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Preface

In Hawaii, the State Department of Labor and Industrial Rela-
tions, Office of Community Services, (OCS),hasadministered
WAP for approximately 30 years. This Weatherization Field
Guideoutlinesasetofbestpractices.

Weatherization experts collaborating with the National Renew-
ableEnergyLab (NREL) developed the SWSbeginning in2009.
Thesenew SWSstandardsreside onlinein NREL's SWS Tool.

The SWS presents details and outcomes for weatherization mea-
sures thatarerequired when a weatherization agency selectsa
weatherization measure, based on its cost effectiveness. The
technical content of this guide aligns with the SWSrequire-
ments. Hypertextreferences to the specificSWSdetails that our
content aligns to are included. When you click on one of these
references, the relevant detail appears in your browser.

Currently, there are seven approved weatherization measures in
the DOE approved Hawaii Priority List that applies to single
familyhomesand multi-familybuildings withunitsof4orless.
Thefollowing measuresarelisted in the order of most cost
effective. When weatherizing a home, typically the measures are
installed in order, as conditions and funding permit.

* Low-FlowShowerheads

* Low-Flow Faucet Aerators

* Compact Fluorescent Light Bulbs (CFL's)

* Small Room Air Conditioners

* Solar WaterHeaters or Hybrid Heat Pumps
* Refrigerator Replacements

* Large Room Air Conditioners

The prioritylistcriteriafor these measures, along with their
installation guidelines are covered in this field guide.


https://sws.nrel.gov/

Like the SWS, this field guideis aliving document and a work-
in-progress. Thefield guidewillchangeastheSWSchanges. We
hope you find this guide authoritative, easy to use, and well
aligned tothe SWS. Wewelcomeall comments, suggestionsand
criticism. Thank you for yourhard workand dedicationin
implementing the WAP.
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CHAPTER 1: HEALTH AND SAFETY

SWS Detail:2.0100.1 Global Worker Safety

Thischapterdiscussessomeofthemostimportanthazardsthat
you find both inresidential buildings and on weatherization
jobs. The SWS contains many health and safety requirements
thatrelate tovarious cost-effective energy-conservation mea-
sures (ECMs). These SWS requirements are referenced in this
chapter.

The chapter begins with health, safety, and durability of the
building. If health and safety problems affect thecost-effective
ECMsyouselect, solvethe problemsbefore or during the
weatherization work.

Workers are the mostimportant asset of WAP. Wediscuss their
health and safety atthe end of this chapter.

Customer Health and Safety

House fires, moisture problems, carbon-monoxide poisoning,
and lead-paint poisoning are the most common and serious
health and safety problems found inhomes.

Alertresidentsto any health and safety hazards that you find.
Discuss known or suspected health concerns with occupants;
take extra precautions based on occupant sensitivity to environ-
mental hazards, such as chemicals and allergens.

v' Inspectthehome for firehazardssuchasimproperly
installed electrical equipment, flammable materials stored
near combustionappliances, or malfunctioning heating
appliances. Discuss these hazards with occupants, and
remove these hazards if possible, as allowed under Weath-
erization Program Notice (WPN)17-7.

v" Understand and comply with the fire-containment code
requirements of the International Residential Code (IRC).

Hawaii Weatherization Field Guide 11
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v" Find moisture problems and discuss them with the occu-
pant. Solve moisture problems before or during weather-
ization work. See page 15.

v" Obey the Environmental Protection Agency’s (EPA)
Repair, Renovation, and Painting (RRP) rules when work-
ing on homes built before 1978. Prevent dust during all
weatherization projects. Explain the lead paint hazard and
tellresidentswhatyou'redoingtoprotectthem. See
page 28.

Worker Health and Safety

In the worker-safety section at the end of this chapter, we dis-
cuss the most dangerous hazards present during weatherization
and how to avoid these hazards. Hazards include: driving, falls,
back injuries, cuts, chemical exposure, repetitive stress, and
electrical shocks.

1.1 FIRE SAFETY

The building codes focus on preventing the spread of fire within
andbetweenbuildings. A firebarrierisawallassembly thathas
been tested and certified to withstand and contain a fire for a
particular time duration.

Afire partitionis a fire barrier that prevents the spread of fire
between thesections ofabuilding. A firewallisastructural fire
barrierbetweenbuildingsthatis designed toremainstanding
duringand afterafire.

Flamespreadisatested value of how fastamaterial burns com-
paredtored oak planks.

Athermalbarrierisasheeting material that protects the materi-
alsbehind it from reaching atemperature of 250°F or breeching
duringafire. One-half-inchdrywallisthemostcommonlyused
thermal barrier and is rated for 15 minutes of protection. Fire
partitions in multifamily buildings usually require a wall assem-
bly witha2-hourrating.

12 Health and Safety



1.2 SMOKE ALARMS

SWS Details: 2.0301.1 Smoke Alarm

Everyhomeshouldhaveatleastonesmokealarm. Single-func-
tionalarmsorcombinationalarmscaninterconnectelectrically
for whole-building protection. If one alarm sounds the other
alarms sound too.

Educate occupants about the alarms and what to do if the
alarm sounds. Discuss the low-battery chirping sound and
how to replace the battery. Tell residents that alarms last less
than 10 years and that a different sound will alert them when
thealarmfails.

1.3 GAS RANGE AND OVEN SAFETY

SWS Details: 2.0100.1 Global Worker Safety, 2.0201.2
Combustion Safety

Gas ovens canrelease carbon monoxide (CO), natural gas, or
propaneintoakitchen. Ovenburnersaremorelikely torelease
CO compared to range-top burners.

Client Education about Ranges

Educate clients about the following safety practices in using
their gas range.

v" Neverusearangeburnerorgasovenasaspaceheater.

v Openawindow and turnonthekitchenexhaustfan when
usingtherangeoroven.

v" Buyand installa COalarm and discontinue use of the oven
andrangeburnersiftheambient COlevelrisesabove9parts
per million (ppm) as measured.

v" Neverinstallaluminumfoilaroundarangeburneroroven
burner.
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v Keep range burners and ovens clean.

v" Burnersshould displayhardblueflames.Callaservicecom-
pany if you notice yellow flames, white flames, wavering
flames, or noisy flames.
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1.4 REDUCING MOISTURE PROBLEMS

SWS Detail: 2.0401.1 Air Sealing Moisture Precautions

Moisture causes billions of dollars worth of property damage,
sickness, and high energy bills each yearin American homes.
Water damages building materials by dissolving glues and mor-
tar, corroding metal, and nurturing pestslikemold, dustmites,
and insects. These pests, in turn, cause respiratory illness.

Water reduces the thermal resistance of insulation and other
building materials. High humidity also increases air-condition-
ing costs because the air conditioner removes moisture from the
air to provide comfort.

The most common sources of moisture are leaky roofs and
damp foundations. Other critical moisture sourcesinclude
clothes dryers venting indoors, showers, cooking appliances,
and unvented gasappliances. Clients controlmany of these
moisture sources, soeducate them abouthow toreduce the
moisture sources discussed here.

Climateisalsoamajor contributor tomoisture problems. The
more rain, extreme temperatures, and humid weather aregion
experiences, themore of itshomes are vulnerable tomoisture
problems.
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aquarium

humidifier

showering
washer & dryer

perspiratio

oven & range /i ?

soil moisture ‘i‘

Moisture sources: Household moisture can often be controlled at the source by
informed and motivated occupants, who work to control moisture sources like
these.

Reducing moisturesourcesisthefirstpriority forsolving mois-
ture problems. Nextmostimportantareairand vaporbarriers
topreventwater vapor frommigrating throughbuilding cavi-
ties. Relatively tight homes need mechanical ventilation to
remove accumulating water vapor.

Table 1-1: Moisture Sources and Their Potential Contributions

Moisture Source Potential Amount

Pints
Ground moisture 0-105 per day
Unvented combustion space heater 0.5-20 per hour
Seasonal evaporation from materials 6—19 per day
Dryers venting indoors 4—6 perload
Dish washing 1-2 perday
Cooking (meals for four persons) 2-4 per day
Showering 0.5 per shower
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1.4.1 Symptoms of Moisture Problems

SWS Detail: 2.0401.1 Air Sealing Moisture Precautions

Condensationonwindows, walls, and other cool surfacessig-
nalshighrelative humidity and the need toreduce moisture
sources. During air conditioning operation, condensation may
occur on cold surfaces. This occasional condensation isn’t a
major problem. However, if condensationisa persistent prob-
lem, reduce moisture sources.

Moisture problems arise when parts of the building become wet
often and stay wet for periods of time. Moisture in organic or
porous building materials reaches a threshold that allows pests
likemold, dustmites, and insects tothrive. These pestscan
cause or aggravate asthma, bronchitis, and other respiratory ail-
ments because they produce potent biologicalallergens.

Rot and wood decay indicate advanced moisture damage.
Unlike surface mold and mildew, wood decay fungi penetrate,
soften, and weaken wood.

Dust mites: Biological pests
create bioaerosols that can
cause allergies and asthma.

Peeling, blistering, or cracking paint may indicate that moisture
ismovingthroughawall, damaging the paintand possiblyalso
the building materials underneath.

Corrosion, oxidation, and rustonmetal areunmistakablesigns
of moisture problems. Deformed wooden surfaces may appear
asthedampwood swells, andlaterwarpsand cracksasitdries.
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Efflorescenceisawhite, powderydepositleftby waterthat
moves through masonry and leaves minerals from mortar or the
soilbehind asitevaporatesfromthemasonry surface. Concrete
and masonry efflorescence indicates water movement through
the home’s foundation.

1.4.2 Solutions for Moisture Problems

SWS Details: 2.0404.1 Stand-Alone Dehumidifiers, 2.0404.4
Basements — Dehumidification. 3.1488.3 Covers for Sump Pumps,
Drains, Pits, and other Intentional Slab Penetrations

Preventing moisture problemsis thebest way to guarantee a
building’s durability and its occupant’s respiratory health. How-
ever, the solutions get progressively more expensiveifsimple
solutions don’t solve the problems.

Inexpensive Moisture Solutions

If moisture source reduction isn't adequate to preventmoisture
problems, try thesesolutions after preventive measuresarein
place.

v" Installaground moisturebarrier, whichisapieceofheavy
plasticsheeting (6 milminimum)laid on the ground.
Black heavy plastic film works well, but tough cross-linked
polyethylene is even more durable. Secure the edges to the
foundation walls 6-inches above the ground with polyure-
thane adhesive and/or mechanical fasteners.

v" Overlap the ground moisture barrier seams by 12-inches
and seal with polyurethane adhesive.

v" Verifythat clothes dryers and exhaust fans vent to the out-
doorsandnotintocrawlspaces orattics.

v Seal water leaks in the foundation.

v" Sealwaterleaksintheroof.

18 Health and Safety
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v" Educate clients about ways of reducing home moisture
thatareundertheir control.

v" Educate customers to avoid excessive watering around the
home’s perimeter. Watering lawns and plants close to the
house candampenits foundation. Inmoist climates, keep
shrubberyaway from the foundation, toallow air circula-
tion near the foundation.

v" Insulateairconditioning ductstopreventsummer con-
densation.

More Costly Moisture Solutions

Follow these preventive measures before trying any of the solu-
tions in the next section.

v" Installorimproveairbarriersand vaporbarriers to pre-
ventairleakageand vapordiffusion fromtransporting
moisture into building cavities.

Sump pump: Pumps water out of a sump
or basin where water collects in a
basement or crawl space.

' water .
v' Asump pumpisthe mosteffective remedy when ground

water continually seeps into a basement or crawl space and
collects thereas standing water. Persistent ground water
seepage may only be solved by connecting an interior
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perimeter drain to the sump. The sump cover must
be openable, rigid, and must not interfere with
drainage.

v" Ventilatethehome withdrieroutdoorairtodilute the
morehumid indoor air. Ventilationis only effective
when the outdoor air is drier than the inside air, such as
in win- ter.Insummer, outdoorairmaybemoreor
lesshumid than indoor air depending on climate
and whether the home is air conditioned.

Dehumidifiers and Air Conditioners for Drying

As a last resort, remove moisture from indoor air by cooling
the air to below its dew point with dehumidifiers or air
conditioners in summer. Using air conditioners and
dehumidifiers for drying a home is the most expensive
solution. Try all the moisture solutions discussed previously
before resorting to a dehumidifier.

1.4.3 Crawl Space Moisture and Safety Issues

SWS Detail: 2.0107.2 Crawl Spaces— Pre-Work Qualifications,
2.0107.3 Crawl Spaces— Debris Removal, 2.0403.2 Closed Crawl
Spaces — Ground Moisture Barriers, 2.0403.1 Vented Crawl
Spaces—Ground Moisture Barrier

Air, water vapor, liquid water, and pollutants move through soil
and into crawl spaces and dirt-floor basements. Even if soil’s
surface seems dry and airtight, the soilmay allow alot of water
vaporand soil gases toenterahome.

Covertheground withanairtight moisturebarrier to prevent
themovement of moistureand soil gases from the ground
into the crawl space using these procedures.

v" Thecrawlspaceshould haveanaccesshatch ordoor that
issized adequately foraworkeroraresidenttoenterand
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exit.

Remove biodegradable matter, such as wood and
card- board, from the crawl space.

Cover the ground completely with a ground moisture
barrier such as 6-mil polyethylene wherelittle ornofoot
trafficexists. Install reinforced or cross-linked
polyethylene wherethebarrier will seefoottraffic,
suchaswhenthe crawl space is used for storage.

