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Building America Approach

Building America Teams -- Leading experts in building
science and systems engineering offer home builders
cost-shared technical support

— Whole house energy design assistance by climate
— Energy modeling r————
— Performance specification writing s
— Training, workshops and monitoring —
— Prototype homes and communities @

« Building America’s Best Practices series on web
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Building America Teams

Building Industry Research Alliance (BIRA)

Building Science Corporation (BSC)

Consortium for Advanced Residential Buildings (CARB)
e Davis Energy Group (DEG)

Industrialized Housing Partnership (IHP)

Integrated Building and Construction Solutions (IBACQOS)

NAHB Research Center
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Home Builders
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PREMIER HOMES

CLARUM HOMES

Oser Nexme: Megms Lualtgy

LENNAR @ l i STANDARD Paciric HoMES
: : Muking You Eighi At Home®
GRUPE CHBISTOPHEDSON " HUGH FUTRELL CORPORATION
~HMowes -
HOMES »TOWNE. PardeeHomes  Jime [ewis
FILBER BUILT SINCE 17 THEWAY YOU WANTTO LIVE Bringing five-star quality home
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» 9 William Lyon Homes
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= oDy M Habitat Affiliates LR
w-—Cold @ Site Builders
. Very Cold #* Community Scale Site Builders
- Marine £ Other Affordable Housing Site Builders
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Building America Best Practices

« Building America’s Best Practices series on web

= Volume 1: Hot-Humid Climate
Best Practices Guide

=

Volume 6: High-Performance
Home Technologies: Solar
Thermal & Photovoltaic Systems
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Building America: Research Leading
To Zero Energy Homes (ZEH)

 ZEH--Homes that are highly energy efficient
and produce all their own energy—annually

 Today’s marketable ZEH—cuts energy use
40-60% including energy efficiency &
renewable energy

e Tomorrow’s ZEH—Energy savings of 60-
70% plus 30-40% on-site renewable energy
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Homeowner Monthly Costs

TOTAL MONTHLY = 52 233

TOTAL MONTHLY = 53,320

< ENERGY BILLS >
< SSTHENGY ETICIE)

S = I
< S0 EOLAR PY 2.2 KWW

< MORTGAGE BILLS >

STANDARD HOME ZERD ENERGY HOME
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BEO Building Energy Optimization
p with Hour-by-Hour Simulations
Craig Christensen, Scott Horowitz
Center for Buildings and Thermal Systems, NREL
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BEopt Optimization Software

Solar Hot Water

Optimal
Weather — =]=6JoJ8 — Building
Designs

Heating

Cooling

Lighting

Appliances
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Current BEopt Capabilities:

* Runs hour-by-hour detailed simulations.

« Accurately accounts for interactions across categories
(e.g., glass type and HVAC)

« Evaluates realistic (discrete) options for building
efficiency and solar water heating.

 Finds optimal (efficiency, SWH, PV) designs for entire
range of energy savings from base case to zero net
energy home.

 |dentifies near-optimal alternative designs.

o Automatically implements the Building America
Benchmark.



i BEopt 0.8.0.98 Beta - sample design and parametric modes

Filew Screen Case Run Tools Help

O = B [T =} DUtput:_[E_ Run b Il B Took & @ A BEOpt input

Anapzz |[D] Dezan - FetBlda: I1 - Baze _;! Cozts: 1Default _v_!

