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Why is DOE Interested in ZEH?

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.
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How Long Will Fossil Fuels Last?

You Are Herel
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How Hot Will It Get?

“World temperatures keep
rising. Climate data show

| 2005 on track to be hottest

on record.”
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How High Will Utility Bills Go?

A costly winter for home heating expected

Indusiry analysts expect higher that normal heating bills this winter.
A majority of homes are heated using natural gas.

Type of heating in occupied housing units, 2003
Matural gas 2% Liquefied petroleum gases 6%
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Developing Zero Energy Homes Requires
a Comprehensive Research Strategy

NREL is operated by Midwest Research Institute * Battelle
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Parallel Goals Ensure Rapid Progress
And Immediate Market Adoption

30% Savings

/

40%

AN

— Energy Consumed>

T

Homeowners Benefit From Reduced Utility Bills

Energy Efficiency Improvements
Enable Use of Onsite Renewables

50% /
70%

A 80% Savings
T

Solutions from “market leaders” are used to inform and accelerate adoption
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BA Research Go/No Go Decisions are based
on the ability to Satisfy Two Sets of Criteria

“Building “Builder

Systems” Process”
Criteria Criteria

X
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These Criteria are Used to Evaluate
System Options to Ensure that they Meet
minimum Requirements to be used
Successfully in Production Homes

Minimize Technical Maximize System

Risk Benefits
“Building “Builder
Systems” Process”
Criteria Criteria

X
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“Building “Builder

Systems’ Process”
Criteria Criteria
System Solution o
Minimize Technical Maximize System
Risk Benefits
il X~ ‘“Installability”
Durability Impacts el
ergy Savings Reliability
eak Load Impacts “Constructabllity”
Quality Assurance Issues Quality Control Issues
Comfort Impacts Availability
aintenance Issues Labor Cost
Ehgineering Issues Material Cost
Design Issues Equipment Cost
System Benefits Market Benefits
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Minimize Technical

Risk
Durability Impacts

Savings

Load Impacts
Quality Assurance Issues
Comfort Impacts
Maintenance Issues
Engineering Issues
Design\ssues

System Benefits

Maximize System
[ Benefits

“Installability”

Reliability
“Constructabllity”
Quality Control Issues
Avalilability

Labor Cost

Material Cost

Equipment Cost
Market Benefits

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

1.Have Critical System Performance Specifications
Been Clearly Identified?

Unvented Conditioned harriet and thermal envelope—are resolved. In other
““““““““““ words, it 15 possible to satisfyy BSC Building America
petformance targets if the crawlspace 13 unvented and
cotucdhtioned.

Lesson Learned

There are actually two lessons in this work. The first one is — always start with the larger question. |n
this case, why do you really want a crawlspace? BA has worked with builders on substituting slab-an-
grade construction for crawlspaces in many areas of the country where the real reasons for utilizing

crawlspace foundations are perceived mechanical needs ar mark et demand that may, in fact, not hald
true.

The second lesson has to do with accomplishing change in the building industry. A large part of
working with the bullding community 15 working with the local building officials. Bringing building
science Into the building industry means educating builders and local building departments.

& lttle more than one-sixth of new homes in the United B3 C alzo conducted work under Building A merica on
States are built on crawlspace foundations. Typical structural sub-basement crawlspaces typical of the
crawlspace construction calls for passive venting to the I etro Demrer ared, where the &W
outzide with cavity insulation for the first floor. Ho one

15 sure how this situation catme about, but it certainly 1z led t-:u mmstua:e anl:i 'p:uerf'l:urmance prl:ublems Applying M
NREL is operated by Midwest Research Institute * Battelle &
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Moving Ducts/Equipment into
Conditioned Space

Lesson Learned

It often takes "outside-the-box" thinking on
the part of several members of a building
team to accomplish the desired result;
systems engineering, systems design,
systemns installation, or field wark. It's anly
when all team members "get the picture”
and "build the vision” that the most
elegant solutions rige to the top.

buildins assemblies. Onthe other hand, fitting the duact
system withun conditicned space presents design and
etigineering challenges. But herein les the beawty of the
Building America approach—when you combite a
high-performance ervrelope with an smovative framing
system, the engineer and the architect are freed from
kew constrats of cotrventional constraction and the
resulting sunplified duct distribution system (see
below) makes it soach easier to move ducts and
epmert into the conditioned space.

