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LOgISTICS
NElassiimes/oeaks/IURChES] E1c:
"N ReCUCHENRS

=S\ narwewill AV 10 give YOUL  (not necessarilyin erder!)
Anistercal perspechive

Aldiierentway eifleeking atsuidings
Anrunderstanaingleifnew energy moeves IRfeundings

ihe “teols’ 16 diagnose complex eneray. related
preklems.

A world of pessihilites!

= [DEIYeU have: any: SPECIiic questions/ISSUES; o)
US?




1=Day Agenda

*OQISTICS
=\ RYSAUGZ
Comioern & Climate
Relatve S umiciny
BlU/Sguare EFeet/Heatng Deagree Day
Basic AUdit formaits
ASHESIOS & [Lead




ATHINGUDP Eront!

If it’s 1n red,
REMEMBER IT!




worldiEnergy ="Wworid

Power

N Eals ageWwe Were 1e/d, KnoWIEedgess
POWENF, tHENmMpPlICaleRNIEING the
ealcated prevails

Eynics parapnrasead, VWealtihisrPewer: "

"ERErQYIS POWEN 106 — R mMereWay/S tien
ORE.

*hereis atge stiiggle geing eniinthe
Worlad ter determine WhICh ferm: of
poewerwealin' =dellars Vs; ol & gas
iesenves — williprevail.




Energy in the US :

Where does it

come from ?

Where does

it go 7




U.S. Energy Flow Trends - 2002
Net Primary Resource Consumption ~97 Quads E

Electrical imports* 0.08
Distributed '
electricity 11.9

Electrical system
energy losses '

256.3

Natiral 9o E ey , _ — Residential/
19.6 LEia W Pt etk

i
3w T -I"-Ilisr
g

-:rf:'h_-r'--:w:t'-:l'-'"
Met imports
3.6

LS. petroleum
and NGPL 14.9

Transpor-
tation
Imports 26.5
24.3

Bal. no. 0.9

Jurne 2004
Source: Production and end-use data from Energy Information Administration, Annual Energy Review 20032, Lawrenca Livermare
*Met fossil-fuel electrical imports. Matlonal Laboratony
“Biomasslother includes wood, waste, sleohol, geathenmal, salar, and wind. httpeifeed dinl, govifiow




USA Energy Flow Trends: 2002

R OVA@UaeSHconSUMEs

56,2 Quadswastied
36.3 by electrcallsystem |esses
21,2 By transpoertation I6SSes
4.9 by residential/commercial heat & utilities Inefficiency.

= 35,2 Quads ge to useitl energy.
14.5 10 residential/cemmercialihieat & utilites
15,2 10 Industny
5.9 10 iranspoltation

= 5.9 Quads — mostly oill'= goe to nen-iuel Uses
Eertilizers & plastics

* Quad: A Quadrillion BTUs is 10 BTUs to the 15% power — 10 with 15 zeros beside it




The BlG Picture

WWiter teie excenilon g gellie de g llicile leyeliepiower (216
(QUads); evety soutce ot cuctoysthic [USHas d epehdsito
seomcidegtceronoil:
[fo1= coall you nced el ot thic minio mAChnCH &z
dicsclito) transpPOLt i
ot wood, you neced gas fof thie chainsaw: & dicsel
for the trucks:
[foti cornl - t0 cat of buth - you need o1l based
tertilizet; gasi tof the tractor, dicsel ot the tiuck; cte:

IHven with nucleat, thete’s| transporting & storng speat

weiell




The Even BIGGER

Picture

@1l permeates the catife mMod casyod CCOnOmI:
*lit"S) ot (st ndustial powe et Sz thARSPOLtAHO1MS
IS CEtlizZCt 82 PIASHCS 82 COSMCHIES &2 SO 01

1l &z nattiral gasiare Hnite FeSOULCES:
sdilac question 1sart i they will runrout, bt wicn:
Iihere ate sevetall forees at play:
sRicservies (8 wiao lads thien)
s(Capacity: wells) pIpelines) &z tetfneties
sSupply: & demand
s[Politics




PEARNOIL 7

PEaki 0]l prepeRENIS CoRlena thatweria
PredUcHenR CapaCI A WIlIFSEON eI EXCEEEEd DY
lereased demanaiiem Russia; China & lnadia

diVInGlthe prce off crudetorunheand eievels
WIthIRrtAE  next e /ears;

*NGE e facts & decide ioryourselr:
RS /AaERVsSWe2seiels  Linkter Peak Ol

LR /MR GO E RGO ARRS/ HEWSZPI=2060
1109 %/SIEaR TS DS A AT EIE=hHomE




what are the practical
applicationsy:

VAT SEME PN ERergy asWeknewW Wil
PECOME Unalierdanle:

" Conseanenis alays the: cheapestweay/
10 exiend areseurce.

