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Why?

Homes account for 20% of all
US primary energy use 

Homes account for 37% of all
US electricity use



Residential energy 
use is growing
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Number of Households 
is Growing

Number of 
Households 

Source: DOE 2007

-

50.0

100.0

150.0

1980 1990 2000 2010 2020 2030

M
ill

io
ns

 o
f h

ou
se

ho
ld

s







Zero Energy Homes 
consume NO energy!

What is a 
Zero Energy Home?



Zero Energy Homes 
produce as much energy 

as they consume
on an annual basis.

What is a 
Zero Energy Home?



Zero Energy Homes 
produce as much energy 

as they consume
on an annual basis.

What is a 
Zero Energy Home?

•
 
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?



NET Zero Energy: 
Daily Energy Flow



NET Zero Energy: 
Daily Energy Flow
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Energy Efficiency
+ Energy Supply 



Zero energy ≠
 
zero 

utility bills 

Net metering

Net billing

Feed-in tariffs



Net Metering

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





Net Billing

More common in rural coops



Feed-in Tariff

Some current feed in tariffs: Germany ~ $0.65/kWh
TVA $0.15/kWh



The path to 
Zero Energy



The cost effective path 
to Zero Energy
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Lower cost 
efficiency



0

500

1,000

1,500

2,000

2,500

0% 100%
Source Energy Savings (%)

To
ta

l A
nn

ua
l C

os
ts

 ($
/y

ea
r)

mortgage

utility bills

cash flow

1

2

4

The cost effective path 
to Zero Energy

Lower cost 
efficiency



0

500

1,000

1,500

2,000

2,500

0% 100%
Source Energy Savings (%)

To
ta

l A
nn

ua
l C

os
ts

 ($
/y

ea
r)

mortgage

utility bills

cash flow

1

2

4

The cost effective path 
to Zero Energy

Lower cost 
efficiency



0

500

1,000

1,500

2,000

2,500

0% 100%
Source Energy Savings (%)

To
ta

l A
nn

ua
l C

os
ts

 ($
/y

ea
r)

mortgage

utility bills

cash flow

1

2

4

The cost effective path 
to Zero Energy



0

500

1,000

1,500

2,000

2,500

0% 100%
Source Energy Savings (%)

To
ta

l A
nn

ua
l C

os
ts

 ($
/y

ea
r)

mortgage

utility bills

cash flow

1

2

4

The cost effective path 
to Zero Energy

Lower cost PV
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Lower cost PV



0

500

1,000

1,500

2,000

2,500

0% 100%
Source Energy Savings (%)

To
ta

l A
nn

ua
l C

os
ts

 ($
/y

ea
r)

mortgage

utility bills

cash flow

1

2

4

The cost effective path 
to Zero Energy



Energy Efficiency
+ Energy Supply 

NREL

Zero Energy Home

How to make a ZEH



Successful Zero Energy Homes:

1.
 
Efficiency 

2.
 
Efficiency

3.
 
Efficiency

4.
 
Solar

5.
 
Solar

6.
 
Solar

How to make a ZEH



Successful Zero Energy Homes:

1.
 
Efficiency -

 
envelope: walls, roof, foundation

2.
 
Efficiency -

 
heating and cooling systems

3.
 
Efficiency -

 
lights and appliances

4.
 
Solar -

 
passive techniques

5.
 
Solar -

 
active thermal systems

6.
 
Solar -

 
electric systems (photovoltaics)

How to make a ZEH



Zero Energy 
Guaranteed?

Energy Use in Habitat BA Benchmark House 

Space 
Heating

24%

Water Heating
25%

Lighting
15%

Misc. Electric 
Loads
36% Under the 

control of the 
occupant

Energy Use in the Habitat ZEH House

Space Heating

Water Heating

Lighting

Misc. Electric 
Loads

Efficiency 
Savings

3%

19%

11%

61%
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Under the 
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occupant

Annual PV 
Production



Will it really be 
ZERO??

In any given year, it depends on….

•

 

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

•

 

Specific weather conditions

•

 

Temperature set points

•

 

Hot water use

The house AND the occupants 
meet or miss the zero energy target TOGETHER



Ideal Homes ZEH
•

 

Near Oklahoma City, OK
•

 

1584 ft2, 3-bedrooms, 1-story
•

 

5.3 kW



Hickory, NC



Patterson, NJ



Frisco, TX 
8kW PV



Washington State



Europe



Tucson, AZ



Solar Row 
Boulder, CO

$529,000 
2,300 sq. ft.



NREL/Habitat for Humanity 
Wheatridge, CO

•

 

1280 sq ft
•

 

4 kW PV



Home Features
1. Make it HIGHLY Efficient!

• 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
• 4 kW PV system



•

 

Double Stud Wall

•

 

Three layers of 
fiberglass batt 
insulation

•

 

24” Raised heel 
trusses

•

 

Wall R-40

•

 

Ceiling R-60

•

 

Floor R-30

•

 

Low-e windows

Superinsulated Construction













Solar Tempering

• Window distribution

• Orientation specific 
glazing

• 3’ overhangSouth ElevationEast Elevation

West Elevation North Elevation







Energy Recovery 
Ventilation

•

 

Recovers heat 
from ventilation 
air

•

 

6” ducts in 
hallway drop 
ceiling











Hybrid NG/Electric Space 
Heating System

• Direct vent, single 
point NG heater

• Small electric 
baseboards in 
bedrooms







Solar Water Heating 
System

• Drainback system

• 96 sq. ft. collector

• 200 gal storage tank

• Tankless backup heater







PV System

4 kW System 

for net zero energy



NREL/Habitat ZEH 
Performance





Zero Energy Retrofits

Can my existing home be converted 
to a Zero Energy Home?



Yes…. But it is expensive

Zero Energy Retrofits



Step 1: Do the most cost effective changes first.

How? …. Get some expert advice!

•
 
Energy Audit

•
 
Home Energy Rating (HERS)

•
 
Home Performance with Energy Star (HPwES)

Zero Energy Retrofits



Residential 
Energy Audit

Example: Boulder, CO

Audit cost $100

Includes blower door 
testing

Produces report of 
most cost effective 
changes



HERS Rating and 
Projected HERS Rating

•

 

Compares your home to IECC 2004.
•

 

Can be used for Energy improvement Mortgage



Home Performance 
with ENERGY STAR®

Contractor does home 
energy audit AND can 
perform the work

http://coloradohomeperformance.org

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

Average energy savings:
25%

http://coloradohomeperformance.org/
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The Devil is in the 
details….

•
 
What about using off-site renewable energy 
production?

•
 
Site energy vs. source energy

•
 
Use and offset natural gas?

•
 
Utility issues
•
 
Intermittency of renewable energy

•
 
The power is supplied on an unscheduled basis

•
 
Peak demand is as important as energy production



Resources

Building America Website

www.BuildingAmerica.gov

Includes an extensive 
document database



Resources

Building America Website

www.BuildingAmerica.gov

Includes an extensive 
document database



List of top 25
energy efficiency home 
design and construction

web sites









Alphabet soup
ZEH
NZEH
NZEH 
ZENH 
ZEMH 
ZEN



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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