_”E what-ifsT @ envelope, eguipment designST E 1-category sensitivit_l,lT |E 2-category sensitivit_l,lT Combined Graphs\|

1) Building Inputs

Location Garage Roof
EFw/ Location |LIS.£‘-._CEI_B oulder_TMY2. epw j i MNone f* [Gable
" One Car i Hip
Building Geometny (# Two Car ™ Flat
Firizhed Floor &rea [Above Grade] 2600 ftE Position: |Left
# Floors [Above Grade] 2 - Praotrusion: | 100 % Pitch: |E12 -
Murnber of Bedrooms 3 Py
Mumber of B athrooms 2 - -
P Module | Generic - c-5i |
W all Height a ft
Inztalled Cost A0 $MDC
Derate Factor 15.0 b

Previous runtime: 1m (8 simuistions)

e - e = = = = = r & : — =
‘2 start = EEDEw L E T 8w Soott W 2Mon. « B Mioese,,  Zreeopto.., | B EMer., » & BT oo 1052 P



A*BEopt 0.8.0.98 Beta - sample design and parametric modes

File Screen Case Run Tools: Help

NEEN S @E e Ao b | B e B @k BEOpt input

Anayziz |[D] Desan _vJ FetBldo: 11 -Baze _V_] Coigkg: lDefauIt Lj

_HE what-ifsT @ ervelope, equipment designsT |E| 1-category sensitivil_l,lT |E| 2-ategorny sensitivit_l,lT Combined Eraphs\|

2) Economics Inputs

Electicity Rate Mortgage

f* User Specified Marginal 0og  $kwh Martgage Period IT vears
(" State Average Fized 800 $/month Mortgage Interest B ate [Naorinal) 7.0 4

£ National verage Average 00332 $kwh Marginal Income Tax Rate 280

Met-tetered Excess Electicity Sellback Rate .
Mizcelansous

fv Retail Electricity Cozt
* netalbiecinely Lo $kih Project Analyziz Period a0 years
" |zer Specified

Inflation R ate 30 %

Matural Gas Rate Discount Bate [Mominal) 5.0 %
f¢ User Specified Marginal IW $therm Elec. Source/Site Ratio 316
(" State Average Fieed | 800 $/month Gas Source/Site Ratio 1.02

ez

" Mational Average Average 09126 $/them Efficiency Cost Multiplisr 1.0

Previous runtime: 1m (6 simulstions)




ixBEopt 0.8.0.98 Beta - sample design and parametric modes

File Screen Casen Run Took: Help
O = @ lnpat = {at Dutput, [l Run b 1l B Took: & "@ |ﬁ
Analpzz |[D] Desan - FetBldao: I1 - Baze __:_] Costs: iDefauIt _v_!

BEopt input

_”E what-ifsT @ envelope, eguipment designST E 1-category sensitivit_l,lT |E 2-category sensitivit_l,lT Combined Graphs\|

21 B2 batts, 2x6, 24"oc

E) R11 batts, 2x4, 16"0c + 1" foam
71 R13 batts, 2x4, 16"0c + 1" foam
8) R19 batts, 2x6, 24"0c + 1" foam

9) R21 battz, 2x6, 24"0c + 1" foam

100 R19 hatts, 2x6, 24"0c + 2" foam

1171 Double Stud, B33 2x4 24 oo, 12 inch total
127 Double Stud, B39 2x4 24 oo, 12 inch total
131 Double Stud, R4S 2x4 24 o.c., 12 inch total
147 Double Stud, RS1 2x4 24 o.c., 14 inch total

wWalls options R Aszembly  Framing Lifetime
(hr-zgft-FiBtu) Factor [years)

11 B11 batts, 2x4, 16"0c 5.2 25% 30

2) R13 batts, 2x4, 16"0c a1 25% 30

94 3%

153 20%
1548 25%
17.0 25%
224 20%
235 20%
299 20%
272 14%
306 14%
336 14%
3|/F 14%

30

30
30
30
30
30
30
30
30
30
30

O 1-Base |0 2-Walls [0 2-Window Type [0 4 - Lishting [0 & - Funace |0 6 - Water Heater |
EI Building
----- Crientation .
----- wors | 3) Option INputs
----- Aszpect Ratio
----- Mizc Electric Loads
----- Hesting Set Poirt
----- Cooling Set Paint 1
=l Envelope
- 2= s5 67 & 9100 1213 14]
----- Cailing
----- Thermal Mass 1
----- Infittraticn 1 R
= Foundation
L.... Slab
----- Basement
----- Crawl Space
=l Windows & Shading
e incowy Areas [ 5 &
e Windo Type (1 zFl & 5 6 7 & 9l
----- Eaves —
[l Appliances
----- Refrigerator 1
----- Cooking Range EE
----- Dizhashar
----- Clothes Dryer
----- Clothes \Washer
[ Lighting
----- Hardwired Lighting
----- Plug-in Lighting [ E
El Equipment 3z
0 ik i e el S 4 A "« E r = o
E: | ¥

