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Presentation Outline

= Buildings and Energy: Background and Context
Where and How Residential Buildings Use Energy
Building Energy Codes: Why and How?
Defining Eneragy: Efficiency
Burlding with Regard to Eneray: Efficiency.

Recommendatiens for Policy and Practice




Buildings and Energy

= Building operation acecounts for almoest 40%
of alllenergy use in the U.S. and almost
40% of all CO2 emissions.

" Commerecial Sector: 18%
" Residential Sector: 21%
" ndustrial Sector: 26%
= [lransporiation Sector: 33%

Soeurce: ULS. Energy Information Administiation WWww. ela.dee.goV.




Buildings, Energy, and CO2

CO2 emissions from energy Use are rising, most
notably from the use of coal and naturall gas.

Residential energy-related €CO2 emissions grew
4.4% In 2006-2007, more than any. other sector

TThe langest growih in enengy-related CO2
emissIions Inhemes, s fier electricity’ Use.

CO2 emissiens iem peteleun use iellfn 2007,

Seurce: U'S. Enengy: Infemmatien Administatiien WWww.ela.dee.goV.




Energy Use: Residential Buildings

= 85% of all energy use in the U.S. comes from
non-renewable fossil fuels

= |n the residential sector, aboeut 95% of all energy
use comes from non-renewable fossil fuels

Electricity
NaturallGas
Euel ol
Propane

Source: U.S. Energy Infermation Administration Www.eia.dee.goV.




Where do houses use energy?

= Vore than 50% is used for space heating
and air conditiening combined

= |ni cold climates (like: MIN), more than 60%: IS
USed for Space heating alene

PoUt 16% IS’ sed for water heating
A0UL 4-5% IS UISed for refrigeration
A0UL 20-23% Tor appliances andlighting

Seurnce: ULS! Energy Infermaton Administiation Wwwy. ela.dee. goV.




Where do houses lose energy?

=fhermal Bridges
=] ack of Insulation
=Alr Leakage

s[pefiicient Appliances




Reduced Loss = Reduced Use

fhe biggest energy lead is space heating
fhe biggest energy lesses are in the
nvelope

TThermal Resistance

Alr Leakage

Reduce the envelope lesses and the result
S [0/ reduce the enengy. reguired for heating



uilding Codes

=stablishing Guidelines for Energy Use

_odes typically set a minimum: standard to
)IESEN/e sometning:

Occupant Life
Occupant Safety.
Bullding Durability
@ccupant Healtin
Operational \Viaility



Building Energy Codes - IECC

International Energy Conservation Code

Internationally, code officials recognize the need for a
nodern, Uup-te-date energy conservation code addressing
he design of energy-efficient building envelopes and
nstallation of energy. efficient mechanical, lightingand
JOWer systems threugh reguirements emphasmng
)erformance.”

'he IECC ... “Is desighed to meet these needs through
nedel code regulatiens that will resultin the eptimal
tilization| o fessil fuel and nendepletable reseunces inall
ommunities; large and small.”

e:
International Energy’ Conservation Code; Copynight 2006 by the! Intermationall Code Council, Inc.



efining Energy Efficiency.

he Code Itselfi states that It establishes
MiRIMUM regulations for energy. efficient
uildings” ...

Can the code alone be both minimum
fegulatiens; and alsoe result in eptimal
utilrzation of resources?



efining Long-term Energy Use

31 million buildings inthe ULS.
LO7 millien heuseholds

Household needs regarding energy:
Abllity ter maintain cemiort
Ability 1o coek and store ooad
Ability terwash
Afifendan)e terdo) e aneyve list




urrent Circumstances

04:
DIl $50/barrel

99-2006:
rice of residential natural gas doubles

07
DIl hits $100/barrel

3Iggest single-year Increase In greennouse gas emissions
o U.S, Power Plants

08"

DIlF$140/barrel

RAPIC PrICe Increases in fuel el ana naitraligas
=elFswitchina stresses avaiabilitv: and infrastructure



nergy Efficiency — How Much?

1 the face ofi current circumstances, Energy
tar for buildings is not optimal.

