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Background and Scope
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Project Goals

Original (Proposed)

ÅAnalyze the performance of a variety of exterior wall retrofit systems 
for the cold climate based on the following criteria:

ÁLow-cost relative to the energy-efficient benefit

or 

ÁPotential for future cost compression

ÁMoisture-durable

ÁDeep energy retrofits only 

ÁLeaving cladding on only
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Advisory Group and Evolution of Project Goals

ÅNearly 30 experts from all sectors of residential construction 

ÅFive meetings over the course of the project

ÅFirst Meeting: Most Important Selection Criteria for Test Walls 

Áair infiltration

Áconstructability

Ácost/potential for cost compression

Áease of control layer installation

Átime to install

ÅUpdated Project Goals 

ÁMost impactful (most homes, most energy savings)

ÁRemoving OR leaving cladding in place

ÁDoes not necessarily need to be ñdeepò



Major Project Components

Literature Review
(PNNL)

Expert Meetings 
(All)

Experiments
(UMN) Material Properties (ORNL)

Energy Models (PNNL)

Techno-Economic Analysis
(PNNL)

Energy 
Saved

Moisture 
ManagedCost

Construction Costs (Earth 
Advantage)

Hygrothermal Models 
(ORNL)

Material Properties (ORNL)
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Guiding Research Questions

ÅWhich systems are easier or harder to install correctly 
(based on lab team experience)?

ÅWhich walls perform better than others in terms of 
moisture performance in the cold climate? 

ÅWhich walls perform better than others in terms of 
thermal performance in the cold climate?

ÅHow do these walls compare in terms of 

ÁCost? 

ÁFuture/predicted cost? 
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Relationship to Advanced Building Construction 
(ABC) Initiative

ÅMost walls are exterior retrofits ï
can be installed without disruption to occupants

ÁBonus: Pandemic friendly

ÅWalls from DOEôs Advanced Building Construction 
(ABC) program that were ñreadyò for testing were added 
to Phase 2 of this project



Project Goal

ÅDetermine ñthe bestò exterior wall retrofit system for the cold climate based on the walls studied and 
according to the following criteria:

Á low cost relative to the energy-efficient benefit ïHigh R-value, airtight construction

ÁMoisture-durable ïLocation of thermal control layer, airtight construction, vapor control strategy

Á can be applied to a large portion of existing walls

ÁñFool Proofò construction



Building Science Issues: Thermal Control







The relationship between  

insulation and moisture
As insulation levels increase, 

moisture risks are inherently 

magnified.  This is due to what 

William Rose calls this the Fundamental Rule of 

Material Wetness: Cold materials tend to be wet 

and warm materials tend to be dry.

Or, from Pat Huelman , renowned U of M Building 

Scientist: 

òItôs not a moisture problem, itôs an energy 

problem!ò





Building Science Issues: Air Control

A premium retrofit would 

include a dedicated air 

barrier which is:

-Continuous

-Structural (must not move under 

load)

-Impermeable (to air)

-Durable

However we are attempting to 

represent the real world, so 

some upgrades have one, some 

donôt.



Å

Å

Å

Å

Å

Å



Building Science Issues: Vapor Control

As we all know, the vapor 

retarder goes on the warm 

sideé

But our basecase wall already 

has two: one on the interior, one 

on the exterior. 

Treatments are designed so 

some ignore this fact, and some 

explicitly aim to accommodate 

this potential risk.



Building Science Issues: Water Control

The base case wall has an 

existing water control layer: 

#30 building paper.

Some treatments rely on 

this existing layer, while 

others add supplemental 

water control layers, or 

remove the siding and 

paper to add a new water 

control layer.



Å Oil primer

Å Vapor retarder 

primer (0.6 perm)

Å Latex paint

Vapor 

retarder 

primer (0.6 

perm)





Potential insulation location strategies

Cavity only Exterior only Hybrid (cavity + exterior)





Potential insulation location strategies

Hybrid Cavity + Interior
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Cloquet Residential Research Facility



CZ 6A

CZ 7A



Cloquet Residential Research Facility

Å[ƻŎŀǘŜŘ ŀǘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ aƛƴƴŜǎƻǘŀΩǎ 
CloquetForestry Center near Cloquet, MN  

ÅCompleted in 1997 
Åoriginal funding provided by CertainTeed Corp.

ÅDesigned as a test bed to:
evaluate long-term, 
cold-climate performance 
of full-scale building envelope components 
including:
Åfoundations, 
Åwalls, 
Åwall/window interface, and
Åroofing systems. 



