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NESEA is a registered provider with the American Institute of Architects
Continuing Education Systems. Credit earned on completion of this program will
be reported to CES Records for AIA members. Certificates of Completion for
non-AlA members will be mailed at the completion of the conference.

This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AlA of any material of
construction or any method or manner of handling, using, distributing, or dealing
in any material or product. Questions related to specific materials, methods, and
services will be addressed at the conclusion of this presentation.
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Learning Objectives

= Understand methodology involved for a systems
engineering approach to whole house energy performance

= Understand decision making process from a designer as
well as builder perspective

» Understand differences in energy simulation results
compared to actual use and occupancy energy use
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Project Background

= Builder Desire to move towards low energy buildings

= Need for guidance to help make informed decisions
= Best practices
» Product and technology choices
» [nternal company education
= Avoiding future liability
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Project Background

= Partnership between Nelson Construction and Building
Science Corporation

= Community supported by the US Department of Energy’s
Building America Program
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Project Overview

= Hamilton Way o
= Located in Farmington, CT s -
DOE Climate Zone 5A VR0 .
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Project Overview

= 3 Plan Types with 2 Options A
= Sedgwick ‘s, 7 ~HAMILTON | WAY

= Standard (3600ft? + 1600ft2 bsmt) &l W/ e
= Walkout (3700ft2 + 1600ft2 bsmt) B Qe
= Griswold \K AD . rie
= Standard (3000ft? + 1200ft2 bsmt) T D\ W .
= Walkout (3300ft2 + 1300ft2 bsm) . e
= Ridgewood W 'i\ ‘ .
= Standard (3300ft2 + 1400ft2 bsmt) *.l w\ | €
= Walkout (3300ft2 + 1400ft2 bsmt) | P
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Project Overview

= Typical House
» Single family residence = 3to 4 bathrooms
» 4 bedrooms = Conditioned basement

K
'''''''''''''

THREE-CAR GARAGE

......................

llllllllllllllll

FRONT STOOP
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Preliminary Design Analysis

= Focus on “low load” buildings

= Cold climate — conductance and infiltration dominate space
conditioning loads — focus on high R-value assemblies and
air tightness.

= High efficiency heating system key in Climate zone 5A to
manage the remaining load — however high efficiency
appliances used throughout.

= Energy reduction goals met without the addition of
renewable energy technologies — offered as a option for
home buyers
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benefits of each
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energy consumption reduction method

walkout — Lot 7)
= Hourly energy simulations run to examine

= [nitial plan chosen as model for the community (Sedgwick

Prel

10

Sedgwick plan front elevation
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Preliminary Design Analysis

= For each parametric
step the following was

examined

= Site and Source energy
savings
= Utility costs savings

= Capital cost for energy
reduction strategy

= Market acceptance

Building America
Benchmark 2008

solar orientation
neutral

basement R-9.3
R-5.2 slab-edge insulation

2x6 std framing, R-20
R-2 inulating sheathing

ceiling R-36

Windows
vinyl frame, double
pane low-e
U=0.39, SHGC=0.32
18% glazing ratio

Infiltration at
SLA=0.00046

Ducts in conditioned space
15% duct leakage

Gas furnace
78% AFUE

74 cfm intermittant
ventilation, no
heat recovery

gas hot water heater
EF=0.53

no solar system

14% fluorescent
lighting

standard appliances

2% 2.0%
1
Worst Case Orientation
Windows as Designed
15% glazing ratio

3% 1.3%
2
Standard Insulation
Package
basement R-10
R-10 below slab
R-50 ceiling

R-36 raised floor

R-19 2x6 OVE walls

32% 1.7%
7
14 SEER
central AC

37% 5.3%
8
95% AFUE
gas furnace

40% 2.7%
9
3 % duct leakage

49% 0.7%
12A
high SHGC windows
U=0.32, SHGC=0.4

7% 3.5%
3
R-5 insulating sheathing

42% 2.1%
10
0.82 EF
Instantaneous DHW

51% 3.3%
12B
triple glazed windows
U=0.19, SHGC=0.3

9% 2.6%
4
R-13 insulating sheathing

12% 2.1%
5
Harvey Windows
U=0.32, SHGC=0.3

Energy Star
appliance package

L]