= Ihers guadsi elispace neal energy Wasted
EACH Yeali represents a tremendous
ORPOURIL.

Knowledge:'|s Power:!




Mars Hill !




Whydoran Energy Audit 2

Powerful tool for informed
decisions

It's a “WIn-WIn” (except for the energy vendors!)
1 Save energy

- |Improve indoor air quality

- Promote building durability

+  |Increase comfort




Whydoran Energy Audit 2

ScVEERERGNE Mot ey Pemoures Consomption ~97 Quads

= 206101 US
CORSUMED EnEray.
QEES| 10 residential

& commereial
Space hear.

=~ o that Is wasted:

Source: Production and end-use data from Energy Information Administration, Annual Energy Review 2002,
“Net tossil-fuel electrical
“*Biomassiother includes wood, waste, alcohol, geathermal, sclar, and wind.

A 5 quad savings opportunity |




WhydorantEnergy Audit: 2

InEEVENA@:

Prevent
moeld/mildew

Eliminate o0ors

Redluce respiratony.

allments.

i

f == i 4w
| = -
‘—-"'__--' - I
l E ﬂﬂ '., g =
| = = .
\ —

The homeownet installed
this device to) save enctoy.

Wiay 1s 1t 2 bad idea?




| In this home it was a
Partlcularly Bad Idea!

A Dehumidifier for
. The m0|sture Wil son’s breathing.

condense: on cool
SUrfiaces causing mola:

Allfthe chemicals firom
the wash are deliveread
e the living space fier
e ocecupants 1o
nhale.

e homeewner's
astihimatic son sleeps
nere.




Indoor Air Quality

A lot of culprits!
*Moisture
*Stored Toxic Materials
*Radon

Sewer (5as

Other




wWhydoran Energy Audith 2

EXGERENUIIGITeNITES

The same conditions that | |+
lower IAQ can reduce | © ©
building durabillity.

What’s bad for you 1s

usually bad for your home




whydorantEnergy Audith 2

Increase comfort:
No drafts
No cold Teors

No het or cola
fOOMS

NGO 6geed Windews

ol wellinsulated NOUSES Aot Oy

SAVe crctoy, they stmplyicel ethe!




sellwhatiyouricustomer;

WaANtUSHoBUY s

ERErQY
Consenation

G0o0d Indeor air
guality

Bullding duraniity,
INCreased comiiort

Yourll dehver all four: !

Done right, they’re inseparable.




Heat IN always equals
heat OUT

2 Heat in fills the bucket:

Heating system
Solar gain

Internal gain

Heat out empties it:

Air leakage

Poor insulation
Occupant activities

Time




A little about....

HOUSEMAS arSYSTHEM




HOUSE As A SYSTEM

Buildings are systems...Period.

Everything in a building has the potential to
Interact with everything else.

The tighter a building is, the stronger the
Interaction will be.

Codes that control trades practices were, for
the most part, written when this potential was
essentially insignificant.

YOU are the only people currently being
trained in House as a System Science!




e HOUSE As a SYSTEM
=i the Attic...

*Small holes 1n the attic tloor — at pipes, wires, the
chimney chase - allow heated air from the living
space to enter the attic.

*The entering air will be relatively warm & wet.

*Moisture from the warm-wet air condenses on the
first cold surface it contacts - typically the most
northerly walls & the underside of the roof deck.




HOUSEMAS alSYSIHEM

in the Basement....

*Without a vapor retarder in-on-below the concrete floor
ground moisture 1s constantly radiated into the basement.

*Even with a vapor retarder, ground moisture will find
cracks & holes through which to enter the basement.

*Soil gasses will enter with the moisture.

*Mechanical appliances can produce air borne pollutants.

