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Homework House
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Alfiraisgariael ez foss

4.0) = Ve AC =1 0 0 LSZRIF U/ 2 EV = BIB) ¢ 220 s
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@ = CEE0.0182BMU/I° EX 7SO0 DD 2411S
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Domestic H20

= |mmersion colli= 15 gallens/#2 month
= 15 gal x 12 me = 180 gal/yr




DENNRINIEIINSH

Avthenmni= 100/000NT:

N Celing: 65652, 944 BiU/\Ir=RGSi SHEnm
=\Valls: 10,500,000 Bid/yim= 105/ therm
=\ViRCdeWS! 5,400,000 BIU/NIF= 54 e
1 DJojo)fs) 3,600,000 BNU/NIF="356 e

sNSasement: 27,000,000 BiiU/yir = 270 therm
sCAIF traRsper: - 19,066,320/ BIU/r = 1940 thernm
=520 18,000,000 Bilig/yir = 180 thernm
= ietal = 890,55 themnm
2 fvel el bumed @: 72% seasenal efficiency
=1100;000 BiiU/gallen: Atthern equals a gallen!




SONITEICHENIORNENE G
"NEEling: 6B 5 thErmA/L 26V
2 \Welllss Le5) taleldnnl Vs SATSINI:
*ViRdews: SZ2MREmmI/I BSR4\
Poors: 36 thermm/yi $A62INr
Basement: 270themm/yie | 1S4, 245/

Al ransperied: I9dthenmii 17$S8 60/
HE@ 180 therm/yi $810/Vr
54 049/\/1:

($4.50/gal fuel)



Choose what’s best!

RE2SEmeERWalISHS2/SEteNnsialiNREL0
A 00X 52 =S8 00 10 e dUCE DY LA eI/

SDEMESHE et Water: $2,000rornstiall cold stant
$2,00010 reduce by = 60 thermiii

sAlmeved neaiossi (@ bitimore complicaed?’)

IHeuSse Vol = 20" x 30 x 6f = 4800 cUf, SO...
4800 cuF x .35ACH = 1,680 cuf/Ar required.
5,620/mat — 1,680 eq = 4,140 cuU/ar excess ail
Opperunity te reduce: ky =1S6 thenm/\ir

Cost wouldincluderair sealing and mechanical
ventlaten (Instaliatien;, MmalRienance: & GpEeralion)




Review !

What’s this ?




Attics revisited (One Iast time!)

IHEVaStHmE eriAcialidmeVinerneueINIeUSESHS CIVER
9)/ StcCK ETECH:

lRsUlating the: atiicwithout airsealing it will'noet reduce
e velume: off alf movediinto) the: aitic: by stack efiect.

IiRsulating the: atiicwill lewer the attic temperaitne

causingl condensation on suifaces Whichi previeusly.
[emained anove the dew point.

Adding attic venting Will moest likely: cause: even more
condensationiin the attic as the relier au the tep will
pull harder on the heuse, MeVIing more heuse air up.

TThe ONLEY reliable  ax Is air
sealing.




Quz!
1. What is the latent heat of vaporization?
2. 24 x 40’ two story house. 8’ ceilings. 7500 HDD. 900 gallons #2 fuel o1l:

* Calculate Home Heating Index (BTU/HDD/Sq)).

* How many cubic feet of air must be moved through the house each

hour to satisfy ASHRAE 62 (.35 ACH).?
3. What is the BTU content of:

* One gallon of # 2 fuel oil? One gallon of propane?

1 KWH of electricity?
4. What is a therm?

5. What 1s the function of a thermostat anticipator?




QuiZ!

