
1

The Importance of Being Insulated

“…not only reduces 

consumption of 

energy…leads to better 

quality, and on 

occasion, lower cost 

construction.”
—Thomas Fisher

…plus it improves 

thermal comfort

Three unsurprising facts:
• All heat loss/gain occurs on the “path” 

through the building skin.

• Heat transfer is always from hot to cold.

• The weather and the internal load determine if 

heat loss or heat gain is occurring.

Introduction to a British Thermal Unit (Btu)

Heat to raise 1 pound of water 1°F

Rate of heat transfer is measured in Btu per hour [Btuh]

[The rest of the world measures heat transfer in Watts (3.41 Btuh).]

About 1 btu
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Methods of heat flow

1 no-touchy

radiation—by electromagnetic wave

2 touchies

conduction—thru a solid medium

convection—thru a fluid

Basic conduction

Skin area (A) area of each material (sqft)

Conductive rate (U) U-value (btuh/sqft°F) (1/R-value)

Temperature differential ( T) between inside and outside (°F)

HL = A x U x  T

To reckon the U-Value—look up C or k

1. For a specific thickness (t) look up Conductance, C (btuh/ft2°F)

2. For a unit of thickness (1") look up Conductivity, k (btuh/ft2°F/in)

C=k/t
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For metal R-Value (1/U) is about zero! [for steel, R = 0.04]

U from

30 to almost .05

Most skin elements are composites:

Mathematically, it’s not as simple as adding conductance (C).

Conductance (U-Value (btu/hr°Fft2) is a speed

You can add times, though. R = 1/C (hr/btu°Fft2)

Resistance (R-Value) is a time

R-Value @ stud

6.88

R-Value between

3.41

Studs @ 16”o.c.

20% framing

Studs @ 24”o.c.

15% framing

R-Value average
(6.88)(.2)+(3.41)(.8)

= 4.10

Look up thermal 

properties in 

MEEB Appendix E

Typical composite residential wall
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Each skin element is slightly 

different and must be calculated.

Weighted average R-value:

(13.74)(.80) + (5.34)(.20) = 12.06 

Total R-Value = R1 + R2 + R3 + … +Rn or    (Rn)

U = 1/ Rtotal

Oops! Forgot about insulating air films!

You can also 

compare 

performance of 

competing 

insulation 

strategies
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Opaque, 

available 

for free from 

UCLA at 
http://www.au
d.ucla.edu/ene
rgy-design-
tools, 
Allows you to 
build a custom 
wall or roof 
section and 
does the math.

Whole Building Conductive Heat Loss (or Gain)

Moreover

HLtot = HLC + HLI + HLSE

HLC =  (U x A x T)

Infiltration          Slab Edge Loss

Surface temperature

You can measure surface 

temperature with a spot 

pyranometer or an 

infrared camera.

Lightly insulated 1920s bungalow 

loses heat through its walls (green)

Solar radiation raises surface 

temperature in Ed Bldg
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Thermal Gradients can predict:

1. the wall’s radiant temperature

2. the dew point location

The infamous uninsulated stud wall:

R-Value = 3.41 between studs
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Determine the Dew Point from psych chart

_______

Here 10°C or 50°F

On a cold day in Helena, MT (0°F),

You want it to be 65°F indoors.

_______ 
wall temp

 Dew Point

Add Insulation!

_______     Wall Temp.
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…until 1973…

The OPEC oil embargo 

stimulated energy 

conservation:

2 philosophies arose

Light and Tight vs.

• 8% glass max.

• Max insulation

• Tight construction

Impressive energy savings 

at low cost!

Homes less in touch with 

nature than the energy 

wasters they seek to 

replace.

…now PassiveHouse (nee PassivHaus)

Glass and Mass

(aka Passive Solar)

• >20% glass for solar gain

• Thermal mass within

Impressive energy savings at low 

cost!

Homes in tune with natural 

conditions.

Balcolm house
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Who won?

Energy codes developed to 

embrace both.

Surpassing the code 

requirements came to be 

known as superinsulation.

Prescription-based 

standards

Performance-based compliance: Not all walls need to be equal….

South-to-north section

Techniques for superinsulation

• Double walls

• Wall trusses

• Straw bale walls

• Stress skin panels

• Radiant barriers
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Double Wall 

• Insulation outside rim joists

• Recessed vapor barrier

• Vented roof

Grand Opening 2014

Soft insulations choices (all ~R-3 per inch):

• Fiberglas

• Mineral wool

• Denim

• Lamb’s wool
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Larsen Truss Wall 

• Non-structural trusses

• Interior 2x4 structure 

• Insulation outside rim joists

• Recessed vapor barrier

• Vented roof

Straw Bale Wall 

• Structure and 

insulation combined

• Breathing walls

• Cheap local material

• Tests at ~R-27

Real Goods—Sim van der Ryn

Hempcrete is structural 

insulation!
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Structural Insulating Panels 

(SIPs)
• Insulated panel is structural

• No vapor barrier

• Un-vented roof*

• Wiring and plumbing issues

*Hunter Cool-Vent is 

the exception.

R-Value +

Modular construction
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Princeton, ID house

SIP roof

Straw bale walls

Kurt Rathmann

From a 1980s ad

2017 Update: Do you know if 

your insulation is flammable?

Grenfell Tower fire 

12 June 2017 in London

Rydon fitted the 24-storey tower with a cheaper, less fire-resistant 

aluminium composite panels with a plastic core.
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Radiant Barriers 

• Vented air space behind siding

• Vapor barrier inside

• Radiant barrier outside

• Vented roof

Suitable for hot humid climates!

How do you attain great performance without superinsulation?

A research project?

Energy costs

15/16" insulation vs. 2¼"

[and cheaper than war!]
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Which is thermally superior?

Insulation’s place is on the outside

EFIS

Prudent to insulate walls 

with exterior insulation.
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Combat the 

thermal bridge 

syndrome!

Continuous insulation (CI) is the answer!
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Structural insulation at work!

Before roof insulation project.

Sometimes an infrared camera isn’t needed:

AAS roof remodel

Decks are potential thermal 

bridges.

Aqua Tower, Chicago

Studio Gang
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Yikes! No thermal breaks!

…but structural 

thermal break 

technology exists

Even metal garage doors 

can be insulated!

As can pet doors (Title 

24 Compliant)!
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