* Anything stored in the basement can off-gas

*and then there are dirt floors & crawl spaces!

*Basements are typically well connected to the living space.




HOUSEMAS alSYSIHEM

more in the Basement....

*Duct leaks can have many consequences:
* Heat wasted warming an area you don’t want

heated.

* Cold air pulled into the heating system from the
basement.

e Heated air forced out of the home.
* Cellar pollutants delivered to the living space.

Remember: Basements are typically well connected
to the living space.




Catch that lint !

.
PRI

(T




Spauling




HOUSENAS A SYSTEM
In the Garage....

*The garage floor has the same moisture
characteristics as the basement floor.

*Garages are even more likely than basements to
contain stored “off-gassers”.

*Garages typically have a low “air-feed” — the lower
edge of the overhead door — and high “relief” —

pipe & wire penetrations near the ceiling — or are

totally open to the living space attic.

*Garages often contain AUTOMOBILES!




s HOUSE As a SYSTEM
Inithe Kitchen & Bathroom:::-

*Showering creates large amounts of airborne moisture.
*....as does cooking without using pot lids.

*Existing vent fans are typically underpowered & noisy:.
*Often they’re not vented to the exterior.

*When they are, the ducts often leak or restrict airflow.

*What about gas ranges?

Are fans used?
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n the Living room.:-.

* Fireplaces “net cool” all but the smallest spaces.

’




&N
4 I ‘\n & _#.f N
% [ e
o= B2
| W sl
e
- -| |
AT
*«.,I|I||"Ill ;
L]

In the Living room....

And then there are

VENT FREE fireplaces!

& kerosene heaters

& home made stuff
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In the Living room....
And then there are

VENT FREE fireplaces.

& kerosene heaters

& home made stuff
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Outside....

e Roof leaks

* Gutters (or lack of)

* Poor landscaping

* Ground slope
* Vegetation

* Poor building design




HOUSE As a SYSTEM
Mechanical ventilation

All exhaust appliances “suck” on the house
Bathroom & kitchen fans
Jenn-aire
Clothes drier
Central vacuum

Whole-house ventilation

Heating system
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Occupant behavior
*Storing firewood inside

* Air drying clothes inside — even if it’s in the basement.
*Numerous plants

e Animals

*Energy saving(?) gadgets (drier diverter)

[ ife style
*Sleeping in cold rooms

*Under or over dressing.




gccupant benavior:

" he moest amitrany energy use iactor in:ail
dwellings.

= AS anlauditer, yeulmust assess the Impact of
@CcUpant venavier en what yeu will
[ecommend.

ltIsi extremely difficult terget Ssemeone to change a
anii!

What makes sense te you, may. net te yeur client!

— =




Something to think

IHOUSES:
= are tigher:
S EVe mere exnalst appliences;

" Have Wweaker® nattral dratii
COMBUSHeR appPlIaNCES.

= ave less diyingl petenitial;

With thanks to John Tooley




Houses are:

INghter
RPiyweoed & diywall Vs, lseands & plaster
Rlatiern vs: balleon raming

Concrete vs. granitersians or rukble stene &
Prick

Concrete Vs, dirt fleors

Vinyl therme: pane Windews Vs Woed Sashl &
Stenms

Insulated doors Vs, Wooden doors
Miedern caulks




Houses have-:

Viere s SiengerexiialsiappRIENEES
Jennsaie™vs, 50(2) CENKItChER paddieian.
Clethes drers Vs diyingl e ck or clothes line:
Centralivacuuim

Al iandiers
= Centrall AC
= Seneer filmace fans

Wihele heuse ventilationrfans
=Viere peweriulians Inrgeneral:




Houses have: VWeakeradairieaing

2PPIIENGCES:

> 3
= E*ﬁ




Houses have-:

[Eessidi/ing peveniial;
(CAVIES il ediwitiNRSUiaien:
[FCelltleseeis hulldingsi=722]
BEller caulks & sealants:
llghter constriicion aetalls;
Vian made materais:




Lifestyle changes:

=D ANASHeWERS VSWEEKIVAIaIS:

=V aler Sspons:
mloititigs
Vitluple shoWeERNEads
Sallifas

IRCGEI POBIS
= Viere leisure time

Viere time: In the MeUSE:
Plant enthusiasts.
Animailfcolleciors;
IHoeBhYISTS.

