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Some reasons to insulate
* Comfort

* Ecology

* Durability

* (Cost

Case Study

Cuddeback House, Huguenot NY
Project objectives

* Healthy comfortable house

* Netzero

*  Minimum construction cost



Design Strategies:

* Adapted post-frame cMJction

e Simple cost optimization model

* Cheap, efficient heating/cooling system




Metal

2x4 purlins 24" o.c.
WRE continues unbroken frem wall to
(at eave and rake)

16" overhang, 234 on flat. Total length
min. 5'4"

Seal agalnst Insects
Gutter

16 fascla

3/4" perforated piywood vent panel with
meatal Insect screen above

Roof trusses 48" 0.c., 4:12 pltch

Loose flll cellulese, R 3.8/Inch, 18" settled
depth

il

Reverse board and hatten siding (back
vented Lxcl2 board over 1x3 batten)

Pro Clima Solitex Marrio Plus WRB (grean),
continuous on wall and reof (provided by
ovmer)

x4 glits, ypleal apacing shown (seeother |

dedails for non-typical spacing)

L

1.5" Roxul AFB, R-4.2/1n (provided by
ownar)

AR

4" x 5,25 posts, 98" 0.¢. typ; 5.5" Rexul
ComiortBatt, R-4.2/In (provided by owner);
and 2x6 load-bearing EPS spacer (provided
by owner). See framing elevations,

5/8" drywall (air barrier, red). Run all
drywall and taping conti nuowus past
partition wall framing

3/4" CorAVent {Insant betwean 1x3
battens, 60 vent doss not show betwaen
boards). Add metal Insect screen.

WRB (grean) tapad to 2x6 grade gin
Metal flashing taped to WRE

1
N T

AT IN

VAT

AR AR AR AR R AT AT ARAAY

R AR AR YRR A RARAA AT

” Min. wool batt

7/16 0SB, all seams primed, then taped
(Alr Bamrler, red). Tape product TBD
x4 furring (serdce chase), 24° o
/8" drywall
Il runs to OSB; OSE taped to drywall

(alr barrler, red}. Mote: alr sealing must
happen before fumng,

17 (L.e. flvequarters) bassboard, reuted for
melal plate

all taped to plywood {air barrier, rad)
16-gauge metal plate to protect wirng
1-4/2" electrioal box

/8" wood spacer

ood taped 1o slab, plywood butt joimts
(alr barrer, red)

i ] Phyws
A \\wped

1° foll faced polylaccyanurate laminated to
172" rot-reslstant plywood, Screwed to
greds girt 24° o.c.

sheet taped up to 3 sides of sach post
and taped down 10 EFS, Tape up to Solltex.
via grade girt.

4" poured concrets slab (alr bamar, red).
All penetrations air sealed with tape

10 MIl polysthiylena vapor bartier {grean).
All penstrations alr sealed with tape

6" Type | EPS

374" fiber cement board adhered to EFS

Type [X EPS block, factory cut L-ehapes
with netches for posts
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FPrecast concrete post



Design Strategies:

* Adapted post frame construction

e Simple cost optimization model

* Cheap, efficient heating/cooling system

1) Compare cost of measure to save energy against PV to generate the same amount (but don’t
exceed available roof area)
2) Aim for ~25 year marginal payback

Roof A
Az-180
P-19

28 Panels



Parametric studies

Inner Roxul batt
12"-16" attic cell
16-24" attic cell
4"-6" subslab
6"-8" subslab

Parametric studies

Inner Roxul batt
12"-16" attic cell
16-24" attic cell
4"-6" subslab
6"-8" subslab

Before
(kWhth/a)
4526
4720
4406
4839
4300

Before
(kWhth/a)
4526
4720
4406
4839
4300

After Savings Cost Add
(kWhth/a) ($/a)
4300 $9 $229
4406 $13 $312
4087 $13 $936
4300 $22 $539
3989 $12 $539
Heating COP
Electric Price
PV cost, subsidized
unsubsidized
After Savings Cost Add
(kWhth/a) ($/a)
4300 $20 $229
4406 $28 $312
4087 $28 $936
4300 $47 $539
3989 $27 $539
Heating COP

