling
equipment installed in buildings covered by this code including but not limited to: absorption
equipment, engine-driven equipment and turbine-drive equipment.

EXCEPTION:

Existing systems in existing buildings which must comply with this code are exempt from
minimum efficiency requirements.

Heat-operated cooling equipment shall show a COP-cooling not less than the values shown in
Table 4-6. Electrical auxiliary inputs shall be excluded from the COP-cooling calculation.

407.1.ABCD.3.2.3. Other Air-Conditioning Systems. Air-conditioning systems not identi-
fied in Tables 4-3 through 4-6 of this Code shall meet at least the lowest efficiency rating on
the appropriate table for that size of equipment.

Table 4-6
Heat-Operated! Cooling Equipment
Minimum Performance Efficiencies

Heat Source Minimum COP?
Direct-fired (gas, oil) 0.48
Indirect-fired (steam, hot water) 0.68

! Standard rating conditions at sea level.

? Minimum COP = Net Cooling Output
Total Heat Input (electrical auxiliary excluded)

407.1.ABCD.3.3 Condensing Coils Installed in Cool Air Stream of Another Air-Condi-
tioning Unit. The condensing coil of one air-conditioning unit shall not be installed in the
cool air stream of another air-conditioning unit.

EXCEPTIONS:

1. Where condenser heat reclaim is used in a properly designed system including enthalpy
control devices to achieve requisite humidity control for process, special storage or
equipment spaces and occupant comfort within the criteria of Standard ASHRAE Standard
55-92. Such systems shall result in less energy use than other appropriate options.

2. For computer or clean rooms whose location precludes the use of systems which would
not reject heat into conditioned spaces.
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408 SPACE HEATING EQUIPMENT

408.0 Applicability. This section covers the determination of minimum heating system design
requirements and efficiencies. The requirements of this section apply to equipment and me-
chanical component performance of all heating systems installed in new and renovated build-
ings including, but not limited to: unitary central heat pumps, either air or water source in the
heating mode; water source (hydronic) heat pumps as used in multiple unit hydronic HVAC
systems; packaged terminal heat pumps and room air conditioner heat pumps in the heating
mode; and all gas- and oil-fired warm air furnaces, boilers and direct heating equipment.

EXCEPTIONS:

Special applications, including, but not limited to, hospitals, laboratories, thermally sensi-
tive equipment rooms, and computer rooms may be exempted from the requirements of
section 407 when approved by the Building Official.

408.1.ABCD Basic PrescripTIVE REQUIREMENTS FOR MeTHODS A, B,C, anD D

408.1.ABCD.1 Sizing. Heating equipment and systems shall be sized to provide no more than

the space and system loads calculated in accordance with section 407.1.ABCD.1, with excep-
tions.

408.1.ABCD.2 Controls. Heating equipment and systems shall meet all applicable prescrip-
tive requirements for controls in section 407.1.ABCD.2.

408.1.ABCD.2.1 Where used to control comfort heating, zone thermostatic controls shall be

capable of being set locally or remotely by adjustment or selection of sensors down to 55°F or
lower.

408.1.ABCD.3 EquiPMENT PERFORMANCE STANDARDS
408.1.ABCD.3.1 Equipment Ratings. Heating system efficiencies shall be rated as follows:

1. Central electric heat pumps under 65,000 Btu/h capacity, both split-system and single-

package equipment, single- or three-phase, shall be rated with a Heating Seasonal Perfor-
mance Factor (HSPF).

2. Packaged terminal heat pumps shall be rated with a Coefficient of Performance (COP).

3. Air source heat pumps of 65,000 Btu/h or larger and water-source heat pumps shall be
rated with a Coefficient of Performance (COP).
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4. Gas- and oil-fired warm air furnaces under 225,000 Btu/h and boilers under 300,000 Btu/h
shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

5. Gas - and oil-fired warm air furnaces and unit heaters of 225,000 Btu/h and over and
boilers of 300,000 Btu/h or greater shall be rated with a steady-state combustion effi-
ciency, E/E .

6. Gas- and oil-fired direct heating equipment shall be rated with an Annual Fuel Utilization
Efficiency (AFUE).

7. Central gas driven heat pumps shall be rated with a Coefficient of Performance (COP).

408.1.ABCD.3.1.1. Matched Equipment. Equipment efficiency ratings shall be obtained
from a nationally recognized certification program directory, from a manufacturer’s rating
certified to be in compliance with an approved Department of Energy (DOE) or an Air-condi-
tioning and Refrigeration Institute (ARI) rating procedure. Equipment efficiencies shall be
based on the Standard Rating Conditions contained in the test standard referenced in Chapter 3
that is appropriate for that equipment. Ratings for products covered under the National Appli-
ance Energy Conservation Act of 1987 shall be those determined for the Federal Trade
Commission’s required appliance labeling.

408.1.ABCD.3.1.2 Mix-Matched Equipment. Ratings for unitary central heat pump systems
less than 65,000 Btuw/h, using evaporator/ (condenser) coils manufactured by independent
companies, shall meet all requirements of either section 407.1.ABCD.3.1.2.1 or
407.1.ABCD.3.1.2.2. Equipment components manufactured by the same company that are not
designed and tested for operation together shall also meet these requirements.

408.1.ABCD.3.1.3 Field-Assembled Equipment and Components. Heat pump systems with
capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are
used from more than one manufacturer, shall be rated by a calculated total system Coefficient
of Performance (COP). The rate of net heat output used in the COP calculation is the change in
the total heat content of the air entering and leaving the equipment, not including supplementary
heat. Component efficiencies shall be specified based on data provided by the component
manufacturers. Calculations documenting how the overall system efficiency rating was derived
shall be submitted with the appropriate Code compliance form and shall be signed and sealed by
a registered professional engineer.

Total on-site energy input to the heat pump shall be determined by combining the energy input
to all elements, except supplementary heaters, of the heat pump, including, but not limited to,
compressor(s), compressor pump heater(s), pump(s), supply-air fan(s), return-air fan(s), out-
door air fan(s), cooling-tower fan(s), and the HVAC system equipment control circuit.
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408.1.ABCD.3.2 MiniMumM EFFiciENCIES FOR HEATING EQUIPMENT.

408.1.ABCD.3.2.1 Heat Pump - Heating Mode. These requirements apply, but are not limited
to: unitary central electric or gas driven heat pumps, either air or water source in the heating
mode; water source (hydronic) heat purnps as used in multiple unit hydronic HVAC systems; and
packaged terminal heat pumps and room air-conditioner heat pumps in the heating mode.

408.1.ABCD.3.2.1.1 Minimum Efficiencies. Heat pumps whose energy input is entirely
electric shall have a Heating Seasonal Performance Factor (HSPF) or Coefficient of Perfor-
mance (COP), as applicable (see section 408.1. ABCD.2), in the heating mode of not less than
the values shown in Table 4-7.

408.1.ABCD.3.2.1.2 SupPLEMENTARY HEAT.

408.1.ABCD.3.2.1.2.1 Heat pumps having supplementary heaters shall have controls that
prevent heater operation when the heating load can be met by the heat pump. Supplemental
heater operation is permitted during outdoor coil defrost cycles not exceeding 15 minutes.

EXCEPTION:

Heat pumps that incorporate a control system that allows auxiliary electric resistance heat
to operate above the balance point are permitted, providing the use of all resistance heat is
included in the determination of the HSPF for that heat pump and the HSPF meets the
minimum efficiency requirements as shown in Table 4-7.

408.1.ABCD.3.2.1.2.2 Tempering of indoor air during defrost cycles shall be controlled so as
to minimize use of supplemental heat.

408.1.ABCD.3.2.1.2.3 Where manual controls are provided for activating the supplementary
heat source on an emergency basis an indicator shall be provided to show the control status.

408.1.ABCD.3.2.1.2.4 Supplementary heat on heat pumps that is provided by electric resis-
tance heaters shall meet the following conditions:

1. Supplementary electric resistance heat greater than 10 KW shall be divided into at least
two stages and controlled by outdoor thermostats, multi-stage indoor thermostats, or
combinations thereof, to operate only when the system’s refrigerating capacity plus previ-
ous strip heat stages cannot meet the heating load of the building.

2. Supplementary electric resistance heat plus refrigeration cycle heating capacity shall not
exceed 120 percent of the design load calculated at the 99 percent design dry bulb tem-
perature.
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Table 4-7

Electric Driven Heating Equipment

Heat Pumps

Minimum Performance Efficiencies

Category and Rating Conditions
Outdoor Temperatures (° F)

Minimum COP | Minimum HSPF

Electric Heat Pumps
Packaged Terminal (PTHP)
Standard Rating (47db/43wb)
<10,000 Btu/h
10,000-13,000 Btu/h
>13,000 Btu/h

Central Systems
Air Source
<65,000 Btu/h- Season Rating?
Split-system
Single-package
>65,000 Btu/h
High Temp. Rating (47db/43wb)
Low Temp Rating (17db/15wb)
>135,000 Btu/h
High Temp. Rating (47db/43wb)
Low Temp. Rating (17db/15wb)
Water Source®
Standard Rating 75°F Entering water
70°F Entering water
Ground Source®
32°F Entering water
41°F Entering water
Groundwater Source®
High Temp. Rating 70 °F Entering water
Low Temp. Rating  50°F Entering water

2.7
2.8
2.5

3.0
2.0

2.9
2.0

3.9
3.8

2.5
2.7

3.4
3.0

6.8
6.6

T Equipment testing reference standards are specified in Chapter 3.

2 Tv be consistent with the National Appliance Energy Conservation Act of 1987.
¥ Ratings for water source, ground source, and ground water source heat pumps apply to all units under 135,000 Btw/h.
4 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating

conditions for products manufactured afier 1/1/94.
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408.1.ABCD.3.2.2 Central Electric Furnaces. Central electric furnaces greater than 10 kW
shall be divided into at least two stages and controlled by an outdoor thermostat, multi-stage
indoor thermostats or combination thereof.

408.1.ABCD.3.2.3 ComBusTioN HEATING EQUIPMENT

‘ 408.1.ABCD.3.2.3.1 All gas and oil-fired furnaces and boilers (as defined in 10 CFR Part 430)
‘ shall have an Annual Fuel Utilization Efficiency {AFUE) or steady-state combustion efficiency
) E, as applicable (see section 408.1.ABCD.3.1.1), of not less than the values shown in Table 4-
; 8.
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Table 4-8

Gas- and Oil-Fired Heating Equipment

Rating Conditions and Minimum Performance Efficiencies'

Types of Equipment, Rating Conditions| E/E, (%)* | AFUE(%)
Warm Air Furnaces
<225,000 Btu/h® (Seasonal Rating)
Gas-fired 78
Qil-fired 78
>225,000 Btu/h (Steady-State)
Gas-fired
Max. Rating Capacity 80
Min. Rated Capacity 78
Oil-fired
Max. Rated Capacity 81
Min. Rated Capacity 81
Warm Air Duct Furnaces
Gas-fired
Max. Rated Capacity 78
Min. Rated Capacity 75
Unit Heaters
Gas-fired
Max. Rated Capacity 78
Min. Rated Capacity 74
Oil-fired
Max. Rated Capacity 81
Min. Rated Capacity 81
Boilers
<300,000 Btu/h (Seasonal Rating)
Gas-fired except steam boilers 80
Gas-fired steam boilers 75
Qil-fired 80
>300,000 Btu/h (Steady-State)
Gas-fired
Max. Rated Capacity 80
Min. Rated Capacity 80
Oil-fired
Max. Rated Capacity 83
Min. Rated Capacity a3
Qil-fired (Residual)
Max. Rated Capacity 83
Min. Rated Capacity a3

Reference standards for equipment testing are specified in Chapter 3.
Cornbustion efficiency E_and thermal efficiency E constitute 100 percent minus flue losses in percent of heat input. See the
reference standard in Chapter 3 for more information.
To be consistent with the National Appliance Energy Conservation Act of 1987, Appendix M to Subpart B, 10 CPR Part 430.
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408.1.ABCD.3.2.3.2 All gas-fired direct heating equipment shall have an Annual Fuel Utiliza-
tion Efficiency (AFUE) of not less than the values shown in Table 4-9.

408.1.ABCD.3.2.4 Other Heating Systems. Heating systems not identified in Tables 4-7
through 4-9 of this Code shall meet at least the lowest efficiency rating on the appropriate table
for the size of equipment.

408.1.ABCD.3.2.5 Heating Systems Having Additional Functions. Space heating equipment
used to provide additional functions (e.g. service water heating) as part of a combination (inte-
grated) system shall comply with minimum performance requirements for the appropriate space
heating equipment category. Service water heating equipment used to provide additional func-
tions (e.g. space heating) as part of a combination (integrated) system shall, as a minimum,

meet the minimum performance requirements for water heating equipment in section
412.1.ABCD.

Table 4-9
Gas-Fired Direct Heating Equipment
Minimum Performance Efficiencies

Types of Equipment, AFUE (%)
BTU/H Heating Capacity
Wall
Fan Type
Up to 42,000 73
Over 42,000 74
Gravity Type
Upto 10,000 59
Over 10,000 up to 12,000 60
Over 12,000 up to 15,000 61
Over 15,000 up to 19,000 62
Over 19,000 up to 27,000 63
Over 27,000 up to 46,000 64
Over 46,000 65
Floor
Up to 37,000 56
Over 37,000 57
Room
Up to 18,000 57
Over 18,000 up to 20,000 58
Over 20,000 up to 27,000 63
Over 27,000 up to 46,000 64
Over 46,000 65
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409 VENTILATION

409.1.ABCD Basic PrescripTive REcUIREMENTS For MEeTHoDS A, B, C, ano D.

409.1.,ABCD.1 Air Quality. Sources of pollutants within the conditioned space shall be
minimized or eliminated, if possible, in order to minimize the outside air intake required for
dilution. Concentrated sources shall be controlled at the source by containment, local exhaust
systems, or both.

409.1.ABCD.1.1 Ventilation systems shall be designed to be capable of reducing the supply of
outdoor air to the minimum ventilation rates required by section 6.1.3 of ASHRAE Standard
62-89. Systems may be designed to supply outside air quantities exceeding minimum levels,
but they shall be capable of operating at no more than minimum levels through the use of return
ducts, manually or automatically operated control dampers, fan volume controls , or other
devices.

EXCEPTION:

Minimum outdoor air quantities may be greater if required to make up air exhausted for
source control of contaminants or if required by process systems or local codes.

409.1.ABCD.2 Controls. Each mechanical ventilation system (supply and exhaust) shall be
equipped with a readily accessible switch or other means for shut-off or volume reduction and
shut-off when ventilation is not required. Automatic or manual dampers installed for the pur-
pose of shutting off ventilation systems shall be designed with tight shut-off characteristics to
minimize air leakage.

EXCEPTIONS:
Manual dampers may be used for outdoor air intakes in the following cases:
1. For multifamily residential buildings

2. When the fan system capacity 1s less than 5000 cfm.
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409.1.ABCD.3 Non-residential Kitchen Spaces. Non-residential kitchen space and areas in

dining rooms or open malls where a kitchen exhaust hood is required by NFPA 96 shall comply
with the following requirements:

y 1. Be designed with an exhaust air and make up air balance such that the space is never under
| a positive pressure, and never under a negative pressure exceeding .02" w.g. relative to all
indoor spaces surrounding the kitchen space, during all cooking hours.

] 2. All exhaust and makeup air system components (fans, dampers, etc.) shall be interlocked
1‘ in such a way that the balance prescribed in #1 above is maintained throughout all cooking
hours, and all variations of cooking operations.
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410 AIR DISTRIBUTION SYSTEMS

410.1.ABCD Basic PrescripTivE REQUIREMENTS For MeTHobs A, B, C, AnD D
410.1.,ABCD.0 Zoning

410.1.ABCD.0.1 Zones with special process temperature requirements, humidity require-
ments, or both, shall be served by air distribution systems separate from those serving zones
requiring only comfort conditioning. The central cooling and heating systems for these special
process zones shall be separate from the primary cooling and heating systems to allow off-
hours control of the primary cooling and heating system specified in section 407.1.ABCD.2.4.

EXCEPTION:

Zones requiring only comfort heating or comfort cooling that are served by a system
primarily used for process temperature and humidity control need not be served by a
separate system if the total supply air to these comfort zones is no more than 25% of the
total system supply air or the total conditioned floor area of the zones is less than 1000
square feet.

410.1.ABCD.0.2. Zones having substantially different heating or cooling load characteristics,
such as perimeter zones in contrast to interior zones, shall not be served by a single multiple
zone air distribution system. '

410.1.ABCD.0.3. Perimeter zone systems which reheat air provided by interior zone systems
for ventilation or other purposes shall utilize heat pumps or other heat reclaim systems for
heating at least those air quantities provided by the interior system.

EXCEPTION:

Climate regions where only moming warm-up is required and controls are provided to
limit operation of the resistance heat to mormings not to exceed two hours duration.

410.1.ABCD.1 Si1zinG anD DEesiGN CRITERIA

410.1.ABCD.1.1 Fan System Design. All HVAC fan systems used for any combination of
comfort heating, ventilating, or air conditioning shall meet the design criteria of this section.
For the purposes of this section, the energy demand of a fan system is the sum of the demand of
all fans which are required to operate at design conditions to supply air from the heating or
cooling source to the conditioned space(s) and return it back to the source or exhaust it to the
outdoors. Fan system energy demand shall not include the additional power required by air
treatment or filtering systems with final pressure drops over 1 inch wc.
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EXCEPTIONS:
1. Systems with total fan system motor horsepower of 10 hp or less.

2. Unitary equipment for which the energy used by the fan is considered in the efficiency
ratings of sections 407.1. ABCD.3.1 and/or 408.1.ABCD.3.1.

410.1.ABCD.1.1.1 Constant Volume Fan Systems. For fan systems which provide a constant
air volume whenever the fans are operating, the power required by the motors for the combined
fan system at design conditions shall not exceed 0.8 W/cfm of supply air.

410.1.ABCD.1.1.2 Variable Air Volume (VAV) Fan Systems.

410.1.ABCD.1.1.2.1 For fan systems which are able to vary system air volume automatically as
a function of load, the power required by the motors for the combined fan system shall not
exceed 1.25 W/cfm of supply air at design conditions.

410.1.ABCD.1.1.2.2 Individual VAV fans with motors 75 hp and larger shall include controls
and devices necessary for the fan motor to demand no more than 50% of design wattage at 50%
of design air volume, based on manufacturer’s test data.

410.1.ABCD.1.2 Duct Sizing and Design. Duct systems shall be sized and designed through
the use of ASHRAE, ACCA or other nationally recognized design procedure.

410.1.ABCD.2 Air Distribution System Insulation. All air distribution system components
which move or contain conditioned air including, but not limited to, air filter enclosures, air

ducts and plenums that are located in or on buildings shall be thermally insulated in accordance
with the criteria of sections 410.1.ABCD.2.1 through 410.1.ABCD.2 4.

410.1.ABCD.2.1 Insulation Required. The minimum installed thermal resistance for air
distribution system components shall be as specified in Table 4-10.
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Table 4-10
Minimum Insulation Levels

Air Distribution System Components’

Location

R-Value

Exterior of building

R-8

Roof >R-14: R-4.2

Roof <R-14: R-6

: R42 Ao

R

! Roof R-value specified is of the insulation only.

EXCEPTIONS:

1. Airdistribution system components, except air handling units, that are located in enclosed

unconditioned space with a Temperature Difference (TD) greater than 40°F shall be
insulated to at least R-6. TD is the temperature difference between the space within

which the duct is located and the temperature of the air leaving the heating or cooling

unit,

2. Air distribution system component insulation (except where required to prevent con-
densation) is not required in the following cases:

a Ducts located directly in the heated and/or cooled space.

b. Exhaust air ducts.

¢. Factory-installed plenums, casings, or ductwork furnished as a part of HVAC equip-
ment tested and rated in accordance with section 407.1.ABCD.3 or 408.1. ABCD.3.

d. Return air ducts meeting all the requirements of section 410.1.ABCD.3.6 for building

cavities which will be used as return air plenums.
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410.1.ABCD.2.2 R-Value Determination. All duct insulation and factory-made ducts shall be
labeled with R-values based on flat sections of insulation only at installed thickness and exclud-
ing any air film resistance. The thermal resistance (R) shall be determined using the relation-
ship R=t/k where t (inches) is the installed thickness and k (Btu-in/hr{t?°F) is the measured
apparent thermal conductivity at 75°F mean temperature and at installed thickness tested in
accordance with ASTM C-518 or ASTM C-177.

The installed thickness of duct insulation used to calculate R-values shall be determined as
follows:

1. Duct board, duct liner and factory-made rigid ducts not normally subjected to compres-
sion shall use the nominal insulation thickness.

2. Duct wrap shall have an assumed installed thickness of 75% of nominal thickness (25%
compression).

3. Factory-made flexible air ducts shall have the installed thickness and calculated R-values
determined in accordance with Paragraph 3.4, of the 1996 Edition of The Air Diffusion
Council Standard, Flexible Duct Performance & Installation Standards, Third Edition.

410.1.ABCD.2.3 Condensation Control. Additional insulation with vapor barrier shall be
provided where the minimum duct insulation requirements of 410.1. ABCD.3.1 are determined
to be insufficient to prevent condensation.

410.1.ABCD.2.4 Fibrous Glass Duct Liner. Fibrous glass duct liner shall be fabricated and

installed in accordance with the provisions of the NAIMA Fibrous Glass Duct Liner Standard,
1994,

410.1.ABCD.3 Air Distribution System Construction and Installation. Ducts shall be
constructed, braced, reinforced and installed to provide structural strength and durability. All
transverse joints, longitudinal seams and fitting connections shall be securely fastened and
sealed in accordance with the applicable standards of this section.

As an alternative to compliance with specific criteria of sections 410.1.ABCD.3.0.4 through
410.1.ABCD.3.2.1,410.1.ABCD.3.3.1 through 410.1.ABCD.3.3.2, and 410.1.ABCD.3.3.6, air
ducts and duct systems complying with the applicable requirements of the following standards
shall be deemed as meeting the intent of this Code. Where these standards do not address the
specific closure details of the Code, in the manner required by the subsequent sections of this
Code, the requirements of the Code shall govern.

1. SMACNA HVAC Duct Construction Standards, Metal and Flexible.

2. NAIMA Fibrous Glass Duct Construction Standards.
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3. ADC Flexible Duct Performance and Installation Standards.
4. ASHRAE Handbook - HVAC Systems and Equipment.

5. UL 181.

6. UL181A: PartI; Part IT; Part ITI.

7. UL 181B: PartI; Part II.

410.1.ABCD.3.0 General. All enclosures which form the primary air containment passage-
ways for air distribution systems shall be considered ducts or plenum chambers and shall be
constructed and sealed in accordance with the applicable criteria of this section.