= Anti-pacteral evenvinmge !




ELSE

Something 1o
about'!

INOUSES:
= are tighter:
= Have mere exnalst appliences:

think

" aveweaker naitral arait comiusiien appliances:

== haveless diying peiential

The majority of the present trades codes
were written before drywall, plywood &
platform framing were commonly used!




WwWheredoes thisiputusy?

U dingsrareimuchNessHeneIVInG:
Simply;, thereisiless reoem ior errer:.

=Alternngl a2 Bullding or its: mechanicals
can have Unexpecied conseguences.

= Right new, Auditers ane the enly.
persens fiermally trained infiHouse as; a
SYSieni SCIENCE.

IN THE DRIVER’S SEAT; !




Comfort & Climate




What defines Thermal Comfort ?

Six Variables: :
_ TTRLELRR T
Envirenmental: = | -.‘.IIII

1. Alr llemperature .
" = IComfort: ! |

Znne ,- :
3. Air Motion IIIIE:E:.I
4, Mean Radiant Temperature Raahve HimidRy v%)

7. Relative Humidity II
; B

Persenalk
1. Clething lnsulation Value (cle)

2. Metahelismi Rate (met?)

*1 met = 360 BTU/hr = seated person




Al emperature

sS\VesSTamiiismwibas

= |i's Intuitve; 1ifwerre sueunded By air
that's at a substantially different
[Emperature than eurr comier Zzoner,

we'll'he uncomionrtanie.

o IHUmans are generally: comiortalsle
PEtWween 665 & 62

o Relative humidity/ is a big| factor:.




Relative Rumidity

HENmeskEcomplicaled ot eI comiieNn:
ISSUES;

Breadlyspeaking; lmans;adapiwell e
EXIEMES Ol RUmIGIby:

159610 75%0 IS 1eleralkle By oSt

llelerance torthe UpRerlimitareps Wit
activity levell (VSYos ek When sitiing i
ReEWRERUIRNING:)

Below: 15%, medicall ISSUES anse:

HUMIGILY aleve 75%) IRterferes Wit our
ey S naturalfcenling systenm.




RelativerHumidity
(Sewpreti's [t ralziil/e o)zl 2)
Relative Humidity (RH) is the amount of

water vapor contained in a given volume of
air relative to the total amount of water

vapor it is capable of containing expressed
as a percentage.

At 100% relative humidity, condensation happens
on all hard surfaces.

No hard surface; no condensation. Every raindrop
has a speck of dust inside It.




Sling PSychrometers

A sling psychrometer has two thermometers side by side, one
with a wetted wick around the bulb and one with a dry bulb.

Because of heat absorbed by
evaporation, the wet bulb will
register a lower temperature
than the dry bulb. Spinning it
speeds the stabilization
process.

e
The point where the wet bulb
temperature stabilizes Is the
wet bulb temperature.
Plotting the two temperatures
on a Psychrometric chart

ﬂives us dew point & relative
umidity




Psychrometric Chart

Relative Humidity, %

Dew point = 60°
RH = 50%

Dry Bulb Temperature, “F



Absolute Humidity or grains of water

Relative Humldity, %

The range is O (bottom) to 156 (top)

00 90 80 70 60
T
/
%

0 v
I

"5|]

40

Dry Bulb Temperature, “F



Relative Humldity, %

v gp 100 90 80 70 60
&5 ,‘,'-IFI" F'-r 1/

& i
<« ¥ oint .
50 > Ry
- 3
40 :Lh T
- i |'l-|._I
: =
iz == < T ob N
5'_._'__._-- EacmIBone, g L |
ISEE=NECt s cuc NS BN b
40 50 6 0 100 Rightaxis= 4

Tirv Rulh Temneratnre. “F grains of water

. Notice that the water content — grains/lIb — stays constant ! . per pound/dry air I



What happens if we cool the Relative Humldity, %

air below the dew point

temperature? "ﬁ' 80 100 90 80 70 60 50 40 30
4 b T — -
It can’t hold the water! @& | -
Condensation happ%?p:g'n all ! | - . L_
hard surfaces. o ,
Qo ) ?‘: !H'.".
ﬁv“‘ " R 20
&> '
qﬁ-' &0
40 W .t
: i . . . IllHl---..,I
ZE=222 2T TS
e 3L \L:IH""'
- ":4--.-: — ] tu] )
40 50 60 100

Dry Bulb Temperature, “F




what:saumportant

-+ Relative Humidity (RH) is the amount of water
vapor contained in a given volume of air
relative to the total amount of water vapor it is

capable of containing expressed as a
percentage.