Electric Price
PV cost, subsidized
unsubsidized

Marginal
Paybk (yrs)
25
25
73
25
43

2.5
0.10
$1,260
$4,350

Marginal
Paybk (yrs)
12
11
33
11
20

25
0.22
$1,260
$4,350

PV cost
subsidized
$95
$132
$134
$226
$131

$/kWh
/kWpk
/kWpk

PV cost
subsidized
$95
$132
$134
$226
$131

$/kWh
JKWpk
IKWpk

PV cost
unsbsdzd
$328
$455
$463
$782
$451

PV cost
unsbsdzd
$328
$455
$463
$782
$451

no labor (owner installed)
contractor pricing
contractor pricing

labor cost excluded

labor cost excluded

no labor (owner installed)
contractor pricing
contractor pricing

labor cost excluded

labor cost excluded



Total Climatic Impact of Insulation

Inputs

Climate HDD (°Fd) 5800
Reference R Value 25 7
Heating Fuel Electricity ™
Heating Efficiency/COP 250 7
Life Span of Insulation (Years) 50 N
BA Release Rate All N
Chart Type Thickness ™
R Value Chart x-axis maxiumum 60
Thickness Chart x-axis maximum 20
Chart y-axis maximum 0.6
Displayed in Graph (mark with "x")

Cellulose N X

Rigid Mineral Wool

Mineral Wool Batt N X

Fiberglass Batt

Loose Fill Fiberglass

Dense Pack Blown Fiberglass N
Fiberboard N
EPS type | (1 Ib/cf)

EPS type VII (1.25 Ib/cf)

EPS type Il (1.5 Ib/cf)

EPS type IX (2 Ib/cf)

Solid PU, n-pentane

XPS, CO2

XPS, HFC-134a

Spray PU, Water/CO2

Spray PU, HFC-245fa

Impact (kgCO2/sfyr)

0.6 7

o
o

Climatic Impact of Energy Use + Embodied GWP

o
»

e
w

o
(N

e
—

0.0 -

5 10
Added Thickness (inches)

20

—Cellulose
Rigid Mineral Wool
Mineral Wool Batt
Fiberglass Batt
Loose Fill Fiberglass
Dense Pack Blown Fiberglass
—Fiberboard
EPS type | (1 Ib/cf)
EPS type VII (1.25 Ib/cf)
EPS type I (1.5 Ib/cf)
=—EPS type IX (2 Ib/cf)
Solid PU, n-pentane
XPS, CO2
XPS, HFC-134a
Spray PU, Water/CO2
Spray PU, HFC-245fa




Total Climatic Impact of Insulation

Inputs

Climate HDD (°Fd) 5800
Reference R Value 25 7
Heating Fuel PV Electricity
Heating Efficiency/COP 250 7
Life Span of Insulation (Years) 50 h
BA Release Rate All N
Chart Type Thickness ™
R Value Chart x-axis maxiumum 60
Thickness Chart x-axis maximum 20
Chart y-axis maximum 0.6
Displayed in Graph (mark with "x")

Cellulose " X

Rigid Mineral Wool

Mineral Wool Batt 3 X

Fiberglass Batt

Loose Fill Fiberglass
Dense Pack Blown Fiberglass
Fiberboard

EPS type | (1 Ib/cf)
EPS type VII (1.25 Ib/cf)
EPS type 11 (1.5 Ib/cf)
EPS type IX (2 Ib/cf)
Solid PU, n-pentane
XPS, CO2

XPS, HFC-134a

Spray PU, Water/CO2
Spray PU, HFC-245fa

Impact (kgCO2/sfyr)

0.6 7

Climatic Impact of Energy Use + Embodied GWP

o
=

o
w
}

o
ho
|

o
.

o
o
l
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5 10
Added Thickness (inches)

20

===Cellulose
Rigid Mineral Wool
Mineral Wool Batt
Fiberglass Batt
Loose Fill Fiberglass
Dense Pack Blown Fiberglass
=—Fiberboard
EPS type | (1 Ibicf)
EPS type VII (1.25 Ib/cf)
EPS type Il (1.5 Iblcf)
——EPS type IX (2 Iblef)
Solid PU, n-pentane
XPS, CO2
XPS, HFC-134a
Spray PU, Water/CO2
Spray PU, HFC-245fa




g CO2-eq./kWh

GHG
60 OBOS -
B Frame
50
EModule
40 1
30
20
10 -
D n
Ribbon | Multi-Si | Mono-Si Rlbbon Multi- S| Mono-Si| CdTe Ribbon | Multi-Si | Mono-Si| CdTe
11.5% | 13.2% 14.0% 11.5% 132% | 14.0% 115% | 13.2% | 14.0% 9%
Case 1 Case 2 Case 3

http://web.mit.edu/2.813/www/readings/esandtPV2008.pdf



Design Strategies:

* Adapted post-frame construction

* Simple cost optimization model

* Cheap, efficient heating/cooling system

—__——_____ . y

Fujitsu AOU9-RLS2 NT‘
Oversized by 110% according to PHPP /



Design Strategies:
e Adapted post-frame

construction

* Simple cost optimization model
* Cheap, efficient heating/cooling system

VENTILATION EXHAUST (24"
ABOVE GRADE)} AND INTAKE
(AT ROOF EAVE LEVEL)