Theedgesofthebarriershould runatleast 6-inchesup the
foundation walls and internal supporting structures. Fas-

ten the barrier with wood strips, masonry fasteners, and

sealant. Installers may also adhere the barrier with poly-

urethaneadhesiveoracoustical sealanttoaclean and flat
masonry surface.

Seal the edges and seams with urethane, acoustical sealant,
butyl caulking, or construction tape to create an airtight
sealbetweenthe crawlspaceand theground underneath.
Seams must overlap 12-inches.

Toavoid trapping of moistureagainstwood surfaces,
ground moisture barriers must not touch wood structural
members, suchas posts, mud sills, or floorjoists.

Post a sign on the crawl-space accesses to caution those
who enter not to damage the ground barrier or mechanical
systems. Alsocautionentrantsnottostorehazardous
materials in the crawlspace. Sign must be a minimum of 8
¥2” x 11” and have a minimum of 10-year life expectancy.

1.4.4 Ground Moisture Source-Reduction

Observe the following specifications to avoid building deterio-
ration from ground moisture. Finish the following tasks with
non-DOE funds or as allowed under DOE guidelines.

v" Repair plumbing or sewer leaks.

v Solve all drainage problems, ground-water problems,

wood-deterioration, and structural problems.
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downspout

directswater Stopping waterintrusion:

Take all necessary steps to

awa

v protect homes from water
perforated intrusion.
drain pipe sloped ground

gravel drainage

sump pump

v Verify thatthe ground outside thehome slopesaway from
thefoundation orthatwater doesn’t puddlenear the foun-
dation.

v Install orrepairrain gutters asnecessary and verify that
downspouts discharge rainwater at least 6-feet away from
the home.

v Verify that all combustion vents (chimneys), clothes-dryer
vents, and exhaust fan vents are vented to outdoors and
not into crawl spaces.

v" Suggest a sump pump for crawl spaces or basements with a
history of flooding. The sump pump should be located in
an area where it collects water from the entire below-grade
area and pumps it away from the foundation to daylight.

v" Provide crawl-space ventilation which follows the require-
ments of the IRCand SWS.
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1.5

ELECTRICAL SAFETY

SWS Detail:2.0100.1 Global Worker Safety

Electrical firesand shocks arecommon and serious safety prob-
lems. Electrical safety is a basic housing need requiring attention
during home weatherization and repair.

Observe the following specifications for electrical safety in
weatherizing existing homes.

v

v

Whenever working around wiring, use a non-contact volt-
age tester to determine whether circuits arelive. Turn cir-
cuitsoffatcircuitbreakersasappropriate.

Inspect wiring, fuses, and circuit breakers to verify that
wiring isn't overloaded. Install S-type fuses where appro-
priate to prevent circuit overloading. Maximum ampacity
for 14-gauge wireis 15 amps and for 12-gauge wireis 20
amps.

Confirm that all wire splices are enclosed in electrical
junction boxes. If you plan to cover ajunction box with
insulation, attach aflagtomarkitslocation.

Verify that the electrical system is grounded to either a
ground rod or toametallic water pipe with an uninter-
rupted electrical connection to the ground.

Install S-type fuses where appropriate to prevent occu-
pants from installing oversized fuses if installing insula-
tion.

Performavoltage-droptesttoevaluate thesizeand condi-
tion of hidden wiring on older homesif installing insula-
tion.
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Non contact voltage tester: Test
voltage wires near your work area
/'= and take action to turn off the

circuit if appropriate.

S-type fuse: An S-type fuse prohibits

residents from oversizing the fuse
] andoverloadinganelectrical circuit.

1.5.1 DecommissioningKnob-and-Tube Wiring

SWS Detail:4.1001.2 Knob and Tube Wiring

Decommission knob-and-tube wiring before or during weather-
izationif possible. Trytoconvinceyourclientsor theirlandlords
to replace knob-and-tube wiring with their own funds.

1-tube wiring: Obsolete and
w___Nng should be replaced during
CHrofit work so that building

A

sah be sufficiently insulated.
QE_;GH e sufficiently insulate

Useanon-contactvoltage tester todetermine whether the
knob-and-tube wiring is live. If you're unsure about whether the
wiringisstilllive, scheduleaninspectionbyaqualifiedand
experienced electrician.

If theknob-and-tube wiringinan atticislive, ask anelectrician
or anelectricalinspector to determine whether the attic wiring
canbe decommissioned and replaced withnon-metallic (NM)
sheathed electrical cable. Depending on the situation, the elec-
tricianmay choose one of these two options.
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1. Terminate the existing attic knob-and-tube wiring and
connect the new NM circuit directly to the main ser-
vice box.

2. Installaflagged junction box in the attic to connect the
knob-and-tuberiser tonew NM cablein the attic.

Considerinstallingahard-wired smokedetectorinacommon
areanear thebedroomsonthenew circuit.

1.6 POLLUTANT SOURCE CONTROL

Radon, asbestos, and lead arealsonotablehazardstoboth occu-
pants and workers.

1.6.1 Radon

SWS Details: 2.0501.1 Radon — Air Sealing Considerations,
Basements and Crawl Spaces
2.0501.2 Pier and Skirting Foundation — Venting

Radonisadangerousindoor air pollutant that comes from the
ground through rocky soil. Studies predict about 20,000 lung
cancer deaths per year are caused by radonexposure. Weather-
ization workers should be aware of the radon hazard, radon test-
ing procedures, and radon mitigation strategies.

The EPA believes that any home with a radon concentration
above4 pico-Curies per liter (pC/1) of air should be moditied to
reducetheradonconcentration. Thereareseveralcommonand
reliable tests forradon, which are performed by health depart-

ments and private consultants throughout the U.S.

Energy conservationworkusually haslittleeffectonradoncon-
centrations. However, ground-moisture barriers and foundation
airsealingmayreduceradonconcentrationsinadditionto
reducing airleakage.
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Radon Mitigation

DOEfundscan’tpay for fansorothermeasuresspecifically
designed forradonmitigation. Radonmitigationmustusenon-
DOE funds. Sinceradon comes through the soil, mitigation
strategies include the following.

1. Installing a plastic ground barrier and carefully sealing
the seams and edges.

2. Sealing the wallsand floor of thebasement or crawl
space.

3. Ventilating the crawl space or basement with an exhaust
fantodiluteradon.

4. Depressurizing the ground underneath the basement
concrete slab.

Weatherization workers may install the first two mitigation
strategies as prescribed by the weatherization work order for air-
sealing.

1.6.2 Asbestos Containing Materials

SWS Detail:2.0102.1 - Insulation Worker Safety

Asbestos is classified as a “known carcinogen.” Asbestos is found
in the following materials: boiler and steam-pipe insulation,
ductinsulation, floortile, siding, roofing, some types of vermic-
ulite, and some adhesives. Weatherization workers must be
trained torecognize asbestos and to avoid disturbing it. Penal-
ties for mishandling asbestos-containing materials (ACM) can
amount to $25,000 per day.

DOE weatherization policy requires weatherization agencies to
observe the following safety precautions regarding asbestos.

* Asbestos siding comes in sheets approximately 16-inches
by 24-inches. Itisvery weatherproofbutverybrittle.

26 Health and Safety


https://sws.nrel.gov/spec/20102

Remove asbestos siding only if you can remove the siding
without damaging it.

* Assume thatasbestosis presentin old gray-colored pipe
insulation and duct insulation. Don't disturb asbestos-con-
taining pipe or ductinsulation; also caution occupants to
avoid disturbingasbestos.

* Don’tcut, drill, scrape, sand, orbrush ACM.

* Don’t remove vermiculite. Test vermiculite for asbestos and
use airmonitoringifasbestosis presentin the vermiculite
in a home you'reweatherizing.

Contract with certified asbestos testers and abatement special-
ists to mitigate asbestos problems before or during weatheriza-
tion, if necessary.

1.6.3 Lead-Safe Procedures

SWS Detail:2.0100.1 Global Worker Safety

In2010, the EPA’slead-safe RRPrulebecamealegal mandatefor
weatherization work.

Lead dust is dangerous because it damages the neurological sys-
tems of peoplewhoingestit. Childrenare often poisonedin pre-
1978 homes because of paint disturbance during home improve-
mentand because hand-to-mouthbehavioris common. Work-

ers are poisoned by dust containing lead.

Lead paintwascommonlyused inhomesbuiltbefore1978.
Contractors working on these older homes should either
assume the presence oflead paintor performteststoruleoutits
presence.

EPA RRP Requirements

The RRP rule requires lead-safe containment procedures when-
everworkersdisturbpainted surfaces of morethan6squarefeet
of interior surface per room or more than 20 square feet of exte-
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rior surface persideby cutting, scraping, drilling, or other dust-
creating activities in pre-1978 homes. Disturbing paint on win-
dows and doors always requires containment.

The RRP requires certifications, warnings, dust-prevention,
dust collection, and house cleaning as summarized here.

v

v

28

With pre-1978 homes, either test forlead-based paint or
assume that lead-based paint is present.

Every pre-1978 weatherization or renovation job must be
supervised by a certified renovator with 8 hours of EPA-
approved training whenworkerswilldisturbmorethan
the minimum paintarea or when they will disturb paint
on windows ordoors.

Renovationfirmsmustberegistered withthe EPAand
employ one or more certified renovators.

Signs and barriers must warn occupants and passersby not
toentertheworkarea.

Floor-to-ceiling dust-tight barriers must prevent the
spread of dustfromtheworkarea.
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Protective sheeting: Dust-tight floor-to-ceiling barriers must
separate work areas from living areas, according to EPA’s RRP rule.

v Plastic sheeting must protect surfaces and fixtures within
the work area.

v" Workersmustcleanworksurfacessufficiently topassan
EPA-approved dust-wipe test, conducted by the certified
renovator.

v Workers mustnot track dust from the work area into the
home.

Lead-Safe Work Practices

Lead-Safe Weatherization (LSW)is aset of procedures devel-
oped by the DOE prior to the enactment of the RRP rule. LSW
requires thesamebasic proceduresas RRPin pre-1978 homes.
When engaging in the paint-disturbing weatherization activi-
ties, follow these lead-safe work practices that were established
by weatherization experts.

v' Wearatight-fitting respiratorto protect yourself from
breathing dust or other pollutants.
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v" Confineyourwork area within thehome to the smallest
possiblefloorarea. Seal this area off carefully with floor-
to-ceilingbarriersmade of disposable plasticsheeting,
sealed atfloorand ceiling withtape.

v" Don’tuseheatgunsorpowersandersinLSW work.

v' Spraywateronthepainted surfacestokeep dustoutofthe
air during drilling, cutting, or scraping painted surfaces.

v Erectaneffective dust-containment system outdoorsto
preventdustcontaminationtothesoilaround thehome.

v" Useadust-containment system with a High Efficiency
Particulate Air (HEPA) vacuum when drilling holes
indoors.

i Drill shroud connected to HEPA
vacuum: Collect dust where you're
generating it.

¥

ome on clothing, shoes, or tools.
Wearbootcoverswhileintheworkarea, and removethem
toavoid tracking dirt from the work area to other parts of
thehouse. Weardisposable coverallsorvacuum cloth cov-
eralls with a HEPA vacuum before leaving the work area.

v" Wash thoroughly before eating, drinking, or quitting for
the day.
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1.7 WORKER HEALTH AND SAFETY

SWS Detail:2.0100.1 Global Worker Safety,
2.0104.1 - Ventilation Worker Safety

The personalhealth and safety of eachemployeeis vitally
importanttoevery weatherizationagency.Injuriesarethe
fourth leading cause of death in the United States, while long-
termexposure to toxicmaterials contributes tosickness, absen-
teeism,and death of workers. Bothinjuryhazardsand toxicsub-
stances are present during weatherization work.

The Occupational Safety and Health Administration (OSHA)
establishes workplace safety standards. Weatherization staff and
contractorsmustattend trainingon OSHA standardsand
observethesestandards onthejob. Safety always has priority
over other factors affecting weatherization operations.

Some hazards deserve attention because of their statistical dan-
ger. Become aware of these most common workplace hazards.

v’ Vehicle accidents
Falls

Back injuries

v
v
v" Exposure to hazardous materials
v' Electrical hazards

v

Repetitive stress injuries

1.7.1 Commitment to Safety

Workers may not remember safe work practices unless safety is
periodically reinforced.
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Safety education: Safety
meetings are an essential
part of a successful safety
program.

v" Arrange regular health and safety training.

v" Conduct monthly safety meetings at headquarters and
weekly safety meetings on the current jobsite.

v Provide well-equipped first-aid kits in the work vehicles
and in the warehouse.

v Provide or require personal protective equipmentfor
workers appropriate for their job duties.

v" Provide a fire extinguisher in the warehouse and each
work vehicle.

v' Keep equipment in good condition.

v" Observe all state and federal standards relating to worker
health and safety.

v" Keeplistsofemergency-contact phonenumbers forboth
employees and emergency services in the warehouse and
in the work vehicles.

v' Keep Safety DataSheets (SDS)in the ware- house and
in the work vehicles.

Safety requirescommunicationand action. Toprotect yourself
frominjury and illness, learn torecognize hazards, communi-
cate with co-workers and supervisors, and take action to reduce
or eliminate hazards.
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1.7.2 New Employees

New employees are several times more likely to injure them-
selves on the job compared to experienced workers. Before their
firstday on thejob, new employees should learn about safety
basicssuchas properlifting, safeladderusage, and safe opera-
tion of the power tools they will use on the job.