+ 100% RH = totally saturated air.

2 At 100% RH, condensation occurs on hard
surfaces.

+ Winter air is typically very low humidity. When
heated it expands, dropping its RH further.




wWhat’sigoing on
= Heavy
condensation
on center

window.

No

condensation
on side
windows.

Why?

What is the likely moisture source?




What should we do?

—




isim 'What should we do?

1. Add a storm window
2. Replace the entire window unit.

3. Advise the homeowner to run the ceiling fan.

4. Get r1d of the plants.

It Depends




Besides REy what matters:?

= Al mevement

= Viean Radiant Tfemperature
= Activity level

= Conditiening




Air Movement

AlTmMeVEmERESImplY/ SpEcds el
lrEnsier

=[FAIISTMEVING GVER US; GUIF eVaporative
COEIINGISYSten Works Betier, making us
ieel cooler arthie sanie anseiute
[Emperature.




MeanRadiantlemperature

RRadIEnheariransieinappensavitnel e
meditm=alifIspirnecessan/viere
Imporantly; thertemperaiure ol tne air
SUEURGEIRNG USideEesSHimaier!

"H[Feurhedy suiace temperatiens nigher
tHan that el surirelncding SUifaces; Wenwill
ladiaie heat torthemiegardiessi o tihe ail
[emperature. IFsway WiRndewWsI Seem cold:

= e nverse alse happens: (Wihy awoeoead
SieVe! ieels sp gend onla coldiday:)




How does it all relate to
comifiort 2

R @UIFEUIES eI maIntaIR e Core
Iemperaiure: o1 965 E (@1 se) ey eltner
pUMING et e dumpIng: nEat:.

sSecause: the rat plimingraeverreally,
SiepPS We e nol comiortanle unlessiwerre
0SNG Sseme heat—Butnoet a ok - tereur
SUIeUNAINGS:




ARIZONASTATI vasualhizing
LINIVERSITY Therma|
Comfort
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SUMMER CONDHTION
58 60 62 B4 66 B8 70 T2 T4 TE 78 B0 82 B4 B6 B3 90 52 94 96

[ T T T [ [ [ [

Notice the orange line: Per ASU, the 62°F dew point (not RH) is key to comfort.

See: http://www.design.asu.edu/radiant/01_thermalComfort/thermalC_main.htm




)
2 Comfort Defined?

It's situational. o/

A sedentany/ perseniis typically more comiortanie at
RIGhEr & more hiumid temperatures than: an active
PErseRWould he.

Older peeple eiten’ preier RiIgher temperatures.

Conditioning — What we e used to - plays a major
iele.

IHIgh RumIdity = >60% -'Is;Uncemioriaibl e el MeSt.

People are eften moere comiortanie at higher
[emperatures when the Aumidity’Is lewer.

Most acceptanie = 66510 76°E @ 20%:) 16 40%RIH.




Energy ErnmcientiGComionrt
sSummary,

KEepneatngrRIEeetween 20%r & 405
KEEP CoolnNarRIFEIGW 60
IHEAOr 66T
Ceoler 7S E
= Contrelfdraits
= Viinmize iemperattre swings
= Beveny aware oif Vean Radiant ransier

< >




AUdIt purpose
1 Sjozlee gleit eplefe)y/ loele)

IIGISIZEe Nealine SyStems

Nelal eusenpldienergy avadit:
e previde NeUSenolereneEray CORSERN/ALN GRUGNAS

S Preglam SpeciiicWeatienzauoprauait:

oI prienlize space neal CoRsSenNatien measures by,
SIR

s HERS/EENMS audit:

o ustify financingl el ERErgy: CORSErvation
MEeasures




AuditiEormats

nSimple Payhack

=Heniimer Savings

=HlerCycle Costing

Annuall Rate: off Retuim (ARR)

= Savings te Investment Rate (SIR)




Simple Payback
(How long before | break even?)