410.1.ABCD.3.0.1 Mechanical Fastening. All joints between sections of air ducts and ple-
nums, between intermediate and terminal fittings and other components of the air distribution
system, and between subsections of these components shall be mechanically fastened to secure
the sections independently of the closure system(s).

410.1.ABCD.3.0.2 Sealing. Air distribution system components shall be sealed to 100 per-
cent closure with approved closure systems.

410.1.ABCD.3.0.3 Space Provided. Sufficient space shall be provided adjacent to all me-
chanical components located in or forming a part of the air distribution system to assure ad-
equate access for 1) construction and sealing in accordance with the requirements of section
410.1.ABCD.3 of this Code, 2) inspection and 3) cleaning and maintenance. A minimum of 4"
is considered sufficient space around air handling units.

410.1.ABCD.3.0.4 Product Application. Closure products shall be applied to the air barriers
of air distribution system components being joined in order to form a continuous barrier or
they may be applied in accordance with the manufacturer’s instructions or appropriate industry
installation standard where more restrictive.

410.1.ABCD.3.0.5 Surface Preparation. The surfaces upon which closure products are to be
applied shall be clean and dry in accordance with the manufacturer’s installation instructions.

410.1.ABCD.3.0.6 Approved Mechanical Attachments. Approved mechanical attachments
for air distribution system components include screws, rivets, welds, inter-locking joints
crimped and rolled, staples, twist in {screw attachment), and compression systems created by
bend tabs or screws tabs and flanges or by clinching straps. Mechanical attachments shall be
selected to be appropriate to the duct system type.
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410.1.ABCD.3.0.7 Approved Closure Systems. The following closure systems and materials

are approved for air distribution construction and sealing for the applications and pressure
classes prescribed in sections 410.1. ABCD.3.1 through 410.1.ABCD.3.8:

1. Metal Closures.

a. Welds applied continuously along metal seams or joints through which air could leak.

b. Longitudinal grooved metal seams and snaplock seams that are rolled and crimped by

the manufacturer.

2. Gasketing material placed between mated surfaces which are mechanically fastened with

sufficient force to compress the gasket and to fill all voids and cracks through which air
leakage would otherwise occur.

. Mastics Closures. Mastics shall be placed over the entire joint between mated surfaces.

Mastics shall not be diluted. Approved mastics include the following:

a. Mastic or mastic-plus-embedded fabric systems applied to fibrous glass ductboard
that are listed and labeled in accordance with UL 181A, Part I1I.

b. Mastic or mastic-plus-embedded fabric systems applied to non-metal flexible duct
that are listed and labeled in accordance with UL 181B, Part IT.

. Tapes. Tapes shall be applied such that they extend not less than 1 inch onto each of

the mated surfaces and shall totally cover the joint. When used on rectangular ducts,
tapes shall be used only on joints between parallel rigid surfaces and on right angle
joints. Approved tapes include the following:

a. Pressure-sensitive tapes.

1) Pressure-sensitive tapes applied to fibrous glass ductboard that are listed and
labeled in accordance with UL 181A, Part L.

2) Pressure-sensitive tapes applied to non-metal fiexible duct that are listed and
labeled in accordance with UL 181B, Part I

b. Heat-activated tapes applied to fibrous glass ductboard that are listed and labeled in
accordance with UL 181A, Part II.

410.1.ABCD.3.1 Metal Duct, Rigid and Flexible. All transverse joints, longitudinal seams

and duct wall penetration of ducts and joints with other air distribution system components shail

be mechanically attached and sealed to 100 percent closure using approved closure systems for
that pressure class as specified in section 410.1.ABCD.3.1.1 or section 410.1. ABCD.3.1.2.
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410.1.ABCD.3.1.1 Pressures Less Than 1 Inch Water Gauge, Approved Closure Systems.
The following closure systems are approved for rigid metal duct designed to be operated at
pressures less than 1" w.g. when they conform to the approved closure and mechanical attach-
ment requirements of section 410.1.ABCD.3.0:

1. Continuous welds.

2. Longitudinal grooved seams, Pittsburgh lock and snaplock seams.
3. Mastic or mastic-plus-embedded fabric systems.

4. Gaskets.

5. Pressure-sensitive tape.

410.1.ABCD.3.1.2 Pressures 1 Inch Water Gauge or Greater, Approved Closure Systems.
The following closure systems are approved for rigid metal duct designed to be operated at
pressures 1" w.g. or greater when they conform to the approved closure and mechanical attach-
ment requirements of section 410.1.ABCD.3.0:

1. Continuous welds.
2. Mastic or mastic-plus-embedded fabric systems.
3. Gaskets.

410.1.ABCD.3.1.3 High Pressure Duct Systems. High pressure duct systems designed to
operate at pressures greater than 3 inches water gauge (4 inches water gauge pressure class),
shall be tested in accordance with the SMACNA HVAC Air Duct Leakage Test Manual. The
tested duct leakage class, at a test pressure equal to the design duct pressure class rating, shall
be equal to or less than Leakage Class 6. Leakage testing may be limited to representative
sections of the duct system but in no case shall such tested sections include less than 25 per-
cent of the total installed duct area for the designated pressure class.

410.1.ABCD.3.2 Fibrous Glass Duct, Rigid. Allrigid fibrous glass ducts and plenums shall
be constructed and erected in accordance with the provisions of the NAIMA Fibrous Glass Duct
Construction Standards, 1993.

All joints, seams and duct wall penetrations including, but not limited to, the joints between
sections of duct and the joints between duct and other distribution system components shall be
mechanically attached and sealed to 100 percent closure using approved closure systemns as
specified in section 410.1.ABCD.3.2.1.
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410.1.ABCD.3.2.1 Approved Closure Systems. The following closure systems are approved
for rigid fibrous glass duct when they meet the approved closure and mechanical attachment
requirements of section 410.1.ABCD.3.0:

1. Heat-activated tapes.
2. Pressure-sensitive tapes.
3. Mastics or mastic-plus-embedded fabric systems.

410.1.ABCD.3.3. Flexible Duct Systems, Non-Metal. Flexible non-metal ducts shall be
joined to all other air distribution system components by either terminal or intermediate fit-
tings. All duct collar fittings shall have a minimum 5/8 inch integral flange for sealing to other
component and a minimum 3 inch shaft for insertion into the inner duct core.

Flexible ducts having porous inner cores shall not be used.

EXCEPTION:

Ducts having a non-porous liner between the porous inner core and the outer jacket.
Fastening and sealing requirements shall be applied to such intermediate liners.

All joints of flexible ducts to fittings and fittings to other air distribution system components
shall be mechanically attached and sealed as specified in sections 410.1.ABCD.3.3.1
through 410.1.ABCD.3.3.6.

410.1.ABCD.3.3.1 Duct Core to Duct Fitting, Mechanical Attachment. The reinforced
core shall be mechanically attached to the duct fitting by a drawband installed directly over the
wire-reinforced core and the duct fitting. The duct fitting shall extend a minimum of 2 inches
into each section of duct core. When the flexible duct is larger than 12 inches in diameter or
the design pressure exceeds 1 inch water gauge, the drawband shall be secured by a raised bead
or indented groove on the fitting.

410.1.ABCD.3.3.2 Duct Core to Duct Fitting, Approved Closure Systems. The reinforced
core shall be sealed to the duct fitting using one of the following sealing materials which con-

forms to the approved closure and mechanical attachment requirements of section
410.1.ABCD.3.0:

1. Gasketing.
2. Mastic or mastic-plus-embedded fabric systems.

3. Pressure-sensitive tape.
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410.1.ABCD.3.3.3 Duct Outer Jacket to Duct Collar Fitting. The outer jacket of a flexible
duct section shall be secured at the juncture of the air distribution system component and
intermediate or terminal fitting in such a way as to prevent excess condensation. The outer
jacket of a flexible duct section shall not be interposed between the flange of the duct collar
fitting and the flexible duct, rigid fibrous glass duct board, or sheet metal to which it is mated.

410.1.ABCD.3.3.4 Duct Collar Fittings to Rigid Duct, Mechanical Attachment. The duct
collar fitting shall be mechanically attached to the rigid duct board or sheet metal by appropri-
ate mechanical fasteners, either screws, spin-in flanges, or dovetail flanges.

410.1.ABCD.3.3.5 Duct Collar Fitting to Rigid Duct, Approved Closure Systems. The
duct collar fitting’s integral flange shall be sealed to the rigid duct board or sheet metal using
one of the following closure systems/materials which conforms to the approved closure and
mechanical attachment standards of 410.1.ABCD.3.0:

1. Gasketing.
2. Mastic or mastic-plus-embedded fabric.

3. Pressure-sensitive tape.

410.1.ABCD.3.3.6 Flexible Duct Installation and Support. Flexible ducts shall be con-
figured and supported so as to prevent the use of excess duct material, prevent duct disloca-
tion or damage, and prevent constriction of the duct below the rated duct diameter in accor-
dance with the following requirements:

1. Ducts shall be installed fully extended. The total extended length of duct material shall
not exceed 5 percent of the minimum required length for that run.

2. Bends shall maintain a center line radius of not less than one duct diameter.
3. Terminal devices shall be supported independently of the flexible duct.

4. Horizontal duct shall be supported at intervals not greater than 5 feet. Duct sag between
supports shall not exceed ¥z inch per foot of length. Supports shall be provided within 1.5
feet of intermediate fittings and between intermediate fittings and bends. Ceiling joists
and rigid duct or equipment may be considered to be supports.

5. Vertical duct shall be stabilized with support straps at intervals not greater than 6 feet.

6. Hangers, saddles and other supports shall meet the duct manufacturer’s recommendations
and shall be of sufficient width to prevent restriction of the internal duct diameter. Inno
case shall the material supporting flexible duct that is in direct contact with it be less than
1-% inch.
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410.1.ABCD.3.4 Terminal and Intermediate Fittings. All seams and joints in terminal and
intermediate fittings, between fitting subsections and between fittings and other air distribution
system components or building components shall be mechanically attached and sealed to 100 %
closure using approved closure systems for that joining application as specified in section
410.1.ABCD.3.4.1 or sec. 410.1. ABCD.3.4.2.

410.1.ABCD.3.4.1 Fittings and Joints Between Dissimilar Duct Types, Approved Clo-
sure Systems. Approved closure systems shall be as designated by air distribution system
component material type in section 410.1.ABCD.3.

EXCEPTION:

When the components of a joint are fibrous glass duct board and metal duct, including
collar fittings and metal equipment housings, the closure systems approved for fibrous
glass duct shall be used.

410.1.ABCD.3.4.2 Terminal Fittings and Air Ducts to Building Envelope Components,
Approved Closure Systems. Terminal fittings and air ducts which penetrate the building
envelope shall be mechanically attached to the structure and sealed to the envelope component
penetrated and shall use one of the following closure systems/materials which conform to the
approved closure and mechanical application requirements of section 410.1.ABCD.3.0:

1. Mastics or mastic-plus-embedded fabrics.

2. Gaskets used in terminal fitting/grille assemblies which compress the gasket material
between the fitting and the wall, ceiling or floor sheathing.

410.1.ABCD.3.5 Air Handling Units. All air handling units shall be mechanically attached to
other air distribution system components. Air handling units located outside the conditioned
space shall be sealed to 100 percent closure using approved closure systems conforming to the
approved closure and mechanical application requirements of section 410.1. ABCD.3.1.

410.1.ABCD.3.5.1 Approved Closure Systems. Systems conforming to the product and
application standards of section 410.1. ABCD.3.0 may be used when sealing air handling units.

410.1.ABCD.3.6 Cavities of the Building Structure. Cavities in framed spaces, such as
dropped soffits and walls, shall not be used to deliver air from or return air to the conditioning
system unless they contain an air duct insert which is insulated in accordance with section
410.1.ABCD.2 and constructed and sealed in accordance with the requirements of section
410.1.ABCD.3 appropriate for the duct materials used.

EXCEPTION:

Return air plenums.
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Cavities designed for air transport such as mechanical closets, chases, air shafts, etc. shall be
lined with an air barrier and sealed in accordance with section 410.1.ABCD.3.7 and shall be
insulated in accordance with section 410.1.ABCD.2.

Building cavities which will be used as return air plenums shall be lined with a continuous air
barrier made of durable non-porous materials. All penetrations to the air barrier shall be sealed
with a suitable long-life mastic material.

EXCEPTION:

Surfaces between the plenum and conditioned spaces from which the return/mixed air is
drawn.

Building cavities beneath a roof deck that will be used as retuwrn air plenums shall have an insu-
lated roof with insulation having an R-value of at least R-19.

410.1.ABCD.3.7 Mechanical Closets. The interior surfaces of mechanical closets shall be
sheathed with a continuous air barrier as specified in section 410.1.ABCD.3.7.1 and shall
be sealed to 100 percent closure with approved closure systems as specified in section
410.1.ABCD.3.7.2. Alljoints shall be sealed between air barrier segments and between the air
barriers of walls and those of the ceiling, floor and door framing. All penetrations of the air
barrier including but not limited to those by air ducts, service lines, refrigerant lines, electrical
wiring, and condensate drain lines shall be sealed to the air barrier with approved closure sys-
tems.

EXCEPTION:

Air passageways into the closet from conditioned space that are specifically designed for
return air flow.

Through-wall, through-floor and through-ceiling air passageways into the closet shall be framed
and sealed to form an airtight passageway using approved air duct materials and approved clo-
sure systems.

Duct penetrations through any part of the ceiling, walls or floor of a mechanical closet shall
have sufficient space between surrounding ceiling, walls or floor and any duct or plenum pen-
etration to allow for sealing of the penetration and inspection of the seal.

Clothes washers, clothes dryers, combustion water heaters and atmospheric combustion fur-
naces shall not be located in mechanical closets used as return air plenums.
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410.1.ABCD.3.7.1 Approved Air Barriers. The following air barriers are approved for use in
mechanical closets:

1. One-half inch thick or greater gypsum wallboard;

2. Other panelized materials having inward facing surfaces with an air porosity no greater
than that of a duct product meeting section 22 of UL 181 which are sealed on all interior
surfaces to create a continuous air barrier.

410.1.ABCD.3.7.2 Approved Closure Systems. The following closure systems are approved
for use in mechanical closets:

1. Gypsum wallboard joint compound over taped joints between gypsum wallboard panels.

2. Sealants complying with the product and application standards of section
410.1.ABCD.3.2.1 for fibrous glass ductboard;

3. A suitable long-life caulk or mastic compliant with the locally adopted mechanical code
for all applications.

410.1.ABCD.3.8 Enclosed Support Platforms. Enclosed support platforms located between
the return air inlet(s) from conditioned space and the inlet of the air handling unit or furnace,
shall contain a duct section constructed entirely of rigid metal, rigid fibrous glass duct board, or
flexible duct which is constructed and sealed according to the respective requirements of
section 410.1.ABCD.3 and insulated according to the requirements of section 410.1. ABCD.2.

The duct section shall be designed and constructed so that no portion of the building structure,
including adjoining walls, floors and ceilings, shall be in contact with the return air stream or
function as a component of this duct section.

The duct section shall not be penetrated by a refrigerant line chase, refrigerant line, wiring, pipe
or any object other than a component of the air distribution system.

Through-wall, through-floor and through-ceiling air passageways into the duct section-shall
contain a branch duct which is fabricated of rigid fibrous glass duct board or rigid metal and
which extends to and is sealed to both the duct section and the grille side wall surface. The
branch duct shall be fabricated and attached to the duct insert in accordance with section
410.1.ABCD.3.2 or section 410.1., ABCD.3.1 for the duct type used.

410.1.ABCD.4 Testing, Adjusting, and Balancing. Air distribution systems shall be tested,
adjusted, and balanced by a company or individual holding a current certification from a recog-

nized testing and balancing agency or comparable certification approved by the authority having
jurisdiction.
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EXCEPTIONS: [
|

1. Buildings with cooling or heating system capacities of 15 tons or less per system may be
tested and balanced by a mechanical contractor licensed to design and install such
system(s).

2. Buildings with cooling or heating system capacities of 65,000 Btu/h or less per system
are exempt from the requirements of this section.

IMPORTANT NOTES:

1. Building envelope pressurization should be either neutral or positive to prevent infiltration
of excess latent load.

2. Commercial kitchen hood exhaust cfm should be sized to prevent significant depressuriza-
tion.

410.1.ABCD.4.1 Air system balancing shall be accomplished in a manner to first minimize
throttling losses, then fan speed shall be adjusted to meet design flow conditions. Balancing
procedures shall be in accordance with the National Environmental Balancing Bureau (NEBB)
Procedural Standards (1991), the Associated Air Balance Council (AABC) National Standards
(1989), or equivalent procedures.

EXCEPTION:

Damper throttling may be used for air system balancing with fan motors of 1 hp or less, or
if throttling results in no greater than 1/3 hp fan horsepower draw above that required if
the fan speed were adjusted.
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411 PUMPS AND PIPING

411.1.ABCD Basic PrescripTivE REQUIREMENTS FOR MeTHops A, B, C, anp D.
411.1.ABCD.1 Pumping System Design Criteria.

411.1.ABCD.1.1 General. The following design criteria apply to all HVAC pumping systems
used for comfort heating, comfort air conditioning, or both. For the purposes of this section,
the energy demand of a pumping system is the sum of the demand of all pumps which are re-
quired to operate at design conditions to supply fluid from the heating or cooling source to the
conditioned space(s) or heat transfer devices(s) and return it back to the source.

EXCEPTION:
Systems with total pump system motor horsepower of 10 hp or less.

411.1.ABCD.1.2 Friction Rate. Piping systems shall be designed at a friction pressure loss
rate of not more than 4.0 feet of water per 100 equivalent feet of pipe.

NOTE: Lower friction rates may be required for proper noise or corrosion control.

411.1.ABCD.1.3 Variable Flow. HVAC pumping systems used for comfort heating and/or
comfort air conditioning that serve control valves designed to modulate or step open and closed
as a function of load shall be designed for variable fluid fiow and capable of reducing system
flow to 50% of design flow or less.

EXCEPTIONS:

1. Systems where a minimum flow greater than 50% of the design flow is required for the
proper operation of equipment served by the system, such as chillers.

2. Systems that serve no more than one control valve.
3. Systems with a total pump system horse power < 10 hp.

4. Systems that include supply temperature reset controls in accordance with section
407.1.ABCD.2.2.1.1, without exception.

411.1.ABCD.2 Piping Insulation. All HVAC system piping, including the vapor line of HVAC
refrigerant piping, shall be thermally insulated in accordance with Table 4-11.
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‘ EXCEPTIONS:

1 Factory-installed piping within HVAC equipment tested and rated in accordance with
407.1.ABCD.3 and 408.1. ABCD.3.

2. Piping that conveys fluids which have a design operating temperature range between 55°F
and 105°F.

3. Piping that conveys fluids which have not been heated or cooled through the use of fossil
fuels or electricity.

411.1.ABCD.2.1 Alternative Insulation Types. Insulation thicknesses in Table 4-11 are based
on insulation with thermal conductivities within the range listed for each fluid operating tem-
perature range, rated in accordance with ASTM C 335-89 at the mean temperature listed in the
table. For insulation that has a conductivity outside the range shown in Table 4-11 for the
applicable fluid operating temperature range at the mean rating temperature shown (when

rounded to the nearest 0.01 Btwin./(h°F{t?), the minimum thicknesses shall be determined in
accordance with Equation 4-2:

EQUATION 4-2

T=PR [(1 + PR} - 1]
Where: )
Minimum insulation thickness for material with conductivity K, in.
Pipe actual outside radius, in.
Insuiation thickness from Table 4-11, in.
Conductivity of alternate material at the mean rating temperature indicated in Table 4-11 for the
applicable fluid temperature range, Btuin/(h ft2“F)
The lower value of the conductivity range listed in Table 4-11 for the applicable fluid
temperature range, Btuin/(hft>°F)

AT RH
[T I

~

|
|
|
? 411.1.ABCD.4 Hydronic System Testing, Adjusting, and Balancing. Hydronic systems
i shall be tested, adjusted and balanced by a company holding a current certification from a

| nationally recognized testing and balancing organization.

|

|

|

Hydronic systems shall be balanced by adjusting pump speed or by trimming the impeller to
meet design flow requirements. Valve throttling alone may be used for final balancing in the
following cases:

1. For pumps with pump motors of 10 hp or less.

2. If valve throttling results in no greater than 3 hp pump horsepower draw above that re-
quired if the impeller were trimmed.

3. Toreserve additional pump pressure capability in open circuit piping systems subject to
fouling. Valve throttling pressure drop shall not exceed that expected for future fouling,
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412 WATER HEATING SYSTEMS

412.1.ABCD Basic PrescripTive ReauireMeENTs For MeTHoDs A, B, C, ano D

412.1.ABCD.1 Water Heater Sizing and Design. Service water heating system design
loads for the purpose of sizing and selecting systems shall be determined in accordance with
the procedures described in Chapter 45 of ASHRAE Handbook, 1995 HVAC Applications, or a

similar computation procedure. \
412.1.ABCD.2 ConTRoLS.

412.1.ABCD.2.1 StoraGe WATER HEATERS

412.1.ABCD.2.1.1 Temperature Controls. Service water heating systems shall be equipped |
with automatic temperature controls capable of adjusting storage temperatures from at least 90° i
F to a temperature setting compatible with the intended use. The temperature setting range shall ‘
be in accordance with Table 3 in Chapter 45 of the ASHRAE Handbook, 1995 HVAC Applica- ’
tions,

EXCEPTION:

Service water heating systems serving residential dwelling units may be equipped with
controls capable of adjustment down to 110°F only.

Where temperatures higher than 120°F are required at certain outlets for a particular intended .
use, separate remote heaters or booster heaters shall be installed for those outlets. |

412.1.ABCD.2.1.2 Shut Down Switch/Valve. A separate switch or a clearly marked circuit
breaker shall be provided to permit the power supplied to electric service systems to be turned
off. A separate valve shall be provided to permit the energy supplied to the main burner(s) of
combustion types of service water heating systems to be turned off.

412.1.ABCD.2.1.3 Heat Traps. Storage water heaters not equipped with integral heat traps and
having vertical pipe risers shall be installed with insulated heat traps on both the inlet and out-
lets. The heat trap shall be installed directly or as close as possible to the outlet fittings.

EXCEPTION:

Water heaters that are used to supply circulating systems. These systems shall comply
with section412.1.ABCD.3.2.
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412.1.ABCD.2.2 Circulating Hot Water Systems and Heated Pipes. Systems designed to
maintain usage temperatures in hot water pipes, such as circulating hot water systems, shall be
equipped with automatic time switches or other controls that can be set to turn OFF the system
when use of hot water is not required.

