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Cold Climate 





3 Golden Rules

Adapt to 
Survive

Let Go

Love the 
Sun









3 Need to Knows:

Location

Climate 
(micro)Environment











3 Biggest Hurdles

Location& 
Climate

Ego & Ignorance
Client & 
Budget









R-80 Walls Code: R-21 Walls



50 below, a few hours without heat

Code: R-21 Walls

Code approved:



Just do NOT stop running!Code approved:



Code approved: Welcome to Paradise



Walls R-21

Roof R-38

Slab R-20

BEES 2012BEES 2009

Walls R-20+5

Roof R-43

Slab R-20

Walls R-50

Roof R-70

Slab R-20

FNSB 2012

Passive House

Walls R-80

Roof R-110

Slab R-60
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Efficiency

80%

Heating



Insulation

Heating



30%

Efficiency

? %

Heating



Insulation



10%

Heating

90 %

Efficiency







The Keystones of an Energy efficient Building:

1. Moisture Control 

2. Air-Tightness 

3. Insulation

Insulation is Key.



Reducing the loads

Heating

Efficiency is Key

DHW Demand
Electricity





The Problem

















Insidious

Air Leakage

energystar.gov



























Sand Point  – Exterior Rendition



Sand Point  – Exterior Rendition



Sand Point  – Exterior Rendition





Climate Matters-weather study



Chicago, IL 6460 HDD 28.8 PE
kBTU/SF/YR

5.05 AH 5991 Peak
kBTU/SF/YR BTU/HR

11663 ZNE
kWH/YR

Sandpoint, AK 6946 HDD 34.9 PE
kBTU/SF/YR

8.45 AH 4103 Peak
kBTU/SF/YR BTU/HR

13483 ZNE
kWH/YR

Heating Degree Days – don’t be fooled…

Climate, location, Insolation and Precipitation







No Moving Parts – No Maintenance – Free Fuel



+/- 10 degrees



Sensitivity Analysis: Annual Heating Demand



Orientation

+ 41-48%



Efficiency by shape



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

Continuous 
Insulation

• minimizes condensation/ building 
deterioration

Thermal Bridge 
Free 

Construction

• excellent surface-to-volume ratio (<1)
Compact 

Building Shape

• minimizes moisture diffusion into wall 
assembly Airtightness

• exceptional efficiency,  indoor air-
quality and comfort, minimal space 
conditioning system -

Balanced 
Ventilation with 
Heat Recovery

• maximizing solar gains for winter, 
minimizing gains for the summer case

Optimal Solar 
Orientation and 

Shading 

• highly efficient use of household 
electricity

Energy Efficient 
Appliances and 

Lighting

• user manuals are recommended 
to be given homeowners

User 
Friendliness 
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Passiv Haus – The Key Principles



Human Comfort 
Cold Winter Feels Comfortable!

Glass 

Surface 

62.4º F

Interior 
Walls 68º F

Temperate glass and wall surfaces and no drafts

PH Example

• R 62Envelope

• R -9 Triple glazed 
(Climate specific) 

Window

• 0º F
Outside 

Temp

Exterior 
Walls 67.2º F

RH:30-50%

PH Comfort criteria:

• (68 º F)Air Temp

• (30-60 % for 
PH)

Relative 
Humidity 

• (<19.7 
ft/min)

Air 
Velocity

• Max Delta T 
<7.2 º F  
(4ºC)

Radiant 
Condition 



• <4.75 kBTU/ft2yr  (15 kWh/m²a)
Annual Heat

Demand

• < 3.17 BTU/hr.ft2 or 0.93W/ft2 (10 
W/m² )

Peak Heat Load

• <38 kBTU/ft2yr (120 kWh/m²a) 
Primary Energy 

Demand 

• 0.6 ACH50
Airtightness 

•80% Recovery, ≥0.76 W/cfm
Ventilation

• R  38.5  hr. ft2°F/BTU,  U  0.026 
BTU/hr. ft2°F

Thermal Envelope:

• Ψ  .006 BTU/ hr. ft °F
Thermal-bridge Free

• Uw-install  0.15 BTU/hr. ft2 °F
Windows installed:

• 50 – 55 %SHGC 

≈1 W/ft²

*Note: Window and Thermal 
envelope criteria Listed are 

for a Central European 
Climate. Recommendations 
for these values vary In N 
America based on climate

Passivhaus Criteria



Passiv Haus – Feasibility and savings





6376 HDD 13769 HDD

4.63 19.67



13769 HDD

4.75? 19.67

x4.1













Losses Gains 

Renewables

?



