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Octagonal Structure: Approx. 1237 $4q. Ft Hﬂc"t'a_ngular Structure: Approx. 1237 Sq. Ft.
Perimeter Length: 128 Ft. 5 F'erimef'er Length: 149 Ft.

Exterior Wall Surface Area: 1152 Sq. Ft Exterior Wall Surface Area: 1341 Sq. Ft.

Efficiency by shape
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Sensitivity Analysis: Annual Heating Demand



Roof Cavity Insulation

wall Cavity Insulation

Thermal Shutters

Slab Insulation

Frost Skirt Thickness

Frost Skirt Width

Exterior Doors U-Value

— Window U Value

Window SHGC

Window SHGC (South Only)

Orientation

Air Tightness
Heat Recovery
Thermal Mass
North Windows
East Windows
South Windows

West Windows






Sensitivity Analysis: Annual Heating Demand






400 FT Ground loop
Heat exchanger @ 12 foot depth









Ventilation comparison Zehnder NOVUS 300 to Exhaust only

Primary Energy Peak Heat Load Annual Heating Annual Heating Annual Heating Heating costs Heating costs
KBTU/SF/YR  BTU/HR KBTU/SF/YR  KBTU/YR Fuel Oil 85% No. 2 oil Total
HRV Zehnder NOVUS 300 34.9 4103 8.45 12988 124§ 510 (S 630.83
Exhaust Only 51.1 7264 19.07 29311 279| S 510 | S 1,423.66
Difference 16.2 3161 10.62 16323 155 S 792.83
32% 44% 56% 56% 56% 56%
Cost Comparison and Payback period

Material Costs Labor Costs TOTAL Heating costs Yearsto Payat Life Cycle Life Cycle
todays fuel costs Net present Value Net present Value
HRV Zehnder NOVUS 300 | S  8447.00 | § 2,080.00 | S 10527.00 | S 630.83 |Simple Payback |Fixed utilities w/utilities increase
Exhaust Only S 760.00 | S 325.00 S 1,085.00 S 1,423.66
Difference $ (7,687.00)| S  (1,755.00)| $ (9,442.00)| $  792.83 12| § 2,832.85 | § 6,014.37

Ventilation comparison VENMAR to Exhaust only

Primary Energy Peak Heat Load Annual Heating Annual Heating Annual Heating Heating costs Heating costs
KBTU/SF/YR BTU/HR KBTU/SF/YR KBTU/YR Fuel Oil 85% No. 2 oil Total
HRV Venmar Eko 1.5 38.6 5005 11.15 17138 163| S 5.10 | § 832.40
Exhaust Only 51.1 7264 19.07 29311 279| S 510§ 1,423.66
Difference 12.5 2259 7.92 12173 116 S 591.26
24% 31% 42% 42% 42% 42%

Cost Comparison and Payback period

Material Costs Labaor Costs TOTAL Heating costs  Years to Pay at  Life Cycle Life Cycle
todays fuel costs Net present Value Net present Value
HRV Venmar Eko 1.5 S  3,000.00 (5 2,080.00 | S 5,080.00 |5 832.40 |Simple Payback |Fixed utilities w/utilities increase
Exhaust Only S 760.00 | S 325.00 | S 1,085.00 | $ 1,423.66

Difference $  (2,240.00)| S  (1,755.00)| $ (3,995.00)[ $  591.26 7| 8 5,153.41 | $ 7,539.54
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Sensitivity Analysis: Annual Heating Demand
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e Condensation/Absorption

e Moisture Accumulation

e Toxic Mold + Fungus

e Allergy + Immune Issues

e Materials Deterioration

e Building Failure

LVAVAVAVAV;









BIR LERKAGE

Air leakage
-Moisture flow
4 x 8 Drywall
70 F
40 % RH
1 square inch hole

Flow quantity
-30 Quarts of
water

4 X 8 sheet of

gypsum board
with a 1 inch
square hole

Interior at 70 F
and 40 % RH
one heating season

30 quarts
of water




4 X 8 sheet of ]
e Diffusion gypsum board
Mi : ” ot Interior at 70 F S
-Migration of moisture and 40% RH A
by means of vapor |
ressure differential.
P One heating season 1/3 quart

-Occurs in either
direction based on
climate conditions and
interior levels of
humidity.

