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Zero Energy Homes:

Buildin
AMER@Eﬁ What, Why, and How?

U.S. Department of Energy

Energy
Demand

Purchased
Energy

Renewable
Supply

Paul Norton
Center for Buildings and Thermal System
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U.S. Department of Energy

Homes account for of all
US primary energy use

Homes account for of all
US electricity use



U.S. Department of Energy

Builin ' |
Residential energy
AMERI(?\E&:# use is growing

Residential
primary energy
consumption
Source: DOE 2007
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fm‘fﬁ‘lﬁm Number of Households

U.S. Department of Energy iS GrOWing

Number of
Households
Source: DOE 2007

Millions of households
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U.S. Greenhouse Gas Abatement Mapping Initiafive
Execufive Report
December 2007
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U.S. Department of Energy

Exhibit B

U.S. MID-RANGE ABATEMENT CURVE - 2030 [ Avstement
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U.S. Department of Energy Ze ro Energy Home’?

Zero caergv.iomes
consumz Na.energy!
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U.S. Department of Energy Ze ro Energy Home’?

Zero Energy Homes
as much energy
as they
on an annual basis.




Buildi,

AMERI
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U.S. Department of Energy

=

Zero Energy Homes

What Is a
Zero Energy Home?

as much energy

as they
on an annual basis.

NET zero energy
Zero energy # zero utility bills

The path to zero in new homes
How to make a zero energy home
Examples of zero energy homes
What about my existing home?
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MER!@M S Daily Energy Flow

Wednesday, February 1, 2006
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Buildin m NET Zero Energy:.
AMER'ﬁ =z Daily Energy Flow

U.S. Department of Energy

Wednesday, February 1, 2006

7 8 9 10 11 12 13 14 15 1B 17 18 19 20 21 22 23 X
Hour of day




Buildin m NET Zero Energy:
AMERI& =z Seasonal Energy Flow

U.S. Department of Energy

== Daily PV Electricity Production

==Daily Electricity Consumption

‘ ‘w | !M MI [“

Daily total kWh

0.00

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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AMER'(A Zero energy # zero
U.S. Department of Energy Utility bi”S

Net metering
Net billing

Feed-in tariffs



mﬁ‘ﬂm:z Net Metering

U.S. Department of Energy

42 States now have net metering laws

In most states, the net metering requirement only applies to
Investor owned utilities

Colorado Xcel customers have net metering



AiERICh S

U.S. Department of Energy

DSIRE: www.dsireusa.org December 2007

Net Metering

NH: 100
MA: 60
RI: 1,000/1,650
CT: 2,000
10/25/125/400
50/3,000/5,000
2,000

: 25/500/2,000

: 2,000
100
10/500

:.‘ *

50

50 ' varies

Net metering is

. State-wide net metering for all utility types available in
State-wide net metering for certain utility types (e.g., investor-owned utilities only) 42 states + D.C.
Net metering offered by one or more individual utilities

{Numbers indicate individial system size fimit in kilowatts, Some states” fimits vary by customer Wpe and/or technology as shown)




EME‘ME;R:# Net Billing

U.S. Department of Energy

More common in rural coops
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AM[R@E;R:# Feed-in Tariff

U.S. Department of Energy

Some current feed In tariffs: Germany ~ $0.65/kWh
TVA $0.15/kWh
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m‘fﬁ‘ﬂm% The cost effective path

U.S. Department of Energy tO Ze rO Energy

— cash flow
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U.S. Department of Energy tO Ze rO Energy

— cash flow
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The cost effective path
MERPI(A,@EW to Zero Energy
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m‘fﬁ‘ﬂm% The cost effective path

U.S. Department of Energy tO Ze rO Ener O y

— cash flow
[ Imortgage
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U.S. Department of Energy tO Ze rO Energy
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The cost effective path
MERPI(A,@EW to Zero Energy
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m‘fﬁ‘ﬂm% The cost effective path

U.S. Department of Energy tO Ze rO Energy

— cash flow Lower cost PV
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m‘fﬁ‘ﬂm% The cost effective path

U.S. Department of Energy tO Ze rO Energy

— cash flow Lower cost PV
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m‘fﬁ‘ﬂm% The cost effective path