QH = QT + QV - *(QS + QI)

• (kBTU/yr) transmission heat lossQT

• (kBTU/yr) ventilation heat lossesQV

• Utilization % of free heat

• (kBTU/yr) solar gains heat supply through windowsQS

• (kBTU/yr) internal heat gains heat supply from internal
sourcesQI



PH = PT + PV – (PS + PI)

• (BTU/hr) peak heat loss through entire 
envelopePT

• (BTU/hr) peak ventilation heat lossesPV

• (BTU/hr) peak solar heat gainsPS

• (BTU/hr) internal heat gains heat supply from 
internal heat sourcesPI





QT = A * U * fT* Gt

• (kBTU/yr or kWh/a) transmission heat lossQT 

• (ft2 or m2) assembly area to exterior dimensionsA 

• (BTU/hr.ft2.°F or W/m2K) heat transfer coefficient (DIN EN ISO 6946)U 

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

• (k °F.hr/yr) or (kKh/a) heating degree hours =  ( * hr )*To convert 
HDD to Gt, multiply HDD by .024.Gt

QT - Transmission Heat Loss Annual
Exterior Wall, Roof, Floor, Window

*P
H

P
P

 A
H

D
 p

g.
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PT = A * U * fT* 

• (BTU/hr or W) transmission heat lossPT 

• (ft2 or m2) assembly area to exterior dimensionsA 

• (BTU/hr.ft2.°F  or W/m2K) heat transfer coefficient (IDN EN ISO 
6946)U 

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

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

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



QT = L * Ψ * fT* GT

• (BTU/hr or W) transmission heat lossQT 

• (ft or m) length of thermal bridgeL 

• (BTU/hr.ft.°F or W/mK) linear heat transfer coefficientΨ 

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

• (k°F.hr/yr) or (kKh/a) heating degree hours =  ( * hr )*To convert 
HDD to Gt, multiply HDD by .024.Gt

QT Linear Heat Loss Annual
Thermal Bridges



PT = L * Ψ * fT* 
• (BTU/hr or W) transmission heat lossPT 

• (ft or m) length of thermal bridgeL 

• (BTU/hr.ft.°F or W/mK) linear heat transfer coefficientΨ 

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

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

PT Linear Heat Loss Peak
Thermal Bridges



HT = Total Specific Heat Losses

HT =  AjUj +  jlj +  j

• (kBTU/yr or kWh/a) total specific transmission 
heat lossesHT

• (kBTU/yr or kWh/a) sum of transmission heat 
loss envelopeAjUj

• (kBTU/yr or kWh/a) sum of transmission heat 
losses linear thermal bridges (l=length)jlj

• (kBTU/yr or kWh/a)  sum of transmission heat 
losses of point thermal bridgesj

*P
H

P
P

 A
re

as
 +

 A
H

D
 /

P
g.
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U VALUES, R VALUES & 
SURFACE TEMPERATURE



R-Value of Homogeneous Section*

RT = Rsi+ (d1*R1) + (d2*R2 ) +  (d3*R3)  +  (d4*R4) +  Rse

You are given R per inch

• Thickness d

• Interior surface film resistanceRsi

• Exterior surface film resistanceRse

(*Per ISO 6946)

Rsi = R-0.74
5/8” Drywall = 0.91 R/in

5 ½“ Cellulose = 3.47 R/in
¾” Plywood = 1.28 R/in

2” Mineral Wool = 4.17 R/in
Rse = R-0.23

RT = 0.74+ (0.625*0.91) + (5.5*3.47 ) + (0.75*1.28)  +  
(2*4.17) +  0.23

RT = 0.74 + (0.56875) + (19.085) + (0.96) + (8.34) + 0.23

RT = 29.92375

RT = 29.924 hr.ft2°F/BTU



Installed U Value of Windows*

Ug*Ag + Uf*Af + Spacer* lSpacer + install* linstall

UW-install = --------------------------------------------------------------
Ag + Af

