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Zero Energy 
In Alaska 



Passive House @ L-64 

No-Fossil Fuels 

Zero Energy 

Annual Heat Storage 

No conventional heating system 

No Backups 

No VB-Diffusion open wall system 

Thermal Shutters 



Walls R-75 or U-0.073 W(m2/K) 

Roof R-115 or U-0.049 W(m2/K) 

Slab R-63 or U-0.090 W(m2/K) 

1084 Bags of cellulose  

~12 tons of insulation 













 





IR Camera 

Anemometer 

Moisture Meter 

Indoor Air Quality Monitor 









 





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

14,000 HDD 

±4.32 BTU/HR 

=1.26 Watts  







Passive House @ L-64 

No-Fossil Fuels 

Zero Energy 

Annual Heat Storage 

No conventional heating system 

No Backups 

No VB-Diffusion open wall system 

Thermal Shutters 

 



The SunRise Project, Thorsten Chlupp 



Living with the  

Arctic Sun 













Shishmaref 



Shishmaref 



Shishmaref 

















People 

Health 

Comfort 

Energy 

Costs 

Embodied Energy 
 













The  











Sensitivity Analysis: Annual Heating Demand 









Sensitivity Analysis: Annual Heating Demand 





    















Sensitivity Analysis: Annual Heating Demand 











Durability: 
Temperature  
Relative  
Humidity 
Time  



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 





High density, high heat capacity 
- phase displacement 
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Wall Moisture Content 

Bathroom MC

Bedroom MC

Above 16% = concern 



-20

-10

0

10

20

30

40

1/7/2011 2/26/2011 4/17/2011 6/6/2011 7/26/2011 9/14/2011 11/3/2011

Te
m

p
e

ra
tu

re
, D

e
g 

C
 

Bathroom Wall Temperatures 

Bathroom MC Temp

Bathroom In

Bathroom Out CDX

Bathroom Out

In DewPt Temp
OutCDX DewPt Temp

Out DewPt Temp
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Bedroom Wall Temperatures 

Bedroom MC Temp

Bedroom In

Bedroom Out CDX

Bedroom Out

In DewPt Temp

OutCDX DewPt Temp

Out DewPt Temp
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Bedroom Wall RH 

Out

Out CDX
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Clear Glass 

Min 60% SHGC 

NO North 
windows  













Please! Inset &  
Over-insulate  



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  
bridges 

Hidden 

@ 40 Below 





Sensitivity Analysis: Annual Heating Demand 





Clear Glass 

High Mass 



Passive Solar 









Drainback System only! 

Shoulder season is critical 





No PEX! 

No physical connection in tank 

Maybe coil over DHW tank 



14,000 Gal  
seasonal 
storage 





Opportunity Liability 



CCHRC 

COLD CLIMATE HOUSING RESEARCH CENTER 

Thorsten@reina-llc.com 