. What is the latent heat of vaporization? 970 BTU/LB

. 24 x 40’ two story house. 8’ ceilings. 7500 HDD. 900 gallons #2 fuel o1l:
« BTU/HDD/Sq’. 125,100,000BTU/7500DD/1920sq’= 8.7

* cubic feet of air each hour to satisty ASHRAE (.35 ACH).? 960sq’ x
8 x 2= 15,360 Cu’ x .35ACH = 5376 Cu’

. What is the BTU content of:

* One gallon of # 2 fuel o1l 139,000

* One gallon of propane? 92,000 1 KWH of electricity? 3412
. What is a therm? 100,000 BTUs

. The thermostat anticipator turns off the circulator just before the t’stat
set temp 1S reached to prevent room overheating




DAY Five -Week One

SHENIGWERCHeEN

" PlEssue DIagnestics
S UninAVillage

= REVIew




The blower door:

Blower cloers prezisitiie el ilow it 2l <aloWal gfessife
PHeIe e esH e GRERAION:
RPUS theripuselmWinteriime conaiiien;
@pensalinienereeoss
SHULS Gfif any atmespRERE combustien appliances:

A BIGWER deeFcan:
Locateleaks.
Determine sg. 1 o hele inrthe tested sulface.
Companng pre & post Wx: BiDrest results can:
Quantiy alrleakage ieduction:
Indicate: the need e iutherwerk:




dinhe blower door:

= The rings are to restrict air flow in small, tight
houses.

* On the other end, if you can’t reach 50Pa
pressure, use the “can’t reach 50” chart to
project a CFM?®° figure.

= CFM?®° results range from 300 to 10,000+. The
number is generally dependent on house size.

= The average #’s are steadily decreasing as air
sealing installers improve technique and
inherently tighter methods/products are
employed.




The Blower Door!

Usedio:
" =RdNReIes

" @Uantiiy neles
Relative size

" Determine “Connectedness’
= Pressulre diagnestics
Withr Intrared

<




leny Gill
Eield Inspector, EHSI DivISion

Maine: State HousIing AUthemty:
April;, 2005




Situation as Found

A5ApE1Bldg s DewnitewnrPertiand; Viame:

=HWorYears ©ld;

iy Three 2 & 3t Bediroem URIts.

SOome Section 8 Vouchers.

Heat mcluded 1R rent.




Typical exterior
elevations
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The Problem:

Constant tenant complaints about cold.

Heating fuel use significantly higher than
expected.

Water pipes freezing in floor/ceiling
cavities.




e Bunidnmes:

S @Ualitysconstruchen:rDotilerstldeedwallis
PENWEEN apatmeERts el SeUNEPreoing &
Webloer triisses te elliminate Inter o
pearne wWalls:

psulatienistiikerglass = 6: vaits n the wallis
and 6 attshwithr 8 =10~ BleWnRI GVEr IRl the
attics.

= AllFdiywallfbacked with 6 mil pely: Vap o
fetarder.




BLOWER DOOR

Individual Units Test
< 1000 CFM50

(Within acceptable limits)




INERAREDI SCAN

N Generaliyiaceepianlie |
IRsulaveninsialceRIpPIECHICES:

N Signiliicaniteuisice aliicakaeeinie
IRtERBIRWalRSACENRENCEVIMIES

= @pSeReripaermreiralitleakagennio
caVillesidees nenchangewhentne
9] GWERGCIGEINSHIIOREEGN




Apartment thermostat set at 72°
Apartment temperature = 69°

Attic temperature = 49°

Apartment RH = 35%

Outside temperature = 31°

All readings taken on a breezy, 31° day.
With continuous ridge & soffit vents and
Insulation as observed, attic temperature
should approximate exterior temperature.




Top of double walls
between apartments
with vent stack as seen
from the attic.




Top of an interior
partition with vent
stack as seen from
the attic.




Top of an interior
partition with vent
stack as seen from
the attic.




Top of interior partitions with vent stack,
unused penetration & electrical wire hole
as seen from the attic.




Typical entry overhang with vented soffit
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-

Area above typical entry (ceiling
removed). Note space over
fiberglass insulation which-is
open to floor cavity.




Area over tyial entry (Ceiling removed)

open to ceiling cavity over heated room.




Where the building designers intended for the heat
barrier to be.




How the building designers intended for attic ventilation
air to move through the building.




Where the
alr actually
was
moving.
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Where the heat barrier
actually was!

Heat loss is a function of
time, At &

If exterior temperature air
is moving freely through
interior wall, ceiling & floor
cavities the corresponding
wall/floor/ceiling surfaces
will radiate heat to the
outdoors at the same rate
as exterior wall & ceiling
surfaces. The result is
colder rooms, occupant
complaints and dramatically
increased the building heat
load. (Cost to heat)

= Actual room surfaces “seeing” cold
due to exterior air moving through wall and ceiling

cavities.