Artistic Homes took the Building America systetms-
thinlang spproach one step farther in the field. They
were having trouble getting the desired dact air sealing
ot the tnand chact tucked into the main hallway soffif.
S0, they decided the only way to keep flus duct in
cotuditioned space and seal it tight all the way arond
(the top side 15 nearly impossible to get to) was to
assetnble and mastic the thank duct at grownd level and
then install it in the goffit. They accomplished this by
getting the framer to build—ng not install—the two 7-
frnt. end-nfihallaraw nartitinng A frer the tnink duoct has

NREL is operated by Midwest Research Institute * Battelle
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Simplified Duct Distribution
Systems

Lesson Learned

Good duct design and engineering often
lead to a system that is simpler, less
expensive, and of higher perfarmance.

Ogie ofthe most comunon callback complaitis & keypatt of the design is the 12- to 15-inch horzantal
experienced by production builders has been comfort. off-set, with two 90-degree changes in direction, which
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Advanced Framing Systems and
Packages

ddvanced framang 15 a pillar of the Building America

avatem s engitieeting amproach. Rarely are changes in
design and construction so wiversally compelling as
advranced franang, Benefits include the following:

Lesson Learned

many US markets.

Qriginally developed by MAHBRC, advanced framing has been around far aver 25 year. By
demanstrating key cost performance tradeoffs including reduced labor, job ste waste, and increased
consumer value, Building America has succeeded in making advanced framing a standard approach in

Improved thermal performance
Reduced call-backs (partioulatly diyrarall cracking)
Reduced materials costs (less material in the
frattunz package)

s Reduced labor costs

s FBasier accomunodation of mecharicals (partimalatly

HVAC ducting in floor assemblies)
s Reduced waste disposal costs.

BiC 15 proud ofthe fact that approsimately half of BSC

builders and theit developments embrace advanced
framing systems, but it’s difficult to reconcile its
absence in the other half Despite the professional
techrical assistance offered to every

Loawd EBiesi g il

BiC Building Americabuilder, there are more than a

few that choose to stick with cotvverdional framing.
Each of the ohstacles helow 1s more an issue of
perception of interpretation than an issue of substance:

* Besistance frorn the frarung contractor — Although
the inability to raake the change (crews that either do
niot understarnd or carmot read detailed fraraing plans)
15 not uneoramon, more frequently it 15 anenlhingness
rather than mabilitsy to erploy advarced fravang.

= Resistance from the sales stafffhorebuser — “Wood iz
good; therefore, more wood rst be better,” makes it
difticult to corvince the consarner of the benefits of
achranced fraraing, particularly on mtenor walls,
whete there s no guantifiable energy benefit.

» Resistance from local buldins imswectors — Desnite

NREL is operated by Midwest Research Institute * Battelle



2. What Is the net benefit to a builder?

Advanced Framing

High performance windows
Controlled ventilation system
Power vented gas water heater
Simplified duct distribution
Downsize air conditioner by 1 ton

Net Benefit

¢ %=t Yy
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3. What i1s the net benefit to a homeowner?

NREL is operated by Midwest Research Institute * Battelle
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What are the Long Term Market
Benefits of BA System Research
Results?