412.1.ABCD.2.3 Water FLow RaTe CoNTROLS.

412.1.ABCD.2.3.1 Showers. Showers used for other than safety reasons shall be equipped with
flow control devices to limit the water discharge to a maximum of 2.5 gpm per shower head at a
distribution pressure of 80 psig when tested in accordance with the procedures of ANSI
Al12.18.1M-1989. Flow restricting inserts used as a component part of a showerhead shall be
mechanically retained at the point of manufacture.

412.1.ABCD.2.3.2 Lavatories or Restrooms of Public Facilities. Lavatories or restrooms
of public facilities shall:

1. Be equipped with outlet devices which limit the flow of hot water to a maximum of 0.5
gpm or be equipped with self-closing valves that limit delivery to a per cycle maximum of
0.25 gallons of hot water for recirculating systems and to a maximum of 0.50 gallons for
non-recirculating systems.

EXCEPTION:

Separate lavatories for physically handicapped persons shall not be equipped with self-
closing valves.

2. Be equipped with devices which limit the outlet temperature to a maximum of 110°F,

3. Meet the provisions of 42 CFR 6295 (k), Standards for Water Closets and Urinals.

412.1.ABCD.2.4 Swimming PooL AND Spa TEMPERATURE CONTROLS

412.1.ABCD.2.4.1 On-Off Switch Required. All pool and spa heaters shail be equipped
with an ON-OFF switch mounted for easy access to allow the heater to be shut off without
adjusting the thermostat setting and to allow restarting without relighting the pilot light.

412.1.ABCD.2.4.2 Covers Required. Spas and heated swimming pools shall be equipped
with a cover designed to minimize heat loss.

EXCEPTION:

Outdoor pools deriving over 70 percent of the energy for heating (computed over an
annual operating season) from site-recovered or site-solar energy.
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412.1.ABCD.2.4.3 Time Switches on Private Pools, Time switches shall be installed on all
swimming pool pumps and all electric swimming pool heaters. These switches shall allow for
the shutdown of heating devices during hours of peak utility demand and for the minimum peak
period operation of pumps necessary to maintain water in a clear and sanitary condition in
keeping with applicable public health standards.

EXCEPTIONS:
1. Where public health standards require 24 hour operation of pumps.

2. Pumps required to operate solar or waste heat recovery pool heating systems.
412.1.ABCD.3 EquiPMENT PERFORMANCE STANDARDS

412.1.ABCD.3.1 ELectric WATER HEATER EFFICIENCIES.

412.1.ABCD.3.1.1 Storage Capacities Of 120 Gallons Or Less. All automatic electric
storage water heaters having a storage capacity of 120 gallons or less and an input rating of 12
kw or less shall, when tested in accordance with the DOE Uniform Test Method for Measuring
the Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet
the performance minimums listed in Table 4-12.

Table 4-12
Minimum Performance Standards
Water Heating Equipment: Fired Storage Water Heaters
Minimum Energy Factors (EF)

Type/ Tank Volume (Gallons)

Volume 20 30 40 50 65 75 80 100 120
Electric:
Up to 120 gal .90 .89 .88 .86 .84 — .82 .80 77
or 12kW input
Gas:
Up to 100 gal or .58 .56 .54 52 .50 .48 — .43 —
75,000 Btu/h input
Qil:
Up to 50 gal or —_ .53 .51 .50 —— — — — —
75,000 Btu/h input
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412.1.ABCD.3.1.2 Storage Capacities Greater Than 120 Gallons. Performance minimums
for electric storage water heaters with capacities greater than 120 gallons or an input rate
greater than 12 KW shall have a standby loss of .30+27/V_ percent/hour or less, where V. is the
tested storage volume in gallons.

412.1.ABCD.3.2 Gas- anp Oi-FiIrRep WATER HeEATER EFFICIENCIES.

412.1.ABCD.3.2.1 Tanks With Input Ratings Of 75,000 Btu/h or Less (Gas) or 105,000
Btu/h or Less (Oil). All gas- and oil-fired automatic storage water heaters with capacities of
100 gallons or less and an input rating of 75,000 Btu/h or less {gas) or 105,000 Btu/h or less
(oil) shall, when tested in accordance with the DOE Uniform Test Method for Measuring the
Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the
performance minimums listed in Table 4-12.

412.1.ABCD.3.2.2 Tanks With Input Ratings Greater Than 75,000 Btu/h (Gas) or

Greater Than 105,000 Btw/h (Qil). All gas-fired storage water heaters with input ratings
greater than 75,000 Btu/h but less than or equal to 155,000 Btu/h, and all oil-fired storage water
heaters with input ratings greater than 105,000 Btu/h but less than or equal to 155,000 Btu/h
shall have a steady state combustion efficiency E, of .78 or more and a standby loss of
1.30+114/V . (in percent/hour) or less, where V. is the tested storage volume in gallons.

All gas- and oil-fired storage water heaters with input ratings greater than 155,000 Btu/h shall
have a steady-state combustion efficiency, E, of .78 or more and a standby loss of no more than
1.30495/V_, where V_ is the tested storage volume in gallons.

412.1.ABCD.3.3 Unfired Storage Tanks. All unfired storage tanks shall have a standby loss of
6.5 Btw/h/ft? or less, based on an 80° water-air temperature difference.

412.1.ABCD.3.4 Combination Service Water Heating and Space Heating Equipment.
Combination space and service water heating equipment may only be used when at least one
of the following conditions is met:

1. The annual space heating energy is less than 50% of the annual service water heating
energy.

2. The energy input or storage volume of the combined boiler or water heater is less than
twice the energy input or storage volume of the smaller of the separate boilers or water
heaters otherwise required.

3. Where the input to the combined boiler is less than 150,000 Btu/h.

412.1.ABCD.3.4.1 Service water heating equipment used to provide additional functions (e.g.
space heating) as part of a combination (integrated) system shall comply with minimum perfor-
mance requirements for water heating equipment.
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412.1.ABCD.3.4.2 Combination water and space heating systems with input ratings of less than
105,000 Btwh shall utilize a water heater listed by the Gas Appliance Manufacturer’s Associa-
tion (GAMA). Changeouts of burners to increase capacity shall not be made unless the unit has
been listed at that capacity by GAMA.

412.1.ABCD.3.5 Pool and Spa Heaters. All gas- and oil-fired pool heaters when tested in
accordance with ANSI Z21.56-1989 shall have a minimum thermal efficiency of 78 percent.

412.1.ABCD.4 Hot Water Piping Insulation.

412.1.ABCD.4.1 Circulating Systems. Piping insulation shall conform to the requirements of
Table 4-11 in section411.1.ABCD.2.

412.1.ABCD.4.2 Non-circulating Systems. The first 8 feet of outlet piping from a storage
system that is maintained at a constant temperature and the inlet pipe between the storage tank
and a heat trap shall be insulated as provided in Table 4-11, section 411.1.ABCD.2. Systems
without a heat trap to prevent circulation due to natural convection shall be considered circulat-
ing systems and shall be insulated accordingly.
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413 ELECTRIC POWER DISTRIBUTION

413.0 Applicability. This section applies to all building electrical systems except required
emergency systems. The provisions for electrical distribution for all sections of this Code are
subject to the applicable Florida Public Service Commission rules regarding electric utilities
set forth in Chapter 25-6, Florida Administrative Code, and the design conditions in ASHRAE
Standard 90.1-1989.

413.1.ABCD Basic PrescripTIvE REQUIREMENTS FOR MEeTHODS A, B, C anp D.

413.1.ABCD.1 Metering. Single-tenant buildings with a service over 250 kva and tenant
spaces with a connected load over 100 kva in multiple tenant buildings shall have provisions for
check metering of electrical consumption.

413.1.ABCD.1.1 The electrical power feeders for which provision for check-metering is
required shall be divided as follows:

1. Lighting and receptacle outlets;
2. HVAC systems and equipment;

3. Service water heating, elevators, and special-occupant equipment or systems of more than
20 KW.

EXCEPTION:
10% or less of the loads on a feeder may be from another usage category.

413.1.ABCD.1.2 Tenant-shared HVAC and service hot water systems in multiple tenant build-
ings shall have provision to be separately check metered.

413.1.ABCD.1.3 Subdivided feeders shall contain provisions for portable or permanent check
metering.

413.1.ABCD.1.4 The minimum acceptable arrangement for compliance with section
413.1.ABCD.1 shall provide a safe method for access by qualified persons to the enclosures
through which feeder conductors pass and provide sufficient space to attach clamp-on or split-
core current transformers. These enclosures may be separate compartments or combined
spaces with electrical cabinets serving another function. Dedicated enclosures so furnished
shall be identified as to measuring function available.

NOTE: A preferred arrangement would include kWh meters and demand registers or a means to
transmit such information to a building energy management control system.
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414 MOTORS

414.0 Applicability. All permanently wired polyphase motors of 1 hp or more serving the
building shall meet the requirements of this section.

414.1.ABCD Basic PrescripTiVE REQUIREMENTS For METHODS A, B, C, anp D.

414.1.ABCD.1 Motor Sizing. Motor horsepower rating shall not exceed 125% of the
calculated maximum load being served. If a standard rated motor is not available within the
range, the next larger standard motor size may be used.

414.1.ABCD.2 Motor Nameplates. Motor nameplates shall list the minimum nominal full-
load motor efficiency. Full-load power factor for three-phase motors can be approximated
from nameplate data by the equation:

EQUATION 4-3

%PF = (hp x 746 x 10%)/(nominal efficiency x Amps x Voltage x 3°%)

Where:
PF =  Power factor (whole number)
Amps = Fullload amps
hp = Horse power (whole number)
Voltage = Rated voltage

414.1.ABCD.3 Full Load Motor Efficiencies. Design A and B squirrel-cage, foot mounted,
T-frame induction motors having synchronous speeds of 3600, 1800, 1200 and 900 rpm that
are expected to operate more than 1000 hours per year shall have a nominal full-load motor
efficiency no less than that shown in Table 4-13 or shall be classified under the National Elec-
tric Manufacturers Association’s Standard as “energy efficient”.

EXCEPTIONS:
1. Motors used in systems designed to use more than one speed of a multi-speed motor.

2. Motors used as a component of the equipment meeting the minimum equipment effi-
ciency requirements of sections 407 and 408 provided that the motor input is included
when determining the equipment efficiency.

414.1.ABCD.4 Electrical Schematic. The person responsible for installing the electrical
distribution system shall provide the building owner a single-line diagram of the record drawing
for the electrical distribution system, which includes the location of check-metering access,
schematic diagrams of non-HVAC electrical control systems, and electrical equipment manu-
facturers’ operating and maintenance literature as part of the operating and maintenance manual
required by section 102.1.
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Table 4-13a
Minimum Acceptable Nominal Full-Load Motor Efficiency For
Single-Speed Polyphase Squirrel-Cage Induction Motors Having

Synchronous Speeds of 3600, 1800, 1200 and 900 rpm Open Motors

HP 2 Pole 4 Pole 6 Pole 8 Pole
Nom. Eff.| Min. Eff. [Nom. Eff.| Min, Eff. [Nom. Eff.| Min. Eff. | Nom. Eff.|Min. Eff.
1.0 — — 82.5 81.5 80.0 78.5 74.0 72.0
1.5 82.5 81.5 84.0 82.5 84.0 82.5 75.5 74.0
2.0 84.0 82.5 84.0 82.5 85.5 84.0 85.5 84.0
3.0 84.0 82.5 86.5 85.5 86.5 85.5 86.5 85.5
50 85.5 84.0 87.5 86.5 87.5 86.5 87.5 86.0
7.5 87.5 86.5 88.5 87.5 88.5 87.5 88.5 87.5
10.0 88.5 87.5 89.5 88.5 90.2 89.5 89.5 88.5
15.0 89.5 88.5 91.0 90.2 90.2 89.5 89.5 88.5
20.0 90.2 89.5 91.0 90.2 91.0 90.2 90.2 89.5
25.0 91.0 90.2 91.7 91.0 91.7 91.0 90.2 89.5
30.0 91.0 90.2 92.4 91.7 92.4 91.7 91.0 90.2
40.0 91.7 91.0 93.0 92.4 93.0 92.4 91.0 90.2
50.0 92.4 1.7 93.0 92.4 93.0 92.4 91.7 91.0
60.0 93.0 92.4 93.6 93.0 93.6 93.0 92.4 91.7
75.0 93.0 92.4 94 .1 93.6 93.6 93.0 93.6 93.0
100.0 93.0 92.4 94.1 93.6 94.1 93.6 93.6 93.0
125.0 93.6 93.0 94.5 94 1 94 1 93.6 93.6 93.0
150.0 93.6 93.0 95.0 94.5 94.5 94 .1 93.6 93.0
200.0| 94.5 94.1 95.0 94.5 94.5 941 93.6 93.0
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Table 4-13b i

Minimum Acceptable Nominal Full-Load Motor Efficiency For |
Single-Speed Polyphase Squirrel-Cage Induction Motors Having

Synchronous Speeds of 3600, 1800, 1200 and 900 rpm Enclosed Motors

HP 2 Pole 4 Pole 6 Pole 8 Pole

Nom. Eff| Min. Eff.|Nom. Eff.| Min. Eff.| Nom. Eff] Min. Eff.| Nom. Eff{ Min. Eff.

i

i

i

i

1
1.0 75.5 74.0 82.5 81.5 80.0 78.5 74.0 72.0

l 1.5 82.5 81.5 84.0 82.5 85.5 84.0 77.0 75.5

I 2.0 84.0 82.5 84.0 82.5 86.5 85.5 82.5 81.5
3.0 85.5 84.0 87.5 86.5 87.5 86.5 84.0 82.5

I 5.0 87.5 86.5 87.5 86.5 87.5 86.5 85.5 84.0 :
7.5 88.5 87.5 89.5 88.5 89.5 88.5 85.5 84.0

l 10.0 89.5 88.5 89.5 88.5 89.5 88.5 88.5 87.5 {
15.0 90.2 89.5 91.0 80.2 90.2 89.5 88.5 87.5

I 20.0 90.2 89.5 91.0 | 90.2 90.2 89.5 89.5 88.5

l 25.0 91.0 90.2 92.4 91.7 91.7 91.0 89.5 88.5
30.0 91.0 90.2 92.4 91.7 91.7 91.0 91.0 90.2

l 40.0 91.7 91.0 83.0 92.4 93.0 92.4 91.0 90.2
50.0 92.4 91.7 93.0 92.4 93.0 92.4 91.7 91.0 |

l 60.0 93.0 92.4 93.6 93.0 93.6 93.0 9.7 91.0 .
75.0 93.0 92.4 94 .1 93.6 93.6 93.0 93.0 02.4

l 100.0 | 93.6 83.0 94.5 94.1 941 93.6 93.0 92.4

I 125.0 | 94.5 94 1 94.5 941 94.1 93.6 93.6 93.0
150.0 | 94.5 94.1 95.0 94.5 95.0 94.5 93.6 93.0

I 200.0{ 95.0 84.5 95.0 94.5 95.0 94.5 94.1 93.6

i

I

i
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415.0 Applicability. The rooms, spaces and areas covered by the criteria in this section include

415 LIGHTING

1) interior spaces of buildings, 2) building exteriors and exterior areas such as entrances, exits,
loading docks, etc., and 3) roads, grounds, parking, automobile display lots and other exterior
areas where lighting is required and is constructed in conjunction with any building which is
required to comply with this Code.

EXCEPTIONS:

1.

2.

9.

Outdoor activities such as manufacturing, commercial greenhouses, and processing facili-
ties.

Lighting power for theatrical productions, television broadcasting, audio-visual presenta-
tions, and those portions of entertainment facilities such as stage areas in hotel ballrooms,

night clubs, discos and casinos where lighting is an essential technical element for the
function performed.

Specialized luminaires for medical and dental purposes;
Outdoor athletic facilities.

Display lighting required for art exhibits or displays in galleries, museums and monu-
ments.

Exterior lighting for public monuments.
Special lighting needs for research.

Lighting to be used solely for indoor plant growth during the hours of 10:00 PM to 6:00
AM. :

Emergency lighting that is automatically OFF during normal building operation.

10. High risk security areas or any area identified by local ordinances or regulations or by

security or safety officials as requiring additional lighting.

11. Spaces specifically designed for primary use by the visually impaired or hard-of-hearing

(lipreading) and by senior citizens;

12.Lighting for signs.

13. Store-front, exterior-enclosed display windows in retail facilities.

14. Lighting for dwelling units.
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Criteria in this section establish a maximum total lighting power allowance. When over 20% of
the building’s tasks or interior areas are undefined, the most appropriate value for that building

from Table 4-16 (pages 261-265) shall be used for the undefined spaces. The performance ‘r
compliance procedures of the Code shall not constitute an illumination design procedure. 5

415.1.ABCD Basic PrescripTive REQUIREMENTS FOR METHODS A, B, C AND D |

415.1.ABCD.1 Lighting Controls. All covered lighting systems, except those required for
emergency or exit lighting, shall be provided with manual, automatic or programmable controls
that, together or singly, are capable of turning off all the lights within that space.

i
415.1.ABCD.1.1 Minimum Number of Lighting Control Points. Spaces enclosed by walls ‘
or ceiling-high partitions shall have a minimum of one control point for the space and in addi- '
tion one control point for each task location.

The minimum number of control points required shall be determined from FLLA/COM based on
the type of lighting controls and the number of control points calculated (see Table 4-14). The
number of control points required shall be at least one for every 1500 W of Connected Light-
ing Power (CLP).

Control Types and Equivalent Control Points

Types of Control Equivalent Number
of Control Points

Manually operated On-Off switch 1

Occupancy sensor 2

Timer, programmable from 2
the space controller

Three level, including 2
Off, step control, or pre-set dimming '

Four level, including 3
Off, step control, or pre-set dimming

Automatic or continuous dimming 3
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EXCEPTIONS:

1. Continuous lighting for security purposes.

2. Spaces with only one lighting fixture or a single ballast.
3. Spaces which must be used as a whole.

4. Lighting for dwelling units.

415.1.ABCD.1.1.1 Task Areas. Controls provided for task areas, if readily accessible, may be
mounted as part of the task lighting luminaire.

415.1.ABCD.1.1.2 Multiple Controls on the Same Load. Controls for controlling the same
load from more than one location shall not be credited as increasing the number of controls to
meet the requirements of section 415.1.ABCD.1.1,

415.1.ABCD.1.1.3 Control Accessibility. All lighting controls shall be located so as to be
readily accessible from within the space controlled.

EXCEPTIONS:
The following lighting controls may be centralized in remote locations.
1. Lighting controls for spaces which must be used as a whole.
2. Automatic control.
3. Programmable controls.
4. Controls requiring trained operators.
5. Controls for safety hazards and security.

415.1.ABCD.1.1.4 Hotel and Motel Guest Room Controls. Hotel and motel guest rooms
and suites shall have at least one master switch at the main entry door that controls all perma-
nently wired lighting fixtures and switched receptacles, excluding bathrooms.

EXCEPTION:
When switches are provided at the entry to each room of a multiple-room suite.

415.1.ABCD.1.1.5 Switching of Exterior Lighting. Exterior lighting not intended for 24
hour use shall be automaticaily switched by either timer or photocell, or a combination of timer
and photocell. When used, timers shall be capable of 7 day and seasonal daylight adjustment
and have power backup for at least four hours.
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415.1.ABCD.2 Ballasts

415.1.ABCD.2.1.4 Power Factor. All ballasts shall have a power factor of at least 90%.

EXCEPTIONS: o

1. Ballasts for circline and compact fluorescent lamps and low wattage high intensity
discharge lamps of not over 100 W.

2. Dimming bailasts.

415.1.ABCD.2.2 Tandem Wiring. One-lamp or three-lamp fluorescent luminaires that are
recess-mounted within 10 ft center-to-center of each other or pendant mounted or surface
mounted within 1 ft of each other, and within the same room, shall be tandem wired unless
three-lamp ballasts are used.

415.1.ABCD.3 Exterior Lighting Power Allowance (ELPA). The exterior lighting power to !
be installed with a building shall not exceed the total ELPA for the building as determined by -
FLA/COM based on budgets provided in Table 4-15. Tradeoffs of exterior lighting budgets
among exterior areas are permitted as long as the total Connected Lighting Power (CLP) of
exterior lighting does not exceed the ELPA. Tradeoffs between interior lighting power allow-
ances and exterior lighting power allowances shall not be made.

EXCEPTION:

Lighting for outdoor manufacturing or process facilities, commercial greenhouses, out-
door athletic facilities, public monuments, designated high-risk security areas, signs, retail
storefronts, exterior enclosed display windows, and lighting specifically required by local
ordinances and regulations.

415.1.ABCD.4 Exit Signs. Exit signs shall not use more than 7 watts of total input power per
face in normal operation.
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Table 4-15
Exterior Lighting Unit Power Allowance

Area Description

Allowances

Exit (with or without canopy)

24 Wilin. ft door opening

Entrance (without canopy)

30 W/lin. ft door opening

Entrance (without canopy)
High traffic (retail, hotel, airport, theater, etc.)
Light traffic (hospital, office, school, etc.)