30% 18.5%
6
BA airtightness
2.5 in2 per 100ft2
enclosure area
SLA=0.00019

46% 4.2% 50% 1.9%
1" 12C
100% CFL solar hot water system
package 40 ft2 collector
48% 1.8%
12

Red numbers indicate overall improvement
Blue numbers indicate incremental improvement
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Preliminary Design Analysis

BA Benchmark Prototype 1
kWh therms kWh therms
Space Heating 1752 2277 722 961
Space Cooling 2842 1119
DHW 0 270 0 144
Lighting* 3781 1761
Appliances + Plug 6810 0 6459 0
OA Ventilation** 15 18
Total Usage 15199 2647 10079 1105
Site Generation 0 0 0 0
Net Energy Use 15199 2547 10079 1105

*Lighting end-use includes both interior and exterior lighting
**In EGUSA there are currently no hooks to disaggregate OA
Ventilation, it is included in Space Heating and Cooling

Million Btulyear (source energy)

BHeating B Cooling @ Hot Water OLighting O Other

Lot 7 - parametric analysis graph
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Community Design

» Building Enclosure
= Ceiling
» Rafter framing with cellulose at ceiling level

(R-50)
= Walls
= 2X6 wood studs at 24" o.c. with cellulose = :
cavity insulation (R-19) and 2” foil faced s — -
polyisocyanurate insulating sheathing | —

» Framed Floors Over Unconditioned Spaces
= 2x12 |-joists at 16” o.c. with 2" closed cell
spray foam (R-12) to the underside of the oo
floor sheathing. Remaining joist space fill et

cccccccccccc

with fiberglass batts (R-32)
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Community Design

» Building Enclosure
= Foundation

= Concrete basement walls with 2" XPS
(R-10) cast into the concrete

= Concrete floor slab with 2” XPS (R-10
under the slab

= Windows
» Double glazed Low-E vinyl windows
= U=0.32
= SHGC =0.27

Asphalt shingles

Roof sheathing

Roofing felt overlaps ice/water membrane

Self-adhered ice/water
membrane 2" in from exterior
wall plane

Insulation baffle

- / 2x12 rafter

2x12 joist

Continuous soffit

Housewrap lapped over self-adhered
membrane flashing

Self-adhered membrane flashing
lapped over window head flange

|
|

o |

Metal drip edge £ 1
u

&

Selt-adhered membrane H
pan flashing

Housewrap lapped into rough

opening

Extended sill for structural support
for window

Cladding -
Housewrap »

2" foil-faced polyisocyanurate insulation s

R-50 blown cellulose
insulation

Gypsum board
Sealant

Low expansion urethane
foam air seal

Sloped window sill
(beveled siding)

Sealant

Gypsum board

2x6 at 24" o.c. wood
framing

R-19 blown cellulose
insulation

' sheathing == 3

Insect screen

Metal flashing

Sealant
Construction adhesive

Dampproofing <

Ground slopes away from |
wall at 5% (6 in. per 10 ft

o dcazam SEEELE

Liquid applied capillary
break on top of footing

Filter fabric (wrap around
gravel bed)

el

4" perforated perimeter

Closed cell spray foam

Capillary break under
sill plate

10" concrete foundation
with 2" XPS cast into
center (Thermomass)

Sealant
4" concrete slab

2" XPS insulation under
slab

4" stone pad (no fines)

drain
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Community Design

» Building Enclosure

Air Barrier

= “Critical Seal” approach

= Caulked and sealed interior gypsum
» Closed cell spray foam

» Rim joists
= Band joists

= Top plates (ceiling plane)
= Mechanical and electrical

penetrations
= Performance target

= 2081 to 2470 CFM50

= 3.0to 3.3 ACH50

Hamilton Way — High Performance Community Case Study

Asphalt shingles
Roof sheathing

Roofing felt overlaps ice/water membrane
Self-adhered ice/water

membrane 2" in from exterior
wall plane

Insulation baffle

Metal drip edge
Continuous soffit

Housewrap lapped over self-adhered
membrane flashing

Self-adhered membrane flashing
lapped over window head flange
Selt-adhered membrane

pan flashing

Housewrap lapped into rough
opening

Extended sill for structural support
for window

Cladding
Housewrap

2" foil-faced polyisocyanurate insulation
/2" sheathing

Insect screen

Metal flashing

Dampproofing

Ground slopes away from
wall at 5% (6 in. per 10 ft.)