U.S. Department of Energy tO Ze rO Energy
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AMERlﬁm How to make a ZEH
U.S. Department of Energy

v * From The Kitchen Of NREL Y
™

? v Zero Energy Home
Yo
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=z How to make a ZEH
U.S. Department of Energy

Successful Zero Energy Homes:

OUTAWN

Efficiency
Efficiency
Efficiency

So

. SO
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ar
ar
ar
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AMERI(AE:# How to make a ZEH

U.S. Department of Energy

Successful Zero Energy Homes:

O UT A W

Efficiency - envelope: walls, roof, foundation
Efficiency - heating and cooling systems
Efficiency - lights and appliances

. So
. SO
Y0

ar - passive techniques
ar - active thermal systems
ar - electric systems (photovoltaics)



U.S. Department of Energy

Energy Use in Habitat BA Benchmark House

Misc. Electric
Loads
36% Under the

control of the
occupant

Lighting
15%

Space
Heating
24%

Water Heating
25%

Zero Energy
Guaranteed?

Energy Use in the Habitat ZEH House

Space Heating 19%

Water Heating 3%
Under the
control of the
occupant Lighting
Misc. Electric 11%

Loads
61%




Buildin Wil 1t really be
o 5 s I

U.S. Department of Energy

In any given year, it depends on....

e Plug loads

(TVs, DVDs, Microwave, computers, stereo, toaster,
electric blanket, hair dryer, .... the list goes on!)

e Specific weather conditions
e Temperature set points

e Hot water use

The AND the
meet or miss the zero energy target 7OGETHER
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U.S. Department of Energy Ideal Homes ZEH

e Near Oklahoma City, OK
e 1584 ft2, 3-bedrooms, 1-story
o 5.3 kW
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s Frisco, Tx

U.S. Department of Energy 8kW PV
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AMERI@EGE ashington State

U.S. Department of Energy

Another view of the photovoltaic panels. Notice the overhangs on the windows.

These are designed to keep the sun out of

home in the summer, while allowing it to

enter the home in the winter. —
e e ——
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Buirdin ﬁ:# Solar Row
Mggplgment of Energy BOUIder, CO

$529,000
2,300 sqg. ft.



Buildin ﬂ NREL/Habitat for Humanity
AMERI& % Wheatridge, CO

U.S. Department of Energy

e 1280 sq ft
e 4 kW PV



e
U.S. Department of Energy Home Featu reS

1. Make it HIGHLY Efficient!

e Superinsulated, tight building envelope, Wall R-40, Ceiling R-60
 Low-e windows

 Heat recovery ventilation

« Tankless back-up water heater

« Energy Star refrigerator and clothes washer

 Compact Fluorescent Lighting

2. Meet ALL of the Remaining Energy Needs with Solar
« Solar tempering with orientation specific windows
96 sq. ft. drainback solar water heating system
e 4 kW PV system
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AM[Rﬂm:z Solar Tempering

U.S. Department of Energy

Window distribution

Orientation specific
glazing

3' overhang

s

West Elevation
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m‘i‘ﬁ‘lﬁ =g Energy Recovery
U.S. Department of Energy Venti IatiOn

Recovers heat
from ventilation
air

6” ducts in
hallway drop
ceiling

Bedroom 1

; Bedroom 2

The UltimateAir™
RecoupAerator® 200DX
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Buildin Hybrid NG/Electric Space
it S s I eyt

U.S. Department of Energy

Direct vent, single
Ramp point NG heater

| Small electric
Bath baseboards in
[ | Bedroom 1 ] bedrooms
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K
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Bedroom 3 [
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Butldin Solar Water Heating
AMERI(?\E& System _

U.S. Department of Energy

« Drainback system
e 96 sq. ft. collector
« 200 gal storage tank

« Tankless backup heater
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NREL/Habitat ZEH
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U.S. Department of Energy Pe rformance

Daily and Cumulative Net Electricity Production
February 2006 - March 2007
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AMERI(thm Zero Energy Retrofits
U.S. Department of Energy

Can my existing home be converted
to a Zero Energy Home?
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U.S. Department of Energy

Yes.... But it is expensive

it T
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Buildin
AMERI(thm Zero Energy Retrofits
U.S. Department of Energy

Step 1: Do the most cost effective changes first.