IRI2IFcoSHaIVIdeaNy arnuaIRSaVINGS

ExXample:

lnstlater 20 x40  atticwith L2 celluliose
@) i 20) o

201 % 40 % $1.2050" = $960

Annualisavings' = 100/ gal #2 fuelfell @
$4.25 =1 SA25/\/1

$960/$5425. = 2.26 Years
Strengui: Simple concept




Lifetime savings
(How much money will | save?)

=N Netnersaviingsistie ann[uzl
SaViRgs iMES e RUMBER Bl VEears
e measure s expecied o last.

sEXAmple:

Celltieseliietimensraeneraily,
accepied o ne 30 years.

30yrsi x $425/yr = $12, 750
Strengui: Mental matir!




Life Cycle Costing
(What will it cost me to do nothing?)

[Eifer cy/Cler costing Conparesiine cost effacting
Wit tEE e el aciing:

Eermuiz: ARRUaIFSaVvInGsS UMES EXPECIEaie
MRS Installed cost:

Example: $425 % 30yrs = $12, 750 - $960/=
$1.1.,790.

Loeked at this Way, the cost oif Rel Insulatng the
attic over 30years s, $1d., 790!

Strenguir Easily unederstandainlermotvaior




Annual Rate of Return
(Should | borrow money to do this?)

sCARRIcalcUlates rettimreoninvestment
EXPressed as aperceniage:

S EQImuizs AnRualfsavings dividea sy izl
oSt times; 100

sEExample: $425/5960 % 100/= 449

(IPwilliShave 449 ef my/. moeney. PaCK 1N GReN/ear;
o), I T BemewW e inance theractvity at < 449,
annual interest; Ifl 'savermoeney iron day. ene.)




Savings to investment ratio (SIR)
(Do | buy stock or insulate the attic?)

SIRNSHHENNESIFSERHISHCAIEENRNENIGUMNINS

WpIcallyrequiredtsyfiederaliytincdedprogiaims
aS aUstiiicaneniiorexpayers:

EeImuiz: Pliejectediictimersavings divided 1y,

stallied cost: (terSIR calculanens incilde
lACIerS O INNaNeRI&) pPrejecteaNuitne fuel CostSs:
Arcomputeris needed: Resul =1 1S pesitive)

I our example: $12)790/$960) = 13,32
Strengtis: (1) Lenders accept it
(2 Wil prieritize measures.




Electric Auditing

Readiing e eleciric ol

Space: heating
Baselead calculation

VWaterheaung
Reffigeranen
Lighting

@er




Electrcallauditieguip

CICUItester

= Ve wire tester
R EUSE Stabs

=\ atvelVieters
= AC/DC




Meter #
Read date

Prev read date

Av daily KWH

Actual monthly KWH
Rolling year starting

with the most recent

Total KWH
Prior reading

rresent
reading

# Days




Determining Baseioad

D AVErRGE tHEN NIEEN BWEST USENMBRINS

 Vtluply theTaverage oy LN ieraccount fer shorterwinter days (llghts entIonger)

» Multply by 1216 annualize

> Result is annual haseload use

) Subtract haseloadfiiem tetal teiselaie annual space heat Use.

1/07: 12/06) 11/06; 10/06) 9/06; 8/06 7/06 6/06: 5/06) 4/06 3/06 2/06 1/06
7489 6201 6005 3092 652 737 646 676 1969 5661 4946/ 6615 7531

Twelve moenth total k\Whr used! = 43,289 kK\Wh

120 4.4 % (852 + 731+ 648) =9,843 K\Whrannual baselead
3

438,289 KW — 9/843 kWi = 33,4461 K\WhI per year o space: heat.

See Krigger: pp269




Electric Heat

NEERErRIIVATES 1AUNER:

= Until' recent oll prce hikes cest Was alkout
three times, BiliUfoer BIfU, ofi #2 fuel ol

= 54,25 gallon#2 = $3.00/therm™

= 5, 15KWhi= $4.40/therm

= 2D =17 29 seasonall efficiency = $4.25/therm
= Electric heat IR neliouse s 100%: efficient
= \irtually eguall™ (& It°s Ve easy o zone")

*Therm = 100,000BTU




Domestic water’Heating




Electric water heating a

Between the generation plant & the house
three fourths of the energy is lost!