R-values are ar-to-an and nclude the etfect of the framing fachar.

| The mattix provides a snapshot of selected options actoss all categories. Maote that | 15 also active

SEEDEw L E

@ BEopt,. | BO2ME., + BEMir

[ Previous rurtime: 1m (6 simulstions)

4“;"‘__ BEopt 0. [ ! 2 = & !

il AT P




ixBEopt 0.8.0.98 Beta - sample design and parametric modes

File Screen Casen Run Took: Help

O = E k? Input:_E fal Dutpct: [l Fun b Il B Took: 1F @ A BEOpt inpUt

Analpzz |[D] Desan - FetBldao: I1 - Baze __:_] Costs: JDefault L!

_”E what-ifsT @ envelope, eguipment designST E 1-category sensitivit_l,lT |E 2-category sensitivit_l,lT Combined Graphs\|

O 1-Base |0 2-Walls [0 2-Window Type [0 4 - Lishting [0 & - Funace |0 6 - Water Heater |

=] Building P wWalls options R Aszembly  Framing Lifetime

... Orientation BNz =456 7 9M0f 12131415 1] (hr-sit-FiB) Factor (years)

; ' = 17 R11 batts, 2o, 16"0c 52 25%, 30

- Meighbors 2) R13 batts, 2x4, 16%0c 9.1 25% 30

- Aspect Ratio 9.3 25% a0

i Miso Electric Loads 1 ;

- Heating Set Paint 1 £) R21 batts, 26, 24"ac 153 20% 30

:.... Conling Set Paint ] B) R11 batts, 2x4, 16"c + 1" foam 154 25% 3
71 R13 batts, 2x4, 16"0c + 1" foam 17.0 25% 30

'? E"'"E NN ¢ R K RCAER 8) R19 batts, 26, 24"0c + 1" foam 224 20% 30

: 9) R21 battz, 2x6, 24"0c + 1" foam 2358 20% 30

e Celling 101 R19 hatts, 2x6, 24" + 2" foam 294 20% 30

Thermal Mass 113 Double Stud, B33 2x4 24 oo, 12 inch total 272 14% 30

- |nfittration ] 12 Double Stud, B33 2x4 24 oo, 12 inch total 306 14% 30

= Foundation 13 Double Stud, R4S 24 24 0.c., 12 inch tatal 336 14% 30

. Siab " Cate g 0 ry 141 Double Stud, R51 2x4 24 0.c., 14 inch tatal a7 14% <l

oo Basement [ H]

Lo Crawd Space 1

= Windows & Shading =

L indoy Aress [1 2 3EY5 ¢ Optlons

----- Window Type B4 56 782 910N

..... By _9

[l Appliances

o Refrigerator 1

“ Cooking Range OHA

- Dishwasher

o Clathes Dryer

Lo Clothes Washer

[ Lighting

- Harchwired Lighting

s Plug-in Lighting [ E

El Equipment 3z

0 ik i e el S RG] "« E r = o
| 4 | & R-values are ar-to-an and nclude the etfect of the framing fachar.
| The mattix provides a snapshot of selected options actoss all categories. Maote that | 15 also active [ Previous rurtime: 1m (6 simulstions)

SEBEDE®S & 7 eEpt. | DaMe, T B M. Y BEopt 0., | I MiE.. 18 5 7 o iniad P
¥ BEOD :