How? .... Get some expert advice!
e Energy Audit
e Home Energy Rating (HERS)

e Home Performance with Energy Star (HPWES)



U.S. Department of Energy

Example: Boulder, CO

Audit cost $100

Includes blower door
testing

Produces report of
most cost effective
changes

Residential
Energy Audit

) Residential Energy Audit Program = CRC - Mozilla Firefox
Ble Edit

: WATER * WASTE * ENERGY * GREEN

HOME BUILDING

CONSERVATION
Energy Division
Information Resources &
Information

« The Skinny Fact Sheet Series
o Cortractor Referralz

* CRC Library
.
.

Residential Energy Audit Program

Learn Maore
Links

RES|DEN }I—\L Programs & Events

o The Energy Certer of the
Rockies [ECR)

E N ER (‘ Y « Residential Energy Audit
Jd Program [REAP)
* Boulder Solar Week
AU D H— « Orphan Solar Program
+ Solar Powering at Risk
Communitizs (SPARC)
() + Wiorshops & Training
PR O El R A M + Business Membership
o Hill-£Watt Loan Program
stop
KNOWLEDGE IS POWER

Every year. the average American spends $450 on energy
wasted through holes and
cracks in their home.

Donate

Subscribe to E-Newsletters

g Stﬁf, EwvgE > o r- ZEH Power Lunch rﬁ Microsoft PowerPoint ... ) Residertial Energy A... r_%' untitled - Paint



U.S. Department of Energy

HERS Index

Existing “Typical”
Home

>! RESNET

American Standard
New Home (2006)

EPA ENERGY STAR
New Home

< Your Home = 68

Residentiak Eneniy Services Ntward

About RESHET

Join RISHLT

Hunie Energy Ratlings
Consumer Information

| Builder Informaticn

Hater Information
Provider Information
Lender Information
RESHET Standards
RESHET Confercnce
Member Information
Rater Insurance

Envitonmental Trading

HERS Rating and
Projected HERS Rating

e Compares your home to IECC 2004.
Can be used for Energy improvement Mortgage

RE3Bloy | Sile Mg | Sesuch

Setting the STA '\DAJ\U Q ITY
for QUAL

Tha Razidential Enercy Sevices Metwork's (R=SNET)
rission is 10 ensure the sLccess of tae building enangy
reforrmarce cerdificat o industry, sel the standards of
rialty, anre ivrrease ke nppntonity o ewneeship o high
Lecfurmiar o2 baildings, SESHET is 4 remzership £00-C-3
ron profit ovganizatior.

FEZMET's slandards a-e officially recognized by the 1L,
rortgace industry for cagital 2 ny a building's 2nergy
poforrnarcz in the morgage loan cortficatior of "White
lags” tor ameatz hnancial irvestors, and by the teceal
voverrment for verficztion of building =nergy peiformzanze
for such prograr s as federal tax inceatives, the
Erwi-onmertal Protecticn Agzncy's EMZRGY STAR
prograre and the L. Coaartrreat of Enerpy 5 Eulcirg
AmErza Prograr.

HERS Indsx

HE=ME Hatings provdas a e atve eergy
uze index caled the | ICRS Irdzx — & ICRSG
Irdzy of 10C repreceats the energy uze of t1e
"arerican Stardard Buiding' =nd an Index of
0 {zerc) indicates that the Proposcd Euleiry
uzes no nzt purciased ereqgy (= Zero Energy
Ouilding:. & set cf “ater ecomrendations far
cost-effective improverients that car be
achievec by the Rated Building is alsc
produccd.

2008 RESNET Building

Performance Conference
Beaige Tadaw!

EE i
Hore I

140

=13

IRS Releases

Rulss for Tax Cradits
Lhok Hera

Net Zero Energy
Home (ZEH)

Consumer Resourcas

Find a Cermed Ere gy Rater,
Llirk Hara

RESME™ standards zhcompess throo arcas:

m Software accredilation achieved b




fﬂﬁiﬁm:z Home Performance
U.S. Department of Energy With EN ERGY STAR®

Contractor does home €2 008 e

HOME PERFORMANCE WITH

energy audit AND can o
perform the work

Advancing Home Energy Efficienc

National average spent on an energy i e T
upgrade: $9,000 FNA gm ) |

Contractor's Cormer for Existing Contractors

Average energy savings: D -
Supporting Organizations:
25%

4

City of Fort Collins
e —
Utilities

il

Done

.’,". sf_a_ﬂt, g v . e r—- ZEH Power Lunch rﬁ Micrasaft PowerPoint ... ¥ Make vour home ener...



http://coloradohomeperformance.org/

Buildin
Home Performance
AMERI(A@:* with ENERGY STAR®

U.S. Department of Energy

'0“621 More Information - Mozilla Firefox

File  Edit

Contractor does home
energy audit AND can =
perform the work

> Why should I hire a Home Performance Contractor?