Ug *Ag

s *lspacer

Uf *Af

Install *lInstall

(*Per ISO 10077)

• BTU/hr.ft²°FUf

• BTU/hr.ft²°F  U g

• BTU/ hr.ft °F spacer

• BTU/hr.ft °F install

Glazing dimensions

Frame dimensions



• Interior surface temperatureΘsi

• Room temperatureΘi

• U-value of the assemblyU

• Interior surface film resistanceRsi

• Outdoor temperatureΘe

Θsi = Θi – U * Rsi * (Θi – Θe)

Calculation of the Interior Surface Temperature 
of an Assembly:

99



Losses Through Ventilation



Qv:Ventilation Heat Loss Annual :

Qv = nv * VV * cp * Gt

• (kBTU/yr) Ventilation heat lossQv

• (ACH or 1/hr) energetically effective air exchange ratenv

• (ft3 or m3)(=TFA* average height)VV

• Specific heat capacity of air: (0.018 BTU/ft3F° or 33 
Wh(m3K)  - aka cair

cp

• (k°F.hr/yr) or (kWh/a) heating degree hours =  ( * 
h )*To convert HDD to Gt, multiply HDD by 0.024.Gt

*A
H

D
/P

g.
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P
P



Pv:Ventilation Heat Loss Peak :

Pv = nv * VV * cp * 

• (kBTU/yr) Ventilation heat lossPv

• (ACH or 1/hr) energetically effective air exchange ratenv

• (ft3 or m3)(=TFA* average height)VV

• Specific heat capacity of air: (0.018 BTU/ft3F° or 33 
Wh(m3K)  - aka caircp

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

H
D

/P
g.

 9
7

 in
 P

H
P

P



q50 : Air Permeability

q50 = n50*Vn50/total extr. envelope area

• (CFM50/ft2) leakage in reference to the exterior square
foot area of the envelope (for very large buildings only)q50

• (ACH50 or 1/hr) Pressure test air changes at 50 pascal
pressure difference

n50

• (ft3) Net enclosed air volume for air pressure test
Vn50

*P
H

P
P

 A
H

D
/P

g.
 9

8
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QL : Total Heat Losses

*A
H

D
/P

g.
 9

7
 in

 P
H

P
P

QL = QT + QV

• (kBTU/yr) Total heat lossQL

• (kBTU/yr) Transmission heat loss
QT

• (kBTU/yr) Ventilation heat loss
QV

• (kBTU/ft2yr) Total heat loss / TFAQL/ft2



PL : Peak Heat Losses

*A
H

D
/P

g.
 9

7
 in

 P
H

P
P

PL = PT + PV

• (BTU/hr) Total peak heat lossPL

• (BTU/hr) Peak transmission heat loss
PT

• (BTU/hr) Peak ventilation heat loss
PV

• (BTU/hr.ft2) Total peak heat loss / TFAPL/ft2



Gains 



QF = QS + QI

QF Total Free Heat Annual:
Glazing, People, Equipment+ Lighting

• (kBTU/yr) total free heat
QF

• (kBTU/yr) available solar heat gains
QS

• (kBTU/yr) internal heat gains
Qi



PG = PS + PI

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

• (BTU/hr) total peak heat gainsPG

• (BTU/hr) peak solar heat gainsPS

• (BTU/hr) peak internal heat gains
Pi



QS = r * g * Aw * G

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

• (kBTU/yr) QS

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

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

• (ft2 or m2) window areaAw

• (kBTU/ft2yr or kWh/m2a) global radiation averaged over 
during the heating seasonG *P

H
P

P
 A

H
D

 p
g.

 1
0

0



PS = r * g * Aw * Gworst

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

• (BTU/hr) PS

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

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

• (ft2 or m2) window area –rough opening sizeAw

• (BTU/hr.ft2 or W/m2) global radiation for worst case weather 
condition (cold, clear or moderate cloudy)Gworst *P

H
P

P
 A

H
D

 p
g.