In the house 100% of the purchased energy
actually goes into the water. (no chimney)

But, in the house standby & distribution losses
can rob another 60% of the delivered energy.

The net effect Is up to 90% of the total
electrical energy generated Is often wasted!




What else is there?

1 Ereesieiplelifle) teifli
Electric

RIGPANE & JEaS
#2 el ol

IKENOSENE
\Weord!
= Ofirtnerholler (l's not firee!)

Iimmersionicoll (Emiy ofi 4 = 15 gal #2/moentn)
Water maker (Eamily: off 4 =10 gal #2/menth)




Cost Iactors:
Cost determined by:

1. Temperature of incoming water
2.Delivery temperature set point

3.Tank “R” value

4.Ambient temperature (Where’s the tank?)

5.Water usage

1 BTU will raise the temp of 1# of water 1°F




What can we do ?

1.Preheat the incoming water

2.Turn down the tank temperature

3.Wrap the tank

4.Move the tank to a warmer location

5.Educate homeowner re water conservation

1 BTU will raise the temp of 1# of water 1°F




What else ? a

1.Insulate the pipes.
2.Install low-flow shower heads & aerators

3.Shorten the pipe runs.
4.Change the pipe diameter!

5.Convert to localized instantaneous heaters.
6.Install a continuous loop.
/.Fuel switch.




Refrigeration

[Elifgeraier Uses >
(520)0) AW aIAYE

ArtypIcal prerdeo6 '

Atypical pest 1996

[
iefingeraior, = 400N/ '

AL S 15 KWh the annual

difference = $120!

AHAMISting
*Assoclation of Home
Appliance Manufacturers




Lighting: iy ™ T m %

(CEIESUSE 250 el peWernEceed by 2l
canRdescentpuleite predlce egualiignt

CEL average e ="10xincandescent 1uulio;

CELLS containminuie amounis e Mercun/
FEDS =HLight el the iuture!

Other Considerations:

Lerzlies i) o) fejLifle
EeEpLERrETUIPImENT

SiIEnrsenvice




Electrical Audit tricks

(CERSENAGN:
= [Use the meter te find high Use Circuits.
= Ihese liitle transfermers;adad up!

Safety:

= [Use |R 10 spoet everloaded! circuits,
= Clrcuib Iracers
= Clicuit Analyzers




Analyzing Energy GCosts

ESHimaierelecincalaseloz ok

AVerage: stiowestmonimspadsls=aveliage
menthly aseleac

MuluplyAby 42 =ranpualNeaseload
"L Calculaie’ demestic IH2®:
Ipicaliiamily e Uses <65 gallens/day

Averagerneusenold use = 40-45 gallens/aday

40 gal/day = 3500 K\WR/Vi or 230 therms/yi o
180 gal #2 fuellell/yr (120 gal/yrwithr iHeatSter ™)

* See Krigger pp269




Comparing Fuels

#2 fuel oil 139,000 BTU/gal |42 efzlf =85, 0& i)
Propane 91,000 BTU/gal sexkisiChejal=aibiesRaleiiig
Nat'lgas 1,000 BTU/cu ft EEeL0ES et fE=e510 8 i)
Electricity 3412 BTU/KWH 588 QU s =i 2B200) S gl el g

hermati: itenmr= 100000810

72~ 100,000/139,000/= .72 x $4.25 =1 $3.06/themnm
PP -100,000/91,000/= 1.1 x$1.501= $1.65/therm
N gas;- 100,000/1,000= 100 $.015 = $1.50/therm
Elec - 100,000/3412 = 29131 X $.15 = $4.40/therm

See: Krigger: pp2382




Illegal Activities

Protect yourself first!

After that, let your conscience be

your guide.




W) por G N fm N




Lead Paint

Bruce Mathews - MaineHousing




Asbestos

Bruce Mathews - MaineHousing




Some technicallsturt =

BTU = British Thermal Unit = the amount of
heat required to raise 1 Ib of water 1°F = One
wooden kitchen match.

Energy = A measurable quantity of heat, light
or work — a BTU, a Joule*, a foot-pound

Potential Energy = Stored energy — a can of
gasoline — Snow pack on a mountaintop.