CRRF Building Design
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5ƛǾƛŘŜŘ ƛƴǘƻ млΩ ǘŜǎǘ ōŀȅǎ ŀƭƻƴƎ ŜŀǎǘκǿŜǎǘ ŀȄƛǎ

Ã 12 bays on main level with end guard bays

Ã bays 1 to 6 framed in wood 

Ã bays 7 to 12 framed in metal

Ã 2 basement bays with end guard bays 

Single-story building on a full basement

Ã West basement has hollow masonry block 
walls and I-joist floor trusses

Ã East basement has poured concrete walls 
with open web floor trusses 
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Wall Selection
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Results From 2019 Expert Meeting

ÅMost important wall selection criteria 
Áair infiltration

Áconstructability

Ácost

Áease of control layer installation

Átime to install
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Additional DOE Guidance

ÅAfter reviewing expert meeting results with DOE, additional 
guidance included:
ÁMost impactful (most homes, most energy savings)

ÁRemoving OR leaving cladding in place

ÁDoes not necessarily need to be ñdeepò



Treatment Summary

- 8 types of insulation; fiberglass, cellulose, mineral fiber, EPS, XPS, Polyiso, PU, VIP

- 5 forms of insulation; batt, blown-in, panels, blocks, pourable/injected

- 12 combos of insulation type and form (more than one insulation is used in some 

treatments)

- 3 types of added water and/or air control layers (housewrap, peel and stick, LAM)

We ended up with:

- 9 wall treatments built on-site with existing building materials

- 1 wall treatments used prefabricated components

- 3 wall treatments used off-site produced systems

- 4 wall treatments of novel/emerging materials or systems

Wall Treatment Summary Phase 1 Phase 2 Total

- Interior w/ cavity 0 1 1

- Cavity only 2 1 3

- Exterior w/ cavity 2 3 5

- Exterior only 3 2 5



Test walls,
Phase 1



Test walls,
Phase 1



Test walls,
Phase 2



Test walls,
Phase 2







ID Description
Material 

Acquisition

Installation 

Ease
Installation Speed

# of

Operations

Added

Thickness

B
Drill -&-Fill Cellulose 

(dense-pack)

readily available

to contractor
very easy; straightforward very fast 2 0

C Injected Cavity Foam (proprietary oc-spu) not currently available moderately easy very fast 2 0

D
Pre-fab Ext EPS 

(panel w/struts)

available at 

some BMS*
very easy; straightforward somewhat fast 3 5.25ò+

E
Drill -&-fill Cellulose 

+ Ext XPS 

readily available

to contractor

several layers 

or steps
somewhat slow 5 2.5ò

F
Drill -&-fill Cellulose 

+ VIP/Vinyl Siding

not currently 

available

several layers

or steps
somewhat fast 4 0.5

G
Exterior Mineral Fiber 

Board 

available at 

some BMS*
moderately easy somewhat slow 3 5.25ò+

H
Ext. gEPS Structural 

Panel System

available at

some BMS*

several layers

or steps
somewhat fast 4 7ò

J Drill -&-Fill Fiberglass (proprietary, high-dens)
available at 

most BMS*
very easy; straightforward very fast 2 0

K
Fiberglass Batt 

+ Int Polyiso 

readily available

to contractor
moderately easy somewhat slow 4 1ò

L
Drill -&-Fill FG 

+ Ext Polyiso

readily available

to contractor
several layers or steps somewhat slow 5 1.5ò

M
Pre-fab Ext EPS/EIFs 

Panel System
available from manufacturer moderately easy somewhat fast 3 5.75ò

N
Pre-fab Ext PU/Vinyl 

Block System

not currently

available
very easy; straightforward somewhat fast 2 4ò

O
Drill -&-Fill FG 

+ Ext FG Board 

available at

some BMS*
moderately easy somewhat slow 4 3.25ò

P
FG Batt + XPS + OSB 

(thermal break shear)

readily available

to contractor
moderately difficult quite slow 6 0.75ò

* BMS refers to Building Materials Supply outlets such as big-box DIY chains and larger local or national lumberyards
+  Two layers of continuous exterior insulation for colder climates; a single layer may be adequate for warmer climates

Measuring constructability



Instrumentation



Honeywell HIH-4000 Series

Brass nails + Enamel Paint

Omega Type-T Thermocouple

FluxTeqPHFS-09e

Pyronometers
Å 6 Campbell Scientific CS320
Å Vertical mount (4 south, 2 north)

Weather Station
Å Wind speed / direction
Å Temp / RH
Å Horizontal pyronometer
Å Rain gauge