AxBEopt 0.8.0.99 Beta - sample design and parametric modes

File' Screen Case RuUn

Tools: Help

O = E k?
[0] Deszian

Aralss _:_]

Input:_E fal Clutpot: !&_ Run B Il B Took iB @& 2

FerBlda: I1 -Baze | Costs JDefauIt

i

BEopt input

@ what-il [F] Parametric

iprnent designsT |E| 1-categon sensitivil_l,lT |E| 2-categon sensitivit_l,lT Combired Graphﬂ

[0] Optimizatiory™ <

[ 1-Base | 2-

[= Building
tion
oo Meighbors
Azpect Ratio

Lo Mise Electric Loads
Heating Set Point
Lo Cooling Set Poirt
[l Envelope

- Ceiling

“oo Thermal Mass
Lo Iniltration

[l Foundation

... Basement

Lo Cravwl Space

El Windows & Shading
e Windoy Aress

[ Appliances

Lo Refrigerator
Cooking Kange

- Dishwasher

i Clothes Dryer

Lo Clothes Washer
=] Lighting

i Hardwired Lighting
Lo Plug-in Lighting

[l Equipment

‘ 3 windons Tone | 14| inkting | & Fumars | 1

B - "Water Heater |

. . on options
Analysis Modes: [~
n-Tacing
t-facing
(D) Design g
heast
. hrovest
(P) Parametric peast
(O) Optimization ¢
T 13) NN
qz 34567 T4) WY
CETE o v
1 2 205 &
[ 2EI4 567 2 3101]
4
HE
1B

3456789

5

i A i T ronon

Azimuth Lifetime
(degrees) [years)

180.0

0.0 -
oo -
2700 -
a0 -
430 -
2230 -
1330 -
FTa -
2923 -
247 5 -
2023 -
1373 -
1123 -
G7.3 -
2243 -

M
W

Diirection the front of the houge [with garage] faces.

Fun with BEopt 0.58.0.93 Beta  Previous runtime: 1m (6 simulations]




AxBEopt 0.8.0.98 Beta - sample design and parametric modes

Filew Screen Case Run Tool: Help

O B A e =6 [

Dutput]! Fem b 1 M

Graph @{ 'El iﬂ-? k

Fef Bldg: ]'I -Baze

=]

Took: CF ’F B

BEopt output

_HE what-ifsT @ ervelope, equipment designsT |E| 1-category sensitivilyT |E| 2-ategorny sensitivityT Combined Eraphs\|

188-
184 &

1777
1725
166

Cost/Energy Graph

1614,
165-
150-
145-
139-
134 ———

R
S

Eom

Mortgage + Utilities (B/mth)

003 6 9 12 15 18 M 24 27 30

Source Energy Savings (%)

m

Ewildin,
Orientation
Heighbors
FAspect Ratio
Mlisc Electric Loads
Heating Set Point
Cooling 5et Paint

Enwvelope
Wrallz

Ceiling
Thermal Mass
Infiltration

Foundstion
E EE

Bazement
Crawl Space
ndowes & Shadin

Window Areas
Window Type
Eaves
EE?Iiances
efrigerator

Cooking Range

219

[gh)
=
-

B mizc. (@)

P2
—_
=

B Hot wister ()

End

Use Graph

Saurce Energy Use (MBtufyn

Coaling Fan (E)

NN ()

B Hesting Fan (E)
Light= (E)

B niizc. (B

T
1-Base
4-Lighthg

T T
3- Wnchow Type a-

T
Faniace
G- Waker Heaker

Crishwwasher
Clothes Dinyer
Clothes Miasher
Lighting
Hardwired Lighting
Flug-in Lighting
Equiprient
Adr Cnnﬂl%mner
Furnace
Heat Fump
ERW
Water Haater
Cructs
Renewables
olar

