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EXECUTIVE SUMMARY
Background

A workshop was held to provide a forum for representatives of industry,
academia, and government agencies to recommend research on acceptable
alternatives to the currently used CFC insulations. The scope of the
research discussed focused on finding alternatives for plastic foam
jnsulation currently containing primarily CFC-11 and CFC-12. CFC-11 and
CFC-12 are used as blowing agents in the production of plastic foam
jnsulations for buildings and appliances. ORNL staff worked with
representatives from private industry, academia, and government agencies
to develop draft research projects prior to the June 9-10, 1988 workshop.
A draft research menu and sample ballots were sent to 86 potential
attendees for review a month before the workshop. Sixty nine participants
representing 43 organizations attended this workshop.

Objective

The purpose of this report is to document the prioritized research project
ranking produced by the Joint Public/Private Workshop on Alternatives for
Insulations Containing Chlorofluorocarbons (CFCs). The major goal was to
have the attendees representing all of the major insulation industries
affected by CFC restrictions produce a 1ist of research needs that is
relevant, comprehensive, and prioritized. A secondary goal of the
workshop was to provide the opportunity for a description of current
technical activity that is occurring in both the private and public
sectors. Another motive behind the workshop was to prompt cooperative
public/private interactions to develop CFC alternatives, and provide
guidance on the role of the federal government. In the Tong term it is
hoped this document will help accelerate the resolution of CFC in
insulation issues and minimize both the economic and the energy impact of
CFC restrictions.

Approach

The methodology was to develop several draft versions of the Alternatives
for Insulations Containing CFCs Research Project Menu (Appendix C), and
circulate the drafts prior to holding the workshop. Each project was then
discussed at the workshop and voted on by the attendees of the workshop to
assign an importance ranking, and indicate who should do the research
project. The balloting results were electronically compiled 1mmed1ate1y
and presented to the attendees.

Results

More than 75% of the research projects were identified as candidates for
~joint private/public sector research effort. The prioritized 1ist of 29
research projects generated from all the ballot results is shown below
grouped in categories of above average, average, and below average
importance.
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Executive Summary (cont'd)
Above average importance

C.4.1 Public/Private Research Menu

C.4.2 DOE/ORNL/Industry Workshop .

C.1.12 Data Base of Physical Properties

C.1.11 Protocol to Predict Thermal Performance
C.1.4 Ident1fy New Blowing Agents

Average importance

C.1.6 Environmentally Acceptable Blow1ng Agents

C.2.6 New Facing Materials

C.4.5 Energy Impact for Walls and Roofs

C.3.1 CFC Manufacturing Recovery Processes

C.1.2 Low k Standard Reference Material

C.1.3 Data Base for Alternate Blowing Agents

C.1.1 Accelerated Foam Aging for Design R-values
C.2.2 Evacuated Panel "Super Insulation"

C.2.3 Components for Super Insulations

C.1.5 Field Test Project

C.2.1 Composites with High Thermal Resistance
"C.4.4 Establish Essential Material Properties

C.3.4 CFC Destruction

C.1.8 Thermal Resistance Measurements

C.4.3 Critical Assessment of Product Property Tests
C.3.2 CFC Incineration

C.3.6 CFC Adsorbents

C.3.5 CFC Recapture at Refrigerator/Freezer Retirement
C.1.10 Manufacture of Environmentally Acceptable Foams

Below average importance

1.9 Thermal Conductivity of Expanded Polymers

2.4 Non CFC Systems

2.5 Non CFC Foundation Insulation

3.3 Recycling Panels

1.7 Calculation Methodology - Flammability Testing

The top two items are the development of this research menu and continued
workshops on alternatives for insulations containing CFCs. Other top
priority research projects are development of a data base of physical
properties of substitute blowing agents; protocol to predict thermal
performance of foam insulation products; identify new chemical blowing
agents; environmentally acceptable blowing agents and a means to achieve
equivalent efficiency; new facing materials; energy impact for walls and
roofs; CFC manufacturing recovery processes; and low k standard reference
material. Based on the data base produced by all the ballots, the top five
research projects shown in the above 1ist have statistically above average
importance and the last five have below average importance. The remainder
have average importance.
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Results of Workshop to Develop
Alternatives for Insulations Containing CFCs
Research Project Menu*

J. E. Christian
Energy Division
and
D. L. McElroy
Metals and Ceramics Division
Oak Ridge National Laboratory
Oak Ridge, TN 37831-6092

ABSTRACT

Sixty nine individuals from 43 organizations impacted by CFC
restrictions in the production of insulations met for two days to produce
a relevant, comprehensive and prioritized 1ist of research needs. Of the
29 one page research project descriptions, about 75% are candidates for
joint private/public sector research ventures. Top priority research
projects are: development of a data base of physical properties of
substitute blowing agents; protocol to predict thermal performance of
cellular foam insulation products; identify new blowing agents;
environmentally acceptable blowing agents and means to achieve equivalent
efficiency; new facing materials; CFC manufacturing recovery processes;
and Jow k standard reference material. Based on the data base produced by
balloting, five research projects have statistically above average
importance, five have below average importance, and the remainder have
average importance.

Clearly the desire is to first try to find an acceptable alternative
set of blowing agents and develop protocol for predicting long term
thermal performance of plastic foam insulation. There was considerable
interest from the public sector attendees to develop evacuated panel
insulations. There was very modest interest by the private industry
participants to consider evacuated volumes in plastic foam boards. Those
insulation manufacturers most impacted by CFC restrictions indicated by
their balloting that they do not have as much to gain by development of
alternative insulation technologies to plastic foam insulation with
environmentally acceptable blowing agents.

The prioritized research 1ist presented in this report should be
considered as only one of a number of inputs for allocating research and
development resources. There are many promising activities outlined in
this report and this material should be useful in developing research
plans and formulating research work statements. It is obvious that there
are numerous areas were cooperative research ventures could be
established. Hopefully this document will form a starting point in
accelerating the solution to the CFC problem for insulations.

*Research sponsored by the Office of Buildings and Community Systems,
U.S. Department of Energy, under contract DE-AC05-840R21400 with Martin
Marietta Energy Systems, Inc.
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1. [INTRODUCTION

1.1 OBJECTIVES

The purpose of this report is to present the prioritized research
project ranking produced by the Joint Public/Private Workshop on
Alternatives for Insulations Containing Chlorofluorocarbons (CFCs) that
was held on June 9-10, 1988, in Washington, DC. Fully halogenated CFCs
have all chemical bonds with fluorine, chlorine, bromine, or iodine.
They are particularly harmful to the stratospheric ozone because they
have such a long "l1ifetime" in the atmosphere. The HCFCs are not fully
halogenated. They are distinguished by as few as a single hydrogen
atom. The HCFCs are not as inert as the fully halogenated species, and
they break down in the Tower levels of the atmosphere due to the weak
hydrogen-carbon bonds.

This workshop was attended by 69 representatives from public and
private organizations that are impacted by the CFC issue. The attendees
represented manufacturers of insulating foam systems as well as their
chemical constituents, and building researchers from the U.S. and
Canada. The main objective of the workshop was to permit an on-the-spot
critique and prioritization of 29 research projects. The procedure to
meet this goal included presentations of the scope, approach, and
products of each project; a review of each project by a discussion
leader with solicitation of questions and comments from the workshop
attendees; and voting by each attendee on each project to determine a
workshop ranking of technical importance and who should do the research.
The ballot results were provided to each attendee at the meeting and-are
analyzed in Chapter 4 of this report.