Liquid applied capillary
break on top of footing

Filter fabric (wrap around
gravel bed)

4" perforated perimeter
drain

Ty

/ 2x12 ratter
2x12 joist

R-50 blown cellulose
insulation

Gypsum board
Sealant

Low expansion urethane
foam air seal

Sloped window sill
(beveled siding)

Sealant

Gypsum board

2x6 at 24" o.c. wood
framing

R-19 blown cellulose
insulation

Sealant
Construction adhesive

r~

Closed cell spray foam

Capillary break under
sill plate

10" concrete foundation
with 2" XPS cast into
center (Thermomass)

Sealant
4" concrete slab

2" XPS insulation under
slab

4" stone pad (no fines)
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Community Design

= Mechanical
= Heating
= 949% sealed combustion natural gas furnace
= Cooling
» 14 SEER central air conditioning system
= Distribution
= Single air handler with 2 zones
= All ducts inside conditioned space
= Combination sheet metal and flex ducts

= Compact central distribution for ducts with high wall
registers

» Return Pathways
= 2 returns (low first floor and high second floor)
» Transfer grilles or jump ducts at bedrooms

Hamilton Way — High Performance Community Case Study
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Community Design

= Mechanical
= Ventilation

= Supply only system integrated with the
central air handling unit

= Pollutant exhaust ventilation at bathrooms
and kitchen

= Domestic Hot Water

» 0.82 EF Instantaneous gas hot water
system

Hamilton Way — High Performance Community Case Study
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Community Design

» Lighting and Appliances
= Lighting
» 100% Compact fluorescent lighting
provided for all fixed lighting in the home
= Appliances
» Energy Star Appliances

= Renewable Energy

= Photovoltaic Systems

= Not standard, but offered as an option for
the homes

Hamilton Way — High Performance Community Case Study
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Community Design

= Energy Modeling Results

ESTIMATED WHOLE HOUSE ENERGY USE BY PLAN NUMBER

Source (MMBtu/ No. of

Plan No. year) Site (MMBtu/year) | Area + Bsmt (sq ft) Bedrooms % Electric
Grandor) 228 137 3611 + 1610 4 25
Sedgwick
(Walkout) 236 145 3695 - 1653 4 23
Ridgewood
(Standard) 215 127 3337 + 1404 4 26
Ridgewood
(Walkout) 221 132 3356 + 1410 4 26
(Stantard) 211 124 3062 + 1255 4 27
(C\j\;zvkvc?llj?) 215 127 3299 1323 4 27
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Construction

= Foundations

= 2" XPS Cast into concrete
foundation wall
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Construction

= Walls

=  2Xx6 wood studs at 24” o.c. with cellulose cavity insulation (R-19) and
2" foil faced polyisocyanurate insulating sheathing (R-13)

Hamilton Way — High Performance Community Case Study
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Construction

= Roof

= Rafter framing with cellulose at ceiling level (R-50)

Hamilton Way — High Performance Community Case Study
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Construction

* Framed Floors Over Unconditioned Spaces

= 2x12 I-joists at 16" o.c. with 2” closed cell spray polyurethane (R-12) with
the remaining cavity filled with fiberglass batts (R-32)

Hamilton Way — High Performance Community Case Study
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Construction

Windows
= Double

= U=0.32 | A

= SH

glazed Low-E vinyl windows

GC =0.27 N —

Call 1800 24TVE g

VDI 1o s

y 4 LOW EXPANSION
) URETHANE FOAM
/ AIR SEAL

_~— SELF-ADHERED
MEMBRANE PAN FLASHING

| —— SLOPED WINDOW SILL
: (BEVELED SIDING)

| HOUSEWRAP LAPPED
— || INTO ROUGH OPENING

L | EXTENDED SILL FOR
l) STRUCTURAL SUPPORT
\ OF WINDOW

I

Hamilton Way — High Performance Community Case Study
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Construction