 1
0

0



QI = tHeat * qi * TFA

Internal Heat Gains Annual:
People, Equipment and Lighting

• (BTU/hr) Internal heat gainsQI

• days per heating season * .024 hrs tHeat

• (BTU/(hr.ft2) 0.666 = residential default 
internal heat loadqi

• (ft2) energy reference area after PHPPTFA



PI = qi * TFA

Internal Heat Gains Peak :
People, Equipment and Lighting

• 0.51 BTU/(hr.ft2) unoccupied building
internal heat load (worst case) 

qi

• (ft2) energy reference area after PHPP
TFA





IR Camera

Anemometer

Moisture Meter

Indoor Air Quality Monitor





Sensitivity Analysis: Annual Heating Demand

















Sensitivity Analysis: Annual Heating Demand





Typical heat loss of a Home 





















High density, high heat capacity
- phase displacement



The Problem



• Condensation/Absorption1

• Moisture Accumulation2

• Toxic Mold + Fungus3

• Allergy + Immune Issues4

• Materials Deterioration5

• Building Failure6

Building Moisture and Mold Issues are a Big Deal



Conventional 2x6 wall 
w/batting insulation.



Wall Rot – structural damage

Moisture within the wall assembly.



Wall Rot – structural damage

Moisture within the wall assembly.



2x4 Test Wall 2 years, no VB on interior

R-11 batt, 2”EPS R-11 batt, 4”EPS

CCHRC

COLD CLIMATE HOUSING RESEARCH CENTER



Toxic Mold

Moisture within the wall assembly.



Air Transport of Water Vapor

4 X 8 sheet of
gypsum board
with a 1 inch
square hole

Interior at 70 F
and 40 % RH

one heating season   

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

Flow quantity
-30 Quarts of 
water

30 quarts
of water



Diffusion Transport of Moisture

One heating season

• Diffusion
-Migration of moisture

by means of vapor
pressure differential.

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

-1/3 quart of water!!

4 X 8 sheet of
gypsum board
Interior at 70 F 
and 40% RH

1/3 quart
of water



Durability:
Temperature 
Relative 
Humidity
Time 



Waterproof and airseal
to keep unwanted 

moisture and spores out 
of building assemblies.

Minimize the use of 
materials that are prone 

to rot and mold.

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.

Moisture Management and IAQ Best Practices



These hygrothermal phenomenon can occur simultaneously

Exterior Interior

Couple Heat and Moisture Transport is Complex!



Coupled transport equations

• Exponential increase of 
saturation pressure with 
temperature

• Moisture dependent 
thermal conductivity

• Enthalpy flow by vapor 
diffusion with phase change

• Coupled differential 
equations have to be solved 
numerically.

And Hygrothermal Calculations are Time Consuming



• Simulates change in properties and behaviors of 
materials in multilayer assemblies due to moisture 
absorption and temperature shifts caused by natural 
weather exposure and indoor environmental 
conditions

WUFI: Dynamic 
Hygrothermal 

Simulation:

Solution: Make Computers do the Heavy Lifting



WUFI Hygrothermal Physics “Mold Prevention” Modeling
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Reliable Results with Field and Lab Validation



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

Nutrients: wood, paper, glues, paints, dust, dirt, soap

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

Specific Risk Thresholds: Mold



BAD NEWS NO RISK

Scatter graph points should stay below curved mold risk lines

Mold Isopleth Distribution



Specific Risk Thresholds + Example:  Wood Decay

Wood Decay is due to fungal infections that 
require:

Favorable Temperature: > 50°F

Moisture: H20 content by weight > 20%-M

In example, temperature is often above 50°F

H2O Mass % is below 20%

Wood rot risk is absent unless H2O Mass% 
increases



WUFI Plus Energy AND Hygrothermal Modeling

































The SIPs Puzzle



SIPs in very Cold Climates

Seams need to be treated 
very carefully

Good installation is critical

Special attention on critical 
insulation points



Extreme cold can 
penetrate seams over time

Thermal bridging at corners

SIPs in very Cold Climates



ICFs –Insulated Concrete Forms

R-Value R-19 to 22

BUT - Thermal Mass Factor

R-values of R-50 and more are 
NOT confirmed.