~ : of water

-1/3 quart of water!!






E WUFI® Animation1D

Location: Seattle; cold year;

V/UFI®

200
[Bturh ft] E 150
>400 2
;0 100
z
200 E
5 50™
il
0 0
[ — =T | —
10 100
f
[infh] " \-u\_
¢ 8 M\ )
s =
1 H § 6 T | f—] _‘50 §
z E
© z
0.4 g 4 40 =
g‘ =4
0.01 2 20
/— |
0.001+ 0 0
4.09 0.990.0157 0.492 3.5 0.493
*Brick FAIr Layer 25 mm *Fibre Glass *Gypsum Board

60 minute Building Paper
*Oriented Strand Board

Cross Section [in]



Mold Risk Mold Risk

Dewpoint
Relative Humidity

Relative Humidity

Time Temperature Temperature






REMOTE:
Residential Exterior Membrane
Outside-insulation TEchnique

PERSIST:
Pressure Equalized Rain Screen
Insulated Structure Technique (1954)























































R-54 ROOF
HOT RCOF VENTED
312 SLOPE
CONSTRUCTION AS FOLLIOWS:

» METAL ROOFING
» 2%4 STUDS LAYED FLAT TO PROVIDE AIRSPACE g 2470.C.
» ROOFING MEMERANE
{SOLTEX PLUS)
» 11-7/8" IOIST ROOF FRAMING W12 INSULATION
{ROMUL
» 12" COX PLYWOOD wiLIQUID V. B.
(PROSOCO R-GAURD FAST FLASH)
» 244 CEILING FRAMING W-14 BATT INSULATION
















Diffusion
open
wall

= Drying
potential
in any

direction



Diffusion
open
— Think
Gore Tex




http://www.cchrc.org/arctic-wall






Lambda value

High density, high heat capacity
- phase displacement

Bulk density Thermal conductivity Specific thermal capacity

Construction material ? ? C 5
kg/m? [W/(mK)] )/(kg-K) @

Oriented Strand Board (OSB) 650 0,13 2100
Cement bound Particleboard 1200 0,23 2100
Spruce, pine, fir 600 0,13 2100
Particleboards 600 0,14 2100
Softboard 250 0,07 2100
Paroc 220 0,035 2100
Cellulose Insulation 70 0,04 2000
Woodwool 55 0,04 2000
Concrete 2000 1,35 1000
Polyurethane foam 30 0,035 1500
Flax 30 0,04 1300
Hemp 30 0,045 1300
Polystyrene foam 20 0,035 1500
Glass wool 20 0,035 1000
sheep wool 15 0,04 1300
Steel 7800 50,00 400

Temperature guide number

S A - < T R





































Seams need to be treated
very carefully

Special attention on critical
insulation points



Thermal bridging at corners












« glazing and overall U-value, creating Outside Inside

warm surface temperatures, avoiding Edge seal Infiltration

convection, insulated, thermally broken ~ Frama  Air [eals around the frame, around the sash,

f and through gaps in mavable window parts.
rames Glazs pane Infiltration is foiled by careful design and

installation (especially for operable windows),
weather stripping, and caulking.

Quality of
® warm spacers or super spacers Glazi
Spacers o —_{ Convection
Convection takes place in gas, Pockets of
high-temperature, low-density 0as rise, setling
up a circular movement pattern. Convection
ocours within muttiple-layer windows and on
H . . . either side of the window. Optimally spacing
Solar Heat Gain * 0.50 - 0.6 starting value, optimized per gas-filled gaps minimizes combined conduction
Coefficient climate/project and convection.
 multilock systems, no common sliding | | I | Radlation nt passes irectly trough
. . . Iatian 15 ene B3 dIrec! [pell]
AP EE e glass doors, double hung windows (lift | it o1 8 Wl e 1 8 Gacleh o,
8 and slide - sliding glass doors are the T I Radiation is controlled with low-emissivity films
only sliding option available : or coatngs.
Sun Iight e visible transmittance (number between | Conduction
. 0 and 1) and Iight-to-solar gain ratio 3 Conduction oreurs as adjacent molecules of
T VT gases or solids pass thermal energy between
ransmittance (ratio between light-to-solar gain and VT them. Conduction s minimized by adding layers

to trap air spaces, and putting low-conductivity
gases in those spaces. Frame conduction is
reduced by using low-conductivity materials
such as vinyl and fiberglass.