A second goal of the workshop was to provide the opportunity for a
description of current technical activity that is occurring in both the
private and public sectors. These progress reports provided technical
results and identified research needs, the primary CFC-related concerns,
and areas for cooperative public/private interactions.

1.2 SCOPE

This activity focused on the development of a research menu for
finding alternatives for plastic foam insulation currently containing
primarily either CFC-11 or CFC-12. CFC-11 and CFC-12 are used as
blowing agents in the production of plastic foam insulations for
buildings, appliances, refrigerated transportation, and cold storage
facilities. The research projects covered are grouped into four
categories; foam insulation with alternative blowing agents; alternative
insulations, which may include some materials used for insulation other
than plastic foam; recovery/recycling/disposal of CFCs, and potential
alternatives; and implementation and information exchange to accelerate
the development of acceptable insulations which do not depend on CFCs.



1.3 PROBLEM SIGNIFICANCE

Stratospheric ozone acts as a shield against harmful solar
ultraviolet (UV) radiation. A significant reduction in ozone in the
upper atmosphere could result in long-term increases in skin cancer and
cataracts, and probably damage the human immune system. Evidence also
supports the conclusion that reductions in the total abundance of
stratospheric ozone could reduce crop yields and alter terrestrial and
aquatic ecosystems (Perry, A.M., 1986).

Chlorine from the fully-halogenated chlorofluorocarbons (CFCs)
and bromine from halons have been found to be the primary cause for
decreasing stratospheric ozone. CFCs are used as blowing agents in
plastic foam products (cushioning, insulation, and packaging), as
refrigerants, as solvents, as sterilants, and in aerosol applications.
Halons are used as fire extinguishing agents. To protect the ozone
layer, the United States, 23 other nations, and the European Economic
Community signed the Protocol on Substances that Deplete the Ozone Layer
on September 16, 1987, in Montreal, Canada. This agreement controls the
production and consumption of five CFCs and three halons (EPA, 1988).

The Montreal Protocol calls for a freeze in CFC-11 and CFC-12
blowing agents at 1986 consumption levels beginning in July 1989; and
reductions of 20 percent from 1986 levels of blowing agents by July 1,
1993, with reductions of 50 percent required by July 1, 1998. Since the
plastic foam insulation has experienced phenomenal growth since 1986,
the impact in going back to 1986 CFC usage in July 1989 to this segment
of CFC users will actually be about a 10-25% cutback (Putnam, Hayes, and
Bartlett, Inc., 1988). To illustrate the problem significance even
further, the most technically promising alternatives to CFC blowing
agents, if found not to be toxic, will not be available in commercial
quantities until 1992-93. By 1998 it is estimated that the plastic foam
industry will lose more than $500 million in annual revenue and 4000
jobs. However, EPA's economic impact estimates are not as severe as
those found in the Putnam, Hayes, and Bartlett report (Putnam, Hayes,
and Bartlett, Inc., 1988).

Foam insulations using the relatively low thermal conductivity
blowing agents such as CFC-11 and CFC-12 that are partially retained in
the final product offer the highest commercially available R-value per
inch. Industry, and particularly the insulation industry, has made
remarkable improvements in energy efficiency by using CFCs. Restricting
the use of these materials without developing alternatives will remove a
highly successful and highly visible energy conservation measure.

The impacts of CFC restrictions on the energy efficiency of foam
insulations currently using CFC-11 and 12 are significant. The worst
case scenario of the long range effect on building applications
associated with the elimination of these CFCs is an increase in energy



consumption of 0.65 quads/yr(a). Taking into account the insulation
impacts in refrigerators and freezers, water heaters, beverage
vending-machines, and refrigerated transport adds another 0.95 quads/yr.
The total worst case scenario of the long range effect on building and
appliance applications is 1.6 quads/yr (Fischer 1988). Based on $18 per
barrel of o0il, this energy impact is about $5 billion per year

(a). 10*® joules is 0.947 x 105 Btu or 0.947 QBtu or 0.947 quad.
(b). The energy capacity of one gallon is 1.3 x 10° Btu, so 1.6
quads is equivalent to 293 million barrels of oil.

1.4 MERITS OF PUBLIC/PRIVATE COOPERATIVE PROGRAMS

Ozone depletion has resulted in global CFC restrictions. If
technology can produce cost-effective insulation alternatives without
CFCs, the entire planet gains.

The CFC problem is enormous. No one company has the resources to
solve the entire problem on its own. Many of the foam plastic
insulation manufacturers using CFCs had been preoccupied with the
thermal aging issues until the signing of the Montreal Protocoi. Now
both CFC substitutes and thermal aging must be addressed simultaneously.
Thermal aging refers to the R-value dropping over time, depending on
product and application. An accepted protocol for determining life-time
design R-values is needed. Alternative products will also be introduced
into this uncertain environment, since they too will likely have some
thermal drift.

A national goal is to use energy resources efficiently and in an
environmentally safe manner. Energy conservation has been one of the
‘enduring shining stars in the accelerated energy technology development
effort over the last several decades. Despite a temporary relaxing of
energy cost escalation, conservation continues to gain market acceptance
in the building and appliance industries. Many "lead" builders and
almost all appliance manufacturers are using more CFC insulation
products than ever before to obtain cost effective energy efficiency. A
significant increase in constraints to achieving energy efficiency is
taking place. An effective increase in R&D resources needs to be
applied to develop equivalent alternatives within the new set of
constraints.

CFC restrictions have transformed the largely "commodity" oriented
insulation market into one of accelerated product development. Many new
approaches will be tried. Product development is costly and time
consuming. The time period for bringing new products to market must be
kept to a minimum. Yet, the market conditions for accepting new
products are more demanding than ever. Clearly some element of
cooperative programs will enhance the accelerated 1n -house product
development efforts currently under way.

Foam insulation research at the Massachusetts Institute of
Technology under the leadership of Dr. L. R. Glicksman has benefited
from close cooperation with industry. Dr. Glicksman (Glicksman 1987)
has indicated the following:



"From its inception, this work has been carried out in close _
association and with financial support from numerous companies active in
the rigid foam industry. The initial phase of this work was sponsored
by the Urethane Division of the Society of the Plastics Industry. The
next phase was supported by the Energy Conservation and Utilization
Technology Program; and the most recently completed phase has been
sponsored by the Office of Building Energy Research and Development,
Department of Energy. During this phase, several companies have
provided direct assistance by allowing students access to their
laboratory facilities, providing special foam samples (in some cases
made to our specifications) and performing tests of the sample materials
using special test facilities. This cooperation has assured that the
goals of the research are set to meet industry's needs and that the
results of this program are rapidly disseminated and used by industry."
Appendix A is an example of private industry interest in cooperative
projects.

There is only one set of basic fundamental heat transfer principles
involved in understanding the thermal performance of plastic foam
insulations. The detailed understanding of this process is not
complete. A better understanding of the long term performance of foam
insulations will reduce costly trial and error experimentation. Every
insulation manufacturer dependent on CFCs needs this information, now
even more than before September 16, 1987.