10 WHin. ft of canopied area
4 W/sq ft of canopied area

Loading area

0.4 W/sq ft

Loading door

20 W/lin. ft door opening

Building exterior surfaces/facades

0.25 W/sq ft of surface area to be

illuminated

Storage and non-manufacturing work areas 0.20 W/sq ft
Other activity areas for casual use such as picnic

grounds, gardens, parks, and other landscaped

areas 0.10 W/sq ft
Private driveways/walkways 0.10 W/sq ft
Public driveways/walkways 0.15 W/sq ft
Private parking lots 0.12 W/sq ft
Public parking lots 0.18 W/sq ft
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Table 4-16
Interior Lighting Unit Power Density
Code # Space Type Unit Power Density
(UPD) (W / ft?)
Auditorium
1 Auditorium 1.6
Corridor
2 Corridor 0.8
Classroom/Lecture Hall
3 Classroom/Lecture Hall 2.0
Electrical/Mechanical Equipment Room
4 General 07
5 Control Room 1.5
Food Service
6 Fast Food/Cafeteria 1.3
7 Leisure Dining? 25
8 Bar/Lounge® 25
9 Kitchen 1.4
Recreation/Lounge
10 Recreation/Lounge 0.7
Stair
11 Active Traffic 0.6
12 Emergency Exit 0.4
Toilet and Washroom
13 Toilet and Washroom 08
Garage
14 Auto and Pedestrian Circulation 0.3
15 Parking Area 0.2
Laboratory
16 Laboratory 2.3
Library
17 Audio Visual 1.1
18 Stack Area 1.5
19 Card Filing and Cataloging 1.6
20 Reading Area 1.9
Lobby (General)
21 Reception and Waiting 1.0
22 Elevator Lobbies 0.8
Atrium (Multi-Story)
23 First three floors 0.7
24 Each additional floor 0.2
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Table 4-16
Interior Lighting Unit Power Density (cont’d)
Code # Space Type Unit Power Density
(UPD) (W / 1t3)
Locker Room and Shower
25 Locker Room and Shower 0.8
Office (Partition >4.5 ft. below ceiling)
Enclosed Offices
26 Reading, Typing, Filing 1.8
27 Drafting 2.6
28 Accounting 2.1
Office (Partition® 3.5-4.5 ft. below ceiling)
Open Plan Office >900 f2
29 Reading, Typing, Filing 1.9
30 Drafting 29
31 Accounting 2.4
Office (Partition® <3.5 ft. below ceiling)
Open Plan Office >900 fi2
32 Reading, Typing, Filing 2.2
33 Drafting 3.4
34 Accounting 2.7
Common Activity Areas
35 Conference/Meeting Room 1.8
35 Alternate Conference Meeting® (Multiple Functions) 2.7
36 Computer/Office Equipment 21
37 Inactive Filing 1.0
38 Mail Room 1.8
Shop (Non-Industrial)
39 Machinery 2.5
40 Electrical/Electronics 2.5
41 Painting 1.6
42 Carpentry 2.3
43 Welding 1.2
Storage/Warehouse
44 Inactive Storage 0.3
45 Bulky Active Storage 0.3
46 Fine Active Storage 1.0
47 Material Handling 1.0
Unlisted Space
48 Unlisted Space 0.2
Airport, Bus, and Ralil Station
49 Baggage Area 1.0
50 Concourse/Main Thruway 0.9
51 Ticket Counter 25
52 Waiting and Lounge Area 1.2
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Table 4-16
Interior Lighting Unit Power Density (cont’d)
Code # Space Type Unit Power Density
(UPD) (W / 1t?)
Bank
53 Customer Area 1.1
54 Banking Activity Area 2.8
Barber and Beauty Parlor
55 Barber and Beauty Parlor 2.0
Church, Synagogue, Chapel
56 Worship/Congregational 2.5
57 Preaching and Sermon/Choir 2.7
Dormitory
58 Bedroom 1.1
59 Bedroom and Study 1.4
60 Study Hall 1.8
Fire and Police Department
61 Fire Engine Room 0.7
62 Jail Cell 0.8
Hospital/Nursing Home
63 Corridor 1.3
64 Dental Suite/Exam/Treatment 1.6
65 Emergency 2.3
66 Laboratory 1.9
67 Lounge/Waiting Room 0.9
68 Medical Supplies 2.4
69 Nursery 2.0
70 Nurse Station 21
71 Occupational/Physical Therapy 1.6
72 Patient Room 1.4
73 Pharmacy 1.7
74 Radiology 241
Surgery and O.B. Suites
75 General Area 2.1
Hotel/Conference Center
78 Banguet/Multipurpose Room 2.4
78 Atternate Banquet/Multipurpose® (multiple functions) 3.6
79 Bathroom/Powder Room 1.2
80 Guest Room 1.4
81 Public Area 1.2
82 Exhibition Hall 2.6
83 Conference/Meeting 1.8
83 Alternate Conference/Meeting® (multiple functions) 2.7
84 Lobby 1.9
85 Reception Desk 2.4
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Table 4-16
interior Lighting Unit Power Density (cont’d)
Code # Space Type Unit Power Density
(UPD) (W/ ft2)
Laundry
86 Washing 0.9
87 Ironing/Sorting 1.3
Museum/Gallery
88 General Exhibition 1.9
89 Inspection/Storage 3.9
90 inactive Artifacts Storage 0.6
91 Active Artifacts Storage 0.7
Post Office
92 Lobby 1.1
93 Sorting and Mailing 2.1
Service Station/Auto Repair
94 Service Station 1.0
Theater
95 Performance Arts 1.5
96 Motion Picture 1.0
97 Lobby 1.5
Retail Establishments
(as per Code, p.8-7)
98 Type A (Jewelry Merchandising) 5.6
99 Type B (Fine Merchandising) 3.2
100 Type C (Mass Merchandising) 3.3
101 Type D (General Merchandising) 3.1
102 Type E (Food and Miscellaneous) 2.8
103 Type F (Service Establishment) 2.7
104 Mali Concourse 1.4
Retail Support
105 Tailoring 21
106 Dressing/Fitting Rooms 1.4
107 Seating Area 0.4
Badminton
108 Club 0.5
109 Tournament 0.8
Basketball/Volleyball
110 Intramural 0.8
11 College 1.3
112 Professional 1.9
Bowling
113 Approach Area 0.5
114 Lanes 1.1
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Table 4-16
Interior Lighting Unit Power Density (cont’d)
Code # Space Type Unit Power Density
(UPD) (W / ft?)

Boxing/Wrestling (Platform)

115 Amateur 2.4

116 Professional 4.8
Gymnasium
Handball/Racquetball/Squash

118 Club 1.3

119 Tournament 2.6
lce Hockey

120 Amateur 1.3

121 College/Professional 2.6
Skating Park

122 Recreational 0.6

123 Exhibitional/Professional 2.6
Swimming

124 Recreational 0.9

125 Exhibition 1.5

126 Underwater 1.0
Tennis

127 Recreational (Class I} 1.3

128 Club/College (Class Il 1.9

129 Professional (Class I) 2.6
Table Tennis

130 Club 1.0

131 Tournament 1.6.04

s UPD includes lighting power for cleanup purposes.
®  Not less than 90% of all work stations shall be individually enclosed with partitions of at least the height

described.

¢ Where a conference or meeting room serves multiple functions and a supplementary system compliant with section

415.2.B.1.1.4.1 has been installed, the ALT UPD space type may be used.
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RESIDENTIAL BUILDING COMPLIANCE METHODS

600 ADMINISTRATION

600.0 Methods of Compliance. This Chapter provides three Methods by which residential
buildings may be brought into compliance with this Code.

Method A, the Whole Building Performance Method. This is a performance based Code
compliance method which considers energy use for the whole building, both for the envelope
and its major energy-consuming systems. Under this method, points are calculated for the
energy-consuming elements of an As-Built house and simultaneously for a Baseline house of
the sarme configuration and orientation. The As-Built points shall be less than the Baseline

points to comply with this Code. Applicable prescriptive requirements described in sections
601 through 612 shall also be met.

Method A may be applied to demonstrate Code compliance for new residential construction,
both single-family detached and multifamily attached structures, and to additions to existing
residential buildings. Existing buildings not exempt from this Code may be brought into com-
pliance by this Method in accordance with the provisions of section 101.4.2.

Method B, the Component Prescriptive Method. This is a prescriptive Code compliance
method for residences of three stories or less and additions. Using this method, a residence
would meet or exceed all requirements for one of several prepackaged lists of minimum con-
struction requirements.

EXCEPTIONS: Method B shall not be applied in the following cases:
1. New construction, excluding additions, which is only heated or cooled but not both.

2. New construction, including additions, which incorporates steel stud walls, single assem-
bly roof/ceiling construction or skylights.

3. Residences with raised floors other than continuous stem wall structures except for
Package C in north Florida, Package D in central Florida, and Package B in south Florida.

Method C, Limited Applications Prescriptive Method. This is a prescriptive Code compli-
ance method for residential additions of 600 square feet or less, renovations to existing resi-
dential buildings; heating, cooling, and water heating systems of existing buildings; and site-
added components of manufactured homes and manufactured buildings. To comply by this
method, all energy-related components or systems being installed or changed in the addition or
renovation shall meet the minimum prescriptive levels listed for that component.
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600.0.ABC Compliance Criteria. Residential buildings demonstrating compliance with this
Code by Method A shall meet all of the criteria given in the text as specific to Method A for 1,
2, 3 and 4 below. Residential buildings utilizing Methods B or C for Code compliance shall
meet all criteria specific to that Method for 1, 3 and 4 below.

1. Prescriptive Requirements

2. Performance Calculation Procedures
3. Certification of Compliance.

4. Reporting.

600.1.ABC Prescriptive Requirements. Basic Prescriptive Requirements shall be met for all
buildings. The section number followed by the combined number and letiers “.1. ABC” indicates
these Basic Prescriptive Requirements (i.e., prescriptive requirements that shall be met by
buildings complying by either Method A, B or C) in sections 601 through 612. Prescriptive
Requirements specific to Method A, B or C (i.e., “.1.B” is specific to Method B) shall be met
when complying with the Code by that method. Prescriptive Requirements for Methods B or C
may be more stringent than the Basic Prescriptive Requirements and shall supersede them.

600.1.A Prescriptive Requirements Specific to Method A. Prescriptive Requirements
specific to Method A are included in the text under the applicable building component section.
Primary compliance is by Form 600A which is a performance-based method.

600.1.B Prescriptive Requirements Specific to Method B. All of the Prescriptive Require-
ments listed for one of the five or six alternate Compliance Packages of building components
listed on Table 6B-1 Form 600B shall be met or exceeded. No substitutions or variations less
energy efficient than the established levels and standards listed for each component type shall
be permitted for the Compliance Package chosen.

Any practice, system, or rating for which the multiplier in Method A is lower than the multiplier
of the prescribed practice or system in the same climate zone may be used to comply with the
Compliance Package prescriptives. No components or systems shall be installed with efficien-
cies less than the Basic Prescriptive Requirements for that component or system.

600.1.C Prescriptive Requirements Specific to Method C. Method C is a prescriptive Code
compliance method. It requires meeting or exceeding the Prescriptive Requirements specific
to this method described in sections 601 through 612 and listed on Tables 6C-1, 6C-2 and 6C-3
of Form 600C, where applicable.
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600.1.C.1 Additions. Prescriptive Requirements shall apply only to building components
and equipment being added to an addition or replaced in an existing building to service an
addition. Existing components or systems in a residence need not meet the Prescriptive
Requirements. Substitutions or variations that are less energy efficient than the prescribed
efficiency levels and standards listed shall not be permitted.

600.1.C.2 Renovations. Prescriptive Requirements shall apply only to those components
or systems being repaired or replaced.

600.1.C.3 Manufactured Homes and Manufactured Buildings. Prescriptive requirements
specified for manufactured homes and manufactured buildings shall be met for all site-installed
components and features of such buildings at the time of first set-up. Complete Code compli-
ance shall be demonstrated for manufactured buildings.

600.2 PerrormaNnce CaLcuLATiON PROCEDURES

600.2.A Performance Calculation Procedures for Method A. The calculation procedures
contained in Form 600A shall be used to demonstrate Code compliance of the building design
for residential buildings complying by Method A of this Chapter. The building components’
efficiency levels specified in this performance compliance calculation are the minimum effi-
ciencies allowed to be installed in the building unless a recalculation is submitted to the build-
ing department.

The Method A calculation shall result in either a PASS or FAIL status for a building. To PASS,
the total points calculated for the As-Built house shall be less than or equal to the total points
calculated for the Baseline house.

Energy points shall be calculated for an As-Built house and a Baseline house using actual house
configuration and component net areas. Cooling Points, Heating Points and Water Heating
Points shall be calculated separately and then summed. For a complete description of how to
complete Form 600A, see the Residential Instruction Manual.

600.2.A.1 GENERAL

600.2.A.1.1 Multipliers. Multipliers are provided on Form 600A for commonly instatled
technologies for each building component. Multipliers for some less commonly installed
technologies are provided in Appendix C to this document and are referenced by the appropriate
Code section.

Interpolations of multipliers are allowed by the procedure described in section 1.3 of Appendix
C where rated efficiencies of installed components fall within a range. Extrapolations of
multipliers above the highest value given or below the lowest values given shall not be permit-
ted. Multipliers are interpolated automatically in the FLA/RES computer program.
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600.2.A.1.2 Insulation R-Values. R-values used to determine the appropriate multiplier for the
insulation level installed shall be the R-value of the added insulation only. Appendix C, section
1.2 contains general rules for insulation which shall be followed.

600.2.A.1.3 Areas. Areas used in the calculation shall be the actual net areas for each compo-
nent determined from the plans and specifications of the building to be constructed.

600.2.A.2 Residences Not Heated or Not Cooled. Residences which are heated or cooled,
but not both, shall complete both summer and winter calculations. The Baseline system multi-
plier divided by the multiplier for an R-6 duct from Form 600A shall be used for the heating or
cooling system not installed. The duct multiplier for the duct system to be installed shall be
used for both calculations.

If an addition or part of an addition is claimed to be exempt from the Code because it will be
neither heated nor cooled, the exempt area shall be fully separated from the conditioned area by
walls or doors.

600.2.A.3 ADDITIONS

600.2.A.3.1 Additions Complying Alone. Additions to existing buildings shall follow the
same Method A calculation procedure as new construction with the following qualifications:

1. Calculations shall be conducted using only the components of the addition itself, including
those pre-existing components which separate the addition from unconditioned spaces.

2. Heating and Cooling System Multipliers shall be equal to the Baseline System Multiplier
unless new equipment is installed to replace existing equipment or to service the addition
specifically. Addition of new equipment may qualify for multizone credit (see section
607.2.A.3.2) if all other criteria are met. The multiplier for the new ductwork to supply
the addition shall be used in the calculation.

3. Water heating is not included in the calculation unless a supplemental water heater is
installed, an existing water heater is replaced, or an alternative water heater (gas, solar,
HRU, dedicated heat pump) is installed to gain credit.

600.2.A.3.2 Additions Unable To Comply Alone. Section 101.2.2 allows additions to either
comply with the Code requirements for the addition alone or by demonstrating that the entire
building including the addition complies with the Code requirements for new buildings. Section
101.4.2.1 contains restrictions which shall apply if the entire building is used to demonstrate
compliance.
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600.2.A.4 MuLtiFAMILY OCCUPANCIES.

600.2.A.4.1 Common Conditioned Spaces. Common conditioned spaces occurring in
multifamily buildings that are not part of specific tenancy units, such as corridors, lobbies,
recreation rooms, offices, etc., shall be calculated using one of the following procedures.

1. No energy use calculation is required for common areas if less than five percent (5%)
of the building area is used for such common areas.

2. Corridors, lobbies and similar areas shall be calculated using Chapter 4.

3. Non-residential occupancies within a multifamily structure such as cafeterias, offices,
and gyms shall be calculated in accordance with Chapter 4.

600.2.A.5 Worst Case Calculations. Residential occupancies which are identical in con-
figuration, square footage, and building materials may comply with the Code by performing
a worst case calculation. When submitting worst case calculations, copies of the Form
600A shall be submitted or referenced with each set of plans, dependent on the requirements
of the building department.

600.3 CeRTIFICATION OF COMPLIANCE

600.3.ABC.1 Cope ComPLIANCE PREPARATION.

600.3.ABC.1.1 Single-Family Residential, Duplexes, Townhouses. No license or registra-
tion is required to prepare the Code compliance form for single-family residential, duplexes
and townhouses. The person preparing the compliance form shall certify that the plans and
pecifications covered by the form, or amendments thereto, are in compliance with the Florida
Energy Efficiency Code for Building Construction.

600.3.ABC.1.2 Multifamily Residential. Form preparation for multifamily dwellings, with
the exception of duplexes and townhouses as exempted by Section 481.229, Florida Statutes,
shall be made a part of the plans and specifications for the building and require signing and
sealing by an architect or engineer registered in the State of Florida with the exception of
buildings excluded by Section 481.229, Florida Statutes, or Section 471.003, Florida Statutes.
Calculations for buildings falling within the exception of Section 471.003, Florida Statutes,
may be performed by air conditioning or mechanical contractors licensed in accordance with
Chapter 489, Florida Statutes, or under any special act or ordinance.

600.3.ABC.2 Code Compliance Certification. The building’s owner, the owner’s architect, or
other authorized agent legally designated by the owner shall certify to the building official that
the building is in compliance with the Energy Efficiency Code For Building Construction prior
to receiving the permit to begin construction or renovation.
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All Chapter 6 compliance calculations and certifications shall be made using the 600 series
forms or the FLA/RES computer program printout for the climate zone in which the building
will be constructed.

If, during the building construction or renovation, alterations are made in the design, materials,
or equipment which would diminish the energy performance of the building, an amended copy
of the compliance certification shall be submitted to the building department agency by the
building owner or his legally authorized agent on or before the date of final inspection.

The certified compliance form shall be made a part of the plans and specifications submitted
for permitting the building.

600.3.ABC.3 Forms. Code compliance by this chapter shall be demonstrated by completing
and submitting to the building official the appropriate forms described below and referenced in
Table 6-1. An original form or FLA/RES-97 computerized printout, accompanied by a copy of
the front page of the form as provided in section 600.4, shall be submitted to the building
department to demonstrate compliance with this Code before a building permit is issued.

The Code compliance form used shall be specific to the climate zone in which the building will
be located. See Appendix A for climate zone locations.

Forms are available from the local jurisdiction permitting offices or may be obtained from the
Department of Community Affairs, Codes and Standards Section, 2555 Shumard Oak Blvd.,
Tallahassee, Florida 32399-2100. Copies of Chapter 6 forms may be found in Appendix D.

600.3.ABC.3.1 EPL Display Card. The building official shall require that an Energy Perfor-
mance Level (EPL) Display Card be completed and certified by the builder to be accurate and
correct before final approval of a residential building for occupancy. The EPL Display Card
contains information indicating the energy performance level and efficiencies of components
installed in a dwelling unit. The EPL Display Card shall be-included as an addendum to the sales
contract for both presold and non-presold residential buildings in accordance with Section
553.9085, Florida Statutes.

600.3.ABC.3.2 Form 600D-97 (Desuperheater, Heat Recovery Unit Water Heater Effi-
ciency Certification). This form shall be submitted when credit is being taken for water heat-
ing with a Heat Recovery Unit. The form is used to demonstrate that the Ner Superheat Recov-
ery is equal to or greater than the 50 percent minimum required to obtain credit. The form shall
be affixed to the Heat Recovery Unit by the manufacturer.

Energy Code Excerpts Appendix i ©2000 University of Florida



278

Energy Efficient Building Construction in Florida

EXCEPTION:

If the Heat Recovery Unit is listed in the current ARDM Directory of Certified Refrig-
erant Desuperheater Heat Recovery Unit Water Heaters as meeting the net heat
recovery minimum and the unit bears the ARDM label signifying compliance with this
Code, the label shall serve as a certification in place of Form 600D-97.

600.3.A Forms Used for Method A Compliance. Form 600A-97 or a printout of the FLA/
RES-97 computer program shall be used to demonstrate Code compliance by Method A, the
Whole Building Performance Method. Form 600A-97 is color coded by climate zone (see
Table 6-1). The correct form for the location where the residence will be built or a printout of
the FLLA/RES-97 computer program for the appropriate climate zone shall be submitted to the
building department to demonstrate compliance by Chapter 6 before a building permit is issued.
Signatures on this form by persons authorized under the provisions of section 600.3.ABC.2
shall constitute certification of Code compliance by Method A of this Chapter.

Form 600A-97 shall remain on file at the building department.

600.3.B Forms Used for Method B Compliance. Form 600B-97 shall be completed and
submitted to the building department to demonstrate that all Prescriptive Requirements have
been met. Form 600B-97 contains the compliance packages used to demonstrate Code compli-
ance by Method B of Chapter 6, the Component Prescriptive Method. This form is color coded
by climate zone (see Table 6-1). a completed and signed form specific to the location where
the residence will be built shall be submitted to the building department to obtain a building
permit. Signatures on this form by persons authorized under the provisions of section
600.3.ABC.2 shall constitute certification of Code compliance by Method B of this Chapter.

Form 600B-97 shall remain on file at the building department.

Table 6-1
Index to Residential Forms by Climate Zone
Region Climate Zones | Form 600A-97*| Form 600B-97 | Form 600C-97
Compliance Compliance Compliance

Method A Color Method B Color Method C Color

North 1,2,3 Green Beige Blue

Central 4,5,6 Yellow Peach Tan

South 7,8,9 White Gray Pink

*The FLA/RES-97 computer program printout is equivalent to, and may be submitted in lieu of, Form 600A-97.
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600.3.C Forms Used for Method C Compliance. Form 600C-97 shall be completed and
submitted to the building department to demonstrate that all Prescriptive Requirements have
been met for buildings complying with the Code by Method C, the Limited Applications Pre-
scriptive Method. Form 600C-97 contains the requirements for Code compliance for additions
of 600 sq.ft. or less, for renovations, for building systems, and for site-added components of
manufactured buildings and manufactured homes. This form is color coded by climate zone
(see Table 6-1). a completed and signed form specific to the location where the residence will
be built shall be submitted to the building department to obtain a building permit. Signatures on
this form by persons authorized under the provisions of section 600.3.ABC.2 shall constitute
certification of Code compliance by Method C of this Chapter.

Form 600C-97 shall remain on file at the building department.

600.4 Reporting. a copy of the front page of the 600 series form submitted to demonstrate
Code compliance shall be sent by the building department to the Department of Community
Affairs on a quarterly basis for reporting purposes.

601 FENESTRATIONS (GLAZING)

601.1.ABC Basic PrescripTiVE REQUIREMENTS FOR MEeTHoDs A, B ano C

601.1.ABC.1 Glazing Types. Windows shall contain at least the minimum efficiency glazing
type certified to be in compliance with the Code. Glazing in doors shall be considered fenes-
trations.

601.1.ABC.2 Window Infiltration. Windows shall meet the minimum air infiltration require-
ments of section 606.1.

601.1.ABC.3 Overhangs. Non-permanent shading devices such as canvas awnings shall not be
considered overhangs. Permanently attached wood and metal awnings may be considered
overhangs.

601.2.A PeERFORMANCE CALCULATION PROCEDURES FOR METHOD A.

601.2.A.3.3 All glazing areas of a residence, including windows, sliding glass doors, glass in
doors, skylights, etc. shall include the manufacturer’s frame area in the total window area.
Window measurements shall be as specified on the plans and specifications for the residence.

When a window in existing exterior walls is enclosed by an addition, an amount equal to the area
of this window may be subtracted from the glazing area for the addition for that overhang and
orientation.
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602 WALLS

602.1.ABC Basic PrescripTIVE REQUIREMENTS FOR MeTHoDs A, B ano C

602.1.ABC.1 Wall Insulation. Walls shall be insulated to at least the level certified to be in
compliance with this Code.

Insulation R-values claimed shall be in accordance with the criteria described in section C-1.2
of Appendix C.

602.1.ABC.1.1 Common Walls. Walls common to two separate conditioned tenancies shall be

insulated to a minimum of R-11 for frame walls, and to R-3 on both sides of common masonry
walls.