Wind and Water e Control air permeability and bulk water

Resistance exposure
Courtesy: E saurce



















Passive House Planning

REDUCTION FACTOR SOLAR RADIATION,

WINDOW U-VALUE

Annual Heat El-:mund:é 4. 33 WETUMFlyr|
Reduction Glazing h““g:'
raction SHGC Factor For YWindow Yindow Yindow Glazing || Area as || Global
Solar Area U-value R-Value Area % pf | Radiatio
Radiation Gross .
F1 BTEIL. E1-F a1 FIETL " LERTEIFI-gr
ili] 0.00 0.00 0.0 0.00 0.0 0.0 0.0z< 17
8 0.63 0.43 d8. 3 0.18 57 35.2 2.1 T0
30 0.63 0.66 2421 012 8.4 2058 159z« 174
i) 0.63 0.50 105.9 014 1.3 85.6 6.6 87
ili] 0.00 0.00 0.0 0.00 0.0 0.0 0_05= 93

Heating Dagras Darr:

12056
Heat |
Transmission Gains
Losses Solar
Radiation
EBTU{ yr EETU yr
1] 1]
2470 91
8301 17645
4221 2878
1] [1]

[ 14332 [ 21443 ]













R-20 or U-0.05 Exterior
Thermal Shutters



Sensitivity Analysis: Annual Heating Demand



Sensitivity Analysis: Annual Heating Demand



Thermal Shutter Calc for PHPP0O7

Baseline 100%

Annual Average

Heating Season

Shutter values

Polyiso
Polyiso
Polyiso
Polyiso
Polyiso
Air space

CITY
Fairbanks
Daylight
Night
% darkness

% darkness
% darkness
% human factor

R/inch inch R-value
6.5 13
6.5 3 19.5
6.5 35 22.75
6.5 26
6.5 39
0.266 b 1.596
Jan. Feb. Mar.
4:00 6:55 10:07
4.00 6.55 10.07
2000 1745 13.93
83% 73% 58%
Annual Average 12 month
Heating Season 8 month

shutters not closed

U-value R-Airspace % Total R
0.0769 1.596 100% 14.596
0.0513 1.596 100% 21.096
0.0440 1.596 100% 24.346
0.0385 1.596 100% 27.596
0.0256 1.596 100%  40.596
0.6266

Apr. May June July
13:35 17:01 20:33 2125
13.35 17.01 2033 21.25
10.65 6.99 3.67 2.75
A4% 29% 15% 11%
49% A44%
63% 58%
5%

TotalU %
0.0685 44%
0.0474 44%
0.0411 44%
0.0362 44%
0.0246 44%

Aug. Sept.

18:11  14:39
18.11 14.39
589 961
25%  40%

Annual R AnnualU %

6.4222
9.2822
10.7122
12.1422
17.8622

Oct.

11:19
11.19
12.81

53%

0.1557 58%
0.1077 58%
0.0934 58%
0.0824 58%
0.0560 58%
Nov. Dec.
7:51 4:43
751 443
16.49 19.57
69%  82%

Add Window
Heating R HeatingU Win-R
8.4657 0.1181 6.6600
12.2357 0.0817 8.3300
14.1207 0.0708 6.6600
16.0057 0.0625 6.2500
235457 0.0425 6.2500

Assembly at 58%
WinU  SWinR
0.1502 ~ 15.1257
0.1200 " 205657
0.1502 " 20.7807
0.1600 ~ 22.2557
0.1600 = 29.7957