CONDEMNSATE DRAIN TO
APFPROVED RECEFTOR

VENTILATION SUPPLY (S)AND™——— |
RETURN {R) DISTRIBUTION

BCOXES

N-5 RUNS IN RAISED SEFWICE"__—————_________

GHASE ABOVE 2X4 DRYWALL
FURRING

T || el “%ﬁ:
pas—— L

CLOSET 18
|| BaTH

CONDENSATE DRAIN TO
BATHROOM SINK TRAP

REFRIGERANT LINES RO/
IN SERVICE CHASE BELOW
0SB (DO NOT PENETRATE
OSB; SEE DETAIL)
QUTDOOR UNIT HUNG
WALL BRACKETS. BASE 42°
ABOVE GRADE.

VENTILATICN DUCT ROUTED
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A Home Layout Tables Charts SmartArt Formulas Data Review
C4 = fx
1]2 _IA B C D E F G H 1 J K
3 Building:
4 Street: _l
5 Postcode/City:
6 Country:
7 Building Type:
8 Climate:|\Huguenot NY Passepedia
10 Home Owner(s) / Client(s):
11 Street:
12 Postcode/City:
14 Architect:
15 Street:
16 Postcode/City:
18 Mechanical System:
19 Street:
20 Postcode/City:
22 Year of Construction: 2014(plan) Interior Temperature: 20.0 °C
23 Number of Dwelling Units: 1 Internal Heat Gains: 2.1 Wim?
24 Enclosed Volume V,: 388.9 13,732 cuft
25 Number of Occupants: 2.8
28 Specific building demands with reference to the treated floor area use: Monthly method
29 L 0ee sat
30 Treated floor area 99.3 ‘m Requirements Fulfilled?*
31 | Space heating Annual heating demand 38.61 kWh/(m?a) 15" kWh/(m?a) no
32 Heating load 18.4 wWim? 10" Wim? no
34 | Space cooling Overall specific space cooling demand 4.84 kWh/(mZa) 15" kWh/(m?2a) yes
35 Cooling load 8 Wim? - -
36 Frequency of overheating (> 25.0 °C) % ; -
Spae neauy anu "
3g | Primary Energy dehumidification, DHY, goaling. oy, 126.53 kWhi(m?a) 120 kWh/(m?a) no
39 DHW, space heating and auxiliary electricity 72 kWh/(m?a) R -
40 Specific primary energy reduction through solar electricity 115 kWh/(m?a) R -
+| | 42 | Airtightness Pressurization test result ns, 0.5 1/h 0.6 1/h
56 * empty field: data missing; "-: no requirement
59 Passive House? no

Cost

>l 41 Brief Instructions (5}

. - — — — . 1 S A e .
Veriﬁcation&'u_ Climate Data(%)} Notes U-Values(s) / Areas(s) , U-List() / Materials / Ground () , WinType(s) | Windows (s / Shading (5} / Ventilation

Calculation electricity / Internal heat gains

Building type: | Residential building | v}
Internal heat gains
Utilisation pattern: | Dy lling LJ
Type of values used:  Standard LJ
Planned number of occupants
i o .
i Verification | <]
Verification Monthly method | v ]

Specific space heating demand, annual method:

Specific space heating demand, menthly Method:

Certification type  Passive House

A

Normal View Ready

Sum=0 hd

Getting this house to PH standard would require doubling R-values on all sides, highest-end Passive House
windows, a Paul ERV, and tighter enclosure. The energy saved could be generated by 0.8 kW of PV ($3,400
unsubsidized). Which option would be cheaper? Which would have a lower carbon footprint?



So how did it go?



VENTILATICN EXHAUST (24!
ABOVE GRADE} AND INTAKE
(AT ROOF EAVE LEVEL)

CONDEMNSATE DRAIN TO
APPROVED RECEFTOR

VENTILATION SUPPLY (8] MD__\\
RETURN {R) DISTRIBUTION

BCGXES

N-5 RUNS IN RAISED SERVICE__——————_________

GHASE ABOVE 2X4 DRYWALL
FURRING

[ {0

h_—___—__‘———_,_
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_\_\_\_\_\_\_\_\_‘—‘——

CONDEMSATE DRAIN TO
BATHROOM SINK TRAP

REFRIGERANT LINES RO/
IN SERVICE CHASE BELOW
0SB (DO NOT PENETRATE
Q5B SEE DETAIL)

QUTDOOR UNIT HUNG
WALL BRACKETS. BASE 42°
ABOVE GRADE.