1.5 BACKGROUND

The workshop was held to provide a forum for representatives of
industry and government agencies to recommend research on acceptab]e
alternatives to the currently used CFC insulations. .

On March 28, 1988, ORNL staff provided DOE (HQ) staff a briefing of
BTESM Program activities related to the CFC issue. This included a 1977
to 1988 chronology that is given in Appendix E, and a draft research
menu which suggested the Joint Public/Private Workshop on Alternatives
for CFC Insulations as a project. Subsequently, DOE (HQ) staff approved
the hosting of this workshop. A key reason for the workshop was to
prompt cooperative public/private interactions to develop alternatives.

During the period April to June 1988, ORNL staff worked with
representatives from private industry, academia, and government agencies
to develop the draft research menu of projects; hosted a meeting of a
planning team for the workshop; and organized and arranged the workshop
agenda. The first letter of invitation was distributed on April 29,
1988 to 78 potential attendees to announce the workshop and included
Draft 3 of the research menu (22 projects). A second letter sent to 86
potential attendees on June 1, 1988 included the workshop agenda, a
sample ballot, and Draft 4 of the research menu (28 projects). Those
interested in attending the workshop on June 9 and 10, 1988, had
sufficient time to prepare for participation.



The agenda is shown below.

Agenda

The 1ist of attendees is shown in Appendix B.

Joint Public/Private Workshop on

Alternatives for Insulations_Containing CFC

Days Inn Downtown, Washington, DC

~June 9 and 10, 1988

June 9, 1988

First Session: Public/Private
Research

1:00
1:25
1:30
1:45
2:00

2:45
3:00

5:30

Registration (Pat Love and Gabrielle Coleman)

Call to Order

Welcome

Workshop Goals and Methodology
Public Sector Progress Reports .

ORNL/DOE

NBS/ORNL

EPA
"NRC-C

Coffee Break
Private Sector Progress Reports

Allied Signal

DuPont

Polyisocianurate - Dow Chemical
Spray-Foam - SPI

SPI

PIMA

Holometrix

Drexel

ORNL

DeGussa

SERI

Extruded Polystyrene - Dow Chemical
AACHEN (September 1987) Symposium Summary

Research Menu and Balloting Procedure

Progress Reports on Current and Planned

D. L. McElroy, ORNL
J. P. Millhone

‘Director, 0OBCS, DOE

G. E. Courville, ORNL

J. Christian
H. Fanney

D. Smith

M. Bomberg

Ian Shankland

Joe Creazzo

D. Bhattacharjee
R. Sellers

F. Lichtenberg
J. Clinton

"R. P. Tye

H. Lorsch

S. K. Fischer

K. Cwick

T. Potter

D. Keeler

Leon Glicksman, MIT

J. Christian, ORNL



Agenda (cont'd)

June 10, 1988

Second Session: Reségrch Menu ngpussion and Ranking.

8:30 C.1

C.2

10:30
10:45 C.3

C.4

12:15
12:45

Insulation with Altéfnétive‘B]owing Agents (12 projects)
Presenter: R. P. Tye '
Discussion Leader: G. Bauman

A]terndtive'Insulations (6 projects)
Presenter: A. Fine-

" Discussion Leader: R. W. Barito

Coffee Break

Recovery/Recycling/Disposal (6 projects)

Presenter: J. Christian

Discussion Leader: Tom Nelson

Implementation and Information Exchange (5 projects)
Presenter: 'G. Courville

Discussion Leader: Fran Lichtenberg, SPI
Collection of Ballots

Lunch

Third Session: Recommended Future Activity - D. L. McElroy

1:45

2:15
3:15

Future Activities

Useful Technical Interactions
Suggestions

Plans for Next Workshop

Workshop Ballot Results and Discussion = J. Christian

Departure



2. CFC INSULATION RESEARCH PROJECTS

The detailed descriptions of the research projects are given in
Appendix C. The format used to describe each research project consists

of:

Research project title

Scope

Problem 51gn1f1cance

Technical importance ranking by workshop attendees and
who should do it

Technical approach

Major inputs (includes technical references as well as
potential cost sharing and useful fac111t1es)

Research products

Cost and time estimate (when available)

The research project descriptions evolved from discussions with
numerous individuals familiar with the plastic foam insulation industry.
The DOE/ORNL Building Thermal Envelope Systems and Materials (BTESM)
Program had about a dozen projects in this area in progress or in the
planning stages in early 1988. This list was expanded several times
after a presentation to DOE Headquarters in March 1988, draft review by
the workshop planning team, draft distribution to workshop invitees
prior to the June 1988 workshop, and finally, discussions at the
workshop to form the final 29 projects.

Some of the research project descriptions are not complete. They
are considered a starting point for developing detailed research project
work statements.

The research projects have been grouped into four categor1es The
categories are titled:

C.1 Insulation with Alternative Blowing Agents (Table 2.1),
C.2 Alternative Insulations (Table 2.2),

C.3 Recovery/Recycting/Disposal (Table 2.3), and

C.4 Implementation and Information Exchange (Table 2.4).

In the workshop discussion period, a number of the projects were
cross cut within each category according to generic research topics.
This cross cutting is also described in this chapter and in Chapter 3.

2.1 INSULATION WITH ALTERNATIVE BLOWING AGENTS

Table 2.1 shows the titles of twelve research projects in this
category. Three of these projects cover thermal aging:
C.1.1 Accelerated foam aging for determination of design R-values,
C.1.5 Design and implement a reliable field test project, and
C.1.11 Protocol to predict long term (5 yr) thermal performance of



cellular foam insulation products. The implementation of research on
thermal aging should consider combining the most attractive features
from all three of these descriptions. .

Three of these twelve projects cover the development of an accurate
data base of properties of substitute blowing agents: C.1.3 Develop an
accurate data base of the thermal properties of the more promising
alternative blowing agents, C.1.4 Identify new blowing agents, and
C.1.12 Develop accurate data base of physical. properties of substitute
blowing agents. The implementation steps to develop physical property
data on substitute blowing agents should first be to carefully determine
what the critical properties are and emphasize the collect1on effort on
those properties determined to be most important.

C.1.6 Environmentally acceptable blowing agents in foam insulation:
Means to achieve equivalent efficiency is a project which employs
detailed heat transfer models of foam insulation to help guide the
development of equivalently performing alternatives which do not use
CFCs; such as the use of smaller cell size, more opaque cell walls and
inclusion of small vacuum volumes.. Project C.1.10 Manufacture of
environmentally acceptable plastic foam insulations.addresses
alternative concepts for development of a CFC foam-in-place insulation
alternative. C.1.9 Thermal conductivity of expanded polymers with
chemically inactive fill gases pursues reliable input data for all
fundamental heat transfer models of heat conduction through the solid
polymer in foam insulation. Projects C.1.7 Develop a calculation
methodology for flammability testing of new insulations intended for
single-ply roofing applications, and C.1.8 Thermal resistance
measurements of current CFC - insulations and reduced or non CFC
alternatives as they become available, both focus on. final product
performance. C.l1l.7 pertainstto flammability and C.1.8 to thermal
resistance. Finally, project C.1.2 Develop-a low k Standard Reference
Material (SRM) for calibration of thermal conductivity measuring
devices, will enhance the accuracy of the testing equ1pment for
measuring high resistive 1nsu1at1on samp]es o

Table 2.1 Research Project Category 1. Insulation with Alternat1ve
Blowing Agents .