= Air Barrier
= “Critical Seal” approach
» Caulked and sealed interior gypsum

» Closed cell spray foam at common larger
gaps

Hamilton Way — High Performance Community Case Study
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Construction

= Heating

= 949% sealed combustion natural
gas furnace

= Cooling

» 14 SEER central air conditioning
system

Hamilton Way — High Performance Community Case Study
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Construction

= Distribution
» Single air handler with 2 zones
= All ducts inside conditioned space
= Combination sheet metal and flex ducts

= Compact central distribution for ducts with
high wall registers

Hamilton Way — High Performance Community Case Study 27



Construction

Return Pathways

= 2 returns (low first floor and high
second floor)

» Transfer grilles or jump ducts at
bedrooms
Ventilation

= Supply only system integrated
with the central air handling unit

= Pollutant exhaust ventilation at
bathrooms and kitchen

Domestic Hot Water

» 0.82 EF Instantaneous gas hot
water system

Hamilton Way — High Performance Community Case Study
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Construction

= Lighting
= 100% CFL in all fixed lighting

= Appliances
» Energy Star Appliances

» Renewable Technologies
» Photovoltaics

Hamilton Way — High Performance Community Case Study 29



Construction
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Performance Testing

= Each house tested for overall air

tightness and duct system
leakage

* The results of the testing
were input into the
simulation models and the
plans were re-analyzed

Hamilton Way — High Performance Community Case Study 31



Performance Testing

Measured
Target | Measured| CFM50/ft2 Target | Measured
Lot # Address Plan Name CFEM50 CEM50 E.A. ACH50 | ACH50

1 2 Ingelside Sedgwick (Standard) 2431 1813 0.19 3.0 2.2
2 4 Ingelside Sedgwick (Standard) 2431 1779 0.18 3.0 2.2
3 3 Ingelside Ridgewood (Walkout) 2221 1387 0.16 3.0 1.9
4 1 Ingelside Griswold (Walkout) 2368 1544 0.16 3.3 2.2
5 4 Hamilton Way Sedgwick (Walkout) 2470 1713 0.17 3.0 2.1
6 6 Hamilton Way Griswold (Walkout) 2368 1645 0.17 3.3 2.3
7 8 Hamilton Way Sedgwick (Walkout) 2470 1891 0.19 3.0 2.3
8 7 Hamilton Way Griswold (Standard) 2081 1252 0.15 3.1 1.9
9 5 Hamilton Way Sedgwick (Standard) 2431 1946 0.20 3.0 2.4
10 3 Hamilton Way Ridgewood (Standard) 2195 1473 0.17 3.0 2.0
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Construction Costs

» Standard Construction Package = $115.00/ft2

= Additional costs for energy improvements = 5% of
construction cost

= Approximately $20,000 per house
= Sale Prices $650,000 to $800,000

Hamilton Way — High Performance Community Case Study
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Marketing Benefits

= Public relations opportunities

= Marketing advantage compared to competitor
construction

= Community acceptance/approval
= Builder reputation benefits

Hamilton Way — High Performance Community Case Study
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Collected Data

= Natural Gas Usage (CCF)

Jan-0|Feb-0{Mar-0| Apr-0 |May-0| Jun-0| Jul-0|Aug-0|Sep-0{Oct-0|Nov-0| Dec-0 Jan-1| Feb- (12 month
9 9 9 9 9 9 9 9 9 9 9 9 0 | 10 | total

1 | 2 Ingelside 150 | 150 | 61 | 27 | 14 | 11 9 11 | 16 | 55 | 100 | 102 706

2 | 4 Ingelside 0

3 | 3Ingelside 183 | 170 | 158 | 87 | 27 | 15 | 13 | 7 10 8 61 | 87 |194|172| 826