New hire: New hires are several times
more likely to be injured than are
experienced workers.

Be sure to inform new employees about hazardous materials
they may encounter on the job. Show new hires the SDS
required by OSHA for each material.

New employees should be required to use the following safety
equipment.

v" Proper clothing

v Leather gloves with cuffs
v" Respirators

v Safety glasses

v Hearing protectors

Banalcoholand drugs fromagency headquartersand thejob.
Staff members should be encouraged to refrain from smoking
and to stay physically fit.
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1.7.3 Driving

According tothe Bureau of Labor Statistics, one-third ofall
occupationalfatalitiesin the United States occur inmotor-vehi-
cleaccidents. Staff membersshould organize theirerrandsand
commuting tothejobsite soastominimize vehicletravel.

Safe vehicles: Maintain vehiclesin
goodrepair. Driversand passengers
shouldalwayswearseatbelts.

Vehicles should be regularly inspected and repaired if necessary.
Verify that these safety features are present and functioning.

v" Brake system

Steering system

Horn

Headlights

Rear-view and side-viewmirrors

Directional signals

N NN

Backup lights
v A fire extinguisher

Alwayswearseatbelts. Beforetraveling tothejob, securetools
and materials in the vehicle’s cargo area to prevent shifting.

1.7.4 Liftingand Back Injuries

Back injuries account for one out of every five workplace inju-
ries. Most of these injuries are tothelowerback and result from
improper lifting, crawling in tight spaces, and using heavy tools.
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Workers often injure their backs by lifting heavy or awkward
loads improperly or without help. Use proper lifting techniques
such aslifting with thelegs and keeping a straight back when-
ever possible. Toavoid back injury, gethelp before trying tolift
heavy orawkwardloads, stay ingood physical condition, and
control your weight through diet and exercise.

Awkward loads: Ask for help when
moving heavy or awkward loads.

Workers with limited lifting abilities because of weakness or
prior injury should avoid heavy lifting.

These policies help prevent jobsite injuries.

v" Redesign work activities: adapt equipment tominimize
awkward movements on the job site.

v" Perform strength-testing of workers, set lifting limits, and
providetraining forall workers on the causesand preven-
tion of backinjuries.

v" Encourage breaks to prevent workers from being instrain-
ing positionsforlongtimeperiods.

v’ Share the most difficult work among all capable crew
members.
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1.7.5 Respiratory Health

SWS Detail:2.0100.1 Global Worker Safety,

Wear your respirator when working in a polluted environment.
Common construction dust can contain toxinsincludinglead,
asbestos, and chemicals released by drilling, cutting, and scrap-
ing. Liquid foam, caulking, and solvents release toxic organic
vapors that require either organic vapor cartridges or a fresh-air

supply.
Test your respirators to be sure they have a good fit.

v" Checkthestrapsand face piecetobesuretheyaresoftand
freeof cracks.

v' Strap ontherespiratorand adjust thestrapstobe snugbut
comfortable.

v Close the exhalation valve with a hand.
v" Exhale gently and check for leaks around the edges.
v Ifthereareleaks, adjustorrepairthe respirator.

Workerswithbeards, facialscars, and thick templebarsoneye-
glasses must use full-face respirators to achieve a good seal.
OSHA requires a completed form documenting employees’ fit
tests each year.

Learn how to recognize asbestos insulation that may be installed
around older furnaces and boilers. Avoid disturbing asbestos in
any way.

Controldustinyour client’'shomesby erecting temporary barri-
erswhenyouaredoing work that may release dust. Wear cover-
allswhen entering attics or crawl spaces. Coveralls should be
disposable or laundered professionally.

36 Hawaii Weatherization Field Guide


https://sws.nrel.gov/spec/201001

1.7.6 Hazardous Materials

SWS Detail: 2.0106.1 - Material Selection, Labeling, and
Material Safety Data Sheets (MSDS), 2.0100.1 Global Worker

Safety

Your health and safety can be threatened by hazardous materials
used on the job. Workers often fail to protect themselves from
hazardous materials because they don’t recognize the hazards.
Breathing hazardous materials, absorbing them through the
skin, and comingintoeye contactwithhazardousmaterialsare
common ways workers are injured by chemicals.

OSHA regulations require employers to notify and train
employees about hazardous materials used on the job. An SDS
for every workplace hazardous material should be readily avail-
able to employees. Obtain copies of SDSs from manufacturers or
their distributors. OSHA requires that the SDSs be avail- able
at headquarters and at the jobsite for workerreference.

Learnhow tohandlehazardous materialsused on thejob. Use
the personal protective equipment (PPE) that is recommended
by the SDS.

1.7.7 Equipment for Personal and Crew Safety

SWS Detail:2.0100.1 Global Worker Safety

Worker should have their own personal protective equipment.
* Respirators with dust and organic-vapor cannisters
* Clean cloth coveralls or disposable coveralls
* Gloves
* Safety glasses
* Hearing protection

* Hard hat for head-injury hazards

Health and Safety
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Personal protective equipment:
Employees should own and
maintain protective equipment to
protect themselves from
hazardous materials.

Crews should equip themselves with the safety equipment listed
here.

* Ladderlevelersand stabilizers

* Portable lights for work in dark areas
¢ A waterjug

¢ Insect spray

¢ Safe, heavy electrical cords with ground fault circuitinter-
rupter (GFCI) receptacles

1.7.8 Falls

SWS Detail:2.0100.1 Global Worker Safety

Falls offladders and stairs cause 13% of workplace injuries
according to the National Safety Council. Other falls from
heights account for approximately 7% of workplace injuries.
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Ladders: Ladders are the most
dangerous tools workers use.

Brokenladdersand unstableladders areboth major causes of
on-the-job falls. Step ladders, for instance, are often used for
work thatis too far off the ground, forcing workers tostand on
the top step or to reach too far.

OSHA regulations include these important guidelines for ladder
use.

v" Maintainallladdersingood repairand replaceladdersif
they have missing or damaged steps, cracked side-rails, or
damaged feet.

v" Extend extensionladdersatleastthreefeetabovethearea
they access.

v" Laddersshouldn’thavea pitchsteeperthanfourfeetofrise
for each foot that theladder’s feet are away from the build-
ing.

v" Blockortieladders firmlyin place at the top and bottom if

you install the ladder at a steeper angle than suggested
above or on windy days.

v" Don’tuse metal ladders where they may accidentally touch
electrical conductors.
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v' Maintain ladders free of oil, grease, and other slipping haz-
ards.Inspectyourshoesforslipping hazard before climb-
ing aladder.

v" Don’t over-reach. Instead, move the ladder.

v" Avoid carrying heavy loads up ladders and operating
power tools fromladders.

Build scaffolding when working above-ground for sustained
time periods. Eachscaffoldlegshould bestabilized so thatit
supportsanequal weightasotherlegs. Secure planks tothe
structureand providehandrails onthesidesand ends of the
walkway.

Good housekeeping: Clear stairs
andwalkwaysareessentialtoprotect
workersandclientsalikefromfalls.

Workers should inspect their workplaces regularly to notice and
remove slipping and tripping hazards. Workers carrying loads
should create and maintain debris-free walkways.

1.7.9 Tool Safety

SWS Detail:2.0100.1 Global Worker Safety

Thetoolsused in construction work aredangerousifused
improperly. About 90,000 people hurt themselves with hand
tools each year. The crew chief should conduct tool safety train-
ingasfrequently asnecessary toensuresafetooluse.

Thesebasicsafety rulescanreducethehazardsof usinghand
and power tools.
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Use the right tool for the job.
Keep all tools in good condition with regular maintenance.
Inspect tools for damage before using them.

Operatetoolsaccording tothe manufacturer’sinstruc-
tions.

Use appropriate personal protective equipment.

Usedoubleinsulated powertoolsor GFCIoutlets orexten-
sioncordstopreventelectricshock.

Electrical safety: Maintain cords in
good condition. Use GFCI cords for
outlets in wet conditions.

Lol ]
wE
Use generators forelectrical service on thejobsiteand
ground them.

Verify that generator exhaust is directed away fromthe
home, thevehicle, and thecrew.

1.7.10 Repetitive Stress Injuries

Repetitive stressinjuries are caused by over-working certain

partsofyourbody.Poorbody posture, suchasreachingabove
yourhead whenoperatingapowerdrill, canencourage these
injuries. Good workhabits prevent thistypeofinjury.

v' Useacomfortablearmandhand posturewhenoperating

tools for along period of time.
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v" Changetheangleandlocation of your work surfacefre-
quently.

v' Mix your difficult tasks with easierones.
v' Carry smaller loads.

v" Takeshortrestbreaks periodically and stretchany tight
muscles during this time.

When you purchase hand and power tools, look for models with
ergonomic designs that place less stress on your body.

1.7.11 Safety for Extreme Weather

SWS Detail:2.0100.1 Global Worker Safety

Extremehotand humid weatherisacommon cause ofjob-
related sickness and injury. You can avoid sickness and injury by
awarenessand preventive measures.

Know the signs of heat ailments and take action if you or a co-
worker experiences the beginning of symptoms. Observe these
hot-weathersuggestionsforstaying cooland preventing heat
ailments.

v' Drinkplenty of waterand takesalttablets.

v" Ventilate attics with fans.

v" Rotate workers in attics to prevent heatexhaustion.
v" Usewater orice to cool your skin.

v" Rest when you feel fatigued.

1.8 SWS ALIGNMENT

Field Guide Topic SWS Detail

Fire Safety Pg. 12
Smoke Alarms Pg. 13 2.0301.1 Smoke Alarm
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Field Guide Topic

SWS Detail

Gas Range and Oven Safety Pg.
13

Reducing Moisture
Problems Pg. 15

Symptoms of Moisture
Problems Pg. 17

Solutions for Moisture
Problems Pg. 18

Crawl Space Moisture and Safety
Issues Pg. 21

Electrical Safety Pg. 24

Decommissioning Knob-and-
Tube Wiring Pg. 25

Pollutant Source Control Pg. 26
Pollutant Source Control Pg. 26

Radon Pg. 26

Health and Safety

2.0100.1 Global Worker Safety,
2.0201.2 Combustion Safety —
Make-up Air

2.0401.1 Air Sealing Moisture
Precautions

2.0401.1 Air Sealing Moisture
Precautions

2.0404.1 Stand-Alone
Dehumidifiers,

2.0404.4 Basements—
Dehumidification,

3.1488.3 Covers for Sump
Pumps, Drains, Pits, and other
Intentional Slab Penetrations

2.0107.2 Crawl Spaces—Pre-
Work Qualifications

2.0107.3 Crawl Spaces—Debris
Removal,

2.0403.2 Closed Crawl Spaces—
Ground Moisture Barriers,
2.0403.1 Vented Crawl Spaces—
Ground Moisture Barrier

2.0100.1 Global Worker Safety
4.1001.2 Knob and Tube Wiring

2.0601.1 Knob and Tube Wiring

2.0501.1 Radon—Air
Sealing Considerations,
Basements, and Crawl
Spaces

2.0501.2 Pier and Skirting
Foundation - Venting
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Field Guide Topic

SWS Detail

Asbestos Containing Materials
Pg. 27

2.0102.1 Insulation Worker
Safety

Lead-Safe Procedures Pg. 28

2.0100.1 Global Worker Safety

Worker Health and Safety Pg. 32

Commitment to Safety Pg. 32
New Employees Pg. 34

Driving Pg. 35

Lifting and Back Injuries Pg. 35

Respiratory Health Pg. 37

Hazardous Materials Pg. 38

Equipment for Personal and
Crew Safety Pg. 38

Falls Pg. 39
Tool Safety Pg. 41

Repetitive Stress Injuries Pg. 42

Safety for Extreme Weather Pg.
43

2.0100.1 Global Worker Safety,
2.0104.1 Ventilation Worker
Safety

2.0100.1 Global Worker Safety,
2.0104.1 Ventilation Worker
Safety

2.0106.1 Material Selection,
Labeling, and Material Safety
Data Sheets (MSDSs),
2.0100.1 Global Worker Safety

2.0100.1 Global Worker Safety

2.0100.1 Global Worker Safety
2.0100.1 Global Worker Safety

2.0100.1 Global Worker Safety
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CHAPTER 2: ENERGY AUDITS AND
QUALITY CONTROL
INSPECTIONS

This chapter outlines the operational process of energy audits,
work orders, and final inspections as practiced by non-profit
agenciesand contractorsworkinginthe DOE WAP.

WAP’s Mission

The mission of DOE WAPis ““To reduce energy costs for low-
income families, particularly for the elderly, people with dis-
abilities, and children, by improving the energy efficiency of
their homes while ensuring their health and safety.”

This chapter also discusses ethics, customer relations, and cus-
tomer education.

Why We Care about Health and Safety

Thehealthand safety of customersmustneverbecompromised
by weatherization. Harm caused by our work would hurt our cli-
ents, ourselves, and our profession. Weatherization work can
change the operation of heating and cooling systems, alter the
moisturebalance within thehome, and reduce ahome’snatural
ventilation rate. Weatherization workers must take all necessary
precautions to avoid harm from these changes.

2.1 PURPOSES OF AN ENERGY AUDIT

Anenergy auditevaluatesahome’sexisting conditionand out-
lines improvements to the energy efficiency, health, safety, and
durability of thehome.

Dependingonthelevel of the audit, anenergy auditmay
includesomeorall of thefollowingtasks.
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Evaluate the current energy consumption along with the
existing condition of the building.

Diagnose areas of energy waste, health and safety, and
durability problems related to energy conservation.