C.1.1 Accelerated foam aging for determ1nat1on of design R-values

C.1.2 Develop a low k Standard Reference Mater1a1 (SRM) for
calibration of thermal conduct1v1ty measur1ng dev1ces

C.1.3 Develop an accurate data base of the thermal propert1es of the
more promising alternative b]ow1ng agents

C.1.4 Identify new blowing agents

C.1.5 Design and implement a re]iab]e:field'test projeét



Table 2.1 (cont'd)

C.1.6 Environmentally acceptable blowing agents in foam insulation:
Means to achieve equivalent efficiency

C.1.7 Develop a calculation methodology for flammability testing of
new insulations -intended for single-ply roofing applications

C.1.8 Thermal resistance measurements of current CFC ~ insulations
and reduced or Non CFC alternatives as they become available

C.1.9 Thermal conductivify of expanded polymers with chemically
jnactive fill gases

C.1.10 Manufacture of environmentally acceptable plastic foam
insulations . -

C.1.11 Protocol to predict long term (5 yr) thermal performance of
cellular foam insulation products _

C.1.12 Develop accurate data base of physical properties of
substitute blowing agents

2.2 ALTERNATIVE INSULATIONS

Table 2.2 shows the titles of the six research projects in this
category. The first.three projects involve the development of vacuum
insulation: C.2.1 Production and demonstration of composites with high
thermal resistance, C.2.2 Evacuated panel "super insulations" for
buildings and appliances, and C.2.3 Evaluation of components for super
insulations. How the concept is applied to the final insulation
products varies. Two of the six projects in this category focus on the
building envelope system performance: C.2.4 Non CFC Systems, and C.2.5
Non CFC foundation insulation application verification. The underlying
goal is to add value to insulating products by enhancing properties of
the system other than R-value, such as waterproofing, structural
integrity, and reflectivity. The last project, C.2.6 Develop facing
materials that eliminate out-gassing of CFC substitutes, has the
objective to develop even better barriers to both blowing agent and air
permeability.

Table 2.2. Research Project Category 2. Alternative Insulations

C.2.1 Production and demonstration of composites with high thermal
resistance

C.2.2 Evacuated panel "super insulations" for buildings and
appliances
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Table 2.2 (cont'd)
c.2.3 Eva]uafion of components for super insulations
C.2.4 Non-CFC systems |
C.2.5 Non-CFC foundation insulation application verification

C.2.6 Develop facing materials that eliminate out-gassing of CFC
substitutes ' -

2.3 RECOVERY/RECYCLING/DISPOSAL

Table 2.3 contains the titles of the six research projects in this
category. Four of these projects consist of recovery or recycling:
C.3.1 CFC manufacturing recovery process, C.3.3 Recycling panels, C.3.5
Recapture of CFCs at refrigerator/freezer retirement, and C.3.6 CFC
adsorbents. These are all written specifically for CFCs, but with the
cost of substitute blowing agents being three to five times more than
CFC-11 and CFC-12, the economics may actually be more attractive for
future alternatives. Two of the projects address environmentally
acceptable methods of destroying CFCs, with the intention being to
extend the Montreal Protocol limited production quantities available in
the short term: C.3.2 CFC incineration, and C.3.4 CFC destruction by
methods other than incineration.

Table 2.3 Research Project Category 3. Recovery/Recycling/Disposal

C.3.2 CFC incineration

C.3.3 Recycling panels

C.3.4 CFC destruction by methods other thén incineration-
C.3.5 Recapture of CFCs at refrigerator/freezer retirement

C.3.6 CFC adsorbents

2.4 IMPLEMENTATION AND INFORMATION EXCHANGE

Table 2.4 shows the list of five research projects in this
category. The first two actually have the same ultimate goal, the
production of a prioritized list of research projects that can be
publicly discussed and formulated into cooperative research efforts to
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reduce dependence on CFCs in foam insulations. C.4.1 is to produce an
appropriate Public/Private research plan for alternatives to CFC
Insulation, and C.4.2 is future workshops on alternatives for
insulations containing CFCs. Two of these projects cover insulation
material properties: C.4.3 Critical assessment of product property
tests, and C.4.4 Establish essential thermal insulation material
properties by type of application. They differ slightly in scope but
have the same ultimate purpose to develop needed properties for
determining product acceptance. The last project in this category,
C.4.5 Develop energy impact data related to CFC restrictions, was
submitted at the workshop after it became apparent that the total energy
impact of restricting CFCs in buildings was not uncertain.

Table 2.4 Research Project Category 4. Implementation and
Information Exchange

it s -t it A -t ittt i A At - -t

C.4.1 Prepare an appropriate public/private research plan for
alternatives to CFC insulation

C.4.2 DOE/ORNL/Industry WOrkshops on alternatives for CFC insulation
C.4.3 Critical assessment of product property tests

C.4.4 Establish essential thermal insulation material properties by
type of application

C.4.5 Develop energy impact data related to CFC restrictions

I D o o o o e S T s e i e S W S S e e i s S e e S P S S e P S P e A A S e e T e A S e S
EE A - it it -ttt it

3. WORKSHOP SUMMARY

3.1 INTRODUCTION

The purpose of this chapter is to summarize the workshop.
Sixty-nine participants representing 43 organizations met to discuss
public and private views on research needed to meet the challenges
facing insulations containing CFC. The first sessions included
presentations of technical studies and informal progress reports by some
of the attendees. The research menu projects were presented and
discussed in the second session. The second session ended with
attendees voting on two issues for each project: technical importance,
and whether the project should be done by the public sector, the private
sector, or cooperatively. The ballot results define a prioritized
research menu that identifies projects for cooperative interactions.
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3.2 GOALS AND METHODOLOGY

The major goal of this workshop was to have the attendees
representing all the major insulation industries affected by CFC
restrictions produce a relevant, comprehensive, and prioritized 1ist of
research needs. The workshop also served to provide guidance on the
role of the federal government. In the long term, it was the goal of
the workshop to accelerate the resolution of CFC in -insulation issues
and minimize the energy impact of CFC restrictions. -

The methodology was to develop several-draft versions of the
Alternatives for Insulations Containing CFCs Research Project Menu,
circulate the drafts prior to the workshop, solicit additional research
descriptions, discuss the research at the workshop, have each of the
workshop attendees fill out a ballot assigning an importance ranking to
each research project, and decide who-should do the project. The
balloting results were immediately compiled and presented to the
workshop attendees. The ballot and a detailed description of the
balloting process is given in Appendix D.

3.3 FIRST SESSION: PUBLIC/PRIVATE PROGRESS REPORTS ON CURRENT AND -
PLANNED RESEARCH

This session included presentations of technica] activity and
informal progress reports by some of the attendees. The intent of this
session was to exchange results and to identify areas for interactions.
The Planning Team suggested that attendees from industry would be more
responsive if detailed proceedings were not recorded for publication.
Consequently, the proceedings focus on the public agency progress
reports and include private industry reports only when perm1ss1on to do
so was granted by the presenter.