SOHW Azimuth
SDHW Tilt
FW Size
P Azimuth
P Tilt

HWAL Sizin
Cooling Eapacﬂ%

Heating Capacity

{* - i i i -
1-Base 2-Wialls 3 - Window Typed - Lighting 5 - Furnace G - Water Heater
507 51,4220 a1 (F 1087 [F34E) [RE2E)
1
[ |
[ | —1
) Options Graph
|
| |
|
|
| —
|
[ |
| R |
| —1
| -1
[ |
0.0% 4 5% 2.1% 2.8% 5.9% 3.4%
Optien o b rent Poind === Fazitive Change fram Ref Bldg
Numbers

FAurailable Options

M egative Change from Fef Bldg

O

Right-click for graph options.

Previous runtime: 1m (6 simulstions)
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The Path to Zero Net Energy

Finding minimum cashflow
designs at various energy-savings
levels
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2,500
- cash flow A
2 000 [ Imortgage

N utility bills

1,500

energy-related

cash flow 1,000

500

Mortgage Incr. + Utilities ($/year)

0% 100%
Source Energy Savings (%)

energy savings
relative to base
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2,500
- cash flow A
2 000 [ Imortgage
= I utility bills
o
T
& 1,500
0
Q
= 1,000
+
o
(@)}
@®©
2
S 500
= L
100% utility bills
0
0% 100%

Source Energy Savings (%)
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2,500
- cash flow A
2 000 [ Imortgage

N utility bills

1,500

1,000

500 Reduced utility bills

Mortgage + Utilities ($/year)

0% 100%
Source Energy Savings (%)
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2,500
—— Cash flow ;
2 000 [ Imortgage
I utility bills
1,500

1,000 ~~ Mortgage increment

to pay for efficiency

500

Mortgage + Utilities ($/year)

Reduced utility bills

o~

0% 100%
Source Energy Savings (%)
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2,500
— cash flow
2 000 [ Imortgage
= I utility bills
(O]
2
& 1,500
%) PV
Q
5
1,000 -
+ $ efficiency >$
) PV
(@)}
]
=y
S 500
=
0
0% 100%

Source Energy Savings (%)
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Bullding Technologies Program

Mortgage + Utilities ($/year)

2,500

2,000

1,500

1,000

500

- cash flow 4
[ 1mortgage
I utility bills

0% 100%
Source Energy Savings (%)

0% utility bills



/LN LS. Depariment of Energy
.4} Energy Efficiency and Renewable Energy

':'ll"l'l-I:r'-J (4F o4 | FA.1.|:|,-'_' Fill™ ey Ty W e, Te=a "Eeliie i afinmanne

Bullding Technologles Program

BEopt “Swoosh”

Mortgage + Utilities ($/mth)

400+
360~
3201
280~
240-
200~
160+
120+
80~
40-
0

0

10

20

30 40 50 60
Source Energy Savings (%/yr)

70

80

I |
90 100
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Results: San Diego
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Savings: Energy & Cash Flow

Reference Pt Min. Cost Pt PV Start Pt Break-Even Pt ZNE Point

Source Cash = Source  Cash® = Source Cash! = Source  Cash! = Source  Cash!  Array
Energy Flow Energy  Flow  Energy Flow  Energy Flow = Energy  Flow Size

(MBtuty) — ($1y) = (%) (%) (%) (%) (%) (%) (%) (%) (kWp)
Phoenix 185 1700 = 38 24 46 12 50 0 100  -106 5.9
San Diego 116 1450 = 32 17 40 12 46 0 100 -76 4.5
Atlanta 175 2100 = 34 21 49 10 53 0 100 -95 6.2

Chicago 203 1950 22 15 49 -10 43 0 100 -169 8.1
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BEopt Summary

Runs hour-by-hour detailed simulations.

Evaluates realistic (discrete) options for building
efficiency and solar water heating.

Finds optimal (efficiency, SWH, PV) designs for entire
range of energy savings from base case to zero net
energy home.

Identifies near-optimal alternative designs.