602.1.ABC.1.2 Walls Considered Ceiling Area. Wall areas that separate conditioned living
space from unconditioned attic space (such as attic knee walls, walls on cathedral ceilings,
skylight chimney shafts, gambrel roofs, etc.) shall be considered ceiling area and have a mini-
mum insulation value of R-19,

602.1.C PrescRrIPTIVE REQUIREMENTS SpeciFic To MeTHoD C.

602.1.C.3 Manufactured Homes and Manufactured Buildings. Marriage walls between
sections of double wide or multiple units shall be sealed with long-life caulk or gasketing and
shall be mechanically fastened in accordance with the manufacturer’s instructions. See also the

section 610.1.C.3 requirements for ducts located in marriage walls of multiple unit manufac-
tured homes and buildings.

602.2.A Perrormance CaLcuLaTion PROCEDURES FOR METHOD A

602.2.A.2 Wall Area Determination. Net wall area (gross wall area of the building less all
doors and windows) taken from the plans and specifications shall be used in the compliance
calculation.
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603 DOORS

603.1.ABC Basic Prescriptive Requirements For Methods A, B and C

603.1.ABC.1 Door Types Allowed. All exterior and adjacent doors other than glass doors
shall be solid core wood, wood panel, or insulated doors. Hollow core doors shall not be used
in either exterior or adjacent walls. Doors may have glass sections.

603.2.A.2 Door Area Determination. Door areas shall be determined from the measurements
specified on the plans for each exterior and adjacent door.

All sliding glass doors and glass areas in doors shall be included in the glazing calculation and
meet the requirements of section 601 unless the glass is less than one-third of the area of the
door.

604 CEILINGS

604.1.ABC Basic PrescriPTIVE REQUIREMENTS FOR METHODS A, B anD C

604.1.ABC.1 Ceiling Insulation. Ceilings shall have an insulation level of at least R-19,
space permitting. For the purposes of this Code, types of ceiling construction that are
considered to have inadequate space to install R-19 include single assembly ceilings of the
exposed deck and beam type and concrete deck roofs. Such ceiling assemblies shall be
insulated to at least a level of R-10.

Ceiling insulation R-values claimed shall be in accordance with the criteria described in
section 1.2 of Appendix C.

604.1.ABC.1.1 Ceilings With Blown-In Insulation. Ceilings with a rise greater than 5 and
atun of 12 (5 over 12 pitch) shall not be insulated with blown-in insulation. Blown-in (loose
fill) insulation shall not be used in sections of attics where the distance from the top of the
bottom chord of the trusses, ceiling joists or obstructions (such as air conditioning ducts) to
the underside of the top chord of the trusses at the ridge is less than 30" or where the dis-
tance from any point of 30" minimum clearance out to the ceiling surface in the roof eave
area that is to be insulated is greater than 10 feet.

In every installation of blown-in (loose fill) insulation, insulation dams (for installations up
to R-19 only); or insulation chutes, insulation baffles, or similar devices (for installations
over R-19) shall be installed in such a manner so as to restrict insulation from blocking
natural ventilation at the roof eave area to the attic space. Such devices shall be installed in
spaces between all rafters of the roof structure and shall extend from the eave plate line to
the attic area. In all cases, including the use of batt insulation, the insulation shall not be
installed so as to block natural ventilation flow.
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In that portion of the attic floor to receive blown insulation, reference marks or rules shall be
placed within every 6' to 10' throughout the attic space. The reference marks shall show the
height to which the insulation must be placed in order to meet the planned insulation level.
Such marks shall be used by the Code Official to verify the claimed insulation level. The refer-
ence marks or rules may be placed on truss webs or other appropriate roof framing members.
Each reference mark or rule shall be visible from at least one attic access point.

604.1.ABC.1.2 Common Ceilings/Floors. Wood, steel and concrete ceilings/floors common
to separate conditioned tenancies shall be insulated to a minimum R-11, space permitting.

604.1.ABC.1.3 Roof Decks Over Dropped Ceiling Plenum. Roof decks shall be insulated to
R-19 if the space beneath it will be used as a plenum of the air distribution system. Plenums
shall meet all criteria of section 610.1.ABC.3.6.

604.1.A PrescRIPTIVE REQUIREMENTS SPECIFIC To METHOD A.

604.1.A.1 Walls Considered Ceiling Area. Wall areas that separate conditioned living space
from unconditioned attic space (such as attic knee walls, walls on cathedral ceilings, skylight
chimney shafts, gambrel roofs, etc.) shall be considered ceiling area. Such areas shall be
included in calculations of ceiling area and shall have a minimum insulation value of R-19.

604.2.A.2 Ceiling Area Determination. As-Built ceiling area shall be the actual ceiling area
exposed to attic or single assembly roof conditions, including walls that separate conditioned
living space from unconditioned attic space. Baseline ceiling area shall be the total floor area
within the conditioned space located directly below the roof.
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605 FLOORS

605.1.ABC Basic PrescripTive ReouIREMENTS ForR MeTHODS A, B anD C

605.1.ABC.1 Floor Insulation. Insulation R-values claimed shall be in accordance with
the criteria described in section 1.2 of Appendix C.

605.1.ABC.1.1 Wood, steel and concrete floors/ceilings common to two separate condi-
tioned tenancies in multifamily applications shall be insulated to a minimum of R-11, space
permitting.

605.1.ABC.1.2 For insulated slab-on-grade floors, the exposed vertical edge of the slab
shall be covered with exterior slab insulation extending from the top of the slab down to at
least the finished grade level. Extending the insulation to the bottom of the footing or foun-
dation wall is recommended.

605.2.A.2 Floor Perimeter/Area Determination. Slab-on-grade floor points shall be
determined based on the perimeter of the slab which encloses the conditioned space, including
both exterior and adjacent wall linear footage for single-family residential applications. In
multifamily applications, the slab perimeter between two conditioned tenancies shall be ig-
nored. Raised floor points shall be determined based on the conditioned floor area of floors
above unconditioned space.
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606 AIR INFILTRATION

606.1.ABC Basic Prescriptive Requirements for Methods A, B and C. Buildings shall be
constructed and sealed in such a way as to prevent excess air infiltration.

CAUTION: Caution should be taken to limit the use of materials and systems which produce
unusual or excessive levels of indoor air contaminants.

606.1.ABC.1 INFILTRATION LEVELS ALLOWED.

606.1.ABC.1.1 Exterior Doors and Windows. Exterior doors and windows shail be designed
to limit air leakage into or from the building envelope. Manufactured doors and windows shall
have air infiltration rates not exceeding those shown in Table 6-2. These rates shall be deter-
mined from tests conducted at a pressure differential of 1.567 Ib/ft2, which is equivalent to the
impact pressure of a 25 mph wind. Compliance with the criteria of air leakage shall be deter-
mined by testing to AAMA/NWWDA 101/1.S. 2-97 or ASTM E283-91, as appropriate. Site-
constructed doors and windows shall be sealed in accordance with section 606.1.ABC.1.2.

606.1.ABC.1.2 Exterior Joints or Openings in the Envelope. Exterior joints, cracks, or
openings in the building envelope that are sources of air leakage shall be caulked gasketed,
weatherstripped or otherwise sealed in accordance with the criteria in sections
606.1.ABC.1.2.1 through 606.1.ABC.1.2.5.

Table 6-2
Allowable Air Infiltration Rates
Frame Type Windows Doors (cfm per sq ft of door area)
(cfm per sq ft Sliding Swinging
of window area)
Wood 0.3 0.3 0.5
Aluminum 0.3 0.3 0.5
PVC 0.3 0.3 0.5
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1.
2.

7.
8.

606.1.ABC.1.2.1 Exterior and Adjacent Walls. Exterior and adjacent walls shall be sealed at
the following locations:

Between windows and doors and their frames;
Between windows and door frames and the surrounding wall;
Between the foundation and wall assembly sill-plates;

Joints between exterior wall panels at changes in plane, such as with exterior sheathing at
corners and changes in orientation;

Openings and cracks around all penetrations through the wall envelope such as utility
services and plumbing;

Between the wall panels and top and bottom plates in exterior and adjacent walls. In frame
construction, the crack between exterior and adjacent wall bottom plates and floors shall
be sealed with caulking or gasket material. Gypsum board or other wall paneling on the
interior surface of exterior and adjacent walls shall be sealed to the floor; and

Between walls and floor where the floor penetrates the wall.

Log walls shall meet the criteria contained in section 4.2 of Appendix C.

EXCEPTION:

As an alternative to 1 through 7 above for frame buildings, an infiltration barrier may be
installed in the exterior and adjacent walls. The infiltration barrier shall provide a continu-
ous air barrier from the foundation to the top plate of the ceiling of the house, and shall be
sealed at the foundation, the top plate, at openings in the wall plane (windows, doors, etc.),
and at the seams between sections of infiltration barrier material. When installed on the
interior side of the walls, such as with insulated face panels with an infiltration barrier, the
infiltration barrier shall be sealed at the foundation or subfloor.

606.1.ABC.1.2.2 Floors. Penetrations and openings in raised floors, greater than or equal to
1/8 inch in the narrowest dimension, shall be sealed unless backed by truss or joist members
against which there is a tight fit or a continuous air barrier.

EXCEPTION:

Where an infiltration barrier is installed in the floor plane of a house with raised floors.
The infiltration barrier shall create a continuous air barrier across the entire floor area,
and shall be sealed at the perimeter, at openings in the floor plane (grills, registers, crawl
space accesses, plumbing penetrations, etc.), and at seams between sections of infiltration
barrier material.
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606.1.ABC.1.2.3 CEILINGS. CEILINGS SHALL BE SEALED AT THE FOLLOWING LOCATIONS:

1. Between walls and ceilings.

2. Atpenetrations of the ceiling plane of the top floor of the building (such as chimneys, vent
: pipes, ceiling fixtures, registers, open shafts, or chases) so that air flow between the attic
\ or unconditioned space and conditioned space is stopped.

‘ 3. Large openings, such as shafts, chases soffits, opening around chimneys, and dropped

! ceiling spaces (such as above kitchen cabinets, bathroom vanities, shower stalls, and
closets), shall be sealed with an airtight panel or sheeting material and sealed to adjacent
top plates (or other framing members) so that a continuous air barrier separates the spaces
below and above the ceiling plane.

i 4. Gaps between ceiling gypsum board and the top plate shall be sealed with a sealant to stop
| air flow between the attic and the interior of wall cavities.

1‘ 5. The attic access hatch, if located in the conditioned space shall have an airtight seal.

| EXCEPTION:

I Where an infiltration barrier is installed in the ceiling plane of the top floor of the house.
The infiltration barrier shall: create a continuous air barrier across the entire ceiling
plane, be continuous across the tops of interior and exterior walls, and be sealed at the
perimeter, at openings in the ceiling plane (grills, registers, attic accesses, plumbing
penetrations, vent pipes, chimneys, etc.), and at seams between sections of infiltration
barrier material.

ings that abut an attic space shall meet one of the following requirements:

1. Type ICrated, manufactured with no penetrations between the inside of the recessed
fixture and ceiling cavity and sealed or gasketed to prevent air leakage into the uncondi-
tioned space.

|
|
|
i 606.1.ABC.1.2.4 Recessed Lighting Fixtures. Recessed lighting fixtures installed in ceil-
“
|
\

2. Type IC or non-IC rated, installed inside a sealed box (minimum of ¥” thick gypsum wall
board, preformed polymeric vapor barrier, or other air tight assembly manufactured for
this purpose) and maintaining required clearances of not less than ¥ from combustible
material and not less than 3" from insulation material.

|

l

|

1 3. Type IC rated, with no more than 2.0 cfm air movement from the conditioned space to the
| ceiling cavity when measured in accordance with ASTM E283-91. The fixture shall be

§3 tested at 75 Pa and shall be labeled.
“
|
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606.1.ABC.1.2.5 Multi-story Houses. In multi-story houses, the perimeter of the floor cavity
(created by joists or trusses between floors) shall have an air barrier to prevent air flow between
this floor cavity and outdoors or buffer zones of the house (such as a space over the garage).

1. Airtight panels, sheathing, or sheeting shall be installed at the perimeter of the floor
cavity. The panels, sheathing, or sheeting material shall be sealed to the top plate of the
lower wall and the bottom plate of the upper wall by mastic or other adhesive caulk, or
otherwise bridge from the air barrier of the upper floor to the air barrier of the lower
floor.

2. Joints between sections of panels, sheathing, or sheeting shall be sealed.

606.1.ABC.1.3 Additional Infiltration Requirements. The following additional require-
ments shall be met:

1. All exhaust fans vented to the outdoors shall have dampers. This does not apply to com-
bustion devices with integral exhaust ductwork, which shall comply with NFPA 54 or the
locally adopted code.

2. All combustion space heaters, furnaces, and water heaters shall be provided with adequate
combustion air. Such devices shall comply with NFPA or the locally adopted code.

CAUTION: Caution should be taken to limit the use of materials and systems which produce
unusual or excessive levels of indoor air contaminants.

606.1.ABC.1.4 Apertures or Openings. Any apertures or openings in walls, ceilings or floors
between conditioned and unconditioned space (such as exits in the case of hydrostatic openings
in stairwells for coastal buildings) shall have dampers which limit air flow between the spaces.
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607 SPACE COOLING SYSTEMS

607.1.ABC Basic PrescripTive REquiremenTts For MeTHops A, B anp C

607.1.ABC.1 Equipment Sizing. An HVAC sizing calculation shall be performed on the
building and shall be attached to the Form 600 submitted when application is made for a build-
ing permit, or in the event the mechanical permit is obtained at a later time, the sizing calcula-
tion shall be submitted with the application for the mechanical permit. Cooling and heating
design loads, for the purpose of sizing HVAC systems, shall be determined for each zone within
a dwelling in accordance with ACCA Manual J, ACCA Manual N, orthe ASHRAE Cooling and
Heating Load Calculation Manual, Second Edition. This Code does not allow designer safety
factors, provisions for future expansion or other factors which affect equipment sizing in
excess of the capacity limitations in section 607.1.ABC.1.1.

EXCEPTIONS:

1. Where mechanical systems are designed by an engineer registered in the State of Florida,
a signed and sealed summary sheet may be submitted in lieu of the complete sizing
calculation(s). Such summary sheet shall include the following (by zone):

* Project name/owner  « Total heating required with outside air  * Outdoor dry bulb used

» Project address + Total sensible gain * Qutdoor wet bulb used
* Sizing methodused  * Total latent gain * Relative humidity
¢ Areain sq.ft. * Total cooling required with outside air ¢ Indoor dry bulb

* Grains water (difference)

2. Systems installed in existing buildings not meeting the definition of renovation in section
202.

607.1.ABC.1.1 Cooling Equipment Capacity. Cooling only equipment shall be selected so
that its sensible capacity is not less than the calculated total sensible load but not more than
120% of the design sensible load calculated according to the procedure selected in section
607.1.ABC.1., or the closest available size provided by the manufacturer’s product lines. The
corresponding latent capacity of the equipment shall not be less than the calculated latent load.

607.1.ABC.1.2 Extra Capacity Required For Special Occasions. Residences requiring
excess cooling or heating equipment capacity on an intermittent basis, such as anticipated
additional loads caused by major entertainment events, shall have equipment sized or controlled
to prevent continuous space cooling or heating within that space by one or more of the follow-
ing options:
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1. aseparate cooling or heating system is utilized to provide cooling or heating to the major
entertainment areas.

2. avariable capacity system sized for optimum performance during base load periods is
utilized.

607.1.ABC.2 Controls. Each mechanical supply and exhaust ventilation system shall be
equipped with a readily accessible switch or other means for shut-off or volume reduction and
shut-off when ventilation is not required. Automatic or manual dampers installed for the pur-
pose of shutting off ventilation systems shall be designed with tight shut-off characteristics to
minimize air leakage.

EXCEPTION:

Manual dampers for outdoor air intakes may be used for single-family and multifamily
residential buildings or for fan system capacities of less than 5000 cfm.

607.1.ABC.2.1 Zoning for Temperature Control. In one- and two-family dwellings, at least
one thermostat for regulation of space temperature shall be provided for each separate HVAC
system or zone.

607.1.ABC.2.2 Control Setback and Shut-off. The thermostat required in section
607.1.ABC.2.1, or an alternate means including, but not limited to, a switch or clock, shall
provide a readily accessible manual or automatic means for reducing the energy required for
heating and cooling during periods of non-use or reduced need inciuding, but not limited to,
unoccupied periods or sleeping hours.

607.1.ABC.2.3 Humidity Control. Where a humidistat is used for comfort dehumidification,
it shall be capable of being set to prevent the use of fossil fuel or electricity to reduce humidi-
ties below 60 per cent.

607.1.ABC.3 EaquipMENT PERFORMANCE STANDARDS

607.1.ABC.3.1 Equipment Ratings. Equipment efficiency ratings shall be obtained from a
nationally recognized certification program directory, or from a manufacturer’s rating certified
to be in compliance with an approved Department of Energy (DOE) or Air-conditioning and
Refrigeration Institute (ARI) rating procedure. Equipment efficiencies shall be based on the
Standard Rating Conditions contained in the test standard referenced in Chapter 3 that is appro-
priate for that equipment. The procedure for determining the Integrated Part-Load Value (IPLV)
for a piece of equipment shall be the one provided in the appropriate ARI test standard for the
type of equipment referenced. Minimum ratings for products covered under the National
Appliance Energy Conservation Act of 1987 shall be those determined for Region IV and used
for the Federal Trade Commission’s required appliance labeling.
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Cooling system efficiencies shall be rated as follows:

1. Central air conditioning equipment under 65,000 Btu/h capacity, both split-system and
single-package equipment, single- or three-phase, shall be rated with a Seasonal Energy
Efficiency Ratio (SEER).

2. Packaged terminal air conditioners and heat pumps shall be rated with an Energy Effi-
ciency Ratio (EER).

3. Room air conditioners shall be rated by an Energy Efficiency Ratio (EER).

4. Central air conditioning equipment over 65,000 Btw/h shall be rated with an Energy Effi-
ciency Ratio (EER).

5. Water-cooled and evaporatively cooled central systems under 135,000 Btwh shall be rated
with an Energy Efficiency Ratio (EER).

6. Large capacity air-cooled, evaporatively-cooled and water source unitary air conditioning
systems may also be rated with an Integrated Part-Load Value (IPLV).

7. Heat-operated cooling equipment and gas-driven heat pumps shall be rated with a Coeffi-
cient of Performance (COP)-cooling.

607.1.ABC.3.1.1 Mix-Matched Equipment. Ratings for unitary central air conditioning and
heat pump systems less than 65,000 Btu/h, using evaporator/(condenser) coils manufactured by
independent companies, shall meet all requirements of either section 607.1.ABC.3.1.1.1 or
607.1.ABC.3.1.1.2. Where such equipment is sold as a system, the separate assemblies shall be
designed to be used together. Equipment components manufactured by the same company that
are not designed and tested for operation together shall also meet these requirements.

607.1.ABC.3.1.1.1 Companies whose equipment is certified under a nationally recognized
certification program or rating procedure where sample units are tested on a regular basis and
efficiencies are published in a directory may rate their equipment in accord with the require-
ments of that program.

607.1.ABC.3.1.1.2 Companies whose equipment is not certified under a nationally recognized
testing and certification program shall publish equipment efficiencies not greater than the
efficiency rating of the condensing unit (cooling mode) or outdoor unit (heating mode}
manufacturer’s most commonly sold condensing unit-evaporator coil or outdoor unit-indoor
coil combination.
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The evaporator/(condenser) coil manufacturer shall submit computer simulated equipment
efficiency ratings to demonstrate predicted equipment efficiencies. Where simulated effi-
ciencies are less than the condensing unit or outdoor unit manufacturer’s most commonly
sold combination efficiency, a rating not to exceed the simulated rating shall be used. Pub-
lished simulated equipment efficiency rating submittals shall identify any enhancement
features included to attain claimed ratings.

Computer simulated equipment efficiency ratings submitted shall be based on the condens-
ing unit manufacturer’s tested combination (as listed in the current ARI Directory and identi-
fied by the model numbers of both the condensing unit and coil or outdoor unit and indoor
coil as listed by ARI) and the independent coil manufacturer’s evaporator/(condenser) coil
performance data. Such simulated ratings shall be certifted, signed and dated by a Florida
registered professional engineer, or, for the cases of a secondary original equipment manu-
facturer (OEM) and a company manufacturing component parts specifically for mix-matched
cooling or heating equipment, the president or chairman of the board of the manufacturing
company and a professional engineer registered in the state of manufacture, and shall show
that the unit, identified by model number, meets the minimum Code requirements. The
certification shall attest to the accuracy of the input data, the validity of the calculation
procedure utilized and that the results of the simulation are in accordance with the DOE
approved methodology. Simulated equipment efficiency rating certifications shall identify
any enhancement features included to attain claimed ratings. a full set of input data utilized
to arrive at the rating shall be available as documentation on request.

When challenged, computer simulated ratings shall not exceed 105 percent of the SEER,
EER, HSPF or COP rating, as appropriate, of the actual tested performance for that condens-
ing unit evaporator coil configuration. Unsubstantiated claims for such equipment shall be
dropped from publication.

607.1.ABC.3.1.2 Field-Assembled Equipment and Components. Air conditioning and
heat pump systems with capacities of 65,000 Btwh or greater where components such as
indoor or outdoor coils are used from more than one manufacturer, shall be rated by a calcu-
lated total system Energy Efficiency Ratio (EER). Component efficiencies shall be speci-
fied based on data provided by the component manufacturers. Calculations documenting
how the efficiency rating was derived shall be submitted with the appropriate Code compli-
ance form and shall be signed and sealed by aregistered professional engineer.

Total on-site energy input to the equipment shall be determined by combining inputs to all
components, elements and accessories, such as compressor(s) internal circulating pump(s},
condenser-air fan(s), evaporative-internal circulating pump(s), purge devices, viscosity control
heaters, and controls.
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607.1.ABC.3.2 Minimum EFFiciENciEs FOr CooLinGg EQuIPMENT

607.1.ABC.3.2.1 Electrically Operated, Cooling Mode. These requirements apply to uni-
tary (central) cooling equipment (air-cooled, water-cooled and evaporatively cooled); the
cooling mode of unitary (central) and packaged terminal heat pumps (air source and water
source); packaged terminal air conditioners; roof air conditioners; and room air conditioners.