D. L. McElroy, ORNL, called the meet1ng to order, thanked the
attendees, identified DOE responsibilities, and expressed hope that
fruitful public/private interactions would result -from this workshop.
John Millhone, Director, U.S. Department of Energy Office of Buildings
and Community Systems, encouraged the participants of the workshop to
"work cooperatively, energetically, and with imagination to develop a
successful approach to resolving the CFC issues." G. E. Courville, ORNL,
described the workshop goals and methodology as described in Section
3.2. He described the workshop as an opportunity for cooperative
research on CFC by an agreement on a prioritized research menu with
appropriate public and private roles..

Four public sector progress reports followed these introductory
remarks. First, Jeff Christian, ORNL, described the detailed analysis
of the "Impact of CFC Restrictions on U.S. Building Foundation Thermal
Performance," ORNL/CON-245 (December 1987). The executive summary from
this report is <included in Appendix F., The use of extruded polystyrene
for below grade insulations is postured for accelerated growth, if
alternative blowing agents to CFC-12 can be found. Second, Hunter
Fanney, NBS-Gaithersburg, described the analysis .he and Steve Petersen
did on the Impact of CFC Restrictions on Residential and Commercial
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Building Walls and Roofs on U.S. Building Thermal Performance (NBSIR
88-3829). Third, Dean Smith, EPA, described three projects: Purity
Standards for Recycled Mobile Air Conditioning Refrigerant;
Investigations of New CFC and Halon Alternative Chemicals; and Means to
Obtain Improved Foams. EPA goals are to reduce CFC consumption, to
minimize social and industrial impact, to minimize energy penalty, and
to stimulate private industry. At the time of this workshop EPA was
also attempting to prioritize R&D needs. Finally, Mark Bomberg, NRC-C,
described research to predict long-term R-values controlled by gas
diffusion and research on dimensional changes. A thin specimen
technique is being used for the former.

A major question from the attendees during this session was "What
is the energy impact of the CFC restrictions to the building and
appliance industry?" This question led to the development of an
additional project for the Research Menu, C4.5: Develop Energy Impact
Data Related to CFC Restrictions.

Nine private sector progress report presenters and their topics are
briefly summarized below:

Ian Shankland, Allied Signal, described physicaliand chemical properties
of HCFC 123 and HCFC 141b and contrasted these to those of CFC-11.

J. Creazzo,'DuPont, described the steps and the schedule to deliver
commercial alternatives to CFC-11 and CFC-12.

D. Bhattacharjee, Dow, described properties of board stock produced with
various gases including HCFC-123, blends of HCFC-123 and CFC-11,
HCFC-141b, and C0,-CFC-11 blends.

G. Sievert, SPI, emphasized the l1oss of 1400-1800 small businesses if no
subst1tutes are found for the CFC-11 currently used in the field applied
spray polyurethane.

F. Lichtenberg, SPI, indicated they had sponsored forums at their annual
meetings in 1986 and 1987. She suggested the second workshop could be
held prior to the next annual meeting, October 18-20, 1988, in
Philadelphia. SPI sponsored an Economic Analysis (Putnam Hays; and
Bartlett) that shows a 1989 freeze at 1986 levels is actual]y a 30% cut
in available material.

John Clinton, PIMA, expressed concern about being in business five years
from now. PIMA has petitioned the Department of Justice for a joint
research program on properties.

R. P. Tye, Holometrix, described studies on aging of foams in roofs and
walls, participation in round robin tests, in-situ tests at the Roof
Test Research Apparatus (RTRA), and a bibliography containing more than
200 aging articles in the Journal of Thermal Insulation (January 1988).
This bibliography is included in Appendix F by permission of C. Gilbo,
Editor, Journal of Thermal Insulation.
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K. Cwick, DeGussa, described silica powders made by DeGussa as an
alternative insulation.

D. Keeler, Dow, noted that Dow had a recent press release indicating
they have a non-CFC solution for extruded polystyrene foam. A copy of
this is included in Append1x F by perm1ss1on of D Keeler, Dow.

Four additional pub11c sector reports were given, 1nc1ud1ng

H. Lorsch, Drexel Un1vers1ty, descr1bed in-situ tests on roof and wall
spray- app11ed systems. These showed various R-values due to thicknesses
ranging from 3/4 to 1% inches. Some in-situ tests of foams show no
change in R-value with age.

S. K. Fischer, ORNL, described a report being prepared for DOE that
shows the energy impact is largest for building equipment, possibly 1.8
quad/year and minimal for building insulation, less than 0.2 quad/year.
This sparked a controversy from the audience. Conversations after the
meeting have resulted in modifications to his impact figures for
buildings. The new executive summary is given in Appendix F.

T. Potter, SERI, described compact vacuum insulation (CVI) that obtains
R-15 for 0.1 inch. A demonstration in Portland is planned in 1989.

L. Glicksman, MIT, summarized the Aachen Symposium (September 1987) and
described research in progress at MIT. Dr. Glicksman indicated that it
was clear that U.S. near term problems due to CFC restrictions will be
more severe than in Europe, because the U.S. restricted propellents in
the 1970's.

Discussion from the attendees emphasized the need for additional
energy impact analysis on walls and roofs. L. Aulisio, Celotex,
indicated this was needed now for a Senate hearing.

The last presentation in the first session was a review of the
Research Menu and the balloting procedure by J. E. Christian, ORNL. He
distributed a set of ballots to each attendee. Appendix D contains a
sample ballot and a description of the ballot processing by H. A. Fine
of the University of Kentucky, and R. M. Acevedo of Nat1ona1 Computer
Systems.
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3.4 SECOND SESSION: RESEARCH MENU PROJECT PRESENTATION, DISCUSSION AND
RANKING

The second session provided the opportunity for each of the 29
projects to be presented to the attendees and discussed by the
attendees. Each presenter covered the projects in his category
consecutively, using viewgraphs to give the project title, scope,
approach, and product. Following the presentation, the discussion
leader lead a discussion of each topic. This format allowed each topic
to be placed before the attendees twice.

C.1 Insulation With Alternative Blowing Agents (12 projects).

Mr. R. P. Tye, Holometrix, presented the 12 projects listed in
Table 3.1. Dr. G. Baumann, Mobay, was the discussion leader and
regrouped similar projects as listed in Table 3.1, which includes some
of the comments made by the attendees for each project or group of
projects. Most of the comments were incorporated into the research
project descriptions shown in Appendix C. The added changes are
underlined in the text.

C.2 Alternative Insulations (6 projects).

Dr. H. A. Fine, University of Kentucky, presented the 6 projects
listed in Table 3.2. Mr. R. W. Barito, R. W. Barito and Associates, led
the discussion and showed the attendees an evacuated powder-filled panel
that was produced in December 1986.

C.3 Recovery/Recycling/Disposal (6 projects).

J. E. Christian, ORNL, described the 6 projects listed in Table 3.3.
Tom Nelson, Radian Corp., led the discussion and suggested that a 30%
reduction could be achieved by recycling/recovery. John Clinton, PIMA,
described an operating CFC recovery process that is recovering 7 or 8%
of the total input.

C.4 Implementation and Information (5 projects).

G. E. Courville, ORNL, presented 5 projects listed in Table 3.4.

The new topic, C.4.5, dealt with energy impact analysis. F. Lichtengerg,
SPI, led the discussion.