Automatically implements the Building America
Benchmark.

Part of the Building America systems engineering
process
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Thank You!



. 11.5. Depariment of Energy
"{'. / Energy Efficiency ann Hﬂnewahla EnBrB‘.h‘ 4
Bullding Technalogies Progmm )

Extra Slides
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SketchUp

View 3D building
and shadows

BEopt GUI

Input, Run, Output DView

. View hourly results

Cost Selector
Add, modify datasets

cost_template.ico

cost_selection.ic
o0 (5KB)

Library
Manager H
optiomn_ g2.i

co (5 KB)

Option Editor
Add, modify options

Library.xls
View option details

DOE-2.bmi TRNSYS.bmi

Building SWH, PV
simulations simulations
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Florida Household Energy Use

HERS Reference Hom e HERS Reference Hom e
North Florid a South Florida

Misc

galina

eating

Energy end-use pie charts showing the differences in residential

building energy end-uses for north and south Florida climate zones.
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Florida Household Energy Use

Cooling Load Sources Heating Load Sources

Central Florida Central Florida

Sensible Infiltrati Windows

Sensible Infilktrati
Latent Infiltrati

indows
Latent G ain Floor
alls
alls
eilings
Sensible Gain 00rs Duct

eilings

Florida Solar Energy Center
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Annual Cooling Load Components
Tampa FL, 2000 sqgft Residence

Duct Leaks- 1006 Cuct Gain-12%
s Appliancas-16%

ho
aify

Windows - 20% Walls - 6%

Florida Solar Energy Center
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Frormpa Sorar Enercy CenNTER

A Research Institute of the University of Central Florida

|l.-

High Performance Housing

Subrate Chandra
Neil Moyer
Jay Fechtel

Karen Childress

SouthEast Building Conference July 14, 2005

E ndustrialized a2l
Housing Parinership_ %ran
U.5. Departmant of Enargy
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Hot & Humid Design Strategies

Manage the Water
» Keep liquid water out of building
 Control water vapor

Manage the Air
* Produce dry air inside the building
e Direction of air flow (positive
pressure)
 Control contaminants

Manage the Heat (Energy)
 Building envelope
* Windows & lighting
» Heating, Cooling & Ventilation
systems
* Parasitic loads
* Alternate energy sources
e Testing & Commissioning
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Hot & Humid Design Features

A. Efficient Windows
B. Compact and Tightly
Sealed Duct Runs

C. Right-Sized and
High-Efficiency HVAC
Equipment

D. Ventilation

E. Dehumidifier

F. Sealed Combustion
Appliances

G. Overhangs

H. Insulation

|.  Air Sealing

J. Well-Designed
Moisture Barriers

K. Building System
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Window Orientation and Shading

Fence

Closet
Garage

Utility
mom




¥ IL.5. Department ol Energy
L& + Energy Efficiency and Renewable Energy
':ll'l".'u] W el ST N OEST, T mwegia 37 afitooanne

T W AOIET Tl

Eul.lding Technologies ng:ﬁm

ENERGY STAR Windows Climate Zone Map

B Northern
Mostly Heating

North/Central
Heating & Cooling

South/Central
Cooling & Heating

Southern
Mostly Cooling

4 Alternative
Criteria Allowed
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Energy Efficient Design Features

« HVAC System

* Right sized 2-speed high SEER (15+) heat pump with variable
speed blower

o Airtight tested ducts w/ returns. Keep ductwork within the
conditioned space wherever possible

«  Air Handler Unit in conditioned space

» Positive Pressure ventilation

Programmable thermostat

o Zoned HVAC system

o Water Heating/Appliances
e Solar water heater
 EnergyStar Refrigerator and Dishwasher
» Pilotless gas oven and cooktop or solid disk, radiant, or
Induction elements cook top



