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Adapt to
Survive

Love the
Sun



to Survive.
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Location

Climate

Environment (micro)









Environment Matters



Reality Check



Location&
Climate

Client &

Budget Ego & Ignorance






Value in our Homes?



Value in our Homes?



Insanity?
R-80 Walls _



® I ® ?
Resilience?
_ 50 below, a few hours without heat



ible?
Sensible?
_ Just do NOT stop running!



Climate Specific?
_ Welcome to Paradise



Zone 7 Insulation Values
i,

Roof R-110

Walls R-80

Slab R-60
Passive House

Roof R-38 Roof R-43 Roof R-70
Walls R-21 Walls R-20+5 Walls R-50
Slab R-20 Slab R-20 Slab R-20

BEES 2009 BEES 2012 FNSB 2012



Balancing
The Loads




Balancing
Insulation The Loads

Heating




Balancing
The Loads




Balancing
The Loads

Insulation



Balancing
The Loads
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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



e - Y -
T
E:i.r
E.ﬁ__'__,gﬂf_ﬂr =G - ﬂ_-\_ﬁ_ahhﬁ
o "&H“"a._ ~q,
| = ‘-ﬁ'\-\. ""\.‘
T
1. b
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




e creating steady indoor temperatures
that won’t drop below 50 degrees
without heating source

Continuous

Insulation

/

Thermal Bridge
Free
Construction

¢ minimizes condensation/ building
deterioration

Compact
Building Shape

¢ excellent surface-to-volume ratio (<1)

* minimizes moisture diffusion into wall

Airtightness

assembly
Balanced * exceptional efficiency, indoor air- Energy UIEED | highly efficient use of household
VA0 BVl NI quality and comfort, minimal space Appliances and electricity
Heat Recovery conditioning system - Lighting
Optimal Solar L ) )
B s ¢ maximizing solar gains for winter, User e user manuals are recommended
Shadi minimizing gains for the summer case Friendliness to be given homeowners
ading

75



Human Comfort

Cold Winter Feels Comfortable!
Temperate glass and wall surfaces and no drafts

R
23 ;’*c ‘. ?.;r.’-“"s'-:"- Q
PH Example P Ao WAL RN PH Comfort criteria:
Ve g q‘g-‘ "»lQ‘
_.’{‘ ‘12:. A s ,ﬁqf_v)" .}..
N :A‘L‘ ?‘ K N‘l';.“"“.
\’A\‘;QZL o & 2{;}:‘(
S SROA LN
R Ty RS
R e i g
Envelope JCH¥Y @f}?wa:;;-"‘ * (682F)
FE, :
| y, ey \ Interior
> i
3 Walls 682 F .
Wind ® R -9 Triple glazed ) 1 Glass Zh Relative * (30-60 % for
SO (Climate specific) e Surf . % Humidity PH)
e urrace Exterior

62.4°F Walls 67.22 F
. (<19.7

Outside

\ .
Temp § «;.t ‘ Velocity ft/min)
\ i a3
\

e(2F

. e Max Delta T
o 4 Radiant <729F
e ) RH:30-50% ol OO IER
‘T\‘S”‘t; : I
:}' Sy

137' B -
3 P N .1‘,-

), _
BN ghc RO Qs TN e w e
4 .%‘_h—‘,} r‘..-‘-ctqt:, ":’-. \:.,?v:.,(‘,-, o, —kj': ik



Annual Heat
Demand

A

Peak Heat Load

LN

Primary Energy
Demand

N

Airtightness

LN

Ventilation

Thermal Envelope:

A

Thermal-bridge Free

LN

Windows installed:

A

SHGC

\ \ \ \ \

LN

¢ <4.75 kBTU/ft2yr (15 kWh/m?a)

¢ < 3.17 BTU/hr.ft? or 0.93W/ft? (10
w/m?)