HOME PERFORMANCE WITH

ENERGY STAR

Colorado Home Performance with ENERGY STAR®

Home Performance Contractors
Boulder

Get More Information

National average spent on an energy
upgrade: $9,000

Average energy savings:
25%

Castle Rock/Denver Metro

Mountain Air Comfort Systems

Done

P — o 5 . : o
J.'. Sfaf‘f & Y ! I r—. ZEH Power Lunch rﬁ Microsoft PowerPaint ... ¥ Get Mare InFormation. ..


http://coloradohomeperformance.org/

3“‘ilﬁ‘in %
U.S. Department of Energy




fMElﬁlﬁm:"z The Devil is in the
U.S. Department of Energy detai IS - n e

e What about using off-site renewable energy
production?

e Site energy vs. source energy

Jse and offset natural gas?

o Utility issues
e Intermittency of renewable energy
e The power is supplied on an unscheduled basis
e Peak demand is as important as energy production



U.S. Department of Energy

) Building Technalogies Program: Building America - Mozilla Firefox

U:S. Department of Energy

Energy Efficiency and Renewable Energy
Building Technologies Program
Program Areas Financial Opportunities | Technologies | Deployment | Home
T T
Building America ‘

About Building America

Research Teams

About Systems
Engineering Research

Affordable Housing
Rresearch

Research Projects
Research Hi

Publications

For Builders
For Building Scientists

For Consumers 26,746 Homes Built in Building America
Research Projects

BIRA and Pardee Homes Reduce Electric Bill
on Extreme Makeover Home

e

mont|

i
Buildi

v

Search Help b More Search Options »
EERE Inf

Residential Dehumi
ification Systems Research
for Hot- Humid Climates

(POF 1.

Introduction to
Building Systems
Performance: Houses
That Work (PoF 1

o

Hot-Dry and

Mixed-Dry
Climates Best
Practices Guide

Hot-Humid
Climate
Best Practices

Sign Up to Receive

Recent Building America

Research Results »

Resources

Building America Website
www.BuildingAmerica.gov

Includes an extensive
document database



U.S. Department of Energy

[ ) Building America: For Builders - Mozilla Firefox

builders, html

U.S. Department of Energy

Energy Efficiency and Renewable Energy

Building Technologies Program
Program areas Hame

Building America
Building A
About Building America ~ FOI Builders
Research Teams

About Systems
Engineering Research

Affordable Housing
Research

Research Projects
Research Highlights

Publications

For Builders

9 Scientists EarthCraft House™ Integrates Building America Research to Achieve Higher
For Consumers Levels of Energy Savings
Ei n Buildir
ent Earth
Buildi
ildir

Houses That Work Seminars
t ir

Resources

Search Help » More Search Options »

Strategies for Energy
Efficient Remodeling
(PDF 2.1 MB)

The New American
Home 2005

IBACOS Builder
System Performance
Packages (PDF 1.1 MB)

Introduction to
Building Systems
Performance: Houses

Sign Up to Receive
Recent Building America
Research Results »

Building America Website
www.BuildingAmerica.gov

Includes an extensive
document database
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[

wilding _ameri

U.S. Department of Energy

Energy Efficiency and Renewable Energy

T — ' List of top 25

About the Program [1{[V[7 TN information Resources | Financial Opportunities | Technologies | Deployment | Home

.. uiding America S energy efficiency home

Top Web
Th p

About Building America .
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U.S. DBpartment of Energy Alphabet Soup

ZEH — Zero Energy Home

NZEH — Net Zero Energy Home

NZEH — Near Zero Energy Home

ZENH — Zero Energy New Homes (California)
ZEMH — Zero Energy Manufactured Homes
ZEN — Zero Energy Neighborhood

Passivhaus — Passive House (Germany)
Factor9 home — Canada

Green homes

Carbon neutral homes
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