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Buildings and Energy

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

" Commercial Sector: 18%
" Residential Sector: 21%
" ndustrial Sector: 26%
= [lransportation Sector: 33%

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




Buildings, Energy, and CO2

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

Residential energy-related CO2 emissions grew
4,4% In 2006-2007, more than any other sector

TThe langest growih in enengy-related CO2
EmISSIons Inemes, s fier electricity, Use.

CO2 emissiens iem peteleun use iellfn 2007,

Seurce: U'S. Enengy: Infermatien Administatien WWw.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,
Naturall Gas
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 airr conditiening combinead

=" |n cold climates (like. MIN), more than 60%: IS
Used for space heating alene

Pout 16% IS’ ised for water heating
A0UL 4-5% IS’ USed for refrgeration
A0UL 20-23% 1o appliances andlighting

Seurnce: ULS. Energy Infermaton Administiation Www. ela.dee.goV.




Where do houses lose energy?

=fhermal Bridges
=] ack Of Insulation
=Alr Leakage

s[pefiicient Appliances




Reduced Loss = Reduced Use

ihe biggest energy lead is space heating
he biggest energy lesses are in the
envelope

TThermall Resistance

Air Leakage

= Reduce the envelepe lesses and the result
IS/ 10 reduce: the energy: reguired fier heating




Building Codes

= Establishing Guidelines for Energy Use

= Codes typically set a minimum standard to
presenve semething:

Occupant Life
Occupant Salety
Bullding Duranility
@ccupant IHealth
@peratienal \Viaoiity




Building Energy Codes - IECC

International Energy Conservation Code

‘Internationally, code officials recognize the need for a
modern, up-to-date energy conservation code adaressing
the design of energy-efficient building envelopes and
Installation; of energy: efficient mechanical;, lighting and
POWer systems throughi reguirements emphasmng

perfermance.”

The IECC ... “Is designed to meet these needs through
model code regulations that will result infthe eptimal
Utilization| efi fessil fuelland nendepletable reseurces in all
communities, large and smail.”

Soeurce:
2006 International Energy Conservation Code; Copyright 20061 by the International Code Council; Inc.




Building Energy Codes

IECC sets. “code regulations that will result
In the optimal utiization efi fossil fuel and
nondepletable resources in all communities”

But ...

IHow! IS| - optimal utilizatien”
defined?




Defining Energy Efficiency

TThe Code Itself states that it establishes
“minimum regulations for energy. efficient
buildings” ...

Can the code alone be bhoth minimum
fegulations anad:alse result in eptimal
utilrzation of resources?




Defining Long-term Energy Use

= 81 million buildings in the U.S.
= 107 milllon heuseholds

=" [Household needs regarding energy:
RIlity: to: maintain comiert

RIlity e cenk and store eod

RNty te wash

Afieraable ter ao) e aneyve list




Current Circumstances
24010045
= Ol $50/barrel

1999-2006:
= Price of residential naturallgas deubles

2007

= Ol hits $100/barrel

= Biggest single-year increase. In greenhouse gas emissions
fliem U.S, Pewer Plants

20)0)5}

= OIlf$140/barrel

= Rapidiprice ncreases inrfvel el and nattial gas

= EUellSWIlChing Stiesses; availanility and inirastciune




Energy Efficiency — How Much?

" |n the face of current circumstances, Energy
Star for buildings is not optimal.

= 15% better than the 2004 |[ECC Is noet optimal.
= The 2006 IECC is not eptimal.

x 30% better than the 2006 |[ECC |s/also not
eptimal.

= Or sustainanle.




Defining Energy Efficiency Today

= |ndicators regarding climate change,
fiuel scarcity, andi rising costs suggest
that anything| built teday: sheuld use: a
maximum, efi 72 the: energy. of that
Whichiwe: puilt yesterday.




Building with Regard to Energy

= Primary Impacts
Building Size and Form
Envelope design and construction
Climate
Enengy Sournce/Euel type chosen

= Secondany Impacts
Viechanicalimeans to Mmeet energy leads
PaSsiVe means 1ol meet enengy. loads




Building with Regard to Energy

= Some pieces are more easily changed and
modified ever time than others

= |ncremental Improvements in energy.
efficiency make sense only. In systems that
can and will e changed Inf cencert with the
Incremental planning:
Water heating
IHeaing and cooling equipment
Lighting and appliances




Building with Regard to Energy

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

sPassive selar design
sSuper-insulated building envelope
sEfficient plumbing/mechanical design

«Ani anility terheat and cook withiweod
OF other renewahble sources

sAll-tight construction
sHigh-efficiency mechanical ventilaton
sifangets fer energy’ censumplion

*Energy medelinglused to reach targets
20




Passive Solar Design Strategies

Seuth Glazing calculated with
[iegarei e filoer area, space: plan
glazing type, and thermal mass.