The second session ended with attendees marking their ballots to
vote on two issues, technical importance, and who should do the research
on each project. The ballots were collected and counted electronically
using equipment and facilities provided by National Computer Systems.

3.5 Third Session: Workshop Ballot Results and Discussion

The results of the balloting were presented to the attendees. A
hard copy of the results given in Table 4.1 (see next section) was given
to each attendee. This table provides the overall ranking of 29
projects by technical merit by all voters.



Table 3.1 Research Project Category 1.

Insulation with Alternative Blowing Agents — Comments by Attendees

Comments by Attendees

Code Title
C.1.1 Accelerated foam aging for determination of design R-values Qutdoor. exposures are needed for many conditions.
) Lab tests do not include enough variables.
C.1.5 Design and implement a reliable field test project A single R-value is problemmatic.
Products do differ in responses.
C.1.11 Protocol to predict long term (5 yr) thermal performance of Thin tests are worth pursuing.
- cellular foam insulation products Product 1ifetimes need to be defined.
Industry needs a method for 2 and 5 year aging test
prediction.
C.1.2 Develop a low k standard reference material SRM for calibration Need an SRM with similar density.
of thermal conductivity measuring devices Guarded hot plate results on new SRM are
0.0214W/m-K - and 0.0216 W/m-K at two labs.
Heat flow meter tests using SRM 1450b were
(600 mm: 0.0219 and 300 mm: 0.0220) within 3%.
C.1.3 Develop an accurate data base of the thermal properties of the Manufacturers are doing this and f1nd1ng 20%
more promising alternative blowing agents variability for HFC 134a.
C.1.12 Develop accurate data base of physical propert1es of substitute
blowing agents
C.1.4 Ident1fy new chemical blow1ng agents Delete the word "chemical" before biowing agent.
C.1.6 Environmentally acceptable blowing agents in foam 1nsulat1on Need new concepts and new modeis}
means to achieve equivalent eff1c1ency - : : .
C.1.7 Develop a calculation methodology for flammab1l1ty .testing of Difficult if not imposéible task.
‘ new insulations intended for single-ply roofing applications. :
. A
C.1.8 Thermal resistance measurements of current CFC - insulations Few comments.
- and reduced or non CFC alternatives as they become available )
C.1.9 Thermal conductivity of expanded polymers with chemically Few comments.
inactive fill gases :
C.1.10 Manufacture of enpvironmentally acceptable plastic foam Do not restrict to phenolic foams only.

insulations

9l



Table 3.2 Research Project Category 2. Alternative Insulations — Comments by Attendees

Code

C.2.1

C.2.2

C.2.3

C.2.4

C.2.5
C.2.6

Title

Production and demonstration of composites with high thermal
resistance

-~

Evacuated panels "super insulations" for buildings and
appliances

Evaluation of components for super insulations

Non CFC systems

Non CFC foundation insulation application verification

Develop facing materials that eliminate out-gassing of
CFC substitutes

Comments by Attendees

Need to list applications;

Do paper studies first. Concern exists about panel
lifetime, and parallel heat transfer.

Others are studying various types of silica.

Others are doing, why deplete CFC effort.
Composites may meet more needs than just thermal

resistance.

Was not discussed by presenter.

Can food packages achieve<20 year lifetime?
Design target seems to-be 1-2 years.

Ll



Table 3.3 Research Project Category 3. Recovery/Recycling/Disposal — Comments by Attendees

Code

C.3.1

C.3.2

C.3.3

C.3.4
C.3.5
C.3.6

Title

CFC manufacturing recovery process

CFC incineration

Recycling panels

CFC destruction by methods other than incineration
Recapture of CFCs at refrigerator/freezer retirement

CFC Adsorbents

Comments by Attendees

Recovery processes are new to the industry.
Disposal of spent carbon may require special
hand1ling under RCRA.

Dust restricts greater recovery.

Costs vary by factor of five.

. Requirement for greater air ventilation during

summer months for worker comfort in factory dilutes
source strength. ‘

Commercial incinerators operate at high. temperatures
to avoid phosgeneés. Shredders leave 50% of the
product unreleased. Burning can yield HCf and
corrosion problems,

Can this be done? Sweden will have a total ban in
1994.

If recaptured and impure may be hard to reuse.

. Economics of recapture may be poor.

Costly operation.

8L



Tabie 3.4 Research Project Category 4. Implementation and Information Exchange — Comments by Attendees

Code

C.4.1

C.4.2

C.4.3

C.4.4

C.4.5

Title

Prepare an appropriate public/private research plan for -

alternatives to CFC insulation

DOE/ORNL/Industry workshops on alternatives for CFC
insulation

Critical assessment of product property tests
Establish essential thermal insulation material
properties by type of application

Develop energy impact data related to CFC restrictions

Comments by Attendees

Menu will accelerate research.
Let steering committee decide time until next meeting.
A great deal of research is occurring now.

Identify critical tests as in DTR 9774
(Appendix F).

No comment.

Energy impact statement is key issue.

6l
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4., RESEARCH PROJECT RANKING ANALYSIS

4.1 OVERALL

The intent of this section is to show the results of the balloting.
The interpretation of the results is in the eye of the beholder. A
number of observations are made by the authors. These ballot results
should only be one of a host of inputs used prior to making R&D resource
allocations. -

Figure 4.1 is a plot of all the averaged votes, both the technical
merit and the indicator of who should do the work. One of the
observations from Figure 4.1 is that there appear to be numerous
opportunities to cooperate on the majority of research projects
discussed in this menu. More than 75% .of the research projects, 24 of
29, were identified as research project candidates which could be
accomplished by a joint private/public sector research effort. The
attendees were instructed to assign a 0 if they felt the research was
best conducted by the public sector and a 5 if by the private sector,
and those areas which could be done by both in the middle ranges. A
somewhat arbritrary division of private, public, and joint efforts to
fulfill the research was made prior to .the voting. The voters were
informed that a value greater than 3.33 would be considered private,
below 1.6 would be considered public, and everything in between would be
considered joint. Six research projects were identified as most 1ikely
to be addressed by the private sector; C1.10 Manufacturing of
Environmentally Acceptable Foams, C3.1 CFC Manufacturing Recovery
Processes, Cl1.4 Identify New Blowing Agents, C2.6 New Facing Materials,
C1.3 Data Base for Alternate Blowing Agents, and Cl1.12 Data Base of
Physical Properties. The only research project felt to be clearly
within the public sector is C1.2 Low k Standard Reference Material.

Figure 4.2 shows the means along with the 95% confidence interval
of each research project in the menu of the suggested sector to do the
research. The 95% confidence. interval suggested that if another group
or a larger group with similar interests and backgrounds were to vote on
these research projects, the mean value of the group would, with 95%
probability, still fall within the indicated. range. The horizontal dash
"-" represents the mean, and the vertical line through -each dash
represents the 95% confidence interval.