5% better than the 2004 |[ECC Is not eptimal.
he 2006 |IECC Is net optimal.

0% better thani the 2006 |ECC Is alse not
plimeal.

I sustamanie.



fining Energy Efficiency Today

ndicators regarding climate change,
el scarcity, and rising costs suggest
nat anything built teday: should Use a
naximum ofi 72 the energy. or that
VRIChwWe bullt yesteraay.



uilding with Regard to Energy

2rimary Impacts
Building Size and Form
Envelope design and construction
Climate
Energy Seurce/EFuelltype chosen

Secondany Impacts
Viechanicalimeans to meet energy leads
[PasSsiVe means tormeet enengy.loads



uilding with Regard to Energy

S0MeE pieces are more easily changed and
nodified over time than others

Acremental Imprevements In eneragy
2fficiency make sense only in systems that
>an and will be' changed In concert withrthe
RAcremental planning:

\Walter heating

IHeating and ceoling equipment

Lighting andrappliances



uilding with Regard to Energy

Design Strategies to Maintain Comfort
minimize the need for non-renewable fossil fuels:

sPassive solar design
sSuper-insulated building envelepe
sEfficient plumbing/mechanical design

«Anianility terheat and cook withiweod
OF Other renewanle seurces

sAlr-tight construction
sHigh-efficiency mechanical ventilation

sifangets fer energy’ censumplion

*Energy medelinglused te reach tangets

e



assive Solar Design Strategies

P L,

Seuth Glazing calculated with
[egand 1o fleor anea;, space plan,
glazing| type, and themrmal mass.

PaVWal



’assive Solar Design Strategies

001 OVErhangs o awnings toe |et in wWinter sun and
(Eep out summer sun

Vinimize north and west Windows
dlace wWindews o faciliiate: cross Ventilation

SEULA glazingiwithr a relevant SHGE andf U-value
natallews retention of selarheat gained



per-Insulated Building Envelope

fining the Thermal Boundaries
shiound Slab or Basement Slab
-oundation Walls or Edges
=xtenor \Walls

Nindews

/M Areas

Celling/Roof

Termall Bridges

Jenetrations te the Envelope



per-Insulated Building Envelope
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Iper-insulated Building Envelope

Feature Description
datien Walls ICF with; 8” total expanded polystyrene (R-40)
I Level Slab 5" poured concrete over 8-12” expanded polystyrene foam insulation
Framing 14” parallel chord truss
nsulation 9" spray urethane foam (2lb/cu. Ft.) or cellulose with XPS blocking
ed Walls Double 2 x 4 16” O.C. with 7” space between (14" total thickness)
nsulation Dense pack cellulose (R-53)
OWS Triple Pane Double Low E Double Argon Eilllw/ Fiberglass Frame
1 glazing Overalllunit U-value 0.20, SHGC 0.5
, east, west glazing | Overalllunit U-value 0.17, SHGC 0.3
Framing 26" parallel chord truss
Insulation 24.5” blewn cellulese with continueus vent chutes (R-88)
or Vapor Barrier 6 mil polyethylene with overlapped, caulked and taped seams
lor Al Barrier Heuse wrap with taped seams
lor Siding 5" lap fiber cement ever furring strips

1ed Rooi Standing seam painted steel, vented




uilding with Regard to Energy

Jmbing and Mechanical Systems Design
SImplify: plumbing| layouts

Viinimize water runs

_reate a utility. “corne”

Consider the life of the: plant

consider the: liie of the: distripution: systems

Prd Systems; eifer fiexiplity/ and integration



ybrid Mechanical Systems

=lel flexiniity

Ategratien ol renewanle andinoen-renewanle
Climate Speciiic

Seasonally: adjustaible



Ir Tightness and Ventilation

v 4 4 | ' Al T\ &
M 4 '3 . Il ST ‘ 7
» - w -')';:- W ™

limate Specific

easoenally adjustanie

atural Venulatien with centrelled neat 1ess

IiFtight envelepe: construction

lechanicall Ventiation Contrels Al Quality: and Energy: Use

N~



rgeting Energy Consumption

JSing percentages, I.e. 50% better, doesn't
allyeu how much energy a building uses

he HERS Index deesn’t tell you this either
nergy. Use needs o e measured like mpg

