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Background and Scope



Project Goals

Original (Proposed)
AAnalyze the performance of a variety of exterior wall retrofit systems
for the cold climate based on the following criteria:

ALow-cost relative to the energy-efficient benefit
or
APotential for future cost compression

AMoisture-durable
ADeep energy retrofits only
ALeaving cladding on only



Advisory Group and Evolution of Project Goals

ANearly 30 experts from all sectors of residential construction
AFive meetings over the course of the project

AFirst Meeting: Most Important Selection Criteria for Test Walls
Aair infiltration
A constructability
A cost/potential for cost compression
Aease of control layer installation
Atime to install

AUpdated Project Goals
AMost impactful (most homes, most energy savings)
ARemoving OR leaving cladding in place
ADoes not necessarily need to be

nde



Major Project Components

Construction Costs (Earth
Advantage)

Literature Review

(PNNL) Hygrothermal Models
\ (ORNL)

TechneEconomic Analysis

(UMN) Material Properties (ORNL) (PNNL)

J Energy
E Meeti
(:”p;ert eeUrV \ Energy Models (PNNL/ Saved

Experiments

Material Properties (ORNL)

Moisture
Cost Managed



Guiding Research Questions

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

AWhich walls perform better than others in terms of

moisture performance in

the cold climate?

AWhich walls perform better than others in terms of

thermal performance in t

AHow do these walls com

ne cold climate?

nare in terms of

A Cost?

AFuture/predicted cost?



Relationship to Advanced Building Construction
(ABC) Initiative

AMost walls are exterior retrofits 1
can be installed without disruption to occupants

ABonus: Pandemic friendly

AWal |l s from DOE6s Advanced Bui
( ABC) program that were 0nrea:i
to Phase 2 of this project



Project Goal

ADetermine fithe besto exterior wal/l retrofit system
according to the following criteria:

A low cost relative to the energy-efficient benefit i High R-value, airtight construction
A Moisture-durable 7 Location of thermal control layer, airtight construction, vapor control strategy
A can be applied to a large portion of existing walls

Ve

ANFool Proof 0o constructi on



Building Science Issues: Thermal Control
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Temperature
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Temp. difference inside:
Cold surfaces cause
comfort problems; potential
for condensation

Temp. difference outside:
Indicates energy loss







The relationship between

iInsulation and moisture
As insulation levels increase,
moisture risks are inherently
magnified. This is due to what ' _ * :
William Rose calls this the Fundamental Rule of Faf bR
Material Wetness: Cold materials tend to be wet

and warm materials tend to be dry.

Or, from Pat Huelman, renowned U of M Building WILLIAM 5 K0§E
Scientist:
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Building Science Issues: Air Control

A premium retrofit would
Include a dedicated air
barrier which iIs:

-Continuous

-Structural (must not move under | |

load) S i g
-Impermeable (to air) -a.,.‘Z
-Durable it "3 e |

However we are attempting to
represent the real world, so
some upgrades have one, some
donot




Air control integrity and air leakage calibration:

To Io o Do o I»

~

Sheathing boards were not set tight, building paper was lapped and
stapled but not sealed

The entire panel perimeter was sealed before installation

Used TEC Minneapolis Micro Leakage Meter @ 50 Pa across the wall
panel

Used a sealed electrical box with small hole to calibrate and equilibrate
Final base wall measurements varied between 0.37 - 0.42 cfm @ 50Pa
Post-treatment: cavity treatments were TLM (< 0.2 cfm); exterior
treatments remained similar



Building Science Issues: Vapor Control

As we all know, the vapor
retarder goes on the warm
si dee

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.



A Oil primer
A Vapor retarder
primer (0.6 perm)

A Latex paint
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Preparation of Base Case Walls:

Interior Finish: 5/8" Drywall (with vapor retarder primer)
Framing: 2x4 SPF at 16" o.c.

Sheathing: 1x6 Pine

Water Control: #30 Building paper

Cladding: 7 V4" Cedar Lap Siding (with oil primer, vapor

retarder primer, and latex topcoat)
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Potential insulation location strategies

Hybrid (cavity + exterior)

Exterior only

Cavity only
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Hybrid Cavity + Interior

Potential insulation location strategies
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Cloquet Residential Research Facility
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Cloguet Residential Research Facllity

Al 20 GSR 0O UKS ! yYAQD
CloquetForestry Center nedaCloquet MN

ACompleted in 1997
A original funding provided by CertainTeed Corp.