.r‘ % Uk Depariment of Eserpy
F  Energy Efficiency and Renewable Energy
ﬂmq.rq L Fﬂlﬂ'.-':ll'll."! wl ¥ & EEE, B T
Bullding Technologies Program

Energy Efficient Design Features

e Lighting
 Energy Star labeled fixtures and use of compact fluorescent
bulbs

* Closet light switches on built-in timers
« Light colored interior surfaces

 Fans and Fireplaces
 EnergyStar ceiling fans
«  EnergyStar kitchen exhaust fans ENERGY STA
« Exhaust fans vented to the outside
* Lowe-sone EnergyStar bath fans with timers or humidistats
* Direct-vented fireplace with a fresh air intake

3
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U.S. DOE Secretary Samuel Bodman Announces Builders
Challenge at the 2008 International Builders Show (IBS)

February 14, 2008, Orlando , FL — U.S.
DOE Secretary Bodman posed a challenge
to the homebuilding industry — to build
220,000 high performance homes by 2012.

Homes that qualify for the Builders
Challenge must be between 70 and 0 on the
EnergySmart Home Scale (E-Scale) and
meet the Builders Challenge Quality
Criteria.

Secretary Bodman posts the first E-Scale
on the Palm Harbor Green Home in the
Professional Builder Show Village at the
International Builders Show.

NAHB’s Bob Jones shakes the
Secretary’s hand and helps to launch the
Builders Challenge.
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LU.5. Department of Enengy

EnergvSmart Hnme Scale™
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The E-Scale allows homebuyers to understand — at a glance — how
the energy performance of a particular home compares with others.
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Builders may place the E-Scale on or near the home's electric panel
to show potential homeowners the energy performance achieved by
that particular home or model. Participating builders and partner
organizations can also:

* Place their logo on the E-Scale
label with program or product

names
« Augment the rating with estimates s o
of annual energy cost savings — E ——
which may help homebuyers get 3

better mortgage terms .
* Include estimates of the carbon WROSRAET  mmeuider -

footprint associated with the
energy rating

Enprgvﬂmaft Hnme 51_.1IE'
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HERS Index

Existing ‘Typical”
Home

)

110

American Standard ! 100
Mew Home {2006)
30

EPAENERGY STAR
New Home

Met Zero Energy
Home (ZEH)

- 70

g

80
< Your Home =75
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Progecioed Rating Based on Plan
Finld Parformance Test Required for Reting Confinmaticn
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Building Energy Analysis

EnergyGaugé

e

* Florida Solar Energy Center
e Energy Gauge

* Energy Code calculations and compliance reports
 Building Energy Ratings and Rating reports
e Economic analysis of building energy improvements

And for Pro versions, EnergyGauge USA software provides the
following additional features:

 State-by-state pollution analysis reports for SOx, NOX,
and CO,
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The Affordability Factor

NAHB-RC national survey (February 2006) shows 82% consumer acceptance of
ZEH when energy savings offset mortgage increase

Typical 7206 q fr.
hivmia - STBO0AL """'\ Enargy Demand

U1 Eﬂﬂ'ﬂhlr/

al 1'% maige

Bunlding Americn Mat-Zern Energy Use
gaal: 60 70%

Purchadid
MRy i ""h“ Enwiygy

ol IIH-!-LIII :Ei.H-IE ZEN-U
Progression to Full ZEH
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Zero Energy Homes

 Bag

Tim Merrigan, National Renewable Energy Laboratory
Presentation tothe 2002 Southeast Building Conference
July 27,2002
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SheaHomes ST

 First major production home builder in U.S. to
build today’s ZEHs as standard in a community
— 306 homes sold out one year earlier
— Homes appreciated faster than comparison homes
— More profitable to offer as standard than as option

 Shea Home Features
— Homes 38% more efficient than California’s Title 24

— All have 1.5 kW solar water heaters
— 120 have 1.2 kW or 2.4 kW solar electric systems
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Professional Builder (February 2001) pullder