Recommend Energy Conservation Measures (ECMs).

Diagnose health and safety problems and how they may be
affected by the proposed ECMs.

Predict savings expected from ECMs.
Estimatelaborand material costsfor ECMs.
Encourage behavioral changes that reduce energy waste.

Educate residents about their energy usage and your pro-
posed energy retrofits.

Provide written documentation of the energy audit and the
recommendations offered.

2.1.1 Energy-Auditing Judgment and Ethics

The auditor’s good decisions are essential to the success of a
weatherization program. Good decisions depend on judgment
and ethics.

v
v
v

Understand the requirements of the WAP program.
Treatevery clientwiththesamehighlevel ofrespect.

Communicate honestly with clients, coworkers, contrac-
tors, and supervisors.

Know thelimits of yourauthority and ask for guidance
when you needit.

Develop and maintain the inspection and diagnosisskills
necessary for WAP energy auditing.

Choose ECMs according to their cost-effectiveness along
withDOE and State policy and notaccording to personal
preference or customer preference.

Energy Audits and Quality Control Inspections
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v" Don’tmanipulate the priority list toselect oravoid partic-

ular ECMs.

v' Avoidpersonalbiasinyourinfluence onpurchasing, hir-

ing, and contracting.

2.1.2 Energy-Auditing Record-keeping

Theclientfileis the record of a weatherization completion. The
clientfilemay contain all of the following items, depending on
Hawaii WAP policy.

1.

9.

® N LD

Customer intake document

Income verification

Owner agreement form

Client health-notification documents
Energy Survey and Inspection form
Workplan

Energy-education documentation

Hawaii solar and heat pump water heater savings calcu-
lator

Moisture and mold findings

10. Hold harmless statement

11. Solid fuel inspection report

12. Refrigerator replacement analysis

13.

Photo documentation

14. EPAlead-safe RRPfinal-inspectionreport,ifapplica-

ble

2.2 CUSTOMER RELATIONS

Customer satisfaction depends on the energy auditor’s reputa-
tion, professional courtesy, and ability to communicate.
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2.2.1 Communication Best Practices

Making a good firstimpressionisimportant for customer rela-
tions. Friendly, honest, and straightforward communication cre-
ates an atmosphere where the auditor and clients can discuss
problems and solutions openly.

Setting priorities for customer communicationisimportant for
theefficientuseof yourtime. Auditorsmustcommunicate
clearly and directly. Limit your communication with the cus-
tomer tothemostimportantenergy, health, safety, and durabil-
ityissues.

v Introduce yourself, identify your agency, and explain the
purpose of yourvisit.

v" Makesurethatthe customerunderstandsthe goalsofthe
WAP program.

v’ Listen carefully to your client’s reports, complaints, ques-
tions, and ideas about their home’s energy efficiency.

v" Ask questions to clarify your understanding of yourcli-
ent’s concerns.

v' Beforeyouleave, givethe clientaquicksummaryof what
you found.

v" Avoid making promises untilyouhavetimetofinish the
audit, produce a work order, and schedule the work.

v" Make arrangements for additional visits by crews and con-
tractors as appropriate.

2.2.2 Customer Interview

Thecustomerinterviewisanimportantpartoftheenergyaudit.
Even if customers have little understanding of energy and build-
ings, they can provide useful observations that can save you
time and help you choose theright ECMs.

v" Ask the customer about comfort problems, including
zones thataretoohot.

Energy Audits and Quality Control Inspections
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v" Askthe customertoseetheirenergybillsif youhaven't
already evaluated them.

v' Ask about family health, especially respiratory problems
afflicting one or more family members.

v Discuss drainage issues, wet basements or crawl spaces,
leaky plumbing, and mold infestations.

v" Discussthehome’sexisting conditionand how thehome
may change after the proposedretrofits.

v' Asktheclienttosignthenecessary permissions.

2.2.3 Deferral of Weatherization Services

When you find major health, safety, or durability problemsina
home, sometimesit’snecessary to postpone weatherization ser-
vicesuntilthose problemsaresolved. The problemsthatarecause
fordeferral of services include, but are notlimited to, the follow-
ing.

*  Major roof leakage.

* Major foundation damage.

* Major moisture problem including mold infestation.
*  Major plumbing problems.

* Humanoranimal wasteinthehome.

*  Major electrical problems or fire hazards.

* Thehomeisvacantortheclientismoving.

* Thehomeisforsale.

Behavioral problems may alsobeareasontodeferservicestoa
customer, includingbutnotlimited tothe following.

¢ Illegal activity on the premises.

*  Occupant’s hoarding makes difficult or impossible to per-
form a complete audit.
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Lack of cooperationby the customer.

Matching Funds to Avoid Deferrals

Auditors should assist customers in obtaining repair funds from
the following sources whenever possible:

Department of Housing and Urban Development (HUD)
Emergency Repair Funds

HUD Healthy Homes Initiative Funds

Department of Agriculture (USDA) Rural Development
Funds

Stateandlocalrepairfunds

Church, charity, and foundation funds

2.3 PARTS OF AN ENERGY AUDIT

Visual inspection, diagnostic testing, and numerical analysis are
threetypesofenergyauditing procedureswe discussinthissec-
tion. Hawaii uses a priority list for weatherization measures that
should be installed in qualifying single-family homes.

The energy auditmust also propose solutions tohealthand
safety problems related to the energy conservation measures.

The Energy Audit: Categories of Services

Visual Diagnosti Numerical
Inspectio C Analysis

Energy Audits and Quality Control Inspections
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2.3.1 Visual Inspection

Visualinspection orients the energy auditor to the physical real-
ities of the home and home site. Among the areas of inspection
are these.

* Health and safety issues
* Building airleakage

* Baseload energyuses

2.3.2 Diagnostic Testing

Measurement instruments provide important information
about a building’s unknowns, such as air leakage and combus-
tionefficiency. Usediagnostictestsasappropriate during the
energy audit.

2.3.3 Numerical Analysis

The DOE approves priority listsbased on the results of Weath-
erization Assistant or other DOE-approved software on typical
homes. The priority listis then used instead of the software,
whichsavestimeforevaluatingcommonhometypes. Energy
auditors still use software to evaluate ECMs for uncommon
home types.

DOE WAP requires that ECMs have a Savings to Investment
Ratio SIR) greater than 1. ECMs with higher SIRs should be
installed before orinstead of ECMs with lower SIRs.

SIR = INITIAL INVESTMENT < LIFETIME SAVINGS

Whether a weatherization provider uses software or a priority
list, the auditor must collectinformation to make an informed
decisionaboutwhich ECMstochoose.

Evaluateenergybillsand adjustthejob’sbudgetwithinlimitsto
reflect the potential energy savings.
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2.4 THE WORKORDER

The work order is alist of materials and tasks that are recom-
mended asaresult of anenergy audit. Consider these stepsin
developing the workorder.

v" EvaluatewhichECMshaveanacceptableSIRusingthe
priority list.

v Selectthe mostimportanthealth and safety problems to
correct, asthese problems are directly related to the cost-
effective ECMs.

v Provide detailed specifications so that crews or contractors
clearly understand the materials and procedures necessary
tocomplete thejob.

v Estimate the cost of the materials and labor.

v" Verify thatthe materialsneeded arein stock at the agency
oravendor.

v' Informcrewsorcontractorsofanyhazards, pending
repairs, and important procedures related to their partof
the work order.

v" Obtainrequired permits fromthelocalbuildingjurisdic-
tion, if necessary.

v" Consider in-progress inspections and schedule the final
inspectionforthejob’sfinal dayif possible.

2.5 WORK INSPECTIONS

Theinspectorisresponsible for the quality control of the weath-
erization process. Good inspections provide an incentive for
auditors to produce good energy audits and work orders and for
workerstodoquality work. There aretwo common opportuni-
ties for inspections: in-progress inspections and final inspec-
tions.

Energy Audits and Quality Control Inspections
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2.5.1 In-Progress Inspections

Many ECMs arebest inspected while thejobisin progress. Vis-
iting while thejob is in progress demonstrates your commit-
mentto getting thejob done correctly. Eitherthe energy auditor
ortheinspectormay conductanin-progressinspection.

In-progress inspections are also an excellent way to provide
training and technical assistance.

2.5.2 Final Inspections

A certified inspector completesafinal inspectionbefore the
weatherizationjobisreported to DOE as acompletion. The
inspector is ideally a different person than the auditor.

Final inspections ensure that weatherization services were pro-
vided as specified inthe work order and thatthehomeisleftina
safe condition. The weatherization agency does the final inspec-
tion for quality control, whichis a term forin-house self evalua-
tion ofjobs.

Completing the final inspection with the crew or contractor on
site allows the inspector and workers to review the work scope
and correctdeficiencieswithoutrequiringareturntothehome.
Verify the following during the final inspection.

v" Review all completed work with the client. Confirm that
the client is satisfied.

v" Specify corrective actions whenever the work doesn’t meet
standards.

v" Verifythatall required paperwork, with required signa-
tures is in the client file. See “Energy-Auditing Record-keep-
ing” onpage49.

2.5.3 Questions about the Audit and Work Order

Theinspectorshould ask these questions during theinspec-
tions.
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* Didtheauditorfind all the opportunitiesand identify all
thehazards?

* Did the work order specify the labor and materials required
by the energy audit adequately?

* Did the workers follow the work order?
* Whatchangesdid thecrewleadermaketotheworkorder?
* Didthesechangesbenefittheclientand the WAPprogram?

* Is the completed weatherization job, the energyaudit, and
thework orderaligned with State policy and the SWS?

2.5.4 Quality Control Versus Quality Assurance

Quality control is an internal process of a weatherization agency
focusing on the final inspection. Quality assurance is a third-
party inspection performed by an inspector employed by either
the State or the DOE.

Certified quality-control inspectors (QCI) may perform both
quality-control inspections and quality-assurance inspections.
The following are important elements of these inspections.

* Verify compliance with specifications, job order, and
energy audit.

* Provide feedback on material quality and worker perfor-
mance, bothgood and bad.

* Issue instructions for correcting errors and omissions.
* Survey clients for level ofsatisfaction.

* Reporttotheweatherizationagency, the State, or the DOE
about the quality of the weatherization work.

The State WAPmustjustify tothe DOE the percentage of homes
that State inspectors inspect for quality assurance. The required
percentage depends on theindependence of thelocal agency’s
quality control inspectors from the agency’s energy auditors.

Energy Audits and Quality Control Inspections
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2.6 FIELD MONITORING

Field monitoring is the quality assurance visits conducted by the
Stateweatherization program. The Statemonitor’sjobissimilar
to the agency’sinspector. However, the State monitor isinde-
pendent of thelocal weatherization agency and reports his or
her inspection results to the State. The monitor describes these
inspection results in these ways.

1. Strengths or areas where the agency performs well.

2. Concernsareminor problemswith paperworkorjob
quality that the agency can easily correct.

3. Major findings, including contract violations, safety
violations, or omissions of required procedures.

Themonitorissuesareportand theagency mustrespondin
writing. Major findingsrequire the agency to tell the State how
the agency will correct the problems and how corrections will be
paid for. Major findings from the DOE may require the State to
propose a correction plan.

2.7 SWS ALIGNMENT

Field Guide Topic SWS Detail

Purposes of an Energy Audit Pg.
47

Energy-Auditing Judgment and
Ethics Pg. 48

Energy-Auditing Record-
keeping Pg. 49

Customer Relations Pg. 49

Communication Best
Practices Pg. 50

Customer Interview Pg. 50
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Field Guide Topic SWS Detail

Deferral of Weatherization
Services Pg. 51

Parts of an Energy Audit Pg. 52
Visual Inspection Pg. 53

The Work Order Pg. 54

Work Inspections Pg. 54
In-Progress Inspections Pg. 55
Final Inspections Pg. 55

Questions about the Audit and
Work Order Pg. 55

Quality Control Versus Quality
Assurance Pg. 56

Field Monitoring Pg. 57

Energy Audits and Quality Control Inspections

57



CHAPTER 3: BASELOAD MEASURES

Baseload energy consumptionaccountsforalarge partofhome
energyuse. Thischapter discussesenergy savingsforlighting,
refrigeration, entertainment, and laundry.

Table 3-1: Levels of Household Electric Baseload Consumption

Indicator Low Medium High
kWh per Year <4500  4500-8500 >8500
kWh per Month <375 375-700 >700
kWh per Day <12 12-23 >23
kWh per Person (Annual) <1900  1900-3500 >3500

Doesn’t include heating, cooling, or water heating. Assumes 2.4 per-
sons perhousehold and average annual consumption of 6500 kWh
per household.
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Table 3-2: Electrical Consumption of Typical Appliances

Annual usage

Appliance (kWh) Annual cost
s e
ftgerator or freeser 500 575
Television 100-1000 $15-5150
Clothes dryer 1200 $180
Well pump 500 $75
Furnace fan 500 $75
Computer 50-400 $8-$60
Hot tub, spa 2300 $345
Water bed 1000 $150

Data from Lawrence Berkeley Laboratory and others. Based on 15¢ per kilowatt-
hour for electricity.

3.1 LIGHTING-EFFICIENCY IMPROVEMENTS

Lighting-efficiency improvements include bulb (lamp) replace-
ment, fixture replacement, energy-efficient lighting controls and
daylighting.
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CFL and LED lamps: These advanced lamps use about one-third of the
electricity of theincandescent lamps they usually replace and last about ten
timesaslong.