« <38 kBTU/ft2yr (120 kWh/m?Za)

*<0.6 ACH,,

* >80% Recovery, 20.76 W/cfm

*R>38.5 hr. ft°F/BTU, U <0.026
BTU/hr. ft°F

e W <.006 BTU/ hr. ft °F

* U, instan < 0.15 BTU/hr. ft2 °F

*50-55%

*Note: Window and Thermal
envelope criteria Listed are
for a Central European
Climate. Recommendations
for these values vary In N
America based on climate










6376 HDD — 13769 HDD

4 A
4.63 19.67



13769 HDD

4.75? 1967
~

x4.1


















Renewables

Losses Gains




QH = QT + QV - n*(Qs + Q|)

e (kBTU/yr) transmission heat loss

e (kBTU/yr) ventilation heat losses

e Utilization % of free heat

e (kBTU/yr) solar gains heat supply through windows

e (kBTU/yr) internal heat gains heat supply from internal
sources




P,=P;+P,—(P;+P)

e (BTU/hr) peak heat loss through entire
envelope

e (BTU/hr) peak ventilation heat losses

e (BTU/hr) peak solar heat gains

e (BTU/hr) internal heat gains heat supply from
internal heat sources




Losses Through
Envelope



Q; - Transmission Heat Loss Annual
Exterior Wall, Roof, Floor, Window

Q,=A*U*f*G,

 (kBTU/yr or kWh/a) transmission heat loss
* (ft> or m?) assembly area to exterior dimensions

* (BTU/hr.ft2.°F or W/m?2K) heat transfer coefficient (DIN EN ISO 6946)

e (<1)temperature correction factor (used in cases like a ground condition or
“X” where heat loss is mitigated)

e (k °F.hr/yr) or (kkKh/a) heating degree hours = Z (AS * hr,4 )*To convert
HDD to G, multiply HDD by .024.

*PHPP AHD pg. 93



P, - Transmission Heat Loss Peak
Exterior Wall, Roof, Floor, Window

P.=A*U*f*AS

e (BTU/hr or W) transmission heat loss

e (ft2 or m?) assembly area to exterior dimensions

¢ (BTU/hr.ft2.°F or W/m?K) heat transfer coefficient (IDN EN ISO
6946)

e temperature correction factor ALWAYS 1 for peak calc, except
for temperature zone “X” (<1) and slab condition

* (°F, °K or °C) worst case of weather condition 1(cold, clear) or 2
(moderate, cloudy)




Q; Linear Heat Loss Annual
Thermal Bridges

Q=L*W*f*G,

e (BTU/hr or W) transmission heat loss

e (ftor m) length of thermal bridge

e (BTU/hr.ft.°F or W/mK) linear heat transfer coefficient

e (<1)temperature correction factor (used in cases like a ground condition
or “X” where heat loss is mitigated)

e (k°F.hr/yr) or (kkh/a) heating degree hours = Z (AS * hr,4 )*To convert
HDD to G, multiply HDD by .024.




P; Linear Heat Loss Peak
Thermal Bridges

P.=L*W*f*AQ

e (BTU/hr or W) transmission heat loss

* (ftor m) length of thermal bridge

¢ (BTU/hr.ft.°F or W/mK) linear heat transfer coefficient

e temperature correction factor ALWAYS 1 for peak calc, except
for temperature zone “X” (<1) or slab condition

* (°F, °K or °C) worst case or given temperature difference
between indoor and outdoor




H; _ Total Specific Heat Losses

Hi =2 AU, +Z ¥l + XX,

e (kBTU/yr or kWh/a) total specific transmission
heat losses

SA.U e (kBTU/yr or kWh/a) sum of transmission heat
g loss envelope

e (kBTU/yr or kWh/a) sum of transmission heat
losses linear thermal bridges (I=length)

ol

e (kBTU/yr or kWh/a) sum of transmission heat
losses of point thermal bridges

*PHPP Areas + AHD /Pg.50, 96



U VALUES, R VALUES &
SURFACE TEMPERATURE



R-Value of Homogeneous Section™

Rsi = R-0.74

5/8” Drywall = 0.91 R/in

 Thickness 5 % Cellulose = 3.47 R/in

%" Plywood = 1.28 R/in
2” Mineral Wool = 4.17 R/in

¢ Interior surface film resistance

“ ¢ Exterior surface film resistance

R; =R+ (d,*R,) + (d,*R, )+ (d;*R;) + (d,*R,) + R,

R, = 0.74+ (0.625*0.91) + (5.5%3.47 ) + (0.75%1.28) +
(2*4.17) + 0.23

R; = 0.74 + (0.56875) + (19.085) + (0.96) + (8.34) + 0.23
R; =29.92375
R; =29.924 hr.ft? F/BTU