607.1.ABC.3.2.1.1 HVAC system equipment of less than 65,000 Btu/h, whose energy input in
the cooling mode is entirely electric, shall have a Seasonal Energy Efficiency Ratio (SEER) or
Energy Efficiency Ratio (EER), as specified for that piece of equipment in section
607.1.ABC.3.1, of not less than the values shown in Table 6-3.
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Table 6-3
Electrically Driven Cooling Equipment
Capacities: <65,000 BTU/H
Minimum Performance Efficiencies’?
Type of Equipment, Capacities, EER SEER IPLV?2
Standard Rating Conditions (°F)
Central Units
Air-Cooled—Seasonal Rating®
Split-system 10.0
Single-package 9.7
Evaporatively Cooled
Standard Rating (80db/67wb indoor
95db/75wb outdoors) 9.3
Int. Part Load Value (80db/67wb out) 8.5
Water-Cooled
Water-Source Heat Pump (80db/67wb indoor)
Standard Rating (85 entering water) 9.3
Low Temp. Rating (75 entering) 10.2
Ground-Water Heat Pump
Standard Rating (70 entering)
Low Temp. Rating (50 entering)
Ground Source Heat Pump
77° Entering brine 10.0
70° Entering brine 10.4
Unitary Air Conditioners (80db/67wb indoor)
Standard Rating (85 entering} 9.3
Int. Part Load Value (75 entering) 8.3
Packaged Terminal Units (PTAC & PTHP)
Standard Rating (25db outdoor)
< 7,000 8.9
7,001-8,000 Btu/h 8.8
8,001-9,000 Btu/h 8.6
9,001-10,000 Btu/h 8.5
10,001-11,000 Btu/h 8.3
11,001-12,000 Btu/h 8.2
12,001-13,000 Btu/h 8.0
13,001-14,000 Btu/h 7.8
14,001-15,000 Btu/h 7.7
>15,000 Btu/h 7.6
Room Units?® ,
Without reverse cycle
<6,000 Btu/h 8.0
6,000-7,999 Btu/h 8.5
8,000-13,999 Btu/h (with louvers) 9.0
14,000-20,000 Btu/h (with louvers) 8.8
20,000 Btu/h (with louvers} 8.2
8,000-20,000 BTU/H {without louvers) 8.5
»>20,000 Btu/h (without louvers) 8.2
With reverse cycle (with louvers) 8.5
With reverse cycle (without louvers) 8.0
I Test procedures for equipment referenced shall be in accordance with the applicable standard listed in Chapter 3.
2 Products covered by the 1992 Energy Policy act have no efficiency requirements at other than standard rating
conditions for products manufaciured after 1/1/94.
* To be consistent with National Appliance Energy Conservation Act of 1987, P.L. 100-12.
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607.1.ABC.3.2.1.2 HVAC system equipment with capacities between 65,000 Btw/h and
135,000 Btu/h whose energy input in the cooling mode is entirely electric, shall show an En-
ergy Efficiency Ratio (EER) and/or Integrated Part-Load Value (IPLV), as specified for that
piece of equipment in section 607.1.ABC.3.1, of not less than values shown in Table 6-4.

Table 6-4

Electrically Driven Cooling Equipment

Capacities: > 65,000 BTU/H <135,000 BTU/H
Minimum Performance Efficiencies

Type of Equipment, Capacities, EER IPLV?
Standard Rating Conditions (°F)
Central Units
Air-Cooled
Standard Rating (95db outdoor) 8.9
Int. Part Load Value (80db outdoor) 8.3
Evaporatively Cooled
Standard Rating (80db/67wb indoor,
95 db/75 wb outdoor) 10.5
Int, Part Load Value (80db/67wb outdoor) 9.7
Water-Cooled
Water-Source Heat Pump (85° entering water)
Standard Rating (80db/67wb indoor) 10.5
Groundwater-Cooled Heat Pump?
Standard Rating (70° entering) 11.0
Low Temperature Rating (50° entering) 11.5
Ground Source Heat Pumps?®
77° Entering brine 10.0
70° Entering brine 10.4
Unitary Air-Conditioners (80db/78wb)
Standard Rating {85° entering) 10.5

* Reference standards for equipment testing are specified in Chapter 3.
2 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard

rating conditions for products manufactured after 171/94,

* Rating for groundwater-cooled, ground source heat pumps applies to all units under 135,000 Brw/h.
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607.1.ABC.3.2.1.3 HVAC system equipment with capacities equal to or greater than 135,000
Btu/h whose energy input in the cooling mode is entirely electric, shall meet the efficiency
requirements of section 407.1.ABCD.3.2.1.3 and Table 4-5 in Chapter 4.

607.1.ABC.3.2.2 Heat Operated, Cooling Mode. These requirements apply to, but are not
limited to, absorption equipment, engine-driven equipment and turbine-drive equipment.

Heat-operated cooling equipment shall show a COP-cooling not less than the values shown in
Table 6-5. Electrical auxiliary inputs shall be excluded from the COP-cooling calculation.

607.1.C PrescrIPTIVE REQUIREMENTS SpPeciFic To MeTHoD C.

607.1.C.1 Additions. All new air conditioners installed in additions complying by Method C
shall meet the minimum efficiencies in section 607.1. ABC.3.2.

Minimum equipment efficiencies shall be met only when equipment is installed to specifically
serve the addition or is being installed in conjunction with the construction of the addition.

607.1.C.2 Renovations. Minimum efficiencies for cooling equipment to be added or replaced
in renovations shall not be less than those specified in section 607.1.ABC.3.2.

607.1.C.3 Manufactured Homes and Manufactured Buildings. Minimum efficiencies for
site-installed cooling equipment in manufactured homes shall not be less than those specified

in section 607.1.ABC.3.2.

607.1.C.4 Building Systems. Newly manufactured cooling systems installed in existing
buildings shall meet minimum requirements for that system in section 607.1.ABC. See also

section 101.6.

Table 6-5

Heat-Operated! Cooling Equipment
Minimum Performance Efficiencies

Heat Source Minimum COP?
Direct-fired (gas, oil) 0.48
Indirect-fired (steam, hot water) 0.68

! Standard rating conditions at sea level.
2 Minimum COP = Net Cooling Output

Total Hear Input (electrical auxiliary excluded)
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608 SPACE HEATING SYSTEMS

608.1.ABC Basic PrescRriPTivE REQUIREMENTS FOR METHODS A, B, AND C

608.1.ABC.1 Equipment Sizing. An HVAC equipment sizing calculation shall be performed
on the building in accordance with the criteria in section 607.1.ABC.1 and shall be attached to
the Form 600 submitted when application is made for a building permit. This Code does not
allow designer safety factors, provisions for future expansion or other factors which affect
equipment sizing in excess of the capacity limitations in sections 608.1.ABC.1.1 through
608.1.ABC.1.4.

608.1.ABC.1.1 Heat Pumps. Heat pump sizing shall be based on the cooling requirements as
calculated according to section 607.1.ABC.1 unless the refrigeration cycle heating capacity is
less than the heating requirements of the conditioned space at design conditions. In that case,
the refrigeration cycle heating capacity shall be sized to provide the lowest possible balance
point on heating without exceeding 12.5% of the cooling load at design conditions. Capacity at
the design heating temperature may be determined by interpolation or extrapolation of manu-
facturers’ performance data if these data are not available for design temperatures. The auxil-
iary capacity plus refrigeration cycle heating capacity shall not exceed 120% of the calculated
heating requirements at the 99 percent design dry bulb temperature.

608.1.ABC.1.2 Electric Resistance Furnaces. Electric resistance furnaces shall be sized
within 4 kW of the design requirements caiculated according to the procedure selected in
section 607.1.ABC.1.

608.1.ABC.1.3 Fossil Fuel Heating Equipment. The capacity of fossil fuel heating equip-
ment with natural draft atmospheric burners shall not be more than 120% of the design load
calculated at the 99 percent design dry bulb temperature.

608.1.ABC.1.4 Extra Capacity Required For Special Occasions. Residences requiring
excess heating capacity on an intermittent basis shall comply with section 607.1.ABC.1.2.

608.1.ABC.2 Controls. Requirements specified for controls in section 607.1.ABC.2 shall
apply for space heating systems.

Lowering thermostat set points to reduce energy consumption of heating systems shall not
cause energy to be expended to reach the reduced setting.

©2000 University of Florida Appendix II! Energy Code Excerpts



Energy Efficient Building Construction in Florida 297 ’

608.1.ABC.3 EquiPMENT PERFORMANCE STANDARDS

608.1.ABC.3.1 Equipment Ratings. Equipment efficiency ratings shall be obtained from a |
nationally recognized certification program directory, from a manufacturer’s rating certified to
be in compliance with an approved Department of Energy (DOE) or Air-conditioning and Re-
frigeration Institute (ARI) rating procedure. Equipment efficiencies shall be based on the
Standard Rating Conditions contained in the test standard referenced in Chapter 3 that is appro-
priate for that equipment. Minimum ratings for products covered under the National Appliance
Energy Conservation Act of 1987 shall be those determined for Region IV and used for the
Federal Trade Commission’s required appliance labeling.

Heating system efficiencies shall be rated as follows:

1. Central electric heat pumps under 65,000 Btu/h capacity, both split-system and single-
package equipment, single- or three-phase, shall be rated with a Heating Seasonal Perfor-
mance Factor (HSPF).

2. Packaged terminal heat pumps shall be rated with a Coefficient of Performance (COP).

3. Air source heat pumps of 65,000 Btu/h or larger and water-source heat pumps shall be
rated with a Coefficient of Performance (COP).

shall be rated with an Annual Fuel Utilization Efficiency (AFUE).

5. Gas- and oil-fired warm air furnaces and unit heaters of 225,000 Btu/h and over and
boilers of 300,000 Btu/h or greater shall be rated with a steady-state combustion effi-
ciency, E/E .

6. Gas- and oil-fired direct heating equipment shall be rated with an Annual Fuel Utiliza-
tion Efficiency (AFUE).

7. Central gas-driven heat pumps shall be rated with a Coefficient of Performance (COP).

608.1.ABC.3.1.1 Mix-Matched Equipment. Ratings for unitary central heat pump systems
less than 65,000 Btu/h, using evaporator/(condenser) coils manufactured by independent com-
panies, shall meet all requirements of section 607.1.ABC.3.1.1.

]
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608.1.ABC.3.1.2 Field-Assembled Equipment and Components. Heat pump systems with
capacities of 65,000 Btu/h or greater where components such as indoor or outdoor coils are
used from more than one manufacturer, shall be rated by a calculated total system Coefficient
of Performance (COP). The rate of net heat output used in the COP calculation is the change in
the total heat content of the air entering and leaving the equipment, not including supplementary
heat. Component efficiencies shall be specified based on data provided by the component
manufacturers. Calculations documenting how the overall system efficiency rating was derived
shall be submitted with the appropriate Code compliance form and shall be signed and sealed by
a registered professional engineer.

Total on-site energy input to the heat pump shall be determined by combining the energy nput
to all elements, except supplementary heaters, of the heat pump, including, but not limited to,
compressor(s), compressor pump heater(s), pump(s), supply-air fan(s), return-air fan(s), out-
door air fan(s), cooling-tower fan(s), and the HVAC system equipment control circuit.

608.1.ABC.3.2 Minmum Erriciencies For HEATING EQUIPMENT

608.1.ABC.3.2.1 Heat Pump - Heating Mode. These requirements apply, but are not limited
to: unitary central electric heat pumps, either air or water source in the heating mode; water
source (hydronic) heat pumps as used in multiple unit hydronic HVAC systems; and packaged
terminal heat pumps and room air-conditioner heat pumps in the heating mode.

608.1.ABC.3.2.1.1 Minimum Efficiencies. Heat pumps shall have a Heating Seasonal Perfor-
mance Factor (HSPF) or Coefficient of Performance (COP), as described in section
608.1.ABC.3.1, in the heating mode of not less than the values shown in Table 6-6.

608.1.ABC.3.2.1.2 SuPPLEMENTARY HEAT

608.1.ABC.3.2.1.2.1 Heat pumps having supplementary heaters shall have controls that prevent
heater operation when the heating load can be met by the heat pump.

Supplemental heater operation is permitted during outdoor coil defrost cycles not exceeding 15
minutes.

EXCEPTION:

Heat pumps that incorporate a control system that allows auxiliary electric resistance heat
to operate above the balance point are permitted, providing the use of all resistance heat is
included in the determination of the HSPF for that heat pump and the HSPF meets the
minimum efficiency requirements as shown in Table 6-7.
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Table 6-7
Electric Driven Heating Equipment
Heat Pumps
Minimum Performance Efficiencies

Category and Rating Conditions Minimum COP | Minimum HSPF
Outdoor Temperatures (° F)

Electric Heat Pumps
Packaged Terminal (PTHP)
Standard Rating (47db/43wb)
<10,000 Btu/h 2.7
10,000-13,000 Btu/h 2.6
>13,000 Btu/h 2.5

Central Systems
Air Source
<65,000 Btu/h- Season Rating?
Split-system 6.8
Single-package 6.6
>65,000 Btu/h

Low Temp Rating (17db/15wb) 2.0
>135,000 Btu/h
High Temp. Rating (47db/43wb} 2.9

Low Temp. Rating (17db/15wb} 2.0

Water Source?®
Standard Rating 75°F Entering water 3.9
70°F Entering water 3.8

Ground Source?®
32°F Entering water 25

41°F Entering water 2.7

Groundwater Source®
High Temp. Rating 70 °F Entering water 3.4
Low Temp. Rating  50°F Entering water 3.0

I Equipment testing reference standards are specified in Chapter 3.

2 Ty be consistent with the National Appliance Energy Conservation Act of 1987.

3 Ratings for water source, ground source, and ground water source heat pumps apply to all units under 135,000 Br/h. ‘

4 Products covered by the 1992 Energy Policy Act have no efficiency requirements at other than standard rating )
conditions for products manufactured after 1/1/94. !
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608.1.ABC.3.2.1.2.2 Tempering of indoor air during defrost cycles shall be controlled so as to
minimize use of supplemental heat.

608.1.ABC.3.2.1.2.4 Supplementary heat on heat pumps with capacities of less than 65,000
Btw/h that is provided by electric resistance heaters shall meet the following conditions:

1. Supplementary electric resistance heat greater than 10kW shall be divided into at least two
stages and controlled by outdoor thermostats, multi-stage indoor thermostats, or combina-
tions thereof, to operate only when the system’s refrigerating capacity plus previous strip
heat stages cannot meet the heating load of the building.

2. Supplementary electric resistance heat plus refrigeration cycle heating capacity shall

not exceed 120 percent of the design load at the 99 percent design dry bulb tempera-
ture.

608.1.ABC.3.2.2 Central Electric Furnaces. Central electric furnaces greater than 10 kW
shall be divided into at least two stages and controlled by an outdoor thermostat, multi-stage
indoor thermostat, or combinations thereof.

608.1.ABC.3.2.3 ComsusTion HeaTINg EQuiPMeNT, MINIMUM EFFICIENCIES AND RE-
QUIREMENTS.

608.1.ABC.3.2.3.1 All gas- and oil-fired furnaces and boilers (as defined in 10 CFR Part 430)
shall have an Annual Fuel Utilization Efficiency (AFUE) or steady-state combustion efficiency
(E), as described in section 608.1.ABC.3.1, of not less than the values shown in Table 6-8.
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Table 6-8
Gas- and Oil-Fired Heating Equipment
Rating Conditions and Minimum Performance Efficiencies'
Types of Equipment, Rating Conditions| E/E_(%)* | AFUE(%)
Warm Air Furnaces
<225,000 Btu/h® (Seasonal Rating)
Gas-fired 78
Oil-fired 78
>225,000 Btu/h {Steady-State)
Gas-fired
Max. Rating Capacity 80
Min. Rated Capacity 78
Oil-fired
Max. Rated Capacity 81
Min. Rated Capacity 81
Warm Air Duct Furnaces
Gas-fired
Max. Rated Capacity 78
Min. Rated Capacity 75
Unit Heaters
Gas-fired
Max. Rated Capacity 78
Min. Rated Capacity 74
Oil-fired
Max. Rated Capacity 81
Min. Rated Capacity 81
Boilers
<300,000 Btu/h (Seasonal Rating)
Gas-fired except steam boilers 80
Gas-fired steam boilers 75
Oil-fired 80
>300,000 Btu/h (Steady-State)
Gas-fired
Max. Rated Capacity 80
Min. Rated Capacity 80
Qil-fired
Max. Rated Capacity 83
Min. Rated Capacity 83
Otl-fired (Residual)
Max. Rated Capacity 83
Min. Rated Capacity 83
! Reference standards for equipment testing are specified in Chapter 3.
2 Combustion efficiency E_and thermal efficiency E constitute 100 percent minus flue losses in percent of heat input. See the
reference standard in Chapter 3 for more information.
3 To be consistent with the National Appliance Energy Conservation Act of 1987, Appendix M to Subpart B, 10 CPR Part 430.
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608.1.ABC.3.2.3.2 All gas-fired direct heating equipment shall have an Annual Fuel Utilization
Efficiency (AFUE) of not less than the values shown in Table 6-9.

‘ Table 6-9
‘ Gas-Fired Direct Heating Equipment
Minimum Performance Efficiencies

i Types of Equipment, AFUE (%)

:‘ BTU/H Heating Capacity

l wall

| Fan Type
Up to 42,000 73

; Over 42,000 74

; Gravity Type

{ Up to 10,000 59

| Over 10,000 up to 12,000 60

| Over 12,000 up to 15,000 61

{ Over 15,000 up to 19,000 62

| Over 19,000 up to 27,000 83

‘ Over 27,000 up to 46,000 64
Over 46,000 65

[

Floor

} Up to 37,000 56

‘ Over 37,000 57

|

| Room

| Up to 18,000 57

| Over 18,000 up to 20,000 58

| Over 20,000 up to 27,000 63

1 Over 27,000 up to 46,000 64

11 Over 46,000 65

|

608.1.ABC.3.2.4 Heating Systems Having Other Functions. Space heating equipment used
to provide additional functions (e.g. service water heating) as part of a combination (integrated)
system shall comply with minimum performance requirements for the appropriate space heat-
ing equipment category. Service water heating equipment used to provide additional functions
(e.g. space heating) as part of a combination (integrated) system shall, as a minimum, meet the
minimum performance requirements for water heating equipment in section 612.1.ABC.3.5.
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608.1.C PrescripTive REQUIREMENTS SpECIFic To MeTHOD C

608.1.C.1 Additions. New heating equipment to be added or replaced in small additions com-
plying by Method C shall meet the minimum efficiencies in section 608.1. ABC.3.2. Minimum
equipment efficiencies shall be met only when equipment is installed to specifically serve the
addition or is being installed in conjunction with the construction of the addition.

608.1.C.2 Renovations. Minimum efficiencies for heating equipment to be added or replaced
in renovations shall not be less than those specified in section 608.1.ABC.3.2.

608.1.C.3 Manufactured Homes and Manufactured Buildings. Minimum efficiencies for
site-installed heating equipment in manufactured homes shall not be less than those specified in
section 608.1. ABC.3.2.

608.1.C.4 Building Systems. Newly manufactured heating systems installed in existing
buildings shall meet the minimum requirements for that system in section 608.1.ABC. See
section 101.6 for exceptions.
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609 VENTILATION SYSTEMS

608.1.ABC Basic PrescRIPTIVE REQUIREMENTS FOR METHODS A, B anD C

609.1.ABC.1 Buildings Operated at Positive Indoor Pressure. Residential buildings
designed to be operated at a positive indoor pressure or for mechanical ventilation shall meet
the following criteria:

1. The design air change per hour minimums for residential buildings in ASHRAE Standard
62-1989, Ventilation for Acceptable Indoor Air Quality, shall be the maximum rates
allowed for residential applications where pressurization is provided.

2. No ventilation or air conditioning system make up air shall be provided to conditioned
space from attics, roof tops, crawlspaces, attached enclosed garages or outdoor spaces
adjacent to swimming pools or spas.

EXCEPTION: Makeup air may be taken from rooftops for multistory multifamily build-
ings.

3. If ventilation air is drawn from enclosed space(s), then the walls of the space(s) from
which air is drawn shall be insulated to a minimum of R-11 and the ceiling shall be insu-
lated to a minimum of R-19, space permitting, or R-10 otherwise.

f
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610 AIR DISTRIBUTION SYSTEMS

610.1.ABC Basic PrescripTIVE REQUIREMENTS FOR METHODS A, B AND C

610.1.ABC.1. Air Distribution System Sizing and Design. All air distribution systems shall
be sized and designed in accordance with recognized engineering standards such as ACCA

Manual D or other standards based on the following:

1. Calculation of the supply air for each room shall be based on the greater of the heating

load or sensible cooling load for that room.

2. Duct size shall be determined by the supply air requirements of each room, the available
static pressure and the total equivalent length of the various duct runs.

3. Friction loss data shall correspond to the type of material used in duct construction.

610.1.ABC.2 Air Distribution System Insulation Requirements. All air distribution system
components which move or contain conditioned air, including but not limited to, air filter

enclosures, air ducts and plenums located in or on buildings shall be thermally insulated in
accordance with the requirements of sections 610.1.ABC.2.1 through 610.1. ABC.2.3.

610.1.ABC.2.1 Insulation Required. The minimum installed thermal resistance (R-value) for

air distribution system components shall be as specified in Table 6-10.

Table 6-10

Minimum Insulation Levels

Air Distribution System Components’

Location R-Value
On roof R-6
Exterior of building R-6
Attic with ceiling insulation R-6
Between conditioned floors? R-4.2
Enclosed attached garages R-4.2
Unconditioned basement R-4.2
Vented crawlspace R-4.2

I See section 610.1.ABC.3.5, Air Handling Units.

? Except where perimeter walls to the between floor space

are insulated.
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EXCEPTION:

Air distribution system component insulation (except where required to prevent condensa-
tion) is not required in the following cases:

1. Within conditioned space.
2. Exhaust air ducts.

13 3. Factory-installed plenums, casings, or ductwork furnished as a part of HVAC equipment
| tested and rated in accordance with section 607.1.ABC.3 or 608.1.ABC.3.

610.1.ABC.2.2 R-Value Determination. All duct insulation and factory-made ducts shall be
labeled with R-values based on flat sections of insulation only at installed thickness and exclud-
ing any air film resistance. The thermal resistance (R) shall be determined using the relation-
ship R = t/k where t (inches) is the installed thickness and k (Btu-in/hrft*°F) is the measured
apparent thermal conductivity at 75°F mean temperature and at installed thickness tested in

| accordance with ASTM C518 or ASTM C 177.

s;: The installed thickness of duct insulation used to calculate R-values shall be determined as
follows:

1. Ductboard, duct liner and factory-made rigid ducts not normally subjected to compres-
sion shall use the nominal insulation thickness.