3.1.1 LightingRetrofit Equipment

SWS Detail: 7.8003.1 Lighting Upgrade

Consider the following requirements when retrofitting lighting
equipment.

v' Askthe customer about theirlighting usage and explain
the electrical savings potential for switching to compact
fluorescent lamps (CFLs) or light-emitting diodes (LEDs).

v" Demonstratea CFL or LED bulb to the customer if they're
hesitant about replacing their incandescent light bulbs.

v Selectthetypeof CFLorLEDanditswattage,accordingto
its use and the customer’s accustomed lightlevel.

v" Examine fixture for exposed wiring and other safety
issues. Donotinstall fixtureif eitherexist.
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v" Turnoneach CFL or LED after installation to ensure that
itoperates. Make sure that the customer is satisfied with
the lightlevel.

Cree.com [

1

- ‘,as lights
LED LED photocell
. nightlight e

LED recessed-light replacement

LED bulb

LED lamps and fixtures: LEDs are rapidly gaining market share because of their
superior energy efficiency and longlife.

v" Replace a halogen-torchiere lamp holder with an LED
conversion kit for the torchiere.

v" Replace incandescent bulbs in candelabra fixtures with
LEDs designed for this purpose.

v" Allbulbs, fixtures, and controls mustbe appropriate for
the intended application (for example: enclosed, dimma-
ble, indoor, outdoor).

v’ Selectbulbs, fixtures, and controlstoprovidethebright-
ness and light quality required in that application (for
example: task lighting, walkway lighting, night lights).

v" All bulbs, fixtures, and controls must be ENERGY STAR®
rated whereapplicable.

v" Bulb wattage must not exceed rated wattage of the light
fixture.
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v" Select bulb replacements based on expected life span, light
quality, and lifetime energyuse.

v’ Install occupancy sensing controls where appropriate.

v All bulbs, fixtures, and controls will be Underwriters Lab-
oratories (UL)-approved and installed according tolocal
codes and National Fire Protection Agency (NFPA) 70
National Electric Code.

v" Inform customers about proper recycling of fluorescent
bulbsby stores, municipal wastedepartments, or other
recycling organizations.

v" Replace fluorescent light ballasts containing polychlori-
nated biphenyls (PCBs) according to the EPA’s Healthy
Indoor Environment Protocols for Home Energy Upgrades.

3.1.2 Daylighting
SWS Detail: 7.8003.1 Lighting Upgrade

Use daylighting as appropriate to save electricity.

v" Replace, adjust, or repair window coverings to maximize
useful daylight where appropriate.

v Design and use active and passive day lighting where
appropriate.

3.2 REFRIGERATOR REPLACEMENTAND
MAINTENANCE

Refrigeratorsbuilt after 1993 useless electricity than refrigera-
torsbuiltbefore thatyear. Anotherefficiencyincrease occurred
in1999in therefrigeratorindustry.
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3.2.1 Refrigerator Replacement

SWS Detail: 7.8001.1 Refrigerator and Freezer Replacement

Comply with the following requirements when replacing refrig-
erators.

v" The new refrigerator must fit the existing space.

v" Thenew refrigerator mustbe 40% more efficient than the
minimum federalstandardsorbelabeled ENERGYSTAR.

v" Thenewrefrigerator musthaveaminimum one-yearwar-
ranty.
v' Takerefrigeratorsthatarereplaced toafacility thatis

licensed toreclaimtheirrefrigerantand recycle therefrig-
erator’s parts.

v" Norefrigerator, taken outof service, may bereturned to
serviceby sale, barter, or for free.

v Instructthe clientaboutlocationand operation ofenergy
controls such as the thermostats for the refrigerator and
freezer.

Some clients use two or more refrigerators in their homes and
thispracticeresultsinhighelectricityusage. Suggesttothesecli-
ents to consolidate food storage into a large single refrigerator.

3.2.2 Refrigerator Cleaningand Tuning

SWS Detail: 7.8001.2 Cleaning and Tuning Existing Refrigerators
and Freezers

Cleaning and tuning an existing refrigerator can increase its effi-
ciency. Follow these procedures.
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Refrigerator clean and tune: Clean
coils and check temperatures. Adjust
temperaturesthatareoutofrange.

v" Cleandirtoffclogged coils.

v" Moveobjectsthatblockairflow around therefrigerator,
and ask the clienttostore the objectselsewhere.

v' Measure refrigerator temperature and verify that it is
between 35° and 40° F. Otherwisere-set the thermostat to
this temperature range.

v' Measurethefreezertemperatureand verify thatitismore
than or equal to 0° F.If it is colder that 0°, re-set the
freezer’sthermostatto0°F.

v" Check the condensation-control switch. If the condensa-
tioncontrolison, therefrigeratordoorordoor frameis
being heated. Try turning the switch to “energy saver”
which turns the heating elements off. If frost forms on the
door, turn the control back on.

v" Explain the function of the condensation control to cli-
ents. Iftheenergy-saversettingisn'tadequateforvery
humid weather, the occupants could toggle setting.
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Refrigeratorenergy controls: Refrigeratorandfreezertemperaturesaren’t
typically labeled in degrees, sothere might be some trialand errorin getting
the setting withinrange. The condensation control is either on and heating

the door perimeter or offand not heatingthe door perimeter.

3.2.3 Refrigerator Metering Protocol

Older refrigerators use from 1000 to 2000 kilowatt-hours per
year. Newer ENERGY STAR refrigerators use less than 400 kilo-
watt-hours per year. Youneed aminimum of two hourstoaccu-
rately measure refrigerator energy consumption using a
recording watt-hour meter.

Recording watt-hour meter:
Measures energy consumption
overtime. The better unitscanalso
calculate monthly consumption, or
record maximum current draw to
helpidentify the defrostcycle.
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There are two common options for evaluating refrigerator
energy consumption for replacement.

1. Thefirstoptionistofind the age of the refrigerator that
islisted onthenameplate.Ifit'snotlisted, find the
serial number, model number and the manufacturer
information. Enter this information into the manufac-
turer'swebsitetolearntheenergyusage. Orusethe
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manufacturer’s customer service phone number or
computer-chat option.

2. Thesecond optionistofollow themetering procedure
presented here.

Refrigerator Metering Procedure

Iftherefrigeratorisanautomatic-defrostmodel, youcould
measure an inaccurate reading if the unit goes into the electric
defrostmodeduringthetestperiod. Thefollowingtest protocol
includes provisions to prevent the defrost mode from activating.

1. Determine if the refrigerator is equipped with auto-
matic defrost. This is usually stated on the manufac-
turer’'sdata plate or onthe outside of the unit. If the
refrigerator is equipped with a manual defrost, proceed
tostep 3.

2. Iftheunitisequipped withautomaticdefrost, follow
this sub-procedure.

a. Locate the defrost timer. This small electrical-control
boxislocated intherefrigerator orbehind the front
kick-plate. The defrosttimer may alsobelocated onthe
rear of the unit.

Defrost Timer: The defrost timer
initiates the defrost cycle to melt
ice at regular intervals.

b. Open the defrost timer and locate the advance pinion.
Thisshaftusuallyhasascrewdriverslottoallow youto
manually advance the timer.
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c. Turnthe timer clockwise (you can break the timerif you
turn it counter-clockwise) until you hear a loud click.
This turns the defrost heaters on. Turnit further until it
clicks loudly again, turning the defrost heaters off.

d. You can now perform your measurement since the timer
won'tcallfor defrostheatagain forseveralhours.

3. Connect the refrigerator to a recording watt-hour
meter.Runthetestforatleasttwohours. Youdon't
need tostop attwohoursand alonger measurementis
better. During the test, avoid opening therefrigerator,
ordoso briefly.

4. Attheend ofthetest,readthekilowatt-hoursofcon-
sumption measured by the meter. Divide thisnumber
by thenumberofhoursinthetest. Thisgivesyouthe
number ofkilowatt-hours consumed eachhour. Multi-
ply thisnumber by 8760 (the total number of hoursina
year). The productof this calculationis the annualkilo-
watt-hours of electrical usage.

5. Remove the meter and plug the refrigerator back into

its outlet.
length of test number of
in hours \l hours in a year

/

0.32+2=0.16 x8760=1402

/‘ T hourly ,\predicted annual
kilowatt-hours consumption consumption in
consumed in kilowatt-hours kilowatt-hours

Refrigerator consumption example: In this example, a 2-hour measurement
was performed. During this time, the appliance consumed 0.32 kilowatt-hours
of electricity, or 0.16 kilowatt-hours per hour. The annual total of 1402 kilowatt-
hours, calculated above, is well beyond the 450 kilowatt-hours per year
consumed by today’s most efficient refrigerators.
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Table 3-3: Kilowatt-Hours per Hour & Kilowatt-Hours per Year

kWh/hour kWh/year kWh/hour kWh/year
0.23 2000 0.16 1400
0.22 1900 0.15 1300
0.21 1800 0.14 1200
0.19 1700 0.13 1100
0.18 1600 0.11 1000
0.17 1500 0.10 900

Metering Accuracy Issues

A number of unusual circumstances could reduce the accuracy
of the metering, including the following.

* Aquantity of warmfoodrecently placedintherefrigerator.

* Abnormally high orlow ambient temperature. For exam-
ple: refrigerators in garages during the summer or winter;
orrefrigeratorsin vacanthomes whereheating or cooling
systems aren’toperating.

3.3 ENTERTAINMENTAND COMPUTER SYSTEMS

SWS Detail:7.8002.1 Entertainment and Computer Systems and
Components Replacement

Change settings for the plan: Power saver .
Computer power settings:

Choose the sleep and display settings that you want your computer to use, ,
Go to your computer’s

. - control panels and set the
power-savercontroltorestthe
(9 put the computer to sleep: display and sleep the

computer after some chosen

time of inactivity.
Change advanced power settings

Restore default settings for this plan
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The purpose of thissectionistohelp clients conserveelectricity
that they use for entertainment and computing.

v' Advise clients to buy equipment labeled ENERGY STAR.

v' Advise clients to buy electronic equipment that doesn'’t
need tobeleft on whennotbeingused.

v" Standby losses for electronic equipment must be one watt
or less.

v" Patchallholes, madeforinstallation of electronicequip-
ment, inanairtightand weather-tightmanner.

v" Read the operating manual and enable all energy-saving
featuresofanappliance. Explaintheenergy-saving fea-
turestotheclient.

v" Verifythatclientshave operating instructions for their
electronicequipment or that they know how to access
instructions using the Internet.

v" Recycleordisposeofequipmentusing principlesofthe
EPA Responsible Recycling (R2) Initiative.

Smart plug strips: A variety
of plug strips with built-in
controls are now available.
The plug strips interrupts
RO power to appliances by
- T remote control, on a time
schedule, or by sensing
occupancy.

3.4 CLOTHES WASHER SELECTION/REPLACEMENT

Observe the following standards to minimize the energy con-
sumption of clothes washers.
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3.4.1 Clothes Washer Selection

SWS Detail: 7.8004.1 Washing Machine

Comply with these requirements when selecting a new clothes
washer.

v Select clothes washers that meet or exceed ENERGY STAR
and WaterSensed specifications.

v" Maintain adequate clearance around appliance when fit
into the available space, soaccess to cabinets and light
switches aren’tblocked.

v" Appliancemustbe covered by aminimum one-year war-
ranty.

v' Standbylossesforclotheswashersmustbe onewattor
less.

3.4.2 Clothes Washer Installation

SWS Detail: 7.8004.1 Washing Machine

Comply with these requirements when installing a new clothes
washer.

v’ Install clotheswashersinaccordance withmanufacturer
specifications, (including leveling, plumbing connections,
electrical connections) and meet all applicable codes.

v Installshut-off valvesonhotand cold supply waterifnot
alreadypresent.

v Iflocated in conditioned or finished area, install an over-
flow pan and drain the pantoasafelocation.

v' Airseal any penetrations to the exterior of the home cre-
ated by thewasher’s installation.

v" Demonstrate energy-related appliance controls to the
occupant.
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v" Provide specific information about proper maintenance of
thewashertotheoccupant.

v' Provide warranty information, operation manuals,and
installertothe owner.

3.5 CLOTHES DRYER SELECTION/REPLACEMENT

The following standards minimize the energy consumption of
clothes dryers.

3.5.1 Clothes Dryer Selection

SWS Detail: 7.8004.2 Clothes Dryer Replacement
Comply with these requirements when selecting a new clothes
dryer.

v" Maintain adequate clearance around appliances to avoid
blocking cabinets and lightswitches.

v’ Verify that appliances have a minimum one-year warranty.

v" Select equipment with features that reduce peakelectric
demand and energyuse.

v" Standbylossesforclotheswashersmustbe onewattor
less.

3.5.2 Clothes Dryer Installation

SWS Detail: 7.8004.2 Clothes Dryer Replacement

Install the appliance in accordance with manufacturer specifica-
tions and all applicable codes.

Consider these requirements when replacing clothes dryers.

v" Demonstrate energy-related dryer controls to the occu-
pant.
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v

Provide specific information of the proper maintenance of
theequipmenttotheoccupant.

Provide warranty information, operation manuals,and
installer contactinformationtotheoccupant.

Recycleorremoveand dispose of replaced appliancesin
accordance with local regulations, including older equip-
ment switches containing mercury.

Ifexisting venting doesn’tmeetmanufacturerspecifications,
code, orthefollowingcriteria, installnew ventingusing these
specifications.

v

v

v

Ventalldryers, other than condensing dryers tothe out-
doors.

Vent appliance to the outdoors using metal-to-metal orUL
listed foil-faced dryervent.