Jode (IECC) deesn't regulate: energy.
ORSUMpPLIeR oF alf ightness
Wihatis “eptimal?*



Jantifying Energy Consumption

nergy modeling software programs measure heat
)SS, heat gain, energy usage

nergy less or gain is guantified by envelope
omponent and air tightness

argets are developed and venfiead

uantifies
Infiltration

\/entlation
Thermal resistance and themmallbridaing

Passive Selalrgain

PaVal



pg = kBtu/sft annual energy

_onverts all energy consumed on the site to
Btu’s per square foot annually

Can also use source energy.
=lectricity Is usually K\WWh
Heating Is usually' kBtu or Therms
C00ling withrelectrcity is usually: kWi
DOMESLIC net Walter Vares

| kWh = 3.412 kBtu
[ TThermi = 100rkBiul (or 100,000 Biu)



pg = kBtu/sf annual site energy

\ccording to the EIA average household mpg for
letached single family homes Is 44.7 kBtu/sf
innually,

Iy heuse, ¢. 1906, has a total site energy mpg of
13.2 kBtu/st annual

According te the ElIA; average househoeld space
leating mpg or detached single family, heme: IS
419 KBiu/sTannually,

Iy hieuse, ¢. 1906, has a heating mpg oi 29.6
Bil/sirannueal



pace Heating Mpg = kBtu/sf ann

N heating dominated climates, heating
lone will usually: account for more than 2
he tetal household site energy: used

Space Heating Mpg* gives a useiul relative
scale 1o compare the envelepe and heating
sy/Stems efficiencies

2assive IHeuse heating mpg = 4. 75 kBtu/sf
annual (Iessithan 20% ofi ULS. average mpo)



1eat|ng I\/IPQ

sl g
14 3 kBtu/sf ann

© 25.3 kBtu/sf ann 7.3 kBtu/sf ann

raVal



aproving Policy and Practice

_urrent Policy: IECC 2006

S 30% better than IECC 2006 an appropriate
ESponse te cuirent anal predicted conaitions?

DO the matn.

2J0)
Vit
Vit

ICymakers; recommendations are not infline
il EXPErLS” research and recemmendations, and

A iecent legisliative actiens.




ecommended Practice
UILDINGS LAST.

Based on curment knowledge and
experts’ predictions akout climate
chiange and reseurce availanility, What
we bulld new: sheuld use 50%:less
ENEngy. at a maximum, and falily Seon
Sheuld use 60-90%:less energy. fifem
non-renewanle fossilffuel reseunces.



aproving Policy and Practice

lluth. Home Heating Energy. Comparison

heating mpg
_ode 49 kBtu/sf ann
=co-Home 14.3 kBtu/sf ann
Nillard 12.5 kBtu/sf ann
Skyline 7.3 kBtu/sf ann

-\l Retrofit 22.6 kBtu/stiann

dassive House: 4. 75 kBtu/siann

% of code

100%
30%
26%
15%
46%

10%




)Ssible Drivers of Policy Change

_arbon Cap and Trade

_egislative Actions

rehitecture2030.0rg

23 5sver lHouse (WL PASSIVERBUSELUS)

RIGOreus and honest gevemmental study,
Jndiaction

Ukl Opinien and Outery.




)Ssible Drivers of Policy Change

. EPA Pilot Program:
nate Choice Advanced New Home Construction”

nalysis Is climate specific

ompares construction to 2006 IECC and te
Irrent Enengy Star, including measurement of:

Associated CO2 emissions reductions
HERS Index
Jjotal site energy: inrkitu/si annual

Viedeled results;show: akoui halithe: tetallenenay,
USe (and emissions) ol 2006 |ECE construction

7N Y



I 4 2030 CHALLENGE Targets: Residential Regional Averages

L..S. Regional Averages for Site Energy Use and 2030 Challenge Energy Reduction Targets by Re_siden(ail Space/Building Type (RECS 2001)’
From the Environmental Protection Agency (EPA): Use this chart to find the site fossil-fuel energy targets.