VENTILATICN DUCT ROUTED'
THROUGH 2X4 SERVICE CHASE
BELOW OSE {DO NO PENETRATE
0SB, TYP

BEDROOM

OFFICE

[
ENTRY —> BEDRM.
1DB, D |
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Comfort




Comfort

Temperature (F)
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“Comfort in winter is amazing. My wife absolutely loves ‘sunbathing’ in the living
room. The master bath gets a little cold so we have a small heater in there for
showers.”



Electrical Use & Generation
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Durability



Outdoor temperature -1 F

Durability



PEHOE® X000 D0 b B E] A d e @ (@=.(‘Search in Sheet )
# Home Layout Tables Charts SmartArt Formulas Data Review v {3~
134 = Jx| =(132+)32) A
A A B C D E F G H | J
1 PHASES DETAILS Exp. 1 Exp. 1 Notes Exp. 2 Exp. 2 Notes Exp. 3 Exp. 3 Notes Dispersed Remaining
2 GC Fee John Fuller $5,000.00|Fee $2,000.00 $3,000.00
3 DW Fee Energy/Performance Design and Verify $4,000.00|Fee $3,000.00 $1,000.00
4 Septic Design Testing/Septic-well design $3,000.00|Fee $3,000.00 $0.00
5 Tam Lapp Engineering/Consulting $4,000.00 $4,000.00 $0.00
6 Solar Net Cost $8,032.50 $1,785.00 $6,247.50
7 Well Drill, pipe, pump $5,085.00 $5,065.00 30.00
. Building pad, Tree clearing, Driveway,
Excavation Trench for Electric, Septic
8 $18,000.00|Mat/Lab $1,700.00| sand/gravel from dick's $17,200.00 $2 500.00
Concrete Slab
9 $5,200.00|Mat/Lab $5,200.00 $0.00
Posts
Post Frame Shell Metal Roaf
10 $8,748.02|Materials $8,748.02 $0.00
Framing Labor Post Setting, Ext/Int Framing, Trusses,
11 g House Wrap $7,400.00|Labor $7.400.00 $0.00
12 |Roofing/SidingLabor $7,388.00|Labor $600.00 $6,788.00
13 |Siding Materials $7,000.00|Mew Hampton Lumber Labor Est. $7,000.00 30,00
14 Windows Yaro $7,997.00 |Materials $7,997.00 $0.00
15 |Bxt. Doors Therma-tru Meversink Lumber $0.00
16 |Neversink Lumber Materials $6,265.56|Month 1 $3,643.00|Month 2 $2,518.00|Month 3 $6,265.56 $6,161.00
. - Laborirough
17 Plumbing Rough and Finish $3,224 56 |Fixtures See Tab $6,925.00 | pipeffittings $5,532.56 $4,617.00
18 |HVAC Rough and Finish $7,799.37 | Materials See Tab $300.00 | Est Labor for Huang $8,089.37
19 |Blectrical Rough and Finish $1,000.00|Fee $2,560.00labor $2,623.99 | Materials total, see $2,623.99 $3,580.00
20 |Insulation Floors, Walls, Ceiling $5,493 87 | Total See Tab 2850 |cellulose joe $8,343.87 $0.00
. . . . Total See Tab
Air Sealing WRE/Taping Materials 5002.82 $5.002.62 $0.00
Drywall Hang, Tape, Finish, Texture $6,000.00 $0.00 $6,000.00
Paint/Stain Interior white $1,200.00 $200.00 | Extra coat $1,400.00
Kitchen Cabinets/Counters Materials + Counter install $4,278.79 %4 278.79
Trim Package Doors, Trim, Closets $2,000.00| Trim Est. $238.18 | Pocket Door Frames $2,238.18
Appliances $4,000.45|See Tab $4,000.45
Floor Finish Sealer $2,500.00 |Labor $271.11 | Protective Floor Co $271.00|Selear $219.00 $2.823.1
Tile Bath §1,254.37 |Materials See Tab $1,300.00|Lab Estimate Remain Mat Est $1,254.37 $1,300.00
Other 5818.36 |Materials See Tab 52,830.00|Cash Help $818.36 $2,830.00
TOTAL $103,055.55 566,863.40
Reimbursed
t Grand TOTAL 5169,918.9'5-IJ
35

» »1 [T Construction Costs | Draws | Cash J Electrical /| HVAC | AirSealing | Insulation | Other ] Plumbing | Appliance

Cost

Plus land, closing costs, a few others: ~$195,000
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2 Dandee Cir,
Huguenot, NY 12746

3 beds - 2 baths - 1,300 sqft

Cost Edit home facts for a more accurate Zestimate.
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