Very Air tight!



Put the insulation where it 
belongs – the OUTSIDE





Appropriate glazing!

Appropriate spacers! 

Appropriate frame! 

• (Placed in insulation layer, if possible joint is 
insulated additionally on the outside)

Installation thermal 
bridge-free! 

Airtight installation! 

178

Principals for Appropriate Window Selection



• glazing and overall U-value, creating 
warm surface temperatures, avoiding 
convection, insulated, thermally broken 
frames

U-value

• warm spacers or super spacers
Quality of 

Spacers 

• 0.50 – 0.6 starting value, optimized per 
climate/project

Solar Heat Gain 
Coefficient

• multilock systems, no common sliding 
glass doors, double hung windows (lift 
and slide – sliding glass doors are the 
only sliding option available

Air Leakage

• visible transmittance (number between 
0 and 1) and light-to-solar gain ratio 
(ratio between light-to-solar gain and VT

Sun light 
Transmittance VT

• Control air permeability and bulk water 
exposure

Wind and Water 
Resistance

Window Considerations



Highly Efficient Window Profile





Clear Glass

Min 60% SHGC

NO North
windows 

















Please! Inset & 
Over-insulate

Thank you.





Thermal 
Shutters



Thermal 
Shutters

R-40 
Shutters



Thermal 
Shutters

Weakest link

of the Assembly



Sealing/Icing issues

Interior Thermal Shutters function BUT: 

Proved difficult

Under-perform 

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



R-20 or U-0.05 Exterior 
Thermal Shutters



Sensitivity Analysis: Annual Heating Demand



Sensitivity Analysis: Annual Heating Demand

+7 kWh/m2/yr
Heating demand





Thermal Sliding Shutter



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 Shutter TestLab



Zomeworks Beadwall™ moveable insulation

Steve Baer 1970



Thermal Blown-In Shutter



Thermal Blown-In ShutterThermal Blown-In Shutter – R+D!



Thermal Blown-In Shutter



Thermal 
Doors



ARCTIC Entry Doors

2 skin layers of ½”cork

Thermal break free installation.

Airtight, 7 point lock system.

Fiberglass Frame

Step over threshold

R-60 VIP insulation core.













Thermal 
bridges

Hidden

@ 40 Below





Sensitivity Analysis: Annual Heating Demand





Clear Glass

High Mass



Passive Solar













Solar Hot Water Solar PV



Solar Hot Water Solar PV



Solar Hot Water Solar PV



Solar Hot Water



Micro Hybrid Energy System for the Arctic

DHW  buffer tank

Seasonal Storage



Drainback System only!

Shoulder season is critical





No PEX!

No physical connection in tank

Maybe coil over DHW tank



















14,000 Gal 
seasonal
storage





Water vs. Concrete

as Thermal Storage Medium

Heat Capacity

- Water = 1.0 Btu/(
o 
F * lb.)

- Concrete = 0.18 – 0.23 Btu/(
o 
F * lb.)

- Dry Sand/Soil = 0.19 Btu/(
o 
F * lb.)

- Wet Sand/Soil = 0.35 Btu/(
o 
F * lb.)

Useful Absolute Temperature (for Space Heating)

- Water = approx. 100 
o 

F (180 
o 
F Max. / 80 

o 
F Min.)

- Concrete = approx. 10 
o 

F (80 
o 
F Max. / 70 

o 
F Min.)

Usable, Recoverable Storage (for Space Heating)

- 1 lb. Water ≈ 50 lb. Concrete

- 1 ft
3

Water ≈ 20-30 ft
3 
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 Design and Sensitivity Analyses

NO payback from the 
utility in Rural Alaska. 
Grid Tied Zero Energy 
approach results still 
in high cost for 
occupants…



System Design and Sensitivity Analyses

There is no easy answer



1000 GAL Energy storage Tank



Integrated heating system











98 days, 3 Girls, 1 Geek, 2210 SF TFA

Heating + DHW @ 40 below
14,000 HDD

±4.32 BTU/HR

=1.26 Watts 
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