The Retrofit Attic ventilation air.

Installed air sealing.
Resultant surface of heated area.

- Interior walls, etc.

-

Blocking the unintentional air “feed” openings in the lower part of the
building & the “relief” openings at the top of the building creates a

continuous air & heat barrier surface where the building designers
intended it to be.




Retrofit Measures
Air sealing installed by:
. Removing & replacing attic insulation,

locating and sealing all penetrations in the attic
floor.

. Removing & replacing porch & bump out
ceilings, caulking rigid board insulation In
place over ceilings, thereby sealing off
openings into floor/ceiling cavities.




Using foam to air seal typical partition top in attic
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Foam airsealing installed at top of typical step-down wall in attic.




Before

R ——

After

Foam air sealing installed at
top of partition wall with
vent stack in attic.




Before

4—

Rigid insulation board &
foam air sealing installed
over entry ceiling.




Before
o

Rigid insulation board
& foam airsealing
Installed over entry
ceiling.




Summary:

Pre Air Sealing:

Several instances of frozen water pipes, at least one of which —a
burst sprinkler line — caused severe property damage.

Cold apartments resulting in numerous tenant comfort complaints.

Excessive fuel consumption.

Post Air Sealing:
No frozen water pipes since work done.
No tenant heat related comfort complaints since work done.

Fuel consumption down about 20% since the work was done.




RESULTS

Net monthly savings*! extrapolated over one year
approximates 4000*2 ccf per year. At $1.42 per ccf —the
current price —the $27,000 investment will be recovered in
less than five years. As gas prices inevitably increase, the
payback period will shorten correspondingly.

*1 Post retrofit fuel use data is available from 12/04 to present. Pre retrofit fuel use data
was obtained for 2003 & 2004.
Average of Jan, Feb, March '03 & ‘04 gas heat use = 9400 ccf.
Jan, Feb, March ‘05 gas heat use = 7400 ccf.
This equals a savings of = 667 ccf per month for the period where both pre & post retrofit
fuel use data is available.

*2 The actual heating season is at least 6 months longer than the period the available
data set covers. We have arbitrarily doubled the three month usage to estimate the
yearly use. Actual annual fuel savings are likely to be much greater than predicted.




Some Caveats:

This is simple payback only. No attempt was made to incorporate any
discount rate or future fuel price increases.

Weather normalization was not done.

This is aggregate complex fuel consumption data. No attempt was made
to differentiate between buildings.

Individual tenant behavior was not considered.

The fuel consumption data utilized was from records dated January,
February & March, '03, '04, & ‘05. It is likely the periods when the fuel was
actually used comprised consecutive 30 day periods not strictly aligned
with the actual months stated. (i.e. say from the 10t to the 10, as
opposed to the 15t to the 15t)

Because the actual heating season is much longer than the period the
data set covers, realized annual space heat fuel savings are likely to be
much greater than what is being predicted, resulting in a significantly
shorter payback period.

< >




State Certification Test Review

PDENRIGRS

=ACISH/OUFSheUIE NG

DS =WV G - ASHRAE 62.2
=QIMUIAS & CalCUIaoRS
SHEeallanSier MECHARISMS
Allrleakage

Meisture

Combustien appliances
[DEMESHIC Walelr NEaters

10) Construction styles

145 Blewerr IDoof; 17, Other

0
2.
&)
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5.
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).
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| . Definitions

" Alentheat:

he ameunt eifeat anserHIcdl el eleased oy,
a stlestanceWheniirChainges state:

EHrelfusion = selid te/iemigud
ERFeiiVapoehzatien = liquicite/irem gas
Slemperature:

fhe valterassigned ter melecular metien in
any given sulestance




1_ d Definitions
S ONGEF= A GhElleles ger Flots

Tpla plLigplelsr of flpples eien) glotlr e ot of =i
contalned By asiticitrers compl ey el aced 19y
oUISIdean:

S SIaCK Eliect:

e tendency el Waim alif e rise
= BAU=BiirsapeimalrUnit

AmeUnt el iea reguired telaise e temperailie el ene
pPeURGIeI Water 1=

= HDD —Healing/Degree Days:
HDIDI=65 - [(high temp + lew: temp)/2]
[Basedion|averageiniemal temperaitre being| 70 =




1D. Definitions

" ptermal Gainme

IHeat gIven el kY PEsRIE & appPIIaNCES
5 i0) T F

= RE\/Alues:

Vieasure: o resiStance terneat iew
Expressed in BTU/hr, ft, °F
Inverse ofi U-\/alue

= U-\/alue:

Mieasure: of heat transmission
Inverse: o R-\VValue




| C. Definitions

Steaey/ Siale EfiCIENCY:

hermeasuiedinstantaneous) efficiency ol a combustioRrappliance: at
GPEraling tEmperaiure expressedias a pPerceniage e the Eneray,
availanplerfiiemitne fuellconsumed.

e, thie %) ol eRergy thal deesn’t 9o Up the Chimney.
AEUE — AnnualfEuelfUser Efficiency: (AKA)E

Seasonal efficiency:

e calculated annual efficiency ol a combustion appliance; Including
Warm-up, Cool-dewni & standey Iesses over an entire: heating season.

L.e. the % ol enengy: previded tol tihe: delivery systen.
DESIgn Iliemperature:

ihe temperature lew Which IS not exceeded > 2.5% ofi therheating
Seasen. I.e. 97.5% oefithe ime; the temp IS RIgher:




2 EaCLS you shouldijust

Know !
s @="Area x AT/R
IBIIUF=energy ionaiserdlbnwaiersd =
I BIU=iene Weeden Kichen maich
1 gallon #2 Euel = 139,000 BiliUs

ihgalion prepane = 22,000 BiilUs

1 kWihrelecticeity = 3,442 BiiUs

1 clbic ool nattraligas = 1,000/ B1US

1 e = 100000 BiUs

1" Pascal = 1/250 IRChES oI Water

R=1/U" = U=1/R

R=VAIUES can e added: U=\alues) can not.




3 D= VIV G =162 2

DI =NDEpressuizaueniNgnnEssHEImIE:

e measuredumperseloWVRICh combUSHoRIEPRIIENCES
arevlikely e vackarait:

"SIV GEE = Minmmumt\Ventlatien Guideline:

e calculated umber below whichr mechancall lA@
Ventliaten s required hased e Climaie Zone, + GCeUpants,
BUIEING S, NEIghT, VelUme & expesure and the [CBIE
COIEClIoN| aCler:

ASHRAE 62.2:
Ultimate: version — calculates fian CEM & run time

“ SEmMeEtmes, refemed te as e Bullding Inghtness! Limit or Bifl




3 D=V G — 6252

N A@NVERUIAGN:
VigiRtains alizauaiity
[Decreases mejsture buld-up

sATIC Ventlauoen:

Viayrediucence damming
Dees! littie else




Formulas &
e Galculations
s ANEE:

A= CengiiaxaWidin

" eIUmeE:
VA= FengiiaxaWidthanx Heligt

sVAEea eifaiangle:
A(A) = Base x 7z Height
s Area ol a Clncle:
A(O) = 3.1416 X radius squared [A=pI ]
RSO = R = BHIU/2 A =
= U=1/R




43. Formulas &

Galculations

SESUIHACE NEATIOSS

@=PANea X hemperattie Diierence/Resisiance
@=AX AIV/R]
@=FAx I eatinefDegree bays X 24 nis/R

Q=A x HDD X 24/R]

AR diven neatioss
Q@=\elume x AlrChange/iHour x 0.01.821010 X Al
[Q="V x AC/H x 0.0182 x AT]
@@=/ X AC/HIr X 0.01821ptu X HIDD X 245A1S
Q=X AC/IH % 0.0182 X 24]




5 . Heat Transfer Mechanisms

IRFANEIREEaINESSHSICAIE T OlZEd aSHelGWSE

iransmission or Stiface Heatrltess
Conduchve, Convectve & Radiant

DrAVER kY ANF (IEmperaiure Piiference)
[DERENCHERT GRPATES) & LINE

Resjsted by msulatien (R=\Value) @=(ANF x A i)/

2, Al Leakage: or Infiltratve Heat Loss

Requires drnving force
= Stack efifiect

= \Wind

== Mechanical

Requires a hole




5 a Heat Transfer Mechanisms

The burner is conducting
heat to the bottom of
the pan

" Conducive s

The water in the pan is

. being evenly heated by
" ConRvechve convection.

x Radians | The burner is radiating heat
into the space above it.