ADesigned as a test bed to:
evaluate longterm,
cold-climate performance
of full-scale building envelope components
including:
A foundations,
A walls,
A wall/window interface, and
A roofing systems.




CRRF Building Design
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A West basement has hollow masonry block 2 12 bays on main level with end guard bays

walls andHoist floor trusses i bays 1 to 6 framed in wood

i East basement has poured concrete walls # bays 7 to 12 framed in metal

with open web floor trusses 4 2 basement bays with end guard bays






Wall Selection



Results From 2019 Expert Meeting

AMost important wall selection criteria
Aair infiltration
Aconstructability
Acost
Aease of control layer installation
Atime to install



Additional DOE Guidance

AAfter reviewing expert meeting results with DOE, additional
guidance included:
AMost impactful (most homes, most energy savings)
ARemoving OR leaving cladding in place
ADoes not necessarily need to be



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 Phasel Phase2 Total

- Interior w/ cavity 0 1 1
- Cavity only 2 1 3
- Exterior w/ cavity 2 3 5
- Exterior only 3 2 5
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Test walls,

Phase 2

Wall J (B12W2)

Wall I (B11 W2)

WallL (B11 W1)

Wall K (B12 W1)
Interior PIR

Fiberglass

Base Case 2

Exterior PIR

[T "o ,00" Q00T TR AUTN T TER AUTY

WL W, |

ot o o, oF 5.9 onl g 0. o°nl g.0. ¢

I o0 PR |
m\_\_,pu
«8/g
Yoneyn
. - gﬁ
rem Prys EWNQ
NS\
Suig
X " Oxy
Sdey .o.EthQ Oy

D570 T 0% Za 0570 2 » 000 o p

A
oo Pap COQ‘Q..._.Q
S

Eum.qo

Uop,
NSy
=
wl



Test walls,

Phase 2

Wall M (B10 W2)

Wall N (B1T0W1)
ABC-Fraunhofer

Wall P (B9 W1)
Thermal Break Shear
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Measuring constructability

D Descripti Material Installation Installation Speed # of Added
escription Acquisition Ease nstallation spee Operations Thickness
5 : Drill -&-Fill Cellulose
: (densepack)
C . Injected Cavity Foam (proprietary spu) : not currently available moderately easy
. Prefab Ext EPS 3 available at |
b (panel wistruts) 3 some BMS* somewhat fast 3 5. 250
: Drill -&-fill Cellulose several layers .
" eEes — or steps omennet o ’ - °°
E - Drill -&fill Cellulose not currently several layers somewhat fast
. + VIP/Vinyl Siding available or steps
G . Exterior Mineral Fiber available at moderately eas somewhat slow
: Board some BMS* y easy
H : Ext. gEPS Structural available at several layers somewhat fast
: Panel System some BMS* or steps
o S . . available at
J Drill -&-Fill Fiberglass (proprietary, higtiens) most BMS*
K : F|berglas§ Batt moderately easy somewhat slow
- + Int Polyiso
L Dril-&-Fill FG several layers or steps somewhat slow
. + Ext Polyiso 4 P
M : Prefab Ext EPS/EIFs available from manufacturer moderately easy somewhat fast
: Panel System
N : Prefab Ext PU/Vinyl not CL_JrrentIy somewhat fast
- Block System available
o}  Dril-&-Fill FG available at moderately eas somewhat slow
: + Ext FG Board some BMS* y easy
: + +
P : FG Batt + XPS + OSB moderately difficult quite slow

* (thermal break shear)

* BMS refers to Building Materials Supply outlets such astimg DIY chains and larger local or national lumberyards
* Two layers ofcontinuous exterior insulation for colder climates; a single layer may be adequate for warmer climates




Instrumentation



°'"‘

Sensor Array
+/- 700 sensors

TC-Thermocouple temperature sensor

RH-Relative humidity sensor
MP-Pin-type moisture content sensor

HF-Heat flux plate

Sensor position number

Omega Typd Thermocouple
Honeywell HIHIO00 Series

Brass nails + Enamel Paint
FluxTedPHF$9e

Pyronometers

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

Weather Station

A Wind speed / direction
A Temp/RH

A Horizontalpyronometer
A Rain gauge
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