24




Passive Solar Design Strategies

ROGI OVErangs or awnings to let infwinter sun and
keep out summer sun

Minimize: north and west Windews
Place Windows to facilitate: cross Ventilaon

Southrglazing with a relevant SIHGE andl U-value
that allews retention of selarheat gained




Super-Insulated Building Envelope

Defining the Thermal Boundaries
= Ground Slab or Basement Slab
= Foundation Walls or Edges

= Exterior Walls

= \Windows

= Rim Areas

= Celling/Roeof

=fhermal Bridges

= Penetrations (e the Envelope




r-Insulated Building Envelope
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Super-Insulated Building Envelope

Feature Description

Foundation-\Walls ICE with 8 total expanded polystyrene (R-40)

Lower Level Slab 5" poured concrete over 8-12” expanded polystyrene foam insulation

Floor Framing 14” parallel chord truss

RimiInsulation 9" spray urethane foam (2lb/cu. Ft.) or cellulose with XPS blocking
Framed Walls Double 2 x 4 16” O.C. with 7” space between (14” total thickness)

Wallflnsulation Dense pack cellulose (R-53)

Windoews Triple Pane Double Low E Double Argon Filllw/ Fiberglass Frame
South glazing Overall unit U-value 0.20, SHGC 0.5
Narth,, east, west glazing | Overall unit U-value 0.17, SHGC 0.3

ReeI Eraming 26" parallel'chord truss

Roeof Insulation 24.5” blown cellulese with continueus vent chutes (R-88)

Interior Vapor Barrier 6 mil pelyethylene with everlapped, caulked and taped seams

Exterior Air Barrier House wrap withi taped seams

Exterior Siding 5" lapi filber cement ovVer furrng strips

Finished Roof Standing seam painted steel, vented




Building with Regard to Energy

Plumbing and Mechanical Systems Design

= Simplity plumbing layouts

= Minimize water runs

= Create a utility “core”

= Consider the life ofi the plant

= Consider the life of the distilbution systems

IHyBrd Systems offer fiexipility:and integration

266




Hybrid Mechanical Systems

Euel flexiiliby

IRtegratien o renewanle andinen-renewanle
Climate Specific

Seasoenally’ adjustalnie




Alr Tightness and Ventilation

| ' o e
s ] N Hpap -

Climate Speciiic

Seasonally adjustanie

Natural Ventilation with contreliedl heat 10ss
Al tight envelope: constiuction

Mechanical Ventilation Contrels Alr Quality: anadl Energy: Use
28




Targeting Energy Consumption

= Using percentages, I.e. 50% better, doesn't
tell you hew much energy a building uses

= The HERS Index doesn’t tell you this either
= Energy Use needs 1o he measured like mpg

= Code (IECC) deesnit regulate eneray:

CORSUMpPLIeR OF allif IghtRESS
Wihat s optimal?*




Quantifying Energy Consumption

= Energy modeling software programs measure heat
loss, heat gain, energy usage

= Energy loss or gain Is gquantified by envelope
compoenent and air tightness

= [argets ane developed and verified

= Quantifies
Infiltration
\/entlation
TThemmal resistance: andlthermal Brdging
Passive Soelargain




Mpg = kBtu/st annual energy

= Converts all'energy consumed on the site to
kKBtu’s per sguare foot annually

Can also use source energy.
Electricity 1s usually kWh
Heating Is usually kBtu or Therms
Cooling with electicity. Is; usually: K\
[DOmESHIC hot Water Vares

1 kWh = 3.412 kBtu
1 Therm = 100 kBtu (or 100,000 Btu)




Mpg = kBtu/sf annual site energy

= According to the EIA average household mpg for
detached single family homes is 44.7 kBtu/sf
annually:

= My house, ¢. 1906, has a total site energy mpg of
43.2 kBtu/sf annual

= Acconding| te the: ElIA; average household space
neatng mpg fer detached single ramily: heme: s
2419 kBtu/strannually,

= iy hoeuse, ¢. 1906, has a heating mpg of 29.6
kBtu/si annual




Space Heating Mpg = kBtu/sf ann

= |n heating dominated climates, heating
alone will' usually' account for more than 2
the tetal household: site energy: used

= =Space Heating Mpg* gives a usefull relative
scale te compare the envelepe and heating
Sy Siems efficiencies

Passive House heating mpg = 4.75 kBtu/sf
annual (less than 20%, of ULS. average mpg)




12 6 kBtu/sf ann
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25 3 kBtu/sf ann 7.3 kBtu/sf ann




Improving Policy and Practice

Current Policy: IECC 2006

Is 30% better than IECC 2006 an appropriate
[eSponse te cuirent anadl predicted conaitions?