Table 4.1 shows the overall ranking by technical merit using the
ballot results from all the workshop attendees. The top two items are
the development of this research menu and continued workshops on
alternatives for insulations containing CFCs. Other top priority
research projects are development of a data base of physical properties,
protocol to predict thermal performance, identify new blowing agents,
environmentally acceptable blowing agents, new facing materials,
energy impact for walls and roofs, CFC manufacturing recovery processes
and low k standard reference material. Histograms of the top ten
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TABLE 4.1 OVERALL RANKING BY TECHNICAL MERIT: ALL VOTERS

CODE | RESEARCH PROJECT TITLE SCORE

Public/Private Research Menu
DOE/ORNL/Industry Workshop

Data Base of Physical Properties

Protocol to Predict Thermal Performance
Identify New Blowing Agents '
Environmentally Acceptable Blowing Agents
New Facing Materials

Energy Impact for Walls and Roofs

CFC Manufacturing Recovery Processes

Low k Standard Reference Material

Data Base for Alternate Blowing Agents
Accelerated Foam Aging for Design R-Values
Evacuated Panel "Super Insulation"
Components for Super Insulations

Field Test Project

Composites With High Thermal Resistance
Establish Essential Material Properties
CFC Destruction

Thermal Resistance Measurements

Critical Assessment of Product Property Tests
CFC Incineration

CFC Adsorbents

CFC Recapture at R/F Retirement

Man. of Environmentally Acceptable Foams
Thermal Conductivity of Expanded Polymers
Non CFC ‘Systems

Non CFC Foundation Insulation

Recycling Panels

Calculation Methodology - Flammability Testing
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research project importance ranking ballot results are shown in Figure
4.3. The top projects accumulated around 70% technical merit values of
4 or higher. Figure 4.4 shows the importance ranking mean value for
each research project as well as the 95% confidence interval. The
average technical merit value of all voters across all 29 research
projects is 3.012. One very simple statement that can be made about
Figure 4.4 and Table 4.1, overall ranking by all voters, is that the top
16 research projects have above average technical merit and importance.
Twenty-three of the research projects have confidence intervals that at
least partially extend above a technical merit of 3.0. The average
public/private sector value of all voters across all projects is 2.52.

Analysis of variance is a statistical technique used to divide all
the research projects into meaningful categories, with statistical
significance for above average, average, and below average importance
rankings. This analysis takes the overall average importance value
across all research projects and, using the variances within each
research project, calculates the pooled estimate of the variance. A
confidence interval is then calculated for which the mean value of all
importance ranking values is 95% certain to fall within, if the similar
group were to reballot the same research issues. The interval for which
the statistically (95% probability) represents an average mean
importance was found to be from 2.33 to 3.69 with 95% confidence. This
interval leads to the statement that the top 5 research projects listed
in Table 4.1 have above average importance, the next 19 have
statistically average importance, and the last five have below average
importance.

Table 4.2 is the same overall ranking by technical merit from the
private sector workshop attendees only. Since the private sector
represented 70% of the total voters, the two rankings should be similar.
However, two significant shifts occurred. The first is that two of the
research projects (C2.2 Evacuated Panel "Super Insulation" and C2.1
Composites with High Thermal Resistance) which dealt strongly with the
development of evacuated insulation dropped 5 or 6 places when ranked by
private sector voters only. The second major difference is that the
private sector ranked C.3.4 CFC Destruction and C.3.2 Incineration
higher than the overall group ranking. Both of these differences
illustrate the urgent need for private industry to survive the short
term, so they will be around for the long term.

Table 4.3 shows the overall ranking by technical merit of the
voters indicating they were from the public sector. The most
significant difference between the public and private sector ranking is
that the private sector ranked C.2.2 evacuated panels nineteenth ,
compared to the public sectors number one. A second major difference is
C.1.3 Data Base for Alternate Blowing Agents was ranked twelfth by the
private sector and second by the public sector voters. This may reflect
that participants from the public sector are not fully aware of the
extent of private industry research in this area. Another significant
difference between the private and public sector rankings is C.1.8
Thermal Resistance Measurements, which was ranked number 23 by the
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TABLE 4.2 OVERALL RANKING BY TECHNICAL MERIT: PRIVATE SECTOR

CODE © RESEARCH PROJECT TITLE | SCORE
TECH.  PUB/PRI

Public/Private Research Menu

C.4.1 4,32 2.22
C.4.2 DOE/ORNL/Industry Workshop 4.24 1.86
C.1.12 Data Base of Physical Properties 3.92. 3.37
C.1.4 Identify New.Chemical Agents 3.74 3.3
C.1.6 Environmentally Acceptable Blowing Agents 3.64 2.59
C.1.11 Protocol to Predict Thermal Performance 3.63 2.05
C.4.5 Energy Impact for Walls and Roofs 3.58 1.76
C.3.1 CFC Manufacturing Recovery Processes 3.56 3.54
C.2.6 New Facing Materials 3.54 3.36
C.1.2 Low k Standard Reference Material 3.36 1
C.1.1 Accelerated Foam Aging for Design R-Values 2.85 2.4
C.1.3 Data Base for Alternate Blowing Agents 2.82 3.52
C.2.3 Components for Super Insulations 2.77 2.13
C.1.5 Field Test Project 2.74 2.18
C.3.4 CFC Destruction 2.67 2.08
C.4.4 Establish Essential Material Propert1es 2.63 2.73
C.3.2 CFC Incineration 2.62 2.16
C.4.3 Critical Assessment of Product Property Tests 2.6 2.21
c.2.2 Evacuated Panel "Super Insulation" 2.54 - 3.3
C.3.6 CFC Adsorbents 2.53 1.53
C.2.1 Composites With High Thermal Res1stance 2.51 3.03
C.3.5 CFC Recapture at R/F Retirement 2.46 2.39
C.1.8 Thermal Resistance Measurements 2.1 3.77
C.1.10 Man. of Environmentally Acceptable Foams 2.1 3.77
C.1.9 Thermal Conductivity of Expanded Polymers 1.95 2
C.2.4 Non CFC Systems 1.7 2.64
C.2.5 Non CFC Foundation Insulation. 1.56 2.08
C.3.3 Recycling Panels 1.46 2.2
C.1.7 Calculation Methodology - Flammability Test1ng 0.9 1.65

. AVERAGE SCORE 2.79 2.51
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TABLE 4.3 OVERALL RANKING BY TECHNICAL MERIT: PUBLIC SECTOR

CODE RESEARCH PROJECT TITLE‘ SCORE
' L ' TECH.  PUB/PRI

———— - - . = - - ——— - —————— - - —— v - —————— - -

Evacuated Panel "Super Insulation" 4
Data Base for Alternate Blowing Agents 4
_ Public/Private Research Menu 4
Protocol to Predict Thermal Performance 4
Data Base of Physical Properties 4
Energy Impact for Walls and Roofs 4
Accelerated Foam Aging for Design R- Values 4
DOE/ORNL7Industry Workshop 3
Identify New Blowing Agents 3
Components for Super Insulations 3
Thermal Resistance Measurements 3
Composites With High Thermal Res1stance 3
Field Test Project 3
New Facing Materials 3
CFC Manufacturing Recovery Processes 3
3
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3

3
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w

o
. L] . . * . * . . *
O OOFR NODWM LW OWOD-N™
WA WHWNNNWNNW

NWOHOOINOCGIWA PR RARNORFROUOUITFR O WPDHRN O WN
LWRNPNENWRAEFNPNERENONWWRNRARRERERNFRWRFRNWRN
L] . L]

OO0
VOOV OFRFRFNWWWOAITOITO O O N NN

ONOONWWATW WO

AVERAGE SCORE 3.57 2.52

private and eleventh by the public sector. A 1ikely role desired by the
public sector research is to evaluate the thermal performance of private
industry produced alternative products.