2. Duct wrap shall have an assumed installed thickness of 75% of nominal thickness (25%
compression).

3. Factory-made flexible air ducts shall have the installed thickness and calculated R-values
determined in accordance with Paragraph 3.4 of the 1996 Edition of the ADC Standard,
Flexible Duct Performance & Installation Standards, Third Edition.

610.1.ABC.2.3 Condensation Control. Additional insulation with vapor barrier shall be
provided where the minimum duct insulation requirements of 610.1.ABC.2 are determined to
be insufficient to prevent condensation.

610.1.ABC.2.4 Fibrous Glass Duct Liner. Fibrous glass duct liner shall be fabricated and

|
|
|
[
|
\
\
|
I
|
|
}‘ installed in accordance with the provisions of the NAIMA Fibrous Glass Duct Liner Standard,
| 1994.

|

\

I

|

J

610.1.ABC.3 Air Distribution System Construction and Installation. Ducts shall be
constructed, braced, reinforced and installed to provide structural strength and durability. All
transverse joints, longitudinal seams and fitting connections shall be securely fastened and
sealed in accordance with the applicable standards of this section.

1‘
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As an alternative to compliance with specific criteria of sections 610.1.ABC.3.0.4 through
610.1.ABC.3.2.1,610.1.ABC.3.3.1 through 610.1.ABC.3.3.2, and 610.1.ABC.3.3.6, air ducts
and duct systems complying with the applicable requirements of the following standards shall
be deemed as meeting the intent of this Code. Where these standards do not address the spe-
cific closure details of the Code, in the manner required by the subsequent sections of this
Code, the requirements of the Code shall govern.

1. SMACNA HVAC Duct Construction Standards, Metal and Flexible.
2. NAIMA Fibrous Glass Duct Construction Standards.

3. ADC Flexible Duct Performance and Installation Standards.

4. ASHRAE Handbook - HVAC Systems and Equipment.

5. UL 181.

6. UL181A: Part]; Part II; Part IT.

7. UL 181B:PartI; PartII.

610.1.ABC.3.0 General. All enclosures which form the primary air containment passageways
for air distribution systems shall be considered ducts or plenum chambers and shall be con-
structed and sealed in accordance with the applicable criteria of this section.

610.1.ABC.3.0.1 Mechanical Fastening. All joints between sections of air ducts and ple-
nums, between intermediate and terminal fittings and other components of air distribution
systems, and between subsections of these components shall be mechanically fastened to
secure the sections independently of the closure system(s).

610.1.ABC.3.0.2 Sealing. Air distribution system components shall be sealed to 100 percent
closure with approved closure systems.

610.1.ABC.3.0.3 Space Provided. Sufficient space shall be provided adjacent to all mechani-
cal components located in or forming a part of the air distribution system to assure adequate
access for 1) construction and sealing in accordance with the requirements of section
610.1.ABC.3 of this Code 2) inspection and 3) cleaning and maintenance. A minimum of 4" is
considered sufficient space around air handling units.

610.1.ABC.3.0.4. Product Application. Closure products shall be applied to the air barriers
of air distribution system components being joined in order to form a continuous barrier or
they may be applied in accordance with the manufacturer’s instructions or appropriate industry
installation standard where more restrictive.
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610.1.ABC.3.0.5 Surface Preparation. The surfaces upon which closure products are to be
applied shall be clean and dry in accordance with the manufacturer’s installation instructions.

610.1.ABC.3.0.6 Approved Mechanical Attachments. Approved mechanical attachments for
air distribution system components include screws, rivets, welds, inter-locking joints crimped
and rolled, staples, twist in (screw attachment), and compression systems created by bend tabs

or screw tabs and flanges or by clinching straps. Mechanical attachments shall be selected to be
appropriate to the duct system type.

610.1.ABC.3.0.7 Approved Closure Systems. The following closure systems and materials
are approved for air distribution construction and sealing for the applications and pressure
classes prescribed in sections 610.1. ABC.3.1 through 610.1.ABC.3.8:

1. Metal Closures.

a. Welds applied continuously along metal seams or joints through which air could leak.

b. Longitudinal grooved metal seams and snaplock seams that are rolled and crimped by
the manufacturer.

2. Gasketing material placed between mated surfaces which are mechanically fastened with
sufficient force to compress the gasket and to fill all voids and cracks through which air
leakage would otherwise occur.

3. Mastic Closures. Mastics shall be placed over the entire joint between mated surfaces.
Mastics shall not be diluted. Approved mastics include the following:

a. Mastic or mastic plus embedded fabric systems applied to fibrous glass ductboard
that are listed and labeled in accordance with the Standard UL 181A, Part I11.

b. Mastic or mastic plus embedded fabric systems applied to non-metal flexible duct
that are listed and labeled in accordance with the Standard UL 181B, Part II.

©2000 University of Florida Appendix Il Energy Code Excerpts



Energy Efficient Building Construction in Florida

309

4. Tapes. Tapes shall be applied such that they extend not less than 1 inch onto each of the

mated surfaces and shall totally cover the joint. When used on rectangular ducts, tapes
shall be used only on joints between parallel rigid surfaces and on right angle joints.
Approved tapes include the following:

a. Pressure-sensitive tapes.

1) Pressure-sensitive tapes applied to fibrous glass ductboard that are listed and
labeled in accordance with the Standard UL181A, Part 1.

2) Pressure-sensitive tapes applied to non-metal flexible duct that are listed and
labeled in accordance with the Standard UL 181B, Part L.

b. Heat-activated tapes applied to fibrous glass ductboard that are listed and labeled in
accordance with the Standard UL 181A, PartII.

610.1.ABC.3.1 Metal Duct, Rigid and Flexible. All transverse joints, longitudinal seams and
duct wall penetration of ducts and joints with other air distribution system components shall be
mechanically attached and sealed to 100 percent closure using approved closure systems for
that pressure class specified in section 610.1.ABC.3.1.1 or section 610.1.ABC.3.1.2.

610.1.ABC.3.1.1 Pressures Less Than I Inch Water Gauge, Approved Closure Systems.
The following closure systems are approved for rigid metal duct designed to be operated at
pressures less than 1" w.g. when they conform to the approved closure and mechanical attach-
ment requirements of section 610.1.ABC.3.0:

1.

2.

n A W

Continuous welds.

Longitudinal grooved seams, Pittsburgh lock and snaplock seams.
Mastic or mastic-plus-embedded fabric.

Gaskets.

Pressure-sensitive tape.
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610.1.ABC.3.1.2 Pressures 1 Inch Water Gauge or Greater, Approved Closure Systems.
The following closure systems are approved for rigid metal duct designed to be operated at
pressures 1" w.g. or greater and flexible duct when they conform to the approved closure and
mechanical attachment requirements of section 610.1.ABC.3.0:

1. Continuous welds.

2. Mastic or mastic-plus-embedded fabric systems.

3. Gaskets.

610.1.ABC.3.1.3 High Pressure Duct Systems. High pressure duct systems designed to
operate at pressures greater than 3 inches water gauge (4 inches water gauge pressure class),
shall be tested in accordance with the SMACNA HVAC Air Duct Leakage Test Manual. The
tested duct leakage class, at a test pressure equal to the design duct pressure class rating, shall
be equal to or less than Leakage Class 6. Leakage testing may be limited to representative
sections of the duct system but in no case shall such tested sections include less than 25 per-
cent of the total installed duct area for the designated pressure class.

610.1.ABC.3.2 Fibrous Glass Duct, Rigid. All rigid fibrous glass ducts and plenums shall be
constructed and erected in accordance with the provisions of the NAIMA Fibrous Glass Duct
Construction Standards, 1993,

All joints, seams and duct wall penetrations including, but not limited to, the joints between
sections of duct and the joints between duct and other distribution system components shall be

mechanically attached and sealed to 100 percent closure using approved closure systems as
specified in section 610.1, ABC.3.2.1.

610.1.ABC.3.2.1 Approved Closure Systems. The following closure systems are approved for

rigid fibrous glass ducts when they conform to the approved closure and mechanical attachment
requirements of section 610.1.ABC.3.0:

1. Heat-activated tapes.
2. Pressure-sensitive tapes.

3. Mastics or mastic-plus-embedded fabric systems.
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610.1.ABC.3.3 Flexible Duct Systems, Non-Metal. Flexible non-metal ducts shall be joined
to all other air distribution system components by either terminal or intermediate fittings. All
duct collar fittings shall have a minimum 5/8 inch integral flange for sealing to other compo-
nents and a minimum 3 inch shaft for insertion into the inner duct core.

Flexible ducts having porous inner cores shall not be used.

EXCEPTION:

Ducts having a non-porous liner between the porous inner core and the outer jacket.
Fastening and sealing requirements shall be applied to such intermediate liners.

All joints of flexible ducts to fittings and fittings to other air distribution system components
shall be mechanically attached and sealed as specified in sections 610.1.ABC.3.3.1 through
610.1.ABC.3.3.6.

610.1.ABC.3.3.1 Duct Core to Duct Fitting, Mechanical Attachment. The reinforced
core shall be mechanically attached to the duct fitting by a drawband installed directly over
the wire-reinforced core and the duct fitting. The duct fitting shall extend a minimum of 2
inches into each section of duct core. When the flexible duct is larger than 12 inches in
diameter or the design pressure exceeds 1 inch water gauge, the drawband shall be secured
by a raised bead or indented groove on the fitting.

610.1.ABC.3.3.2 Duct Core to Duct Fitting, Approved Closure Systems. The reinforced
lining shall be sealed to the duct fitting using one of the following sealing materials which

conforms to the approved closure and mechanical attachment requirements of section
610.1.ABC.3.0:

1. Gasketing.
2. Mastic or mastic-plus-embedded fabric.

3. Pressure-sensitive tape.

610.1.ABC.3.3.3 Duct Outer Jacket to Duct Collar Fitting. The outer jacket of a flexible
duct section shall be secured at the juncture of the air distribution system component and
intermediate or terminal fitting in such a way as to prevent excess condensation. The outer
jacket of a flexible duct section shall not be interposed between the flange of the duct fitting
and the flexible duct, rigid fibrous glass duct board, or sheet metal to which it is mated.

610.1.ABC.3.3.4 Duct Collar Fitting to Rigid Duct, Mechanical Attachment. The duct
collar fitting shall be mechanically attached to the rigid duct board or sheet metal by appropri-
ate mechanical fasteners, either screws, spin-in flanges, or dovetail flanges.
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610.1.ABC.3.3.5 Duct Collar Fitting to Rigid Duct, Approved Closure Systems. The duct
collar fitting’s integral flange shall be sealed to the rigid duct board or sheet metal using one of

the following closure systems/materials which conforms to the approved closure and mechani-
cal attachment standards of section 610.1.ABC.3.0:

1. Gasketing.
2. Mastic or mastic-plus-embedded fabric systems.
3. Pressure-sensitive tape.

610.1.ABC.3.3.6 Flexible Duct Installation and Support. Flexible ducts shall be config-
ured and supported so as to prevent the use of excess duct material, prevent duct dislocation or
damage, and prevent constriction of the duct below the rated duct diameter in accordance with
the following requirements:

1. Ducts shall be installed fully extended. The total extended length of duct material shall
not exceed 5 percent of the minimum required length for that run.

2. Bendsshall ma.mtam a center line radium of not less than one duct diameter.
3. Terminal devices shall be supported independently of the flexible duct.

4. Horizontal duct shall be supported at intervals not greater than 5 feet. Duct sag between
supports shall not exceed 1/2 inch per foot of length. Supports shall be provided within
1.5 feet of intermediate fittings and between intermediate fittings and bends. Ceiling
joists and rigid duct or equipment may be considered to be supports.

5. Vertical duct shall be stabilized with support straps at intervals not greater than 6 feet.

6. Hangers, saddles and other supports shall meet the duct manufacturer’s recommendations
and shall be of sufficient width to prevent restriction of the internal duct diameter. In no
case shall the material supporting flexible duct that is in direct contact with it be less than
1%2 inches wide.

610.1.ABC.3.4 Terminal and Intermediate Fittings. All seams and joints in terminal and
intermediate fittings, between fitting subsections and between fittings and other air distribution

system components or building components shall be mechanically attached and sealed to 100
percent closure as specified in section 610.1.ABC.3.4.1 or 610.1.ABC.3.4.2.

610.1.ABC.3.4.1 Fittings and Joints Between Dissimilar Duct Types, Approved Closure
Systems. Approved closure systems shall be as designated by air distribution system compo-
nent material type in section 610.1.ABC.3.
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EXCEPTION:

When the components of a joint are fibrous glass duct board and metal duct, including
collar fittings and metal equipment housings, the closure systems approved for fibrous
glass duct shall be used.

610.1.ABC.3.4.2 Terminal Fittings and Air Ducts to Building Envelope Components,
Approved Closure Systems. Terminal fittings and air ducts which penetrate the building enve-
lope shall be mechanically attached to the structure and sealed to the envelope component
penetrated and shall use one of the following closure systems/materials which conform to the
approved closure and mechanical application requirements of section 610.1.ABC.3.0:

1. Mastics or mastic-plus-embedded fabrics.

2. Gaskets used in terminal fitting/grille assemblies which compress the gasket material
between the fitting and the wall, ceiling or floor sheathing.

610.1.ABC.3.5 Air Handling Units. All air handling units shall be mechanically attached to
other air distribution system components. Air handling units located outside the conditioned
space shall be sealed to 100 percent closure using approved closure systems conforming to the
approved closure and mechanical application requirements of section 610.1.ABC.3.1.

610.1.ABC.3.5.1 Approved Closure Systems. Systems conforming to the product and appli-
cation standards of section 610.1. ABC.3.0 may be used when sealing air handling units.

610.1.ABC.3.6 Cavities of the Building Structure. Cavities in framed spaces, such as
dropped soffits and walls, shall not be used to deliver air from or return air to the conditioning
system unless they contain an air duct insert which is insulated in accordance with section
610.1.ABC.2 and constructed and sealed in accordance with the requirements of section
610.1.ABC.3 appropriate for the duct materials used.

EXCEPTION:
Return air plenums.

Cavities designed for air transport such as mechanical closets, chases, air shafts, etc. shall be
lined with an air barrier and sealed in accordance with section 610.1.ABC.3.7 and shall be
insulated in accordance with section 610.1.ABC.2.

Building cavities which will be used as return air plenums shall be lined with a continuous air
barrier made of durable non-porous materials. All penetrations to the air barrier shall be sealed
with a suitable long-life mastic material.
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EXCEPTION:

Surfaces between the plenum and conditioned spaces from which the return/mixed air is
drawn.

Building cavities beneath a roof deck that will be used as return air plenums shall have an insu-
lated roof with the insulation having an R-value of at least R-19.

610.1.ABC.3.7 Mechanical Closets. The interior surfaces of mechanical closets shall be
sheathed with a continuous air barrier as specified in section 610.1.ABC.3.7.1 and shall be
sealed to 100 percent closure with approved closure systems as specified in section
610.1.ABC.3.7.2. All joints shall be sealed between air barrier segments and between the air
barriers of walls and those of the ceiling, floor and door framing. All penetrations of the air
barrier including, but not limited to, those by air ducts, plenums, pipes, service lines, refrigerant
lines, electrical wiring, and condensate drain lines shall be sealed to the air barrier with ap-
proved closure systerns.

EXCEPTION:

Air passageways into the closet from conditioned space that are specifically designed for
return air flow.

Through-wall, through-floor and through-ceiling air passageways into the closet shall be framed
and sealed to form an airtight passageway using approved air duct materials and approved clo-
sure systems.

Duct penetrations through any part of the ceiling, walls or floor of a mechanical closet shall
have sufficient space between surrounding ceiling, walls or floor and any duct or plenum pen-
etration to allow for sealing of the penetration and inspection of the seal.

Clothes washers, clothes dryers, combustion water heaters and atmospheric combustion fur-
naces shall not be located in mechanical closets used as return air plenums.

610.1.ABC.3.7.1 Approved Air Barriers. The following air barriers are approved for use in
mechanical closets:

1. One-halfinch thick or greater gypsum wallboard, taped and sealed.

2. Other panelized materials having inward facing surfaces with an air porosity no greater
than that of a duct product meeting section 22 of UL 181 which are sealed on all interior
surfaces to create a continuous air barrier.
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610.1.ABC.3.7.2 Approved Closure Systems. The following closure systems are approved for
use in mechanical closets:

1. Gypsum wallboard joint compound over taped joints between gypsumn wallboard panels.

2. Sealants complying with the product and application standards of section 610.1.ABC.3.2.1
for fibrous glass ductboard;

3. A suitable long-life caulk or mastic compliant with the locally adopted mechanical code
for all applications.

610.1.ABC.3.8 Enclosed Support Platforms. Enclosed support platforms located between
the return air inlet(s) from conditioned space and the inlet of the air handling unit or furnace,
shall contain a duct section constructed entirely of rigid metal, rigid fibrous glass duct board, or
flexible duct which is constructed and sealed according to the respective requirements of
section 610.1.ABC.3. and insulated according to the requirements of section 610.1.ABC.2.

The duct section shall be designed and constructed so that no portion of the building structure,
including adjoining walls, floors and ceilings, shall be in contact with the return air stream or
function as a component of this duct section.

The duct section shall not be penetrated by a refrigerant line chase, refrigerant line, wiring, pipe
or any object other than a component of the air distribution system.

Through-wall, through-floor and through-ceiling penetrations into the duct section shall contain
a branch duct which is fabricated of rigid fibrous glass duct board or rigid metal and which
extends to and is sealed to both the duct section and the grille side wall surface. The branch
duct shall be fabricated and attached to the duct insert in accordance with section
610.1.ABC.3.2 or section 610.1. ABC.3.1, respective to the duct type used.

610.1.C PrescripTivE REQUIREMENTS SrECIFIC TO METHOD C.

610.1.C.1 Additions. New ducts that are installed to serve an addition shall either be insulated
to R-6 or be installed in conditioned space as designated on Table 6C-1 of Form 600C.

EXCEPTION:

Only new or replacement ducts installed as part of the addition shall meet this require-
ment.

610.1.C.2 Renovations. Replacement duct systerns that are not in conditioned space shall be
insulated to levels specified in section 610.1.C.1.
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EXCEPTION:

Only new or replacement ducts installed as part of the renovation shall meet this require-
ment.

610.1.C.3 Manufactured Homes and Manufactured Buildings. Site-installed components
and features of the air distribution system(s) of manufactured homes shall be insulated, con-
structed, sealed and supported in accordance with the requirements of sections 610.1.ABC.2

‘ and 610.1.ABC.3. The duct connection between the air distribution systems of separate units of

| multiple unit manufactured homes and buildings shall be installed, sealed and inspected accord-

5 ing to the provisions of this Code.

Manufactured homes and buildings having interior furnaces and site-installed single package air
conditioners which share the same supply registers shall have an automatic backflow damper
instalied between the air conditioning unit and the factory-installed duct to prevent the function-
ing of return grilles as supply registers and to prevent the forced passage of conditioned air
through inactive air handlers when another system is in operation.

610.1.C.4 Building Systems. Newly manufactured air distribution system components in-
stalled in existing buildings shall meet the minimum requirements for air distribution systems

contained in sections 610.1. ABC.2 through 610.1.ABC.8, as appropriate. See section 101.6 for
exceptions.
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611 PIPING

611.1.ABC Basic PrescripTive REQUIREMENTS FOR METHODS A, B AND C

611.1.ABC.1 Piping Insulation. All piping installed to service buildings and within buildings,
including the vapor line of HVAC refrigerant piping, shall be thermally insulated in accordance
with Table 6-11, except as stated herein (for service water heating systems, see section

612.1.ABC.5).
Table 6-11
Minimum Pipe insulation
Piping System Types Fluid Runouts 2 Insulation | Thickness
Temperature {inches) for Pipe <1" Sizes'
Range {°F) 1.25"-2"
Heating Systems
Steam and hot water
Low pressure/temp. 201-250 1.0 1.5 1.5
Low temp. 120-200 0.5 1.0 1.0
Steam condensate Any 1.0 1.0 1.5
(for feed water)
Cooling Systems
Chilled water, 40-55 0.5 0.5 0.75
refrigerant or brine Below 40 1.0 1.0 1.50

! For piping larger than 1 inch diameter and exposed to outdoor ambient temperatures, increase thickness
by 0.5 inch.

2 Runouts to individual thermal units (not exceeding 12 feet in length).

* The required minimum thicknesses do not consider water vapor transmission and condensation.
Additional insulation, vapor retarders, or both, may be required to limit water vapor transmission and
condensation.

EXCEPTIONS:
Piping insulation is not required in the following cases:
1. Piping installed within HVAC equipment.
Piping containing fluid at temperatures between 55°F and 120°F.

Piping within the conditioned space.

Wb

Piping within basements or unvented crawl spaces (plenums) having insulated walls.
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611.1.ABC.1.1 Other Insulation Thicknesses. Insulation thickness in Table 6-10 are based on
insulation having thermal resistance in the range of 4.0 to 4.6 °Fft*h/Btu per inch of thickness
on a flat surface at a mean temperature of 75°F.

Minimum insulation thickness shall be increased for materials having R-values less than 4.0

°F{t*h/Btuin. or may be reduced for materials having R-values greater than 4.6 °Fft*h/Btuiin. as
follows:

1. For materials with thermal resistivity greater than R-4.6, the minimum insulation thickness
may be reduced as follows:

New Minimum Thickness = 4.6 x Table 6-10 Thickness
Actual Resistivity

2. For material with thermal resistivity less than R-4.0, the minimum insulation thickness shall
be increased as follows:

New Minimum Thickness = 4.0 x Table 6-10 Thickness
Actual Resistivity
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612 WATER HEATING SYSTEMS

612.1.ABC Basic PrescrirTive REQUIREMENTS FOR METHODS A, B AND C
612.1.ABC.2 ConTROLS.

612.1.ABC.2.1 Storage WaATER HEATER TEMPERATURE CONTROLS.

612.1.ABC.2.1.1 Automatic Controls. Service water heating systems shall be equipped with
automatic temperature controls capable of adjustment from the lowest to the highest acceptabie
temperature settings for the intended use. The minimum temperature setting range shall be
from 100°F to 140°F.

612.1.ABC.2.1.2 Shut Down. a separate switch or a clearly marked circuit breaker shall be
provided to permit the power supplied to electric service systems to be turned off. a separate
valve shall be provided to permit the energy supplied to the main burner(s) of combustion types
of service water heating systems to be turned off.

612.1.ABC.2.2 Heat Traps. Residential water heaters with storage tanks shall have heat traps
on both the inlets and outlets. Those not having built-in heat traps shall be installed with an
external heat trap. Such devices shall consist of either a commercially available heat trap or a
downward and upward bend of at least 3% inches in the hot water distribution line and cold
water line located as close as practical to the storage tank.