Useonly metal clamps on semi-rigid metaland ULlisted
foil-type ventpipes.

Termination fitting manufactured for use with dryers
must have a backdraft damper.

Insulate atleast 3-feet of the vent closest tothe home’s
exterior to a minimum of R-6.

Seal penetrationstothe outdoorscreated by theappliance
installation to an airtight condition.

3.5.3 Clothes Dryers Service and Venting

SWS Detail: 6.6005.1 Clothes Dryer

Clogged clothes-dryer ventsarealeading cause ofhousefires.
Thedrying time ofaload of laundry depends first on the dryer
installation. The original installation can also cause excessive
drying time when flexible vents are excessively long, kinked, or
restricted in some other way. The amount of lint in the dryer,
vent piping, and vent termination also affects dryer safety and
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efficiency. Lint builds up over time and slows drying time and
increases the fire hazard.

Vinylflexible dryerventisn'tanapproved dryer vent material.
Toreduce energy cost and improve safety, replace vinyl flex duct
with metal flexible dryer vent.

Service Procedures

Observe the following suggestions when servicing clothes dry-
ersto prevent fires, reduce drying time, improve energy effi-
ciency, and reduce lint build-up.

v
v

v

v

Unplug the clothes dryer before making anyimprovements.

Removethe vent pipeand ventterminationand cleanalllint
outof them.

Clean lint out of the electric heating elements and the air-way
around them.

Inspecttheairwayatthedryer’sventconnectionand clean
the lint out of it.

Dryer Exhaust Venting Requirements

Follow these venting requirements for clothes dryers when ser-
vicing dryers.

v

v

Dryerventsshouldbe pipedin4-inch diameterrigid alumi-
num or galvanized pipe whenever and wherever possible.

Don’tuse screws orrivets tojoinrigid pipe sectionsbecause
they collectlint.Join and seal the sections with clamps

or other specialized duct fittings in accordance with
manufacturer specifications and sealed with UL181B
or UL181B-M tapes or mastics.

Exhaustventingductmustbesupported atmaximum4-
foot intervals.

Use short, stretched pieces of flexible metal dryer vent,

labeled UL2158A, toconnectthedryertotherigid vent

through difficultframing ortoallow dryer tobe movedin
and out. Make connections using rigid fittingsinstalled
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male-to-femaleinthedirectionofexhaustflow toprevent
lint build-up.

v FastenULlisted foil-type ventorsemi-rigid sheetmetal to
rigid metal withaclamp.

v’ Fasten other specialized duct fittings according to manu-
facturer’s specifications.

v Seal duct connection with foil tape labeled UL 181B or
181B-M.

v’ Install abooster fan for dryer ducts exceeding 35-feetin
duct equivalent length. When calculating duct length,add
5-feet for each 90°bend and 2.5-feet for each 45°bend.

v Provide make-up air if you measure excessive depressur-
izationorifthedryermoves200cubicfeetperminute
(CFM) ormore.

Dryer vent types: Clothes dryer
energy-efficiency depends on the
type of vent material and the
equivalent length of the vent.

St | .. §

Vinyl Rigid Metal. Foil UL2158A

3.6 SWS ALIGNMENT

Field Guide Topic SWS Detail

Lighting-Efficiency
Improvements Pg. 60

6lelghtmg Retrofit Equipment Pg. 7.8003.1 Lighting Upgrade

Daylighting Pg. 63 7.8003.1 Lighting Upgrade

Refrigerator Replacement and
Maintenance Pg. 63
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Field Guide Topic

SWS Detail

Refrigerator Replacement Pg.
64

Refrigerator Cleaning and
Tuning Pg. 64

Refrigerator Metering
Protocol Pg. 66

Entertainment and Computer
Systems Pg. 69

Clothes Washer Selection/
Replacement Pg. 70

Clothes Washer Selection Pg. 71

Clothes Washer Installation Pg.
71

Clothes Dryer Selection/
Replacement Pg. 72

Clothes Dryer Selection Pg. 72

Clothes Dryer Installation Pg. 72
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7.8001.1 Refrigerator and
Freezer Replacement

7.8001.2 Cleaning and Tuning
Existing Refrigerators and
Freezers

7.8002.1 Entertainment and
Computer Systems and
Components Replacement

7.8004.1 Washing Machine
7.8004.1 Washing Machine

7.8004.1 Washing Machine

7.8004.2 Clothes Dryer
Replacement

7.8004.2 Clothes Dryer
Replacement

6.6005.1 Clothes Dryer

Baseload Measures
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CHAPTER4: WATERHEATING

4.1 WATER-HEATING ENERGY SAVINGS

The mostimportant tasks in evaluating hot water energy savings
are measuring the shower’s flow rate, determining the water
heater’s insulation level, and measuring the water temperature.

Table 4-1: Water Heating Consumption According to Family Size

wmberel otk el callns

1 2700 180 25

2 3500 230 40

3 4900 320 50

4 5400 350 65

5 6300 410 75

6 7000 750 85
Author’s interpretation of data from single-family homes with exist-
ing water heaters from Energy Information Administration, Law-
rence Berkeley Laboratory, Home Energy Magazine, and others.

4.1.1 Water-SavingShower Headsand Faucet
Aerators

SWS Detail: 7.8101.1 Shower Head and Faucet Aerator

Most families use more hot water in the shower than for any
other use. A low-flow shower head reduces this consumption.

v" Water-savingshowerheadsmustberated foraflow of1.75
gallons per minute orless.

76 Hawaii Weatherization Field Guide


https://sws.nrel.gov/spec/781011

v" Water-savingaerators mustberated foraflow of 1.2 gal-
lonsperminuteorless.

v" Usecautioninremoving theexistingshowerhead oraera-
tor from old, fragile plumbing fixtures. Use a plumbing
wrenchwhenremovingtheshowerhead and asmall
wrenchfortheaerator.

v" Runthefaucetand shower withaerator orshowerhead off
for10secondstoremoveanyremaininggritandsediment.

v Use caution when installing new shower head or aerator,
being sure not to damage with wrench. DONOT over
tighten.

v" Checkthewater quality fordebristhatmay clog theequip-
ment.

v" Theshoweror faucet flow ratemustbe satisfactory to the
occupants and be documented.

v" Featuresmust meetany specialneeds of the occupant
(shut off, swivel, handheld showers).

v" Onceinstalled, testthe fixturestodetermineiftightened
adequately to prevent leakage at the point of connection.

v" Recycle replaced shower heads and aerators.

=\
Water-saving shower heads: Two
stylesof water-savingshower heads
give consumers a choice between i '|"|\\\
i
steamy showers and less steamy .";! ::',M|\\
1AL |
ones. ”Hlilllil\\ .
11 Py
A N >
o II' l*: || . ‘_ﬂt
SR IS VAR

Measuring Shower or Faucet Flow Rate

Youcandetermine flow rateby measuring the timeneeded to
filla one-gallon plastic container.If the one-gallon container
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fillsinlessthan20seconds, your flow rateismorethan3 gallons
per minute.

1. Starttheshowerand setittothe maximumshowering
rate.

2. Startastopwatchatthesametimeyoumovethecon-
tainer underneath the shower, capturing its entire flow.

3. Record thenumber of secondsand divide 60by that
numbertofind gallons perminute.

Measuring shower flow rate: If you

divide 60 by the number of seconds /-
needed to fill a gallon container, you will ‘
calculate flow in gallons per minute. \

1 gal 60 sec gal

15 sec 1 min ~ min

4.1.2 Measuring and Adjusting Hot Water
Temperature

SWS Detail: 7.8103.1 Storage-Type Appliance, 7.8103.2 On-
Demand Appliance

Use the following instructions to adjust water temperature.

v Shutoffpowertoanelectricwaterheaterbefore opening
thermostat access panels.

v' Measurethewatertemperatureatthenearestfaucettothe
water heater. Reduce the temperature to 120° F with the
customer’s permission.

v" Onelectricwaterheaters, setbothupperand lower ther-
mostats to the same temperature.
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UNITROL

Setting hot-water temperature: Getting
the temperature correct can take a few
measurements and re-adjustments.

Electric water heater control

4.1.3 Heat Traps and Water-Heater Pipe Insulation

SWS Detail: 7.8103.1 Storage-Type Appliance, 7.8103.2 On-
Demand Appliance

Heattrapsarepipingloopsorvalvesthatpreventthermo-
siphoning of waterinand outof the piping near the water
heater. Install heat trapsif the water heaterhasnobuilt-in heat
traps.

Install pipeinsulation toslow convection of hot waterintothe
waterlinesnearthetank.

v Interior diameter of pipesleevemustmatchexterior diam-
eterofpipe.

v' Insulate thefirst6-feetofhotand cold water pipe from the
water heater.

v" Usepipe wrap withaminimum thickness of 1-inchand a
minimum R-value of 2. Coverelbows, unions, and other
fittings with the same insulation thickness as the pipe.

v" Corners must be mitered, tight fitting, sealed, and secured
with appropriate material to prevent failure.
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v" Keep pipe insulation 6-inches away from single-wall vent
pipeand 1-inchaway from TypeBvent.

v Fastenpipeinsulationwithzipties, tape, orother
approved method.

Properly installed pipe insulation: Will be
the right size for the pipe, will completely
coverthe pipe, including bends, and will be
fastenedtightlytothe pipe.

4.2 SELECTING STORAGE WATER HEATERS

Storage water heaters are the most common water heaters found
in homes.

4.2.1 Determining a Storage Water Heater’s
Insulation Level

SWS Detail:7.8102.1 Water Heater Selection, 7.8102.2 Storage-
Type Appliance

Commonstorage waterheaters consist of atank, insulationsur-
rounding the tank, and an outer shell. Thereis typically either 1
or2-inchesofinsulationsurrounding the tank. Theinsulationis
either fiberglass or polyisocyanurate.

Follow this procedure to determine the waterheater’s insulation
level.

v" Lookforalisting of R-value on alabel on the water heater.
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v" Find aholein the outer shell where the flue pipeemerges
or where plumbing connects. Look around the hole for
either fiberglass or polyisocyanurate insulation.

v Iftheholeisn’tlarge enough tosee theinsulationlevel on
anelectricwaterheater, tryremoving the access panel for
theheatingelement after disconnecting power from the
unit.

v" Youmayjustbe able to see the gap between the tank and
outer shell. If you can’t see this gap, use aruler or probe to
push through theinsulationalong side of a pipe connect-
ing to the tank until the probe hits the steel tank to deter-
minethickness. Makesurethattheprobeisagainstthe
tank and notagainstanutwelded tothe tank.

Identifying Tank Insulation

Look here: gap around flue

Table 4-2: Insulation R-Values

Insulation/thickness R
Fiberglass 1-inch 3
Fiberglass 2-inches 6
PIC1-inch 6.5
PIC 2-inches 13
PIC 3 -inches 19.5

Look here: gap around
hot and cold lines

4.2.2 Storage Water Heater Selection

SWS Detail:7.8102.1 Water Heater Selection, 7.8102.2 Storage-
Type Appliance

Water Heating 81


https://sws.nrel.gov/spec/781021
https://sws.nrel.gov/spec/781022
https://sws.nrel.gov/spec/781022

Existing gas water heaters, including propane, typically use 200
to400therms per year. New gas water heatersuseaslittleas 175
therms per year, resulting in a savings of between 25 and 225
therms per year. Similar savings are possible by replacing elec-
tric water heaters. Consider the following recommendations for
specifying water heaters.

* Areplacementgasoroilstorage waterheater willbeeither
direct vented or power vented, and ENERGY STAR quali-
fied or have an Energy Factor (EF) of 0.58 or higher.

* AreplacementelectricwaterheatershouldhaveanEF of at
least 0.93 and be insulated with at least 2.5-inches of foam
insulation.

Standard electric storage water
heater: Electric water heating is more
expensive than gas or oil but safer.
thermostat Electric water heaters should have at
\ & least 2-inches of foam insulation.
resistance/
elements
anode
— <]
fill tube

4.3 ALTERNATIVE WATERHEATERS

Weatherization programs sometimes choose alternative water-
heating products to improve efficiency and safety.
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Table 4-3: Comparison of Advanced Water Heaters

Advanced Water $ Savings* Expected

Heater Type Lifespan Major Advantages
High-efficiency
storage tank (Oil, <$500 8-15years Lowest first cost
gas, electric)
Instantaneous
Tankless (direct <$1800 5-15 years Unlimited hot water
fired)

< . :

Heat pump <$3000 S e Most efficient elec

tric option

From information supplied by ENERGYSTAR.gov by the Environmen-
tal Protection Agency. * Lifetime savings compared to conven-
tional water-heater models and same fuel.

4.3.1 Solar and Hybrid Heat Pump Water Heaters

SWS Detail:7.8102.1 Water Heater Selection, 7.8102.2 Storage-
Type Appliance

Waterheatersusemoreelectricity thanotherappliancesinmost
homes, averaging 40% of the clients energy consumption. A
solar water heater can save a typical home $80 to $100 a month
on their electricbill.

Both solar and heat pump water heaters cost much more than
conventionalelectricwaterheatersbutarefarlesscostly tooper-
ate. Heatpumpand solar water heaters canheat wateratup to
2.3 times more efficiently than electric-resistance storage water
heaters.

Hawaii WAP uses information from the client intake form to
determineif the client qualifies for a solar or heat pump water
heater. The Hawaii Solar and Heat Pump Water Heater Savings
Calculator calculates how much money the client will save on
their utility bills once they make the switch. In order for the cli-
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enttobeeligible for asolarinstall their existing hot water sys-
tem mustbe electricand functioning.