X
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Residential Energy Saving Options

[ 765 432 1]
[e 765 ¢35 2}

=l Building
Crrientation
Meighbors

=l Envelope

L Wl

Lo Celing

Lo Thermal Mass
S Infittration

=l Foundation
Zlak

- Bazement
e Craw] Space

= Windows & Shading
Lo Glazs Type

Lo Total Window Area
Lo indowe Area per vall
‘... Eaves

=l Appliances & Lighting ___|

Lo Refrigerator
Lo Cooking Range
-+ Dighwvazher
- Clothes Dryer
- Clothes Washer

=l Equipment

S Ajr Conditioner
©- Furnace

- Heat Pump

L Cooling Capacity

-

Orientation

Options: (Select to include in optimization))

11 SouthSfacing
21 Westfacing
31 MarthSfacing

4 Eastfacing
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Residential Energy Saving Options

=| Building | Walls _l;
- Orrientation
fee Meighbors
- Enwelope

Options: (Select to include in optimization) Framing Lifetime  Unit Cost
Factor [wears) [Bf=q 7
11 R11 hatts, 2x4, 16"ac 0.25 30 318
21 R13 batts, 2x4, 16"0C 0.25 30 $317
31 R11 batts, 2x4, 16"0c + 1" foam sheathing 025 a0 $3.92
41 R19 batts, 2x6, 24"0c 0.20 30 328
81 R19 batts, 2x6, 24"0c + 1" foam shesthing 0.20 30 $4.05
61 R19 batts, 2x6, 24"0c + 2" foam sheathing 0.20 a0 $4 24

. Ceiling
©oo Thermal Mazz
S Infittration

- Foundation

Bazement
e Cravel Space

- Windows & Shading
S Glazs Type

- Total Window Area
S indowy Area per Wall
‘... Eaves

- Appliances & Lighting __|
.. Refrigerator
- Cooking Range
o Dishwvasher
S Clothes Dryer
- Clothes Washer
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o« WwMREL " : : )
e NREL is operated by Midwest Research Institute * Battelle

»

"



Determining Incremental Costs and
Benefits for Energy Efficient Homes

3000—
2700
2400~
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Euilding

Orientation
Neighbors

Erwvelope

walls

Ceiling

Thermal Mass
Infiltration
Foundation

Slab

Basemeant

Crawl Space
Wwindows & Shading
Glazs Type

Total Window Area
MWindow Area perifall
Eaves

Appliances & Lighting
Refrigeratar

Cooking Range
Crishwazher

Clothes Dryer

Clothes Washer
Lighting

Equiprmernt

Air Conditioner
Furnace

Heat Fump
Cooling Capacity
Heating Capacity

Wiater He ater
Cructs
Renewsbles
Salar DHW
P\ Array

O

E - Eastfacing
H - atoft
31781 R19 batts, 25, 23"0c + 2" foar
iberglass
$713 RGO Fibergl
1] $O 142" Ceiling Drawall
2] $972  Tight
i 1,7 St R20 Exterior
7 | $2.296  HM TCES
- 18% Finished Floor Area
H - F25% BSO0% L12 5% R12.5%
H F0 1 ftowerhang
E F178  EnergyStar
H $0  Elactic
E %1623  EnergyStar, Large Cap.
1] $0  Electric
H %555  EnergyStar (Wertical)
$140  100% Interior CFL
$450 SEER 415
H $435 AFUE 92.5%
F-1,069  Continuous (2.35 tons)
F-126  Continuous(51.92 kBtufhn
B F545  Gas Tankless
H 622 Improved
F4768 64 =qft closed loop
$0 0.0 Kk
515454  Taotal
Ootion Base Paint
Nurrl:nlher's MW Current Foint Present Walue J's

Auwailable Options

ptions and Costs

Report

Relative to Base Point
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

Lo Ra Tt

Euilding
Orientation

- Eastfacing

Source Energy Use (MBtufyr)

300—

50—

Changes in energy e
2a0- are tracked forall
energy uses
180 \ B Coaling (E)
120+

Lights (E)

-
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B wizc. (E)
0 f
Heating Capacity B-128  Continuous (5T 52 KBIuRD
Wiater He ater B 545  Gas Tankless
0 cucts [N HE $522  Improved : |
Renewables
0 Salar DHWNY F4.762 64 =q ft cloged loop ey 100
P\ Array FO 0.0 Kk
%15.454  Total
Option Baze Faint
Nurrl:nlher's B Current Point Fresent Walue J's
Auwailable Options Relative to Base Point
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Determining Incremental Costs and