S-Win-U
0.0661
0.0486
0.0481
0.0449
0.0336



Thermal Shutter test LabBox

1) Framed Cube with 12" EPS Exterior Insulation at R-60 Floor, Walls and Roof
2) ALPINE Triple Pane casement window

3) Thermal Shutter on top and bottom tracks 3" Polyiso foam at R-20

4) Belt driven actuator with micro motor

























Thermal
Shutters
@-40F

R-40
Shutter



Exterior
Thermal
Shutters

Interior
Thermal
Shutters



Interior Thermal Shutters function BUT:

Sealing/Icing issues
Proved difficult

Under-perform

Key Lesson: Shutters are
the Key — but they need
to be on the outside!



‘~

Weakest iink

Windows

ofthe Assembly






ARCTIC DOOR

All Fiberglass construction
Airtight, 7 point lock system
Double air sealing gasket

R-60 Vacuum
insulation core

Mounted hinges
on warm side of
the door
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Sensitivity Analysis: Annual Heating Demand









Passive Solar



F\

=P Ju

(!r

ARA Ramrmecd Earth Case Stucly

PrRPP = One BTU/lo-ft

+WUFI = BTU/o-ft per layer anc cdynamic w/nourly tenmos

Use the rignt tool for the joo!



NOTES:

Per all modeling tools comfort criteria are met with SRE + 10" EPS

EPlus will show higher loads then the other 2 depending on "Design Day",

Project Meets PH under PHPP 2012 but not under PHPP 2007, even with plug loads and
lighting completely itemized

WUFI Passive provides most granular results and does everything other 2 programs do







3 months
without Sun


































IntearalSalas
HeatinakSysien
10000 (of]- Sorcee






Integral Solar Heating System
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Water vs. Concrete
as Thermal Storage Medium

Heat Capacity
Water = 1.0 Btu/(°F * Ib.)
Concrete = 0.18 - 0.23 Btu/(°F * Ib.)
Dry Sand/Soil = 0.19 Btu/(°F * Ib.)
Wet Sand/Soil = 0.35 Btu/(°F * Ib.)

Useful Absolute Temperature (for Space Heating)
Water = approx. 100 °F (180 °F Max. / 80 °F Min.)
Concrete = approx. 10 °F (80 °F Max. / 70 ° F Min.)

Usable, Recoverable Storage (for Space Heating)
1 Ib. Water = 50 Ib. Concrete
1 ft3 Water = 20-30 ft3 Concrete



New Controller -
RESOL MX

- 18 independent relays (w/ EM
module)

- Variable speed control of all
pumps

- Manual adjustment of setpoints

- Visual readout of all realtime
values

- Integrated energy monitoring

- Add-on datalogger

- Web based access from anywhere
in world

- Literally unlimited expansion
capability with extension modules






SYSTEM COMP [~ [~ 5 [~ [ [~]
% TOTAL from Grid 902%  951%  4.24%
% TOTAL from Renewables 00.98% 90.49% 95.76%
MNet Demand Met by Renewab 147.06% 147.06% 160.60%
% Electric Load from Grid 16.01% 16.01% 16.01%
% Electric Load from Wind 8399% 8399% 83.99%
% DHW from Wind Dump 8760% 86.41% 99.77%
%% DHW from Grid " 597%" 674%" 0.04%
"% Space Heat from Wind Dun”  87.56%” 586%" 0.10%
"% Space Heat from Instant (W~ 549%" 86.62%" 99.89%
"% Space Heat from Grid r 6.95%" 752%"  0.02%
'PE Factor Electric T 1277 127" 1.27
'PE Factor DHW-Electric r 1.107 1.117 1.00
'PE Factor Heat Electric " 1127 113" 1.00
I 1 0.00" 0.007  31.20,
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Wind
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1

Balanc
e after

kwh Electri electri
Produ c Load c load

ced

10
T.0
10
0.0
=0
7.4
T30
=0
517
B5.6
0.0
B5.6
T.0
3o
338
0.0
10
=0
338
30
1200
104.3
7.4
7.0
0.0
10
10
10
0.0
T30
338
T30
30
0.0
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043
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B5.6
a7
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0.0
338
=0
164.5
3o
B5.6
20.7
T30
517
338
0.0
517
B5.6
17s.0
423
0.0
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B5.6
517
0.0