4.3.2 Solar Water Heaters

SWS Detail: 7.8102.7 Solar Water Heaters

Installing solar water heatersisa complex process and the State
of Hawaii advises to refer to local agency program guidelines for
direction and specifications.

Example Agency Program Guidelines

Priority List Criteria

¢ Use the DOE-approved Water Heater Savings Calculator to

determineallowable costand the SIR forreplacing the
existing system with either a solar water or hybrid heat
pump water heater. Thereplacement system showing the
highest SIR must be installed.

The auditor must print the calculated comparison andsave
acopyinthe clientfile.

Cost must include all necessary incidental construction
(sheds or platforms), delivery, and disposal.

Ifthe Water Heater Savings Calculatorindicates fuel
switching as the most cost-effective for a household, fuel
switchingisallowed.

Installation of solar waterheaters mustbeelectricorpropane
and follow thesespecifications.

¢ Installationsmustbesized according to the “Residential

84

Solar System Sizing Verification,” whichusesa20 gal/per-
son standard.

Installationsmust passtheequivalentofthe “Hawaii
Energy Efficiency Program’s Water Heater System Inspec-
tion Check List.”
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Specifications

Solar water heater systems mustbe able toserviceafamily of up
to six people that use 6,000 kilowatt hours or more per year. Big-
gerhouseholdswillbedealtwith onacaseby casebasis.

There are 2 types of solar water heaters installed.

1. 80gallontank, two4-feetx8-feetsolar panels, tank
location same as existing heater, readily availableelec-
trical service (both110Vand 220V servicewithin5-
feet) flush mounted on single story roof oriented
between 135 T-225 T. Note: Appropriate materials
may be required for households of more than six
members to comply with Hawaiian Electric Com-
pany (HECO) requirements.

2. 120 gallon tank, two 4-feet by 8-feet solar panels, tank
location same as existing heater, readily availableelec-
trical service (both110Vand 220V service within5-
feet), flushmounted onsingle story roof oriented
between 135 T-225 T. Note: Appropriate materials
may be required for households of more than six
members to comply with HECO requirements.

Vendorsmustinclude thematerialsused and thesizeand brand
of water heaterin their cost proposal. Allmaterials mustbenew
and notreconditioned, with materialsmanufacturedinthe U.S.
as much as possible.

Vendorsarealsoresponsible of preand postinstallationinspec-
tions.
Vendor Bid Process
Contractor bids require the following information.
* Anitemizedlistingoftheequipmenttobeinstalled.
* Alisting of the various warranties of the equipment.

* Abuilding permit.
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Anoutline of thelabor and other related costs.
Asiteinspection of thehome and property.
The Residential Solar Sizing Verification form.

Total cost, including equipment, labor, insurance and tax.

Most programs require a minimum of three bids for installation.
The selection is based on these five criteria.

1.
2.
3.
4.
5

Lowestbid or costofinstallation
Productavailability

Delivery and installation availability
Ease of ordering the equipment

Additional features of the product that are included at
no cost

4.3.3 Hybrid Heat Pump Water Heaters
SWS Detail:7.8102.8- Heat Pump Water Heater

Heat pump water heatersuseheat from surrounding air toheat
water. The specifications and installation guidelines listed below
arebased on theinstallation of the GE GeoSpring Hybrid Water
Heater and arecommontomostmodels.Ifinstallingadifferent
model, be sure to consult that model’sinstallation instructions.
Install water heaters in accordance withlocal codes. If nolocal

codesexist, consultthe National Electrical Code.

Specifications

v

v

86

Install the water heaterinlocations thatremainin the 40°-
90°F range year-round (4.4° - 32°C).

Provide theminimumamountofairspacearound the
water heater for theunittobe effective.

Set appropriate temperature controls for proper operation.

Instructclients on proper hybrid heat pump water heater
use and maintenance and give them the operating manuals
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and warrantiesatthetimeofinstallation.

| 1} il

Heat pump water heater: Thisheat
pump water heater has the heating
coil (condenser) surrounded by the
domestic water.

General Electric

Location

Follow these guidelines when deciding where to install the water
heater.

v" Find acleandry area as close as possible to the room that
usesthemostwater, usually abathroomorkitchen.

v" For GE models the water heater can be installed in aroom
that is smaller than 700 cubic feet, but there must be a lou-
vered door thatcovers240squareinches or greater.

v" Allow enough room for maintenance and service. There
must be at least a 7-inch clearance around and 8-inches
above the water heater.

v" Donotinstallthewaterheater outdoors.

Thermal Expansion

SWS Detail: 7.8102.2 Storage Type Appliance

When wateris heated itincreasesin volume, which over time
canaffecttheproperoperationofthewaterheater.Itispreferred
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tohave an open-water system that allows the excess water to
flow back into the water main. In a closed-water system, thermal
expansion can cause a failure in the safety settings of the relief
valve. If a closed-water system exists, an expansion tank will
need tobeinstalled in the cold-water line.

Consult a knowledgeable contractor for information on install-
ing expansion tanks.

Water Supply Connections

Use 3/4-inch female national pipe thread fittings (NPT), along
with thread sealant when connecting theinletand outlet ports
ofthewatersupply.Installashut-off valveinthe coldwaterline
near the water heater.

Do notapply heatto the water connections. Heat will perma-
nently damage the internal plasticlining in both cold and hot
waterports.Ifusing sweat connections, sweatthe tubingtothe
adapter before fitting it to the cold -water connections on the
heater.

Condensation Drain
Follow these guidelines for proper water heater drainage.

v Install the water heater within close proximity to a floor
drainoradrain thatisnohigher than 36-inches above the
ground.

v' Ifadrainisnotavailable, installa one gallon minimum
condensate pump.

v’ Install the proper fitting to the primary port on the water
heater, suitable forarigid or flexible drainline.

v" Maintain adownward slope in the drain line to allow for
proper drainage, routing it to ensure water doesn’t contact
live electrical equipment or cause water damage.
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v Installanemergency drain panundereachreplacement
waterheater, with sidesthatextend aminimum of4-
inches above floor, if leakage would cause damage to the
home.

Relief Valve
Follow these guidelines when installing the relief valve.

v Install the relief valve in the opening specifically provided
and marked on the water heater. Donot install any other
type of valve between the relief valve and the water heater
tank.

v" Refertotheratinglabellocated on the front of the water
heater for direction on the pressurerating and the British
Thermal Units per Hour (BTUh) rating. The pressure
rating can’texceed the maximum working pressure of
the waterheaterand theBTUhrating can’tbelessthan
the inputrating of the water heater.

v Positionthe tubingsoany discharge from the valve does
not come in contact with electrical equipment or cause
structural waterdamage.

Electrical Connections

Bothvoltagerequirementand wattageload arespecified onthe
ratinglabel and the specific manufacturer’sinstructions. Use 10
gauge wire for connections.

Aproper ground connectionisimportant. If using metallic con-
duitor metallicsheathed cable, install with fittings specified for
the purpose of grounding.

Ifusingcablethatisnotapproved foruseasaground conductor,
youmustinclude aseparate conductor for grounding. Attach
thisto the ground terminals of the water heater and the electri-
cal distribution box.
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Powering the Water Heater

Before turning the water heater on, itmustbe filled with water.
Use these specifications to properly fill the water heater.

v
v

Confirmthatthedrainvalveisclosed.

Open atleast one hot water faucet in the home so air can
escapefromthe waterheaterasitfills.

Opentheshut-offvalveinthecold-watersupplyline.

Check the flow from the openhot water faucet. A steady
flow indicates that the water heater is full.

Turnon the waterheater and refer to manufacturer’s
instructions for directions on water heater startup.

Operation

Most hybrid electric water heaters have five modes of operation.
The modes have various names, but the function is the same.

Heat Pump Mode is the most energy efficient but takes lon-
ger to heat the water. This isnot good for larger families or
when company is visiting.

Hybrid Modeprovidestheenergy efficiency of theheat
pumpwiththerecoveryofastandard electricwaterheater.

High Demand Boost uses the electric heating elements
when the water usage is high.

Electric Standard heats the water quicker and is the least
energy efficient.

Vacation Modekeeps the water heater ata steady 50 degrees
byusingthemostefficientheatingmode.

4.3.4 Sidewall-Vented Gas Storage Water Heaters

SWS Detail: 2.0201.2 Combustion Safety, 7.8102.1 Water Heater
Selection, 7.8102.2 Storage-Type Appliance
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When gas storage water heaters cause persistent venting prob-
lems, specify a sidewall-venting water heater. Two common
types of these water heaters are shown here.

Fan-assisted water heater: The fan Direct-vent water heater: Moves
allows horizontal venting. The water combustion air and flue gases
heater may be open combustion or through a concentric pipe system
sealed combustion. without a draft fan.

v" Choose a sealed-combustion sidewall-vented gas water
heater, if possible. Nextbestis afan-assisted unit.

v Install the replacement water heater in accordance with
manufacturer specifications, 2012 IRC G2427.8.

4.3.5 On-Demand Water Heaters

SWS Detail:7.8102.1 Water Heater Selection, 7.8102.3 On-
Demand Appliance

On-demand electric water heaters are more efficient and cost
less to operate compared to conventional gas storage water heat-
ers. However, on-demand electric water heaters are more expen-
sive to install and may have shorter lifespans compared to
storage water heaters.
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4.4

STORAGE WATER HEATER INSTALLATION

SWS Detail: 7.8102.3 On-Demand Appliance, 7.8102.2 Storage-
Type Appliance

Follow these procedures when installing a storage water heater
or an alternative water heater.

v

v

Replacement water heater must have a pressure-and-tem-
peraturereliefvalvewithadischargelinethatterminates
less than 6-inches from the floorinto a floor drain or drain
pan.

Thedischarge pipeshould bemade of rigid metal pipe or
approved high-temperature plasticpipe.

Install dielectricunionsand abackflow preventeras part
ofawaterheater replacementif any of these components
are missing from the existing installation.

Install an expansion tank for all storage water-heater
replacements.

Installanemergencydrain panundereachreplacement
waterheater, with sidesthatextend aminimum of4-
inches above floor, if leakage would cause damage to the
home.

Install a 3/4-inch drain line to the tapping on drain pan.
Terminate the drain line in a floor drain or outdoors at
least 6-inches above grade.

Installheattraps onthe water heater’sinletand outlet pip-
ing if the manufacturer hasn’t provided traps.

Adjustwatertemperatureto120°F ortothelowestsetting
acceptable to occupants.

Foracompletelistof DOEinstallationrequirements for water
heaters, see SWS Detail 7.8102.2 Storage-Type Appliance.
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4.5 COMPARING WATERHEATERS

Thechoice of fueland modelforastorage waterheaterisn’teasy
and it involves many factors including safety, reliability, effi-
ciency, and installed cost. See Residential Energy Dynamics free
comparison tool.

4.5.1 Safety Comparison

Conventional direct-fired gas water heaters vent their combus-
tionby-products to a gravity vented chimney. They can spill
products of combustioninto theliving space, especiallyif the
chimney isn't tall enough, warm enough, or sized properly.

Electric water heaters have no chimney and need no combus-
tionair, whichmakes themsafer forbuildings withlownatural
air leakage, compared to gas storage water heaters.

Electric water heatershave no products of combustion. How-
ever, because theirrecovery capacity is generally muchslower
than gaswaterheaters of the samesize, thereisa greater chance
of someone trying to compensate for a cold shower by setting
theelectricwaterheatertoanunsafelyhightemperaturewhere
occupants could be scalded.

4.5.2 Reliability Comparison

Storage water heaters are popular because they are inexpensive
andreliable. Bothgasandelectricstorage waterheatersaresim-
plerand morereliablethanmoreexpensiveand complex water
heaters. Thelifespan of storage waterheaters dependsonlocal

water quality and the quality of the water heater’s storage tank.

Mostheaters have glass-lined steel tanks which are typically
warranted forfiveyears. Alltypesofheatersareavailable with
largeroradditionalsacrificialanodes, whicharepieces of metal
that corrode before the tank does, thereby extending the tank
life and maybe the warranty. If you buy a ten-year guarantee
heater instead of a five-year guarantee heater, this choice might
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reduce the future cost of replacement and possible water dam-
age from eventual storage-tank leaks.

4.5.3 Efficiency and Energy Cost Comparison

Conventional gas storage water heatersarerated atabout80%
steady-state efficiency. However, whenever a storage water
heaterisn'tfiring, it'slosing heat up the chimney. Thishappens
whencold air, flowing throughtheheater,iswarmedbythe
heater and escapesup the flue. This off-cycle heatloss reduces
annual efficiency drastically and may result in the water heater’s
EF being less than 0.60.

The exact EF for a particular storage water heater is difficult to

estimate because of many factors including: chimney height,
chimney diameter, wind, the home’s air-tightness, outdoor tem-

perature,and waterheater temperaturesetpoint. Considering

these variables, the actual EF can vary from 0.60 to 0.40 or even
lower.

Asaheatingfuel, electricityisapproximately2.5timesasexpen-
siveasnaturalgas. However, electricwaterheatershaveno
chimney and therefore no chimney losses. Electric water heaters
dolose heat through the insulation jacket, which resultsin an
EF ofaround 0.90. Heat-pump waterheatershave an operating
efficiency of over 200% (COP=2.3)because they heat water
withheatfrom the surrounding air. However, because the elec-
tricity production and transmission system in the U.S.isabout
31% efficient, the overall energy use and cost for heating water
withelectricityisstillhigher thanwith gas.