(*Per I1SO 6946)



Installed U Value of Windows*

*
« BT Uy *A,
e BTU/hr.ft*>°F \PS spacer
e BTU/ hrft °F U A,

Glazing dimensions

Frame dimensions Finstan *linstan
Ug*Ag + Uf*Af + ‘PSpacer* ISpacer+ ‘Pinstall* IinstaII
lJW-instaII S T TTTTTTTTmmmmommommmsmmommmees
A+ A

(*Per ISO 10077)



Calculation of the Interior Surface Temperature
of an Assembly:

0,,=0,-U"R;" (0,-0,)

e Interior surface temperature

e Room temperature

e U-value of the assembly

e Interior surface film resistance

e Qutdoor temperature

99



Losses Through Ventilation



Q,.Ventilation Heat Loss Annual :

c1v=nv*vv*cpp*Gt

e (kBTU/yr) Ventilation heat loss

e (ACH or 1/hr) energetically effective air exchange rate

7 ,
\i

e (ft3or m3)(=TFA* average height)

(,
i
<
\

e Specific heat capacity of air: (0.018 BTU/ft3F° or 33
Wh(m3K) - aka c,,

¢ (k°F.hr/yr) or (kWh/a) heating degree hours =% (A3 *
h,g )*To convert HDD to G, multiply HDD by 0.024.

*AHD/Pg. 97 in PHPP



P,.Ventilation Heat Loss Peak :

=N *V *Fep *AS

e (kBTU/yr) Ventilation heat loss

e (ACH or 1/hr) energetically effective air exchange rate

e Specific heat capacity of air: (0.018 BTU/ft3F° or 33
Wh(m3K) - aka c,;,

* (°F, °K or C°) Temperature difference (worst case or given
temperature difference between indoor and outdoor

o (ft3 or m3)(=TFA* average height)

*AHD/Pg. 97 in PHPP



s, : Air Permeability

s, = N5 ¥V, /total extr. envelope area

* (CFM.,/ft?) leakage in reference to the exterior square
foot area of the envelope (for very large buildings only)

e (ACH., or 1/hr) Pressure test air changes at 50 pascal
pressure difference

e (ft3) Net enclosed air volume for air pressure test

*PHPP AHD/Pg. 98-99



Q, : Total Heat Losses

Q =Q;+Q,

e (kBTU/yr) Total heat loss

e (kBTU/yr) Transmission heat loss

e (kBTU/yr) Ventilation heat loss

Q, /ft? e (kBTU/ft2yr) Total heat loss / TFA

*AHD/Pg. 97 in PHPP



P, : Peak Heat Losses

P, =P;+P,

e (BTU/hr) Total peak heat loss

e (BTU/hr) Peak transmission heat loss

e (BTU/hr) Peak ventilation heat loss

e (BTU/hr.ft?) Total peak heat loss / TFA

*AHD/Pg. 97 in PHPP






Q; Total Free Heat Annual:
Glazing, People, Equipment+ Lighting

Q;=Q,+Q,

e (kBTU/yr) total free heat

e (kBTU/yr) available solar heat gains

o

-

e (kBTU/yr) internal heat gains




P, Peak Heat Gains:
Glazing, People, Equipment+ Lighting

P;=P,+ P,

e (BTU/hr) total peak heat gains

7
\I

e (BTU/hr) peak solar heat gains

-
\I

e (BTU/hr) peak internal heat gains




Q, Solar Gains Annual:
Window, Door and Skylight Glazing:

Q.=r*g*A, *G

e (kBTU/yr)

: /g /g /g 7,
|\i \| \I \i
*PHPP AHD pg. 100

* (%) reduction factor for the frame portion, shading, dirt and
non-perpendicular incidence of radiation

* (%)total energy transmittance via perpendicular radiation,
aka SHGC or g-value

e (ft2 or m2) window area

o (kBTU/ft?yr or kWh/m?a) global radiation averaged over
during the heating season




P Solar Gains Peak:
Window, Door and Skylight Glazing:

IDS:r*g*Aw*Gworst

e (BTU/hr)

* (%) reduction factor for the frame portion, shading, dirt and
non-perpendicular incidence of radiation

* (%)total energy transmittance via perpendicular radiation,
aka SHGC or g-value

e (ft2 or m?) window area —rough opening size

¢ (BTU/hr.ft2 or W/m?) global radiation for worst case weather
condition (cold, clear or moderate cloudy)

*PHPP AHD pg. 100



Internal Heat Gains Annual:
People, Equipment and Lighting

Q =t *q* TFA

e (BTU/hr) Internal heat gains

_

e days per heating season * .024 hrs

e (BTU/(hr.ft?) 0.666 = residential default
internal heat load

p ,,
\I :

e (ft?) energy reference area after PHPP




Internal Heat Gains Peak :
People, Equipment and Lighting

P, =q, * TFA

e 0.51 BTU/(hr.ft?) unoccupied building
internal heat load (worst case)

e (ft?) energy reference area after PHPP













Sensitivity Analysis: Annual Heating Demand






400 FT Ground loop
Heat exchanger @ 12 foot depth
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Sensitivity Analysis: Annual Heating Demand
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Diffusion
open
wall

= Drying
potential
in any

direction



Diffusion
open
— Think
Gore Tex










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
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3
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Ul

e Condensation/Absorption

e Moisture Accumulation

e Toxic Mold + Fungus

e Allergy + Immune Issues

e Materials Deterioration

e Building Failure

LVAVAVAVAV;



TYPICAL WALL

WOOD SIDING

WOOD FURRING

TYVEK a HOMEWRAP

7/16" PLYWOOD SHEATHING
2"x6" WOOD STUDS

w/ R21 BATT INSULATION

6 mil Vapor Barrier

1/2" GYPSUM BOARD
















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!!






Minimize the use of
materials that are prone
to rot and mold.

Waterproof and airseal
to keep unwanted
moisture and spores out
of building assemblies.

Create assemblies that
are vapor permeable to
facilitate drying.

Provide continuous
balanced filtered
mechanical ventilation to
control indoor humidity
and keep spores (and
other allergens) out.

Prevent wetting and mold/fungus spore entry, promote drying.




These hygrothermal phenomenon can occur simultaneously




d transport equations
onential increase of Heat transfer

turation pressure with OH 0T _
emperature T o '(1VT)+hVV'(5pV(¢ Po))

oisture dependent

iffusion with phase change
Moistur nsfer

upled differential ow 0
ations have to be solved % E—V (D Vg +o V(¢ Pm:))




: e Simulates change in properties and behaviors of
WUFI: Dynamic materials in multilayer assemblies due to moisture
Hygrothermal absorption and temperature shifts caused by natural
Simulation: weather exposure and indoor environmental
conditions




E WUFI® Animation1D

Location: Seattle; cold year; VIUFIE
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Mold Risk Mold Risk

Dewpoint
Relative Humidity
Relative Humidity

Time Temperature Temperature



Spore presence MUST be assumed! But to germinate,
| fungi need the following conditions:

Favorable Temperature: 68°F -95°F is ideal, outside of 41°F-
| 122°F growth stops

Moisture: Surface RH of 75-80%. Above 90-95% RH lack of
| oxygen stops fungal growth




BAD NEWS NO RISK

18.41 in (Interior Surface) 10.88 in (Interior Surface)
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100) 100)
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Scatter graph points should stay below curved mold risk lines