Radiant heat transfer is the only
transfer mechanism that does not
require a medium.




6 AirTransported Heat

Loss
" SUPSED Ot cCoNVECVE neat |oss

= Reguires a driving fonce
= Reguires a hole

= Can e contrelled by:
Sealing the holes
Eliminating the drver

Majer drver iin NINEIS stack
GeESs away/ i summer




7 . Mojisture

"NGenerallyspeaking, moeistire should e
iegaieed as apellitiamnt

=R0006 OlrmeIstiresiiransporied Py alfnovement

R @an moeyve by diiftsion alse

s\Versture retanders must Berat therwinterwaiim
surface

" Condensation releases heat




Combustion

Appliances
(Calegerzed by:

=EUel ype
Veditimrieineg heaied

sSHea deliverny/metnes
=\ Rav made: of

EflICIEnCY/ IS determinedtoy subiracting ampient
fliemistack iemps & measuiingl PErceEntage: of
COZ0r oxygen infiue gas




S Combustion
Appliances

xESealed Vs) aimespherc comibustion
= BEIErVS. ftmace

Vet hase Vst diy nase

=N masSs VS IGW IMass

" (Coldistant Vs, iemp maintzining




8¢ Gombustion
Appliances

N COS 2o CONCENI:

legking retumr ductwerikecantpull
CoOmBUSHER BYPIEHUCISHRICIIGME:




9 Domestic Water
" Heaters

Calegerzed y:

= Elel ype
Electic
Gas (prepane ornattral gas)
Ol (%2 or Keresene)

= Sealed vs;, atmesphenc combustion

= StandialeneVvs. appended e otier
appliance




9 3 Domestic Water

Heaters
Shevld nemmallyersetrat- 120"

Are equipped Wbk
Nlemp/pressure reliervaive
SaCHiiiciallanedes

IRsulaten payhack and/or the ameunt oI energy. Used
depenads;en:

AmbIent temperaturerareund therheater

flemp ol enterngwater

Surface area of the tank

flankinsulaton

Walertemipr Set point

NUmeer o gallensiusead




1 O > Gonstruction Styles

1 Rosi & Bl of Fosi & G
[F2rgertimeertirame Wi eHZenial " aits

1 Blzll[e)e)nl

DIimeRsion IUmPerirame: = NEadersi & I0GIErs are = Heaulair)y
SpACEd stldsi=Teer stingers tied lorsidesieiwall studs

CORNECHNG TIeo & Wall Cavilies:

= PlAOrE

Dimension lumber frame = wallsfheaded! & feeled (@) Each| Ster/
— regulany spaced studs —fleors typically extend tareugh
extenoerwalls e cladaingl & everinternerwalls; iselatng ail
CaVIlies,

= Pler & Post:

Buillding| suppeted By PeSHS resting e/l PeUread pPIers in
greuna:




1 O 3 Construction

erminology

"N Eeader—HeHzontalfiraming alieove: 2 Winc e
Pl deEIF eI Al e teprerawall

s EQELer— Honzental concrete snee Wwhlch
poUEed wWall resis en.

s JAcK O clipplersitd = IEess than Ul eignt
StudroVver or Under a Windew o deor—1n
kneewall, dermer, elc.

=Gt — IHoerzental firaming MeEmBEr IR PoST &
QI (Pest & heam) censtruction:




1 1 “Blower Door

s esting dere s Winterme CoRditicn::
RINGS aie e, Concentraterai by Veniun openings:
RemoVe fnRgsiwhen BiDrcanit ieach SORPA:
Add rnes wWhenian reaches SOPA atiow RV

Priman/valtlensyecatinglieaks
Readout in “Pascals” = 2501 of 1> water




1/. Other

"N TREOWS:

NghiRESSVares Wil ConailieRi&: styile
" Deuble nung lesest”
s Casementightest

— —
— e