1 Kinetic energy = Moving energy — a running
engine — an avalanche.

Power = energy divided by time — the rate of
energy release — BTU/hr, kWh, f-p/minute

“ Joule = international energy unit — 1BTU = 1,000 jules




& allittiesmore'!




BrtshninermaliUnit (BihU)

I A BTU is the amount of heat required to
raise 1 pound of water 1 degree Fahrenheit

=1 BIU s appreximately: egual terthe
ameunt of heat given ofii by 1 Weeden
Kitchen matech

J One gallon of #2 fuel oil contains
approximately 139,000 BTUs




Heating'Degree Days

temp, +temp

4 Formula: HDD = 65°F — —

= In “people speak” HDD are determined by
adding the high & low temperatures for the
day, dividing that number by two and
subtracting the result from 65°F*

= Annual Heating Degree Days are determined
by summing all the degree days accrued over
the heating season.

*Why 65°F? 65°F is the at which will no longer maintain
72°F in the heated space. IS heat from appliances & occupants.




Home Heating index

NEars havermilies pergalicn stickers:

ElectIcalappliances haver annualtkViiartse
StiICKkers.

"\ Ratwouldywe lave tor consider 1o createra

pUIldiRg Tuelfuse efficiency rang 2

HOW muchiiuells BeIngl USed overwnatime
Perioedl 2

HOW Iargeran area s Being heated: 2
What isithertemperaitre difference 2

BTU/Square foot/Heating Degree Day




* B Home ' Heatingindex

Bur—t, r

Main house: 28" x 40° - 1°2 story

Ell (heated): 18’ x 24’ - 1 story

7800 HDD - 700 gallons #2 fuel o1l (incl. water maker)
How many sq’ heated tloor area?

How many BTU per year?
What is the BTU/Sq’/HDD ?




ik Home Heating index

-

Main house: 28 x 407 - 2" story
Ell (heated): 18’ x 24’ - 1 story

7800 HDD - 700 gallons #2 fuel oil (has water maker)

(28’ x 40’ x 2 stories) + (18’ x 24°) = 2672 sq’ heated floor area

(700gal/yr) — (10gal/mo x 12 mo) = (580gal/yr) x (139,000
BTU/gal) = 80,620,000 BTU/yr

(80,620,000 BTU /yr)/2672 sq’/7800 HDD =
3.87 BTU/Sq’/HDD




Another one!

s e o ¢
.——( ~°‘\i‘ 4‘ -"3‘.. ==

800 gallons # 2 fuel oil — Immersion coil N\~

28’ x 40" 1.5 story cape
7400 HDD
(800gallyr) — ( 12mo x 15gal/mo) = (620 gallons/yr) x
(139,000BTU/gal) = 86,180,000 BTU/yr
28" x40’ x 1.5 = 1680 sq’ heated floor area
(86,180,000 BTU/yr)/(1680 sq’)/(7400 HDD) = 6.9 BTU/sq'/HDD




Tomorrow’s Teaser !

dhe'second 1aw of.
thermodynamics

HIGH GOES 11O LOW

WEIF GOES 110 DRY:

HEAT GOES 1O COLD




Keeping featiint

There are two broad categories of controllable heat loss:

= Spiace neanloss

CondUCHoN; CONVECHORNI&
AdIaeRIMOVIRG NEal
reugh selid Suifaces.

Al transported neat 10ss

Conditiened alrescaping the
pUIlding threugir heles &
Cracks) & BeIng replaced 1oy
euiside — Uncenditioned —
air.




Homework:

EeIFSampleNFouser-ii calcllalies:

eWimany sguare feet oifneatee Spece?
W 2Ry 0allensHier demESHE e WALE:?
oW many: BillUser Space eat?

Whats Hemer Heaungindex raung 2

Reading: Kiagger PR 1- 119 Chapier ©

“Kigeer — Chapterr 9 & ppr 269 might help:!




Samplie House #1

205 S0 ranchr et cencrete hasement
AVErage: 2" Expoesedicencrele hasementwaill

7500 DD = OpeEn;

fural area

Garaee; Peller Washer & dierin hasement

3 Celings - mainti
700rgallons #2 iue

3.9 Elbenglass wa
6 Elberglass attic

00 & Basement
oIl — F\\/ hasehoard
Is

Continuoeus rdge: & sofiitventing
DHEW By immersion: coll in boiler