Do the math.

Policymakers recommendations ane not in line
With: experts: research andirecommendations, anad
Withi recent legisiative actions:.




Recommended Practice
BUILDINGS LAST.

= Based on current knowledge and
experts’ predictions about climate

change and resournce availanpility, What
we bulld new!sheuld use 50%: less
EREergy’ at a maximun, and fairly seen
sheuld use 80-20% less  enenay. firom
Ren-renewaniefiessil ilel respurces.




Improving Policy and Practice

Duluth Home Heating Energy Comparison
heating mpg % ofi code
= Code 49 kBtu/sfrann 100%
Eco-lHome 14.3 kBtu/st ann 30%
Willara 12.5 kBtu/st ann 2%
Skyline 7.3 KBtu/st ann 15%
L-N Retrofit 22,6 kBtu/sfiann 46%

Passive House 4., 75 kBtu/sirann 109%




Possible Drivers of Policy Change

Carbon Cap and Trade

Legislative Actions
alichitecture2030.6rg

Passive Heuse (W passivelnousesls)

Rigerous andhenest govermmental study,
andi action

PUBlic Opinion;and ©UieH




Possible Drivers of Policy Change

U.S. EPA Pilet Program:
“Climate Choice Advanced New Home Construction”

= Apalysisiis climate specific

= Compares construction te 2006 IECC and to
current Energy: Star, including measurement of:

Associated CO2 emissions reductions
HERS Index
lletal site eneray. In kiBtu/siannual

Viedeled resultsishow: akoui halithe: totallenenay,
Use (andiemissions) of 2006 |[ECC construction

39




' 4 2030 CHALLENGE Targets: Residential Regional Averages

U.S. Regional Averages for Site Energy Use and 2030 Challenge Energy Reduction Targets by Residentail Space/Building Type (RECS 2001)°
From the Environmental Protection Agency (EPA): Use this chart to find the site fossil-fuel energy targets.
Averade Average | 2030 Challenge Site EUI Targets (kBtu/Sq.Ft./Yr)
_ : source EUI"| siteEUI™* ||  50% 60% 70% 80% 90%
Residential Space/Building Type (kBrwisa.Fe/vr) | (ketwsq.Fervn || Target Target Target Target Target
Midwest
Single-Family Detached 76.2 49.5 24.7 19.8 14.8 9.9 - 49
Single-Family Attached 66.6 44.8 22.4 17.9 13.4 9.0 4.5
Multi-Family, 2 to 4 units 104.8 74.0 37.0 29.6 222 14.8 7.4
Multi-Family, 5 or more units 93.3 50.9 254 20.4 15.3 10.2 5.1
Mobile Homes 168.9 103.3 51.6 41.3 31.0 20.7 10.3
Noles

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 Energy 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.

EUl: Energy Use Intensity

@
s 0 2030 Residential | arge gwest Redlo 40



Recommended Policy

Proposed New Code Reguirements:

= Minimum; building air tightness
Cfm/sf@50 Pascals or ACH @50 Pascals

= Perfiermance Patih with a maximum
dllewable modeled annual energy’ lead for
heatingland cooling (kBtu/st) and
Prescriptive Patih hased on the same
allewablemedeledrannual enengy.load




Recommended Practice

How should we build?

="l Understand the building’s function.
= Vaximize use of the sun.
= DO the matn.

= [KRew new much energy. the suiding
iequires termaintaimn comiort

= [Design systems of Energy: Elexiailiby-

42




Recommended Practice

How should we build?

= Maximize the efficiency ofi the things
we know: hew: te control for the leng

termi (the envelepe), keeping in mind
the lengevity oif bulldings and the
certalnty o changes iniessil fuel
avalil 2ty




Sometimes you have to be BOLD

Dilbert, by Scott Adams 2007 www.dilbert.com

5| you canT
THAT SHOULD 5TOP  |3] SAVE THE
THEM FROM USING  |3] EARTH UNLESS
FUEL ALTOGETHER. || YOURE WILLING
TO MAKE
f] OTHERPEOPLE  TM
- v

DOGBERT THE GREEN
CONSULTANT

TRY RAMMING YOUR
SUV INTO HYBRID
CARS.

Lie

fhertcom  scotsdems@sch.oom

Climate change and resource depletien reguire
conservatien measures in all' sectors unheard of In the
nIstory: off our enengy-intensive culiure. Buildings are: the

ORE thing We: knew: ReW: 1o fiX: HgRL ReW,, WILh NG NEW. OF
Undeveloped technologies.

\We only need the will ter do It
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