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Development of cost effective
Zero Energy Homes (ZEH) is 
the long term (2020) research 
goal for the Building America 
Program, as part of ongoing 
efforts to increase the efficiency 
of US energy use.

Why is DOE Interested in ZEH?



How Long Will Fossil Fuels Last?

You Are Here!

The Association for the Study of Peak Oil and Gas, October 2005 Newsletter, www.peakoil.ie



“World temperatures keep 
rising. Climate data show 
2005 on track to be hottest 

on record.”

How Hot Will It Get?



How High Will Utility Bills Go?



Developing Zero Energy Homes Requires
a Comprehensive Research Strategy



Parallel Goals Ensure Rapid Progress
And Immediate Market Adoption
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Solutions from “market leaders” are used to inform and accelerate adoption
by other market sectors
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Homeowners Benefit From Reduced Utility Bills

Energy Efficiency Improvements
Enable Use of Onsite Renewables



“Building
Systems”

Criteria

“Builder
Process”

Criteria

BA Research Go/No Go Decisions are based 
on the ability to Satisfy Two Sets of Criteria



“Building
Systems”
Criteria

“Builder
Process”

Criteria

These Criteria are Used to Evaluate
System Options to Ensure that they Meet 

minimum Requirements to be used 
Successfully in Production Homes

X

Minimize Technical
Risk

Maximize System
Benefits



“Builder
Process”
Criteria

“Building
Systems”
Criteria

“Installability”
Reliability
“Constructability”
Quality Control Issues
Availability
Labor Cost
Material Cost
Equipment Cost
Market Benefits

Durability Impacts
Energy Savings
Peak Load Impacts
Quality Assurance Issues
Comfort Impacts
Maintenance Issues
Engineering Issues
Design Issues
System Benefits

Minimize Technical
Risk

Maximize System
Benefits

X

System Solution



X

“Installability”
Reliability
“Constructability”
Quality Control Issues
Availability
Labor Cost
Material Cost
Equipment Cost
Market Benefits

Durability Impacts
Energy Savings
Peak Load Impacts
Quality Assurance Issues
Comfort Impacts
Maintenance Issues
Engineering Issues
Design Issues
System Benefits

Minimize Technical
Risk

Maximize System
Benefits

BA Residential Research Experience:
Successful system innovations often require a change in technical
systems and a change in business and construction practices.



Key Questions  Answered By BA Research
1.Have Critical System Performance Specifications
Been Clearly Identified?









2. What is the net benefit to a builder?

Example Cost Summary
Cold Climate

Advanced Framing - $250
High performance windows + $250
Controlled ventilation system + $150
Power vented gas water heater + $300
Simplified duct distribution - $250
Downsize air conditioner by 1 ton - $350

Net Benefit - $150



3. What is the net benefit to a homeowner?



What are the Long Term Market 
Benefits of BA System Research 

Results?



Residential Energy Saving Options



Residential Energy Saving Options



Options and Costs Report

Determining Incremental Costs and
Benefits for Energy Efficient Homes



Determining Incremental Costs and
Benefits for Energy Efficient Homes

Changes in energy
are tracked for all 
energy uses 



Determining Incremental Costs and
Benefits for Energy Efficient Homes

Cost savings due to reductions
in equipment size are included
in determination of net cost
increases.



Determining Incremental Costs and
Benefits for Energy Efficient Homes

Option tradeoffs are
tracked as a function
of savings level



Determining Incremental Costs and
Benefits for Energy Efficient Homes

Option tradeoffs are
tracked as a function
of savings level

Utility bill savings are 
evaluated as a function of
end use
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Determining Incremental Costs and
Benefits for Energy Efficient Homes



Southwest-Facing PV
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Determining Incremental Costs and
Benefits for Energy Efficient Homes



West-Facing PV
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Determining Incremental Costs and
Benefits for Energy Efficient Homes



Determining Incremental Costs and
Benefits for Energy Efficient Homes
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Determining Incremental Costs and
Benefits for Energy Efficient Homes



• In addition to providing the highest 
immediate cash flow back to a 
homeowner, a comprehensive approach 
increases delivery of other market 
drivers including increased durability, 
reduced maintenance, increased 
comfort, ….

Consumer Benefits from Energy
Efficient Homes are Much 

Broader than Reductions in Utility Bills



Comparison of Energy Saving Strategies
From the Perspective of A Homeowner

sc SC All 

Conclusion:
A “whole house” approach
provides the largest and 
most cost effective
energy savings.

High Risk/High Return

“sc”=Equipment, Windows and Insulation Options Only
“SC”=sc + Duct and Infiltration Measures



Comparison of Energy Saving Strategies:
First Cost

Chicago First Cost Comparison
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Comparison of Energy Saving Strategies:
Simple Payback

Chicago Simple Payback
($0.80/Therm, $0.08/kWh)
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Comparison of Energy Saving Strategies:
Impact of Energy Cost on Simple Payback

Chicago Simple Payback
(40% Cost Increase:$1.12/Therm, $0.112/kWh)
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Long Term Market Potential for Energy Efficient 
Homes
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“Fuel Cells for Building Cogeneration Applications – Cost/Performance Requirements and Markets”; prepared for the 
Building Equipment Division, Office of Building Technologies, U.S. Department of Energy; prepared by Arthur D. Little, 
Cambridge, MA; Arthur D. Little, Reference Number 42526;  Figure 6.1.2, January 1995. 

“Tipping” Point

Estimated Impacts of Energy Savings
on Long Term Market Potential



Long Term Market Potential
40% Energy Cost Increase

0.0
5.0

10.0
15.0
20.0
25.0
30.0
35.0
40.0

0 10 20 30 40 50

Source Energy Savings

M
ar

ke
t P

ot
en

tia
l

All+40%
All+40% - TC
All - Base Cost

(All Options)
Impact of
Energy Cost Impact of 

Tax Credit

Estimated Impacts of Energy Savings
on Long Term Market Potential



Estimated Impacts of Hypothetical 
“Whole House” Tax Credit On Market for 

Energy Efficient Homes
Estimated Impact of Hypothetical  Whole House 
Tax Credit at the 30% Savings Level with 40% 

Energy Cost Increase
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Conclusions
It is possible to achieve energy savings up to
nearly 50% in Chicago with a neutral impact 
on consumer cash flow, provided that the overall 
risk of using new systems is reduced to the level 
of current systems.
(Base energy cost: $0.08/kWh, $0.80/Therm)

BA Research
Focus



Conclusions

sc SC All Options (Building America)

A “whole house” approach provides the largest and 
most cost effective energy savings.



Conclusions

Estimated Market Impact of 40% Increase in 
Energy Costs
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Current increases in energy costs are expected to create a 
significant increase in the long term demand for houses in the 
10-25% savings range.



Conclusions

Estimated Impact of Hypothetical  Whole House 
Tax Credit at the 30% Savings Level with 40% 

Energy Cost Increase
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A “whole house” energy tax credit could provide 2-3 times the 
impact of the current space conditioning tax credit.



Future Opportunity for Zero Energy Homes:
Capture Value of Peak Energy Savings 

Southwest-Facing PV
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Questions?

Ren_Anderson@nrel.gov
NREL
1617 Cole Blvd
Golden, Colorado
80401
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