(k'wh)

1z.01
1z.01
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1z.01
1z.01
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2.0
1z.01
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nz.01
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2.0
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2.0
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nz.0
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2.0
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(1.0
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(20
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E7.0
30
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923
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Load
(k'wh)

114.5]
114.5]
114.5]
114.5]
114.5]
114.5]
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14.5]
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114.5]
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114.5]
14.51

Wind %
of DHW
Load

0.00:
0.00:
0.00:
0.00:
2051
520.78%
B2 T
2051
27402
F90.58
0.00:
F90.58
0.00:
0.00
150,922
0.00:
0.00:
2051
150,922
0.00:
605
B37.56%
520.78%
0,002
0.00:
0.00:
0.00:
0.00:
0.00:
B2 T
150,42
B2 T
0.00:
0.00:
60,643
135183
1053.53%
B37.56
135183
F90.58
SZ0.78
209,15
F90.58
Gad.2d
150,922
2051
1053.53%
0.00
F90.58
59.90:
B2 T
27402
150,922
0.00:
2740
F90.58
2603
20315
Gad.2d
1298.63
F90.58
27402
0.00:%
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7 of
DHw
Load
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1
1
0
2
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00
o0
o0
o0
o0
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BZ.5
203
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(5.00
[3.00
165.0
1730
1B25
923
1730
S6.6
T4
303
S6.6
128.0
218
30
1B25
a.m
S6.6
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B7.0
347
218
[z.0
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S6.6
163.0
303
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S6.6
347
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Heat Balance Remainin Remainin
Load x [k'Wh] g Wind g Wind
Coil [includes k'wh 22 of k'Wh 22 of
Heatin Supply space Space Space
g Load COP[k heat From Heat Heat
[kwh] Wh) tank] Load Load
[5.8) [5.8] (13.00 1 0
[5.8) [5.8] (1.3 1 0
[5.8) [5.8] [20.4) 1 0
3.8 (8.8 (4.0 0 0
[5.8) [5.8] M.z 1 0
[5.8) [5.5] 535 ETE 00
[5.8) [5.5] BO.7 G305 00z
[5.8) [5.5] 26 30 S0
[5.8) [5.5] 373 24 00
[5.8) [5.5] 55.8 6353 00
(8.8 (8.8 (2.0 0z 0z
[5.8) [5.5] S6.4 Gt 00
[5.8) [5.8] 5.0 1 0
(3.8 (3.8 3m 0 0
[5.8) [5.5] 205 233 00
[5.8) [5.8] [3.5] 1 0
(12.0) (1z.00 [17.3] 1 0
(1z.0) (1z.0) [5.00 1 0
(1z.0) (1z.0) 71 59 S8
(1z.0) (1z.0) [24.7) 1 0
(2.0 (2.0 301 7o 00
(1z.0) (1z.0) .z TEZ 00
(1z.0) (1z.0) 5.4 B30 00
(z.m (1.0 5.0 0 0
(1z.0) (1z.0) (1z.0) 1 0
(1z.0) (1z.0) (1.0 1 0
[1z.0] (1z.0) (1.0 1 0
[z 0) ) vz T L
(1z.0) =0 [7.¢] 1 L
(1z.0) (1z.0) 57.0 477 00
[1z.00 (2.0 203 170 00
(1z.0) (1z.0) Gid.4 539 00
(1z.0) (1z.0) (5.00 1 0
(12.0) (1z.00 [3.00 1 0
(1z.0) (1z.0) 1623 1357 00
(1z.0) (1z.0) 173.0 1447 00
(1z.0) (1z.0) 152.5 1275 00
(1z.00 (2.0 923 T 0022
(1z.0) (1z.0) 173.0 1447 00
(1z.0) (1z.0) SE6.6 473 00
[z.01 (2.0 T4 B30 00
(1z.0) (1z.0) 303 253 00
(1z.0) (1z.0) SE6.6 473 00
(1z.0) (1z.0) 125.0 1070 00
(1z.0) (1z.0) 218 182 00
(1z.0) (1z.0) 30 25 25
[17.8] [17.5] 152.5 855 00
(17.8 (17.8] 3m 0 0
[17.8] [17.5] SE6.6 are 00
[17.8] [17.5] 8.7 435 43
[17.8] [17.5] E7.0 376 00z
[17.8] [17.5] = 223 00
[17.8] [17.5] 218 12ax 00
[17.8] [17.5] (1z.0) 1 0
[17.8] [17.8] 397 223 0022
[17.8] [17.5] SE6.6 are 00
[17.8] [17.5] 163.0 i 00
[17.8] [17.8] 303 170 00
[17.8] [17.5] 125.0 TiE 00
[17.8] [17.5] 155.0 1055 00
[17.8] [17.5] SE6.6 are 00
[17.8] [17.5] = 223 00
M7.81 M7.81 nz.on 14 14
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Domes
tic
from
Tank
(k'wh)