Benefits for Energy Efficient Homes

Source Energy Use (MBtufyr)

Cooling Capacity (tons)

& Al Points

* hdin Cost Foints
at Target Energy
Savings

Cost savings due to reductions
In equipment size are included

1.2
- INn determination of net cost
. increases.
0.0 I | | | T | | T I |
] 10 20 20 40 a0 G0 il a0 a0 100

Source Energy Savings (%/yr)
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P AITay PO OUORIT
$15.454  Total

Base Paint
W Curren t Point FPrezent Walue §'=
Auwailable Options Relative to Base Paint

Option
Mumbers
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

3000

W (Clear

B ow-e (e 01)

1800 I
/ B ow-e (e 0.04)

Cooling Capacity (tons)
Mortgage + Utilities ($/yr)

& 1500
5 - Option tradeoffs are
F tracked as a function
2 00— .
g of savings level vl 22
600
W Hh TCES
300
0 I I I I I I I I
0 10 20 30 40 50 60 70 80

Source Energy Savings (%/yr)

Option

Mumbers W Curren t Foint Frezent WYalue §'s

Auwailable Options Relative to Base Paint
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

SDDDT

Energy Cost ($/yr)

2350

1880

1410+

940+

470

Utility bill savings are
evaluated as a function of
end use

B Hot wster 13

B Heating (3

B cCooling (E)

B cCooling Fan (E)

Heating Fan (E)

Light= (E)

B nwizc. (E)
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Option
Mumbers

W Curren t Point FPrezent Walue §'=
Auwailable Options Relative to Base Paint
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

South-Facing PV

3.5

2.5 —— Reference Building

—— Efficient Building

— PV Production - 2.5 kW
1.5 - —— Net Electical Use

Site Energy (kW)

0.5 -
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

Southwest-Facing PV

3.5

2.5 - —— Reference Building

—— Efficient Building

—— PV Production - 2.5 kW
1.5 - —— Net Electical Use

Site Energy (kW)

0.5

S NRE! W
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Determining Incremental Costs and
Benefits for Energy Efficient Homes

West-Facing PV

3.5 -

2.5 - —— Reference Building

—— Efficient Building

—— PV Production - 2.5 kW
1.5 - —— Net Electical Use

Site Energy (kw)

0.5
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Determining Incremental Costs and
Benefits for Energy Efficient Homes
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Mortgage + Energy Costs ($/year)

Determining Incremental Costs and
Benefits for Energy Efficient Homes

2600+

2340+

2080+

1620+

1560+

1300+

1040

730+

220+

260+

0

Zero Net Energy

Individual Combinations of Efficiency Options

< Meutral Cost

Cross-Cwver to PY

F 1

J
*
Erergy On-5Site Power (PY)
Efficiency Savings
Savings

0

1o 20 320 40 50 gD Yoo 80 S0 100

Source Energy Savings (%)
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Consumer Benefits from Energy
Efficient Homes are Much
Broader than Reductions in Utility Bills

 |n 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, ....
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HSC”

Mortgage + Utilities ($/yr)

Comparison of Energy Saving Strategies
From the Perspective of A Homeowner

=Equipment, Windows and Insulation Options Only
004 High Risk/High Return | =
T s ?u

2400

1 \\‘\’/\_/ \

Rl  Conclusion:

1500

A “whole house” approach

1200 | |provides the largest and
- | | ' most cost effective
- ; | - energy savings.
300 i i i /
v | ———— s | | | |
0 10 20 30 40 50 50 70 g0 90

]
Source Energy Savinds (Y%/yr) Battelle ﬁ



Comparison of Energy Saving Strategies:

First Cost

Incremental First

Chicago First Cost Comparison

$18,000
$16,000
$14,000
., $12,000

" $10,000 -
8 $8,000 -
$6,000 -
$4,000 -
$2.000 -

$0

“All, Building America’

10 20 30 40 50

Source Energy Savings

—o— All

—a—SC

—A&—SC
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2600 ft2. 2 Storv. basement