4.6 SWS ALIGNMENT

Field GuideTopic SWSDetail

Water-Heating Energy
Savings Pg. 77
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CHAPTER5: COOLING SYSTEMS

5.1 Room AIR CONDITIONERS

Room air conditioners are small packaged air conditioning units
installed inwindows oranexteriorwall. Allroomair condition-
ershave anenergy efficiency rating (EER), which is computed
by dividing cooling capacity, measured in btu’s per hour by the
watts of power used. The federal government requires all air
conditioners to carry a yellow energy label listing cost-of-opera-
tion, including the EER. The higher the EER, the more efficient
theair conditioner and thelowerits operating cost. Under
Hawaii's WAP, existing units withamaximum EER 0f9.7 areeli-
gible for replacement.

5.1.1 SmallRoom Air Conditioner Replacement

Priority List Criteria
¢ Unithas 6,000 - 15,000 btu/h cooling capacity.

¢ NewunitsshouldhaveaminimumEER0f10.5 to 11,
depending on the BTU.

¢ Iftheexistingunitisoversized forthespace, usesizing
guidelinesonthenextpagetodeterminethepropersizeair
conditioner. Donotreplace withalargerunitthanthe
existing.

*  Minimumusageis10hoursperday.

* Costlimits are different depending on the BTU. Check
the approved Priority List for details.
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Table 5-1: Room Air Conditioner Sizing Guidelines

Area to be Cooled Capacity Needed

(square feet) (BTUs per hour)
100 to 150 5,000
150 to 250 6,000
250 to 300 7,000
300 to 350 8,000
350 to 400 9,000
400 to 450 10,000
450 to 500 12,000
550 to 700 14,000
700 to 1,000 18,000
1,000 to 1,200 21,000

Source- https://www.energystar.gov/

5.1.2 Very Large Room Air Conditioners

Priority List Criteria

Replacement units must be the same size, or smaller,
as existing unit.

Existing units with a maximum EER of 9.8 are
eligible for replacement.

New units must have a minimum EER of 12 or
ENERGY STAR.

Minimum usage must be at least 10 hours per day.
Cost is limited to $3,500/unit.

Window Installation Guidelines

Removeexisting air conditioner, being careful not tospill
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any rainwater that may have accumulated inside the unit.

Install the new mounting brackets and side extensionsper
manufacturer’s instructions.

Slide unit into windowand attach to mounting brackets.

Lowerthewindow sashtotop of unitand securely fasten
thesideextensionstothe window frame. Seal with foam.

Attach drainage hose, ifsupplied.

Turnon the air conditioner, set the temperature controls
and confirm theunitoperates correctly.

Educate the client on operation and maintenance. Leave
the owner’s manual and warranty information withclient.

Remove all packaging from client'shouse.
Ifthe old unitisinfested with pests, seal prior toremoval.

Follow program requirements regarding proper disposal
and removal certification thatisneeded for thejob file.

Through the Wall Installation Guidelines

100

Removeexisting air conditioner, being careful not tospill
any rain water that may have accumulated inside the unit.

Removeexisting chassis. Mountthe chassisfrom thenew
airconditionertothewall.

Slope the chassis following manufacturer’s specifications to
ensure proper drainage to the outside. Fasten to the frame.

Installmounting bracketsifincluded with thenew air con-
ditioner.

Slide the air conditionerinside the chassisand secure per
manufacturer’s instructions.

Install flashing or driprailfor properdrainageaway from
the house.

Insulate gaps between framing members, reusing existing
pieces if insulation whenpossible.
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Pieceinthedrywall, finish, and sand. Paintthe wall withas
close ofamatching coloraspossible.

Seal theseamsbetween the chassisand thesiding withssili-
cone caulk around the exterior wall.

Turnonthe air conditioner, set the temperature controls,
and confirm theunitoperates correctly.

Educate the client on operation and maintenance. Leave
the owner’s manual and warranty information withclient.

Remove all packaging from client'shouse.

Ifthe old unitisinfested with pests, seal prior toremoval.

Cooling Systems

101



* Follow program requirements regarding proper disposal
and removal certification thatisneeded for thejob file.

5.2 Room HEATPuMPS
SWS Details: 5.3003.9 Heating and Cooling Controls

Roomheatpumpscanprovideall or partoftheheatingand
cooling needs for smallhomes. These one-piece room systems
(alsoknownasterminal systems)looklikearoomaircondi-
tioner, butprovide heating as wellas cooling. They canalso pro-
vide ventilation air when neither heating nor cooling are
required. They mountin a window or through a framed open-
inginawall.

Roomheat pumps gainsome overall efficiency because they

heatasinglezone.Iftheyreplaceelectricresistanceheat, they
consume only one-halfto one-third theelectricity to produce
thesameamountofheat.

Room heat pumps draw a substantial electricalload and may
require 240-volt wiring. Provide a dedicated circuit that can
supply the equipment’s rated electrical input. Insufficient wiring
capacity canresultin dangerous overheating, tripped circuit
breakers, blown fuses, or motor-damaging voltage drops. In
most casesalicensed electrician should confirm that the house
wiringissufficient. Don’trun portableheat pumps or any other
appliance with extension cords or plug adapters.
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outdoor coil

return indoor coil

compressor

Unitary heat pumps: These
unitary ductless heat pumps sit
inside an exterior wall. They are
a very efficient kind of electric
heating and cooling.

5.3 DucTLESS MINISPLIT PUMPS

Ductless minisplitheat pumps contain an outdoor condenser
and one or more indoor fan-coil units that heat or cool the
rooms. Mini-splitheat pumpsareamong themostefficient
heating and cooling systems available, providing 2-to-4 watt
hours of heating or cooling foreach watthour of electricity they
use.

These systems are best for the following homes and locations.
* Homes currently having no ducts.
* Very well-insulated, airtight, and shadedhomes.

¢ Isolated partofabuildingsuchasanaddition orabonus
room.

* Bedroomsneeding coolinginhomeswithnocentralair
conditioning.
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Ductless mini-split heat pumps:
These systems have very high
.- efficiency: 200% to 400%.

outdoor condenser

5.4 CooL ROOFs

SWS Detail: 5.3202.1 Reflective Coatings on Metal Roofs

Coolroof coatings reduce summer cooling costs and improve
comfortbyreflecting solar energy away from the home's roof
and slowing the flow of heatinto the home. They are shown to
reduce overall cooling costs by 10-20%, and are a good choice
for site-builthomes with low slope or flat roofs. Cool roof coat-
ingsareusually bright white,and musthaveareflectivity of at
least 60% to meet the ENERGY STAR or equivalent requirement
forcoolroof coatings.

Coolroof coatingsareusually water-based acrylicelastomers,
andareapplied witharoller.They canbeapplied overmostlow-
sloped roofing such as metal, built-up asphalt, bitumen, or sin-
gle ply membranes. Some underlying materials require a primer
to get proper adhesion. Check the manufacturer's recommenda-
tions for asphalt-shingle roofs.

Surfacepreparationiscriticalwhenapplyingany coating. The
underlyingroofing materials mustbe cleanso the coating will
stick. Repairs should be performed if the existing roofing is
cracked orblistered. Roof coating won’tstick todirty or greasy
surfacesand can’tbe used torepairroofsin poor conditions.
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Observe the following specifications when installing cool roof
coatings.

v" Install the coating when dry weatheris predicted. Rain,
heavy dew, or freezing weather, if it happens within 24
hoursofinstallation, will weaken the coating’sbond tothe
underlying roofing.

v" Protect any nearby windows, siding, or automobiles from
splatters. Forroller application, use alarge brush for the
edges,and ashaggy1to1/,-inchrollerona5or6-foot
poleforthefield. Runthe coatinguptheroofjacksand
other penetrationstohelpseal theseareas. Install atleast
two coats, with second coat applied in the opposite direc-
tiontothefirsttogetmorecompletecoverage. Allowaday
for drying between coats.

v" Cleantheroofoflooseroofing material and other debris.

v' Washtheroof withawater/tri-sodium phosphate (tsp)
solution, or comparable mildew-cide, and scrub brush.
Better yet, use a pressure washer.

v" Buythehighestquality coatingsandlookforthosethatare
specifically formulated as mobile home roof coatings.

v" Reinforce any open joints around skylights, pipe flashing,
roof drains, wall transitions, or HVAC equipment. For
build-upasphaltorbitumenroofs, repairany cracks,
blisters, or de-laminations. Use polyester fabricand roof
coating for these reinforcements and repairsby dipping
fabricpatchesintheroof coatingand spreading themover
the existing roofing, orby laying dry fabricinto alayer of
wetcoating. Smooth the patchesdownwithabroad-knife
or squeegee to remove bubbles or wrinkles. Allow any
repairs to cure for 1to2 daysbefore applying the topcoat.

v" Formetalroofs, sand any rusted areas down tosound
metal. Install metal patches overany areas thatarerusted
through, followed by polyester patches as described above.
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5.5 WINDOW SHADING

Much ofthesolar energy that strikes ahome’swindows passes
through the glass and enters the living space. This solar heat
accounts for up to40% of summer overheatinginmany homes.
It'sbetter toblock solarheatbeforeitentersthehomethanto
cool thehome after the sunoverheatsit.

Window shadingincreases comfortand reducesthe costof cool-
ing. Window shading is one of the most cost-effective weather-
ization measures in hot climates. Not all windows cause
overheating, soyoushould directyoursuggestionsand specifi-
cations towards windows where the most solar heat enters.

¢ Windowsthatfaceeastorwest.

v Windowsthatfacesouth and havenoeffective roof over-
hang.

* Large windows.

* Skylights or other sloping glass.

5.5.1 Exterior Window Shading Treatments

Sun screens, made of mesh fabric, which is stretched over an
aluminum frame, are one of the most effective window-shading
options. They absorb or reflect a large portion of the solar
energy that strikes them, while allowing a view through the win-
dow.

Sun screens are installed on the outside of the window, and work
well on fixed single-hung, double-hung, or sliding windows. For
casement, hopper, and awning windows, the sun screen should
be mounted on the movable window sash rather than on the
window frame.

Awnings, exterior venetianblinds, and exterior rolling shades
andshuttersarealsovery effective, butaremoreexpensivethan
sun screens.
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Sun Screen

Adjustable Awning Exterior Venetian Blind

Exterior Shading: Installed on the window’s exterior, these devices absorb or
reflect solar heat before it enters the home. This strategy is superior to interior
window treatments, which reflect heat back after it has entered.

5.5.2 Interior Window Shading Treatments

Interiorshades or curtainsarenotaseffective asexteriorshades
becausethey allow solarenergy toenterthehome. Asignificant
portionof thisheatremainsinside thehome.

Venetian blinds or opaque roller shades with bright white or
metallic surfaces facing the exterior can block considerable solar
heat.

Avoid translucent or light-admitting shades and blinds because
they allow more heat to enter the home. Purchase window
shades in the standard sizes that fit most windows since custom-
sized shades are considerably more expensive.

Good management of window shades improves their effective-
ness. Discuss these principles with the customers.

* Closewindow shadesinthemorningbeforethehome
beginstoheatup. Alsoclosethewindows.

* Openshadesintheeveningtohelp coolthehome. Also
open thewindows.

*  Open south-facing shades all day during winter to allow
solarheattoenter thehome.
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Metalized window filmsareapplied totheinside ofexisting sin-
gle-and double-pane windows. Nonmetalized window films
aren’tappropriate foreffectivewindow shading. Highly reflec-
tivewindow filmshaveshading coefficientsaslowas0.30,
whichmeansthatthese filmstransmitonly 30% of thesolar heat
as single-pane glass.

5.5.3 Landscaping forShade
SWS Details: 5.3201.1 Indigenous Shading

Treesand bushes can provide shade for windows, walls, and
roofs. They also cool the air around the home with shade and
moisture evaporating from their leaves. Well-planned landscap-
ing canreduce an un-shaded home’s air conditioning costs by
upto50% whileadding valuetothehomeand neighborhood.

The best plan for cool landscaping includes tall deciduous trees
on the south side of the home to block high mid-day sun.
Shorter trees or bushes on the eastand westblock morning and
afternoon sun.

Suggest planting deciduous trees that lose their leaves in the
autumntoadmitwintersun. Choosetypesthatare quick-grow-
ingand easy tocareforinyourregion. Advise customersto
check with alocal nursery to determine the best type of trees,
whentoplant,and method of planting.

Trees for Shade: Landscaping
isagoodlong-terminvestment
for residences. Tall deciduous
trees on the south block high
summer sun while allowing
lower winter sun to reach the
home. Shorter trees or bushes
provide protection from low-
angle sun onthe east and west.
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5.6 SWS ALIGNMENT

Field Guide Topic SWS Detail

Room Air Conditioners Pg. 101

Small Room Air Conditioner
Replacement Pg. 101

Room Heat Pumps Pg. 104 5.3003.9 Heating and Cooling
Controls

Ductless Minisplit Pumps Pg.
105

5.3202.1 Reflective Coatings on

Cool Roofs Pg. 106 Metal Roofs
Window Shading Pg. 108

Exterior Window Shading
Treatments Pg. 108

Interior Window Shading
Treatments Pg. 109

Landscaping for Shade Pg. 110 | 5.3201.1 Indigenous Shading
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The Hawaii Weatherization Field Guide
describes the procedures used to audit,
inspect, and retrofit existing homes.

Health and Safety
Energy Audits and Quality Control Inspections

Baseload Measures
Water Heating
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