12.8]
(10.9)

(4.6)

(8.5

(7.6

(6.9)
(10.9)
4.1
(12.6]
(13.7)
(14.5]
14.3]
(14.5]
(14.5]
13.2)
(13.00
ms

(3.6)

(2.3

(2.0

(7.2
(13.4)
(14.5]
[14.5)
(14.5]
(14.5]
(14.5]
13.8]
ms)
(10.0]
(13.00
(12.6]
(14.5]
(13.5]
ms)
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
[14.5)
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
(14.5]
M4.51

Heat "
from
Tank
to
subtra
ct
from
Heat
Load
95.9
(8.5
(6.00
(4.3
2.8
151
0.5
[6.0)
(8.8
(8.3
(8.8
(8.8
(8.8
(8.8
(3.8
(8.8
(8.8
(X))
(5.8
(341
27
(4]
(12.01
(12.01
(z.m
(12.01
(12.01
(12.01
(12.01
3.21
(6.5
(1z.00
1.3
(12.01
(12.01
3.21
(12.01
(12.01
(12.00
(12.01
(12.01
(z.m
(12.01
(12.01
(12.01
(12.01
(12.01
(17.81
(17.8]
(17.81
(17.81
(17.81
(17.81
(17.81
(17.81
(17.81
(17.81
(17.81
(17.8]
(17.81
(17.81
(17.81
(17.81
M7.81

Tank
Temp
[oF]
113.0
103.9
96.7
90.7
85.8
819
103.1
120.8
1121
118.5
1319
1219
135.3
125.3
5.4
4.4
105.2
96.6
90.0
87.8
83.2
16.6
143.3
163.0
1516
140.2
128.9
n7.7
106.9
981
145
nz.2
128.6
7.3
106.5
164.4
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
180.0
1775
167.2
180.0
166.1
175.6
165.3
179.0
180.0
175.1
161.2
163.7
173.2
180.0
178.6
180.0
180.0
180.0
180.0
1RR 1

Standby
Tank Loss
(k'wh)
(0.8
0.7
(0.6
0.5
0.5
0.4
0.7
[0.8)
(0.8
(0.8
1.0
0.3
1.0
0.9
(0.8
(0.8
0.7
(0.6
0.5
0.5
0.5
(0.8
1Al
1.3
.zl
1Al
0.9
(0.8
0.7
(0.6
(0.8
(0.8
0.9
(0.8
0.7
1.3
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(4]
1.3
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1.3
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1.3
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151
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151
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DHW
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[4.8]
5.9
[6.9]
0.0
0.0
0.0
0.0
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oo
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[4.8]
0.0
[6.5]
oo
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0.0
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0.0
0.0
0.0
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oo
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0.0
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oo
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0.0
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Bought For
Space
Heat
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[2.8]
[4.5]
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B5.8
6.5
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4.3
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s
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0.0






. s
At
g
LES b * —

1\













12 cords of wood
=2205 ;;33':':.'

180 Gallons or 680 L oil
=$720
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