Shea to build 100 Solar Homes

"My intent was to make this
the most energy efficient
and largest production
project that generated its
own energy in the United
States,"” says Ryan Green,
Community Development
Manager for Shea.
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The Anatomy of High Performance by SheaHomes

SOLAR ELECTRIC M Bl <0 AR HEATED
POWER PANELS ! WATER

RADIANT ROOF
BARRIER

INNOVATIVE HVAC '. x SPECTRALLY SELECTIVE
DESIGN .- SMART GLASS
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Comparison Home
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Scripps Highlands — San Angelo
Shea Homes (California)
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Average Sales Prices

Home Size SheaHomes Comgr?]reisson

Categories (n= 306) (n= 101)

< 2,600 ft2 $536,246 $567,471
2,601 — 3,002 ft2 $590,373 $621,289
3,003 - 3,300 ft? $607,166 $627,653

3,301 — 3,376 ft? $630,091 $679,755
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Property Value Appreciation

Variable SheaHomes | Comparison
Length of ownership

(range) 9.9 - 43.9 mos. 17 —40.2 mos.
Mean length of owner-

ship before resale 22.5 mos. 28.1 mos.
Mean $ gain $306,510 $262,968
Mean % of $ gain 55.4% 44.7%
Mean $ gain/month

owned $14,492 $9,301
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Original & Resale Prices

Community | Original Price | Resale Price
Shea Homes Range: Range:
(n =15) $483K-$701K | $680K-$1.1M
Mean $556,344 | Mean $862,853
Comparison Range: Range:
Community  $538K-$711K | $760K-$995K
(n=12) Mean $598,028 |Mean $862,590
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Types and Sources of Data

Three types of data were collected:

e Contextual data

* Household and homeowner data

o Utility data

Utility data for 132 homes were collected on
* Therm usage and costs

 kWh usage and costs

 Monthly combined utility costs
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Monthly Electricity Consumption in
10 Individual Comparison Homes

3000

Electricity Consumption (kWh)

—o— R348 —8— R350 —A— R352 R357 —— R358 —A— R363 —#— R365 —#— R368 —A— R371 R372
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Monthly Electricity Consumption in
10 Individual Shea Homes (w/PV)

Electricity Consumption (kWh)

R146 —=— R149 —aA— R157 R180 —=— R183 —e— R187 —&— R188 —A— R189 —e— R204 —a&— R20!
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Bill Savings vs. Comparison Homes
(Actual Gas & Electric Utility Bills)

Avg. Monthly
Home Category Bill % Savings
Comparison homes $174 NA
Shea energy efficiency &
solar water heating (SEE) $149 14%
Shea SEE + 1.2 KW PV $123 29%
Shea SEE + 2.4 kW PV $ 80 54%




/., LS. Depariment of Esergy
% Energy Efficiency and Renewable Energy

ﬁ|HW'pm W PO L. iy BV RO, T e At

==

Bullding Technologies Program

Combined Annual Utility Bills

Avg. Annual

Total Utility
Home Category Bill % Savings
Comparison homes $2,080 NA
Shea SEE + 2.4 kW PV $ 961 54%




®

1L.5. Department of Energy

Energy Efficiency and Renewable Energy

ST (I W RO Tl whans gy 10 URBAF. BEECER m=aite 33 afteTre
Buliding Technologles Program

SheaHomes ZEH Summary

o SheaHomes showed that homebuyers will buy

highly energy efficient homes with solar electric &
solar water heating systems

« SheaHomes sold for less than the comparison

homes — even with the ZEH upgrades

« SheaHomes buyers had greater price appreciation

than the comparison community upon resale

 Today’s ZEH, I.e. cutting utility bills 40-60% sells

very well for homebuilders
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ZEH (Standard by 2020)

e “The standards (ZEH) would be
required for new residential
construction projects starting in 2020
and commercial construction projects

starting in 2030” Proposed by the California
Public Utilities Commission, Sep 17, 2007