Specific Risk Thresholds + Example: Wood Decay

. Wood Decay is due to fungal infections that
IlIIII IIlHI. |"|”. |"'". IIIl||| require:

SIBVER

tssgmﬂsasazrslsa I
I\

Favorable Temperature: > 50°F

Moisture: H20 content by weight > 20%-M

&5

5]
]

2014 2015 2016

Plywood (USA)

In example, temperature is often above 50°F

H20 Mass % is below 20%

\N \ﬁJ w Wood rot risk is absent unless H20 Mass%
- increases

\ -
_
_























































Seams need to be treated
very carefully

Special attention on critical
insulation points



Thermal bridging at corners












Appropriate glazing!

Appropriate spacers!

Appropriate frame!

e EN R GG ELN o (Placed in insulation layer, if possible joint is
bridge-free! insulated additionally on the outside)

Airtight installation!




« 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 ™~ 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
. . . 1aton Is enengy pasSes dIfec roug
Air Lea kage glass qoors, c!o-uble hung windows (lift . ai from a warmer surface 0 a coolor ong.
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
T . VT 0 and 1) and light-to-solar gain ratio | ;:;g:f:riﬂ;gl?;:g:: u?gﬁ:;j“;“";g:ﬂ::gn
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
















Position










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 ]
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Thermal
Shutters

R-40
Shutters



Weakest ik
of the Assembly

Thermal
Shutters



Interior Thermal Shutters function BUT:



R-20 or U-0.05 Exterior
Thermal Shutters



Sensitivity Analysis: Annual Heating Demand



Sensitivity Analysis: Annual Heating Demand



Thermal Shutter Calc for PHPPO?

Baseline 100%

Annual Average

Heating Season

Add Window

Assembly at 58%

Shutter values R/inch inch R-value
Polyiso 6.5 2 13
Polyiso 6.5 3 19.5
Polyiso 6.5 3.5 22.75
Polyiso 6.5 4 26
Polyiso 6.5 6 39
Air space 0.266 6 1.596
Ty Jan. Feb. Mar.
Fairbanks 4:00 6:55 10:07
Daylight 4.00 6.55 10.07
Night 20.00 17.45 13.93
% darkness 83% 73% 58%
% darkness Annual Average 12 month
% darkness Heating Season 8 month

% human factor  shutters not closed

U-value
0.0769
0.0513
0.0440
0.0385
0.0256
0.6266

Apr.
13:35
13.35
10.65
44%

49%
63%
5%

R-Airspace % Total R
1.596 100% 14.596
1.596 100% 21.096
1.596 100% 24.346
1.596 100% 27.596
1.596 100% 40.596

May June July
17:01 20:33 21:25
17.01 2033 21.25
6.99 3.6/ 2.75
29% 15% 11%
44%
58%

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
5.89 9.61
25% 40%

Annual R AnnualU %

6.4222 0.1557 58%
9.2822 0.1077 58%
10.7122 0.0934 58%
12.1422 0.0824 58%
17.8622 0.0560 58%
Oct. Nov. Dec.
11:19 75 4:43
11.19 7.51 443
12.81 16.49 19.57
53% 69% 82%

Heating R HeatingU Win-R

8.4657
12.2357
14.1207
16.0057
23.5457

0.1181
0.0817
0.0708
0.0625
0.0425

6.6600
8.3300
6.6600
6.2500
6.2500

Win-U  S-Win-R
0.1502 = 15.1257
0.1200 ~ 20.5657
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




Zomeworks Beadwall™ moveable insulation
Steve Baer 1970
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Sensitivity Analysis: Annual Heating Demand









Passive Solar
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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 lIb. 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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12 cords of wood
=2205 ;;33':':.'

180 Gallons or 680 L oil
=$720



98 days, 3 Girls, 1 Geek, 2210 SF TFA
Heating + DHW @ 40 below
14,000 HDD

+4.32 sru/mr

=1.26 Watts
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Onware, Forware
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