Averate Average 2030 Chal_[enge Site EUI Targets (kBtu/Sq.Ft./Yr)
Source EUI"'l site EUI™* 50% 60% 70% 80% 90%

Residential Space/Building Type’ (KBtu/Sq.FL/Yr) | (KBtu/Sq.F/Yr) Target Target Target Target Target
Midwest

Single-Family Detached 76.2 49.5 24.7 19.8 14.8 9.9 - 4.9
Single-Family Attached 66.6 44.8 22.4 17.9 13.4 9.0 45
Multi-Family, 2 to 4 units 104.8 74.0 37.0 29.6 22.2 14.8 7.4
Multi-Family, 5 or more units 93.3 50.9 25.4 20.4 15.3 10.2 5.1
Mobile Homes 168.9 103.3 51.6 41.3 31.0 20.7 10.3
Notes

1. This table presents values calculated from the Energy Information Administration in the Residential Energy Consumption Survey (RECS), conducted in 2001.
The survey data is available on the EIA’s website at hitp://www.eia.doe.goviemeu/recs/recs2001/detailcetbls.html.

2. Space/Building Type use descriptions are taken from valid building activities as defined by the Ensrgy Information Administration in the Residential Energy
Consumption Survey (RECS), conducted in 2001.

3. The average Source EUI and Site EUI are calculated in kBtu/Sq.Ft./Yr as weighted averages across all buildings of a given space type in the RECS 2001 data set.
Souce Energy is a measure that accounts for the energy consumed on site and the energy consumed during generation and transmission in supplying
energy to the site.

Converting Site to Source Energy:

Source Energy values are calculated using a conversion for electricity of 1 kBtu Site Energy = 3.013 kBtu Source Energy;

a conversion for natural gas of 1 kBtu Site Energy = 1.024 kBtu Source Energy; and a 1:1 conversion for fuel oil and district heat.
4. Energy Information Administration (EIA), U.S. Residential Energy Intensity Using Weather-Adjusted Primary Energy by Census Region and Type of Housing Unit, 1980-2001, Table 8c.
5. Energy Information Administration (E1A), U.S. Residential Energy Intensity Using Weather-Adjusted Site Energy by Census Region and Type of Housing Unit, 1980-2001, Table 6c.

EUI: Energy Use Intensity




acommended Policy

roposed New Code Reguirements:

Minimum building air tightness
Cifm/st@50 Pascals or ACH @50 Pascals

Perfermance Path with a maximum
allewable medeled annual energy. load for:
neatingland cooling (kBtu/st) and
Prescriptive Pati hased on the same
dllewanle moedeledrannual energy’lead



ecommended Practice

ow should we build?

Understand the bullding’s function.
Maximize use of the sun.
Do the math.

KnRew hew: muchrenergy. the: building
iequires termaintaimn comiort

[Design systems of ERergy: Elexiaiity-



ecommended Practice

ow. should we build?

Maximize the efficiency of the things
we know hew: to control for the leng
lermi (the envelope), keepingl in mind
ihe longevity. efi bulldings and the
Certainty off changes i fessiliifuel
aVvallaniliby:



ometimes you have to be BOLD

Dilbert, by Scott Adams 2007 www.dilbert.com

]  YOU CANT
THAT SHOULD STOP 21 SAVE THE
THEM FROM USING 3 EARTH UNLESS
FUEL ALTOGETHER. : YOU'RE WILLING
TO MAKE
f] OTHER PEOPLE  TM
3] SACRIFICE. IN,

DOGBERT THE GREEN
CONSULTANT

TRY RAMMING YOUR
SUV INTO HYBRID
CARS,

(3 |
g
E
g
3

Climate change and reseurce depletion require
Onsenvation measures injallfsectors unheard of inthe
IISIORY Off OUIF energy-intensive culture. Buildings are the
AE thingwWe: Knew: NeW: te! fix rghat new, WIth ne new. or
Indeveloped technelegies.

We only need the will ter do) It
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