612.1.ABC.2.3 Swimming PooL AND Sra TEMPERATURE CONTROLS

612.1.ABC.2.3.1 On-Off Switch Required. All pool and spa heaters shall be equipped with an
ON-OFF switch mounted for easy access to allow the heater to be shut off without adjusting the
thermostat setting and to allow restarting without relighting the pilot light.

All gas- and oil-fired pool heaters when tested in accordance with ANSI Z21.56-94 shall have a
minimum thermal efficiency of 78 percent.

612.1.ABC.2.3.2 Covers Required. Spas and heated swimming poots shall be equipped with a
cover designed to minimize heat loss.

EXCEPTION:

Outdoor pools deriving over 70 percent of the energy for heating from non-depletable on
site-recovered sources computed over an operating season are exempt from this require-
ment.
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612.1.ABC.2.3.3 Time Clocks on Private Pools. Time clocks shall be installed on private
pools so that the pump can be set to run during off-peak electric demand periods and can be set
for the minimum time necessary to maintain the water in a clear and sanitary condition in
keeping with applicable health standards.

EXCEPTIONS:

Pumps connected to swimming pool solar water heating systems or any pool legally
considered a public pool.

612.1,ABC.2.4 Showers..Showers used for other than safety reasons shall be equipped with
flow control devices to limit the water discharge to a maximum of two and one-half (2.50) gpm
per shower head at a distribution pressure of 80 psig when tested in accordance with the proce-
dures of ANSI A112.18.1M-1989. Flow restricting inserts used as a component part of a
showerhead shall be mechanically retained at the point of manufacture.

612.1.ABC.3.1 ELecTric WATER HEATER EFFICIENCIES.

612.1.ABC.3.1.1 Storage Capacities Of 120 Gallons Or Less. All automatic electric storage
water heaters having a storage capacity of 120 gallons or less and an input rating of 12 kw or
less shall, when tested in accordance with the DOE Uniform Test Method for Measuring the
Energy Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the
performance minimums listed in Table 6-11.

612.1.ABC.3.1.2 Storage Capacities Greater Than 120 Gallons. Performance minimums
for electric storage water heaters with capacities greater than 120 gallons or an input rate
greater than 12 KW shall have a standby loss of .30+27/V _ percent/hour or less, where V., is the

tested storage volume in gallons and tested in accordance with ANSI test method Z21.10.3-
1990. :

612.1.ABC.3.2 Gas- anDp OiL-FIRED WATER HEATER EFFICIENCIES.

612.1.ABC.3.2.1 Tanks With Input Ratings Of 75,000 Btu/h or Less (Gas) or 105,000 Btu/
h or Less (QOil). All gas- and oil-fired automatic storage water heaters with capacities of 100
gallons or less and an input rating of 75,000 Btu/h or less (gas) or 105,000 Btu/h or less (oil)
shall, when tested in accordance with the DOE Uniform Test Method for Measuring the Energy
Consumption of Water Heaters, Appendix E to Subpart B, 10 CFR Part 430, meet the perfor-
mance minimums listed in Table 6-12.
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Table 6-12 Minimum Performance Standards
Water Heating Equipment:
Fired Storage Water Heater Minimum Energy Factors (EF)

Type/ Tank Volume (Gallons)

Volume 20 30 40 50 65 75 80 100 120
Electric:
Up to 120 gal .90 .89 .88 .86 .84 — .82 .80 77
or 12kW input
Gas:
Up to 100 gal or .58 .56 .54 .52 .50 .48 —_ .43 —_
75,000 Btu/h input
oil:
Up to 50 gal or —_ .53 .51 .50 —_ — - — —
75,000 Btu/h input

612.1.ABC.3.2.2 Tanks With Input Ratings Greater Than 75,000 Btu/h (Gas) or Greater
Than 105,000 Btu/h (Oil). All gas-fired storage water heaters with input ratings greater than
75,000 Buv/h but less than or equal to 155,000 Btu/h, and all oil-fired storage water heaters
with input ratings greater than 105,000 Btu/h but less than or equal to 155,000 Btu/h, shall have
a steady-state combustion efficiency E of .78 or less and a standby loss of 1.30+114/V_ (in
percent/hour) or less, where V_ is the tested storage volume in gallons. All gas- and oil-fired
storage water heaters with input ratings greater than 155,000 Btu/h shall have a steady-state
combustion efficiency E, of .78 or more and a standby loss of 1.30+95/V_, where V_is the
tested storage volume in gallons.

612.1.ABC.3.3 Unfired Storage Tanks. All unfired storage tanks shall have a standby loss of
6.5 Btw/h/ft? or less, based on an 80°F water-air temperature difference.

612.1.ABC.3.4 Solar Water Heating Systems. Solar systems for domestic hot water produc-
tion are rated by the Energy Factor of the system. The Energy Factor of a system shall be
determined from a Florida Solar Energy Center Directory of Certified Solar Systems. Solar
collectors shall be tested and rated in accordance with ASHRAE Standard 93-1986.(RA91),
Method of Testing to Determine the Thermal Performance of Solar Collectors and should meet
the following criteria:

1. Be installed with a tilt angle between 15° and 40° of horizontal; and

2. Beinstalled at an orientation within 45° of South.
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612.1.ABC.3.5 Combination Service Water Heating and Space Heating Equipment.
Service water heating equipment used to provide additional functions (e.g. space heating) as
part of a combination (integrated) system shall comply with minimum performance require-
ments for water heating equipment.

Combination water and space heating systems with input ratings of 105,000 Btu/h or less shall
utilize a water heater listed by the Gas Appliance Manufacturer’s Association (GAMA).
Changeouts of burners to increase capacity shall not be made unless the unit has been listed at
that capacity by GAMA.

Combination systems with input ratings greater than 105,000 Btu/h shall comply with the
criteria of section 412.1.ABCD.3.4, Chapter 4.

612.1.ABC.4 Pumps. Circulating hot water systems shall be arranged so that the circulating

purmnp(s) can be conveniently turned off (automatically or manually) when the hot water system
is not in operation.

612.1.ABC.5 Piping Insulation. Circulating hot water systems (including piping for waste
heat recovery systems (HRUs)) shall be insulated with insulation of at least ¥2” minimum
thickness with a thermal conductivity no greater than 0.28 Btu/in./h-ft*°F.

Pipe insulation buried underground shall be as specified by the manufacturer for underground
use.

612.1.C Prescriptive Requirements Specific to Method C. New water heating equipment
installed in small additions and renovations shall meet the minimum efficiencies given on Table
6C-1 of Form 600C.

612.1.C.1 Additions. All new water heaters installed in an addition shall meet the minimum
efficiencies listed in section 612.1.ABC.3, Table 6-11.

EXCEPTION:

Only water heating systems which are being replaced or installed as part of the addition
shall meet this requirement.

612.1.C.2 Renovations. Minimum efficiencies for water heating equipment installed in reno-
vations shall be not less than those listed in Table 6-11, section 612.1.ABC.3.

EXCEPTION:

Only water heating systems which are being replaced or installed as part of the renovation
shall meet this requirement.

612.1.C.3 Building Systems. New water heating systems installed in existing buildings shall
meet the minimum requirements for that system in section 612.1.ABC.
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SUPPLEMENTAL INFORMATION FOR CHAPTER 4

1.1 GENERAL

Information on thermal properties, performance of building envelope sections, and compo-
nents and heat transfer shall be obtained from the 1997 ASHRAE Handbook of Fundamen-
tals. When the information is not available from this source, the data may be obtained from
manufacturer’s information based on laboratory or field test measurements.

If laboratory or field test measurements are used for envelope heat transmission, they shall
be obtained using one of the following test methods:

1. Guarded Hot Plate: ASTM C-177-97
2. Heat Flow Meter: ASTM (C-518-91
3. Guarded Hot Box:  ASTM C-236-89
4. Calibrated Hot Box: ASTM C-976-90

1.1.1 Climate data for determining criteria or compliance values for various cities shall be
as provided in the FLA/COM computer program.

1.1.2 The requirements of this Chapter are to be used for determining compliance with this
Code. They are not intended to replace the building loads calculation procedures in the 1997
ASHRAE Handbook of Fundamentals. Relative to mean radiant temperature, the requirements
are based on the assumption that mean radiant temperature is equal to dry-bulb air temperature.
For consideration of mean radiant temperature effects under other conditions, reference should
be made to ASHRAE Standard 55-92.

Energy Code Excerpts ‘ Appendix Ili ©2000 University of Florida




324

Energy Efficient Building Construction in Florida

2.1 THERMAL TRANSMITTANCE

2.1.1 Overall Thermal Transmittance (U)). The overall thermal transmittance of the
building envelope assembly shall be calculated in accordance with Equation 4-5:

EQUATION 4-5

U =UA/A_
=(UA, +UA, +~+UA)A
Where:

R
[

The area-weighted average thermal transmittance of the gross area of an envelope
assembly; i.e., the exterior wall assembly including fenestration & doors, the roof and
ceiling assembly, and the floor assembly, Btu/(h-ft*°F).

The gross area of the envelope assembly, ft2,

‘The thermal transmittance of each individual path of the envelope assembly, i.¢., the
opaque portion of the fenestration, Bu/(hft2°F).

1/R, (where R, is the total resistance to heat flow of an individual path through an
envelope assembly).

= The area of each individual element of the envelope

o

c>
o

e
I

>

2.1.2 Fenestration Assemblies. U-values (thermal transmittances) of fenestration products
(windows, doors and skylights) shall be determined in accordance with the National Fenestra-
tion Rating Council 100, Procedure for Determining Fenestration Product Thermal Proper-
ties by an accredited, independent laboratory and labeled and certified by the manufacturer.
Such certified and labeled U-values shall be accepted for the purposes of determining compli-
ance with the building envelope requirements of this code.

When a manufacturer has not determined product U-value in accordance with NFRC 100 for a
particular product line, compliance with the building envelope requirements of this code shall

be determined by assigning such products a default U-value in accordance with Tables 4B-1 and

4B-2. Product features must be verifiable for the product to qualify for the default value asso-
ciated with those features. Where the existence of a particular feature cannot be determined
with reasonable certainty, the product shall not receive credit for that feature. Where a com-

posite of materials from two different product types are used, the product shall be assigned the

higher U-value.

2.1.3 Walls. The thermal transmittance of each envelope assembly shall be determined with
due consideration of all major series and parallel heat flow paths through the elements of the

assembly and film coefficients. Compression of insulation shall be considered in determining
the thermal resistance.
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Table 4B-1
U-Value Default Table for Windows, Glazed Doors and Skylights
Product Single Double
Description Glazed Glazed
Metal without Thermal Break
Operable 1.30 0.87
Fixed 1.17 0.69
Door 1.26 0.80
Skylight 1.92 1.30
Metal with Thermal Break
Operable 1.07 0.67
Fixed 1.11 0.63
Door 1.10 0.66
Skylight 1.93 1.13
Metal-Clad Wood
Operable 0.98 0.60
Fixed 1.05 0.58
Door 0.99 0.57
Skylight 1.50 0.88
Wood or Vinyl
Operable 0.94 0.56
Fixed 1.04 0.57
Door 0.98 0.56
Skylight 1.47 0.85

Glass block assemblies shall have a U-vatue of 0.60.
(Source: 1995 Model Energy Code, Table 102.3a)

Table 4B-2
U-Value Default Table for Non-glazed Doors
Product With Without
Description Foam Core Foam Core
Steel Doors (1 3/4" thick) 0.35 0.60
Wood Doors (1 3/4" thick) Without Storm Door | With Storm Door
Panel with 7/16" panels 0.54 0.36
Hollow core flush 0.46 0.32
Panel with 1 1/8" panels 0.39 0.28
Solid core flush 0.40 0.26
(Source: 1995 Model Energy Code, Table 102.3b)
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2.1.4 Parallel Path Procedure. The thermal transmittance of opaque elements of assem-
blies shall be determined using a series path procedure with correction for the presence of
parallel paths within an element of the envelope assembly (such as wall cavities with paral-
lel paths through insulation and studs).

2.1.5 Metal Framing. For envelope assemblies containing metal framing, the thermal
transmittance of the series elements (U)) shall be determined by using one of the following
methods:

1. Results from laboratory or field test measurements. One of the procedures specified in
section 1.1 of Appendix B shall be used.

2. The zone method described in Chapter 24 of the 1997 ASHRAE Handbook of Fundamen-
tals and the formulas on pages 24.10 through 24.11 shall be used for calculation.

3. The total thermal resistance of the series path shall be calculated in accordance with the

following equations:
EQUATION 4-6
U=1R,
EQUATION 4-7
R=R +R,
Where:
R = The total resistance of the envelope assembly.
R = Theresistance of the series elements (for I = 1 to n) excluding the parallel path element(s).

R, = The equivalent resistance of the element containing the parallel path.

= (R-value of insulation x F ). Values for F_and equivalent resistances shall be taken from
Tables 4B-3 or 4B-4 below.)

2.1.6 Non-Metal Framing. For envelope assemblies containing non-metal framing, the U,
shali be determined from one of the laboratory or field test measurements specified in section
1.1 of Appendix B or from the ASHRAE series-parallel method. Formulas in Chapter 22, page
22.8 of the 1997 ASHRAE Handbook of Fundamentals-shall be used for these calculations.

2.1.7 Below-Grade Components. In all below-grade applications, the thermal performance of

the adjacent ground shall be excluded in determining the thermal resistance of the below-grade
components. The R-value required for below-grade walls refers to the overall R-value of the
wall assembly excluding air film coefficients and the adjacent ground.
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2.1.8 (A) Roofs/Ceiling. Method B of FLA/COM uses the following equation and excep-
tions to determine overall thermal transmittance.

EQUATION 4-8
Overall Thermal Transmittance-Roofs

U, = 1
(6.3 +1.8x10°%x HDD65 + 1.3 x 10 x CDD65 + 2.6 x 10 x CDH80)

EXCEPTIONS:

1. Any building that is heated only shall have an overall thermal transmittance value (U_)
for the gross area of the roof assembly less than or equal to the value determined by
Eguation 4-8 with CDD65 and CDHS80 set equal to zero.

2. Any building that is mechanically cooled only shall have an overall thermal transmit-
tance value (U ) for the gross area of the roof assembly less than or equal to the value
determined by Equation 4-8 with HDD65 set equal to zero.

3. Spaces that are neither heated nor cooled shall have an overall thermal transmittance
value (U ) for the gross area of roof assembly less than or equal to 0.19 Buw/(hft>°F).

2.1.8 (B) Roofs/Ceilings. For thermal transmittance purposes, when return air ceiling ple-
nums are employed, the roof or ceiling assembly shall not include the resistance of the ceiling
or the plenum space as part of the total resistance of the assembly.

2.1.9 Floors. The thermal resistance of floors shall be in accordance with the criteria of
section 2.1.1 of Appendix B.

2.1.10 Slabs. The R-value and dimensions required for slabs refers only to the insulation
materials. Insulative continuity shall be maintained in the design of slab edge insulation sys-
tems. Continuity shall be maintained from the wall insulation through the slab/wall/footing
intersection to the body of the slab edge insulation.
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3.1 SHADING COEFFICIENTS AND SOLAR HEAT GAIN COEFFICIENTS

The Shading Coefficient (SC) for fenestrations shall be determined by converting the product’s
Solar Heat Gain Coefficient to a Shading Coefficient (dividing the SHGC by 0.87). The Solar
Heat Gain Coefficient (SHGC) for glazed fenestration products (windows, glazed doors and
skylights) shall be determined in accordance with National Fenestration Rating Council 200:
Procedure for Determining Fenestration Product Solar Heat Gain Coefficients at Normal
Incidence by an accredited, independent laboratory and labeled and certified by the manufac-

turer.

When a manufacturer has not determined SHGC in accordance with NFRC 200 for a particular
product line, compliance with the building envelope requirements of this code shall be deter-
mined by assigning such products a default SHGC in accordance with Table 4B-5 Product
features must be verifiable for the product to qualify for the default value associated with those
features. Where the existence of a particular feature cannot be determined with reasonable
certainty, the product shall not receive credit for that feature. Where a composite of materials
from two different product types are used, the product shall be assigned the higher SHGC.

Table 4B-5

SHGC Default Table For Fenestration

Product Single Glazed Double Glazed
Description Clear | Bronze; Green | Gray | Clear | Bronze | Green | Gray
+ Clear | + Clear |+ Clear |+ Clear
Metal Frames
Operable 0.75 0.64 0.62 0.61 0.66 0.55 0.53 0.52
Fixed 0.78 0.67 0.65 0.64 0.68 0.57 0.55 0.54
Nonmetal Frames
Operable 0.63 0.54 0.53 Q.52 0.55 .46 0.45 0.44
Fixed 0.75 | 0.64 0.62 0.61 0.66 0.54 0.53 | 0.52
©2000 University of Florida Appendixill Energy Code Excerpts



Energy Efficient Building Construction in Florida 329

5.1 CALCULATION PROCEDURES

5.1.1 Cooling System Design Loads. Cooling system design loads, for the purpose of
sizing HVAC systems and equipment, shall be determined in accordance with one of the
procedures described in Chapter 26 of the 1997 ASHRAE Handbook of Fundamentals or
ACCA Manual N, Commercial Load Calculation, 4th Edition, 1988.

5.1.2 Interior Design Conditions. Indoor design temperature and humidity conditions for
general comfort applications shall be in accordance with the comfort criteria established in
ANSI/ASHRAE Standard 55-92, Thermal Environmental Conditions for Human Occupancy, or
Chapter 8 of the 1997 ASHRAE Handbook of Fundamentals, except that winter humidification
and summer dehumidification are not required.

5.1.3 Exterior Design Conditions. Outdoor design conditions shall be selected from the
1997 ASHRAE Handbook of Fundamentals, or from data obtained from the National Climatic
Center or a similar recognized weather data source. Cooling design temperatures shall be no
greater than the temperature listed in the 2.5% column or statistically similar 0.5% annualized
value. Heating design temperatures shall be no lower than the temperature listed in the 99%
column or statistically similar 0.2% annualized value. EXCEPTION: Where necessary to assure
the prevention of damage to the building or to material and equipment within the building, the
1% column for cooling may be used.

5.1.4 Ventilation. Outdoor air ventilation loads shall be based on ventilation rates specified in
ASHRAE Standard 62-1989.

5.1.5 Envelope. Envelope cool loads shall be based on envelope characteristics such as ther-
mal conductance, shading coefficient, and air leakage consistent with the values used to demon-
strate compliance with FLA/COM of this Code.

5.1.6 Lighting. Lighting loads shall be based on actual design lighting levels or power budgets
consistent with the prescriptive requirements of section 415.1. Lighting loads may be ignored
for the purpose of calculating design heating loads.

5.1.7 Other Loads. Other HVAC system loads such as those due to people and equipment
shall be based on design data compiled from one or more of the following sources:

1. Actual information based on the intended use of the building.
2. Published data from manufacturers’ technical publications.

3. Technical society publications such as the 1995 ASHRAE Handbook of HVAC Applica-
tions.
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4. Allereza, “Estimates of recommended heat gains due to commercial appliances and equip-
ment.”

5. Other data based on designer’s experience of loads and occupancy patterns.
Internal heat gains may be ignored for the purpose of calculating design heating loads.

5.1.8 Safety Factor. Design loads may at the designer’s option be increased by as much as
10% to account for unexpected loads or changes in space usage.

5.1.9 Pick-up Load. Transient loads such as warm-up or cool-down loads which occur after
off-hour setback or shutoff may be calculated from principles based on the heat capacity of the
buiiding and its contents, the degree of setback, and desired recovery time; or may be assumed
to be up to 10% for cooling and 30% for heating of the steady-state design loads. The steady-
state load may include a safety factor in accordance with section 5.1.8 of Appendix B.
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SUPPLEMENTAL INFORMATION FOR CHAPTER 6 g

1.2 BUILDING ENVELOPE, INSULATION

All R-values referenced in this chapter refer to the R-values of the added insulation only. The
R-values of structural building materials such as framing members, concrete blocks or gypsum
board shall not be included. Insulation levels shall be achieved with insulation products tested
and rated according to the procedures recognized by the Federal Trade Commission (FTC)in 16
CFR Part 460.

See section 104.4.3 for compliance requirements pertaining to insulation installed in locations
where the R-value is not readily apparent or the FTC label is not affixed to the installed product.

1.2.1 When installing two layers of bulk or board insulation, the R-values of each material may
be added together for a total R-value. When installing two separate reflective insulation prod-

ucts in layers, the total R-value of the system shall have been achieved by testing under Federal .
Trade Commission regulations, 16 CFR Part 460. g
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1.2.2 Insulation that has been compressed to 85% or less of the manufacturer’s rated thickness
for the product shall use the R-values given in Table 6C-1 for selecting a multiplier.

Table 6C-1
R-Values of Compressed Insulation

% of Original | R-5 R-7 R-11 | R-14 | R-19 | R-30 | R-38

Thickness
90% 5 6 10 13 18 28 36
80% 4 6 10 12 17 26 33
70% 4 5 9 11 15 24 30
60% 3 5 8 10 14 22 27
50% 3 4 7 9 12 18 24
40% 2 4 6 8 10 15 20
30% 2 3 4 6 8 12 16
20% 2 2 3 4 7 10 10

These values are to be used except where data developed by an independent testing laboratory is
provided and approved by the Department of Community Affairs.

Section 1.2.3 The thermal insulation materials listed below shall comply with the requirements
of their respective ASTM standard specification and shall be installed in accordance with their
respective ASTM installation practice.

Table 6C-2
Insulation Installation Standards

Insuiation Standard Installation

Material Specification Practice
Mineral Fiber Batt/Blanket C 665-95 C 1320-95
Mineral Fiber Loose Fill C 764-94 C 1015-84 (1995)
Cellulose Loose Fil C 739-91 C 1015-84 (1995)
Polystyrene Foam C 578-95 —
Polyisocyanurate Foam C 1289-95 -
Reflective C 1224-93 C 727-90
Radiant Barrier C 1313-95 C 1158-90
Vermiculite C 516-80 (1990) C 1049-85 (1995)
Perlite C 549-81 C 1049-85 (1995)
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Slab Floors

1.

2. Sill Plate and Rim Joist
5. Bottom FPlate
4. Subfloor

5. Electrical Wiring
©. Electrical Boxes

7. Electrical Box Gaskets

&. Recessed Light Fixtures

9. Exhaust Fans

10. Plumbing

11, Attic Access

12. Whole House Fan

13. Flue Stacks

14. Combustion Appliances

15. Return and Supply Registers
16. Ductwork

17. Air Handling Unit

18. Dropped Ceiling Soffit

19. Chases

See chapter 4 for details.
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