Y.
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Comparison of Energy Saving Strategies:

Simple Payback

Chicago Simple Payback
($0.80/Therm, $0.08/kWh)
18.0 — .
16.0 “All, Building Americal’
S 14.0 “SC” /
- /
§£ 10.0 / —o—All
o §_J 8.0 1 | ——SC
g ~ 6.0 1 | |
2.0 - | |
0.0 ‘ ‘ v _ v ‘
10 20 30 40 50
Source Energy Savings
‘E::E’NEL NREL is operated by Midwest Research Institute * Battelle M




Comparison of Energy Saving Strategies:
Impact of Energy Cost on Simple Payback

Chicago Simple Payback
(40% Cost Increase:$1.12/Therm, $0.112/kWh)

“All, Building America”

=
N
o

=
o
o

o
o

A

“SC!’

/

6.0 -

4.0 -

2.0

Simple Payback (Years)

—— All

——SC

0.0 | \ v
0 10 20 30

Source Energy Savings

40

50
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Estimated Impacts of Energy Savings
on Long Term Market Potential

Long Term Market Potential for Energy Efficient
Homes

0.8 -

“Tipping” Point

0.6 -

0.4 -

0.2 -

Market Penetration

—n —

o 1 2 3 4 5 6 7 8 9 10 15 20 25
Payback (years)

“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.
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Estimated Impacts of Energy Savings
on Long Term Market Potential

Market Potential

40.0

Long Term Market Potential
40% Energy Cost Increase

(All Options)

35.0

Impact of

30.0 -
25.0 -
20.0 -
15.0
10.0 -

5.0 -

0.0

Tax Credit

10 20 30 40 50

Source Energy Savings

—e— All+40%
—m— All+40% - TC
—x—All - Base Cost

YU
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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

40.0 -

35.0 —e— All+40%
2 - 300
2L ) —=— All+40%, Whole
c o ' House TC
) g 20.0 —a—All- Base Ener
= 2 150 9y
= O Cost
c & 100
3 —¢«— SC+40%, current TC

5.0

0.0

0 10 20 30 40 50

Source Energy Savings
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Mortgage + Utilities ($/yr)

Conclusions

It is possible to achieve energy savings up to

TO00—
- 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 lev
48004 Of current systems.
00 (Base energy cost: $0.08/k . erm)
2500
oy BA Research
Focus
21004
1400
Fo0-
0 I i i I — i i i I
0] 10 20 A0 40 50 B0 Fiy; B0 g0

Source Energy Savings (%/yr)
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Conclusions
A “whole house” approach provides the largest and

most cost effective energy savings.

3000
2 SC SC All Options (Building America)
2400 \ / >/
> T | |
g 7/
£ 1800 i | i
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T 15004 | | |
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Source Energy Savings (%/yr) ° 9
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Conclusions
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.

Estimated Market Impact of 40% Increase in
Energy Costs

35.0 -
< 30.0
5
5 25.0
o —e—All - Base Cost
g 200 —a—All - +40%
S
= 150 SC - Base Cost
£ —%—SC - +40%
2 10.0
(@)]
5 5.0
—
OO : T T T T T
0 10 20 30 40 50

Source Energy Savings
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Conclusions

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

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

40.0
% S 30.0
S [0)
£ x50 —a— All+40%, Whole
c T 0.0 House TC
o S ' —a—All- Base Ener
= 2 15.0 A gy
o ost
c & 100
3 ' —¢«— SC+40%, current TC
5.0
0.0

0 10 20 30 40 50

Source Energy Savings

-i”‘?.m;»:l M
gy | m— NREL is operated by Midwest Research Institute *» Battelle im—



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

Southwest-Facing PV

4
a5 50% reduction in peak
o ~ energy use
= 3
X
~ 2.5 - —— Reference Building
S 5 —— Efficient Building
8 —— PV Production - 2.5 kW
L£ 1.5 - —— Net Electical Use
» 1
0.5 -
0 ‘ ‘ ‘
0 6 12 18 24
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Questions?

Ren_Anderson@nrel.gov
NREL

1617 Cole Blvd

Golden, Colorado

80401
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