4 | 1Ingelside 155 | 153 | 125 | 72 | 26 | 17 8 6 9 50 | 100 | 150 871

5 | 4HamiltonWay | 78 | 128 | 91 | 61 | 246 | 382 | 297 | 258 | 324 | 127 | 39 | 74 2105

6 | 6 Hamilton Way | 146 | 146 | 112 | 67 | 24 | 22 | 14 | 12 | 14 | 17 | 47 | 150 771

7 | 8 Hamilton Way

8 | 7 HamiltonWay | 99 | 134 | 106 | 61 | 19 | 10 | 12 | 10 | 11 | 10 | 100 | 150 722

9 | 5 Hamilton Way

10 | 3 HamiltonWay | 150 | 84 | 94 | 42 | 32 | 22 | 22 | 22 | 27 | 51 | 96 | 170 812
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Collected Data

= Natural Gas Usage (CCF)

CCF

200

180

160

140 -

120 -

100 —  ——

80 -

60 -

40 -

20 -

average

=2 Ingelside

4 Ingelside

=3 Ingelside

1 Ingelside

=6 Hamilton Way

8 Hamilton Way

7 Hamilton Way

Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 5 Hamilton Way

3 Hamilton Way
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Collected Data

= Electric Usage (kWh)

Jan-0|Feb-0|Mar-0|Apr-0|May-| Jun-0 [Jul-0| Aug-0 |Sep-0|Oct-0|Nov-0|Dec-0|Jan-1|Feb-1{12 month
9 9 9 9 |09 9 9 9 9 9 9 9 0 0 total
1 | 2Ingelside 1000|1000 | 463 | 644 | 716 | 969 | 889 | 1191 |1248| 678 | 908 | 1394 11100
2 | 4 Ingelside 784 | 1485 [1405|1159|1747| 2156 |2195| 1526 |2045|1714|1036| 1221 |1577]1291| 18473
3 | 3Ingelside 168 | 552 | 697 | 540 | 523 | 515 | 632 | 753 | 847 | 600 | 633 | 894 7354
4 | 1Ingelside 433 | 396 | 260 | 247 | 173 | 198 | 164 | 373
5 | 4 Hamilton Way | 1000 1000 | 1351|1469 |1965| 1054 [1200| 1087 | 1748|1088 | 737 | 827 |1306 14526
6 | 6 Hamilton Way | 149 | 617 | 681 | 695 | 685 | 346 | 223 | 468 | 630 | 416 | 1000 | 1000 6910
7 | 8 Hamilton Way
8 | 7 Hamilton Way | 303 | 418 | 455 | 412 | 387 | 332
9 | 5 Hamilton Way
10 | 3 Hamilton Way |1000 | 1000 | 259 | 572 |570| 601 | 650 | 895 | 979 | 838 | 614 | 759 | 897 | 740 | 8634
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Collected Data

» Electric Usage (kWh)

1600

1400

1200

1000

800

kWh

600

400

200

average

/ 2 Ingelside

4 Ingelside

\ /\/\\//
\ =

6 Hamilton Way
8 Hamilton Way
7 Hamilton Way

Jan-09 Feb-09 Mar-09 Apr-09 May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 5 Hamilton Way

3 Hamilton Way
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Collected Data

Modeled vs. Measured Performance
Modeled Collected
Lot# | Address Plan Name KWh Therms kWh Therms
1 2 Ingelside Sedgwick (Standard) 10217 989 11100 706
2 4 Ingelside Sedgwick (Standard) 10042 909 18473
3 3 Ingelside Ridgewood (Walkout) 9778 881 7354 826
4 1 Ingelside Griswold (Walkout) 9916 930 871
5 4 Hamilton Way | Sedgwick (Walkout) 10379 921 14526 2105
6 6 Hamilton Way | Griswold (Walkout) 9944 950 6910 771
7 8 Hamilton Way | Sedgwick (Walkout) 10080 978
8 7 Hamilton Way | Griswold (Standard) 9705 817 722
9 5 Hamilton Way | Sedgwick (Standard) 10332 1059
10 3 Hamilton Way | Ridgewood (Standard) 9942 821 8634 812
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Questions
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