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3 Need to Knows:

Location

Climate 
(micro)Environment











3 Biggest Hurdles

Location& 
Climate

Ego & Ignorance
Client & 
Budget







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

















Losses Gains 

Renewables

?







IR Camera

Anemometer

Moisture Meter

Indoor Air Quality Monitor



Sand Point  – Exterior Rendition



Sand Point  – Exterior Rendition





Efficiency by shape



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



Sensitivity Analysis: Annual Heating Demand



Orientation

+ 41-48%





Sensitivity Analysis: Annual Heating Demand











High efficient Heat Recovery is Expensive



Ground Loop Heat Exchanger



Ground Loop Heat Exchanger









Sensitivity Analysis: Annual Heating Demand





Typical heat loss of a Home 



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.



2x4 Test Wall 2 years, no VB on interior

R-11 batt, 2”EPS R-11 batt, 4”EPS
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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 



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



WUFI Plus Energy AND Hygrothermal Modeling



REMOTE: 
Residential Exterior Membrane 
Outside-insulation TEchnique

REMOTE = Modified PERSIST or an 
Alaskan Approach to a Canadian Concept

The REMOTE Wall System

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



REMOTE Wall System – Exterior Insulation



REMOTE Wall System – Wall & Roof detail



REMOTE Wall System – Wall & Foundation detail





REMOTE Wall System – The Manual 2nd Edition



Rubberized Adhesive  Exterior Membrane



6 Mil Poly Exterior Membrane



Tyvek Drain Wrap Exterior Membrane



Exterior Membrane should transition 
to interior ceiling



Ceiling vapor barrier  completes the envelope



StuccoAzek Steel

Inset Windows



On deck REMOTE assembly can save time



REMOTE furring detail



Furring installed ready for siding







REMOTE Wall System using Rockwool



REMOTE Wall System using Rockwool



REMOTE Wall System using Rockwool



REMOTE Wall System using Rockwool











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

ArcticWall System – The Research Report





High density, high heat capacity
- phase displacement























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





• 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





Clear Glass

Min 60% SHGC

NO North
windows 













Please! Inset & 
Over-insulate

Thank you.





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 Shutters and PHPP

Figure:
• U-Value of Thermal Shutter
• % darkness heating season
• % human factor
• Establish adjusted window u-value
• Use in PHPP window sheet



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



Thermal Shutter TestLab

R-60 VIP Panels



Thermal Shutter R-60 VIPS



Exterior Thermal Shutters 



Thermal Blown-In Shutter – Installed



Thermal Blown-In Shutter – Installed



Thermal Blown-In Shutter – Installed



Thermal 
Shutters



Thermal 
Shutters
@-40F

R-40 
Shutter



Exterior
Thermal 
Shutters

Interior
Thermal 
Shutters



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!



Windows
Weakest link

of the Assembly



Thermal 
Doors



Double air sealing gasket

Airtight, 7 point lock system

R-60 Vacuum 

insulation core

All Fiberglass construction

Mounted hinges 

on warm side of 

the door

ARCTIC DOOR









Sensitivity Analysis: Annual Heating Demand





Clear Glass

High Mass



Passive Solar



PHPP = One BTU/lb-ft and static w/24hr avg temps

Modeling Thermal Mass

EPlus+WUFI = BTU/lb-ft per layer and dynamic w/hourly temps

Use the right tool for the job!

AHA Rammed Earth Case Study



PHPP = wrong tool for the job!

Modeling Thermal Mass

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







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

















Integral Solar Heating System





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
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