The public and private sector independently chose 6 of the same
research projects in the top 10. C4.1 Public/Private Research Menu,
C4.2 DOE/ORNL/Industry Workshop, C1.12 Data Base of Physical Properties,
Cl.4 Identify New Blowing Agents, C.11 Protocol to Predict Thermal
Performance and C4.5 Energy Impact for Walls and Roofs.
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4.2 RESEARCH CATEGORIES

Table 4.4 lists the ranking within categories based on technical
merit for all of the voters. The overall highest ranked project in the _
category C.1 Insulation with Alternative Blowing Agents is to produce a
data base of physical properties. The overall highest ranked project in
the category C.2 Alternative Insulations is to develop new facing
materials. The highest ranked project in.the category C.3
Recovery/Recycling/Disposal is to develop blowing agent recovery
processes during the insulation manufacturing. The two highest projects
in the last category C.4 Implementation and Information Exchange are the
publishing of this research menu and future workshops on alternatives
for insulations containing CFCs.

Tables 4.5 and 4.6 show the ranking within categories based on
technical merit for the private and public sector, respectively. There
are less significant differences between the private and public sector
rankings within categories than in the overall rank1ngs compared in
Section 4.1

TABLE 4.4 RANKING WITHIN GROUPS BASED ON TECHNICAL MERIT: ALL VOTERS

CCDE RESEARCH PROJECT TITLE SCORE"
TECH PUB/PRI
C.1 Insulation with Alternative Blowing Agents
C.1.12 Data Base of Physical Properties 4.04 3.29
c.1.11 Protocol to Predict Thermal Performance 3.8 1.96
C.1.4 Identify New Blowing Agents 3.7 3.51
C.1.6 Environmentally Acceptable Blowing Agents 3.66 2.5
C.1.2 Low k Standard Reference Material 3.39 0.98
C.1.3 Data Base for Alternate Blowing Agents 3.24 3.27.
C.1.1 Accelerated Foam Aging for Design R-Values 3.23 2.41
C.1.5 Field Test Project 3.02 1.98
C.1.8 Thermal Resistance Measurements ) 2.79 2.31
C.1.10 Man. of Environmentally Acceptable Foams 2.51 3.86
C.1.9 Thermal Conductivity of Expanded Polymers 2.2 2.04
C.1.7 Calculation Methodology - Flammability Testing 1.15 1.98
C.2 - Alternative Insulations
C.2.6 New Facing Materials -3.59 3.46
C.2.2 Evacuated Panel "Super Insulation" 3.11 2.94
C.2.3 Components for Super Insulations 3.05 2.78
C.2.1 Composites With High Thermal Resistance 3.02 2.91
- C.2.4 Non CFC Systems 2.18 2.57
C.2.5 Non CFC Foundation Insulation 2.02 1.98
C.3 Recovery/Recycling/Disposal
C.3.1 CFC Manufacturing Recovery Processes 3.51 3.51
C.3.4 CFC Destruction 2.84 2.25
C.3.2 CFC Incineration 2.71 2.4%
C.3.6 CFC Adsorbents 2.64 1.75
C.3.5 CFC Recapture at R/F Ret1rement 2.55 2.5
C.3.3 Recyclting Panels 1.82 2.39
C.4 Implementation and Information Exchange

C.4.1 Public/Private Research Menu 4 2
C.4.2 DOE/ORNL/Industry Workshop 4 1
C.4.5 Energy Impact for Walls and Roofs 3.53 1.72
C.4.4 Establish Essential Material Properties 2 2
C.4.3 Critical Assessment of Product Property Tests 2 2
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TABLE 4.5 RANKING WITHIN GROUPS BASED ON TECHNICAL MERIT:
PRIVATE SECTOR VOTERS

CODE RESEARCH PROJECT TITLE SCORE
TECH.  PUB/PRI

Insulation with Alternative Blowing Agents
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Data Base of Physical Properties

Identify New Blowing Agents : :
Environmentally Acceptable Blowing Agents
Protocol to Predict Thermal Performance
Low k Standard Reference Material
Accelerated Foam Aging for Design R-Values
Data Base for Alternate Blowing Agents
Field Test Project ‘
Thermal Resistance Measurements

Man. of Environmentally Acceptable Foams
Thermal Conductivity of Expanded Polymers
Calculation Methodology - Flammability Testing
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Recovery/Recycling/Disposal

1 CFC Manufacturing Recovery Processes . 3.56
4 CFC Destructien 2.67
2 CFC Incineration 2.62
6 CFC Adsorbents 2.53
5 CFC Recapture at R/F Retirement 2.46
3 Recycling Panels 1.46
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C.4 Implementation and Informgtion Exchange

4.1 Public/Private Research Menu 4,32

4.2 DOE/ORNL/Industry Workshop 4,24

4,5 Energy Impact for Walls and Roofs 3.58 1.7
4.4 Establish Essential Material Properties 2.63

4.3 Critical Assessment of Product Property Tests 2.6
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TABLE 4.6 RANKING WITHIN GROUPS BASED ON TECHNICAL MERIT:
PUBLIC SECTOR VOTERS

CODE RESEARCH PROJECT TITLE - SCORE
TECH PUB/PRI
c.1 Insulation with Alternative Blowing Agents
C.1.3 Data Base for Alternate Blowing Agents 4.36 . 3.07
C.1.11 Protocol to Predict Thermal Performance 4.33 1.8
C.1.12 Data Base of Physical Properties 4.33 3.33
C.1.1 Accelerated Foam Aging for Design R-Values 4.07 © 2.53
C.1.4 Identify New Blowing Agents 3.8 4
C.1.8 Thermal Resistance Measurements 3.77 1.92
C.1.5 Field Test Project 3.73 1.2
C.1.6 Environmentally Acceptable Blowing Agents 3.6, 2.47
- C.1.2 Low k Standard Reference Material 3.53 0.8
C.1.10 Man. of Environmentally Acceptable Foams 3.36 4.07
C.1.9 Thermal Conductivity of Expanded Polymers 2.86 1.93
C.1.7 Calculation Methodology - Flammability Testing 1.86 3
C.2 Alternative Insulations
C.2.2 Evacuated Panel "Super Insulation" 4.4 2.36
C.2.3 Components for Super Insulations 3.8 1.93
C.2.1 Composites With High Thermal Resistance " 3.75 2.63
C.2.6 New Facing Materials 3.69 3.69
C.2.4 Non CFC Systems 3.33 2.33
C.2.5 Non CFC Foundation Insulation 3.13 1.67
C.3 Recovery/Recycling/Disposal
C.3.1 CFC Manufacturing Recovery Processes o 3.67 3.8
C.3.4 CFC Destruction 3.33 2.67
C.3.2 CFC Incineration 3.13 3.13
C.3.5 CFC Recapture at R/F Ret1rement 3.07 2.86
C.3.6 CFC Adsorbents ‘ 2.86 2.14
C.3.3 Recycling Panels ' 2.67 2.93
C.4 Implementation and Information Exchange
C.4.1 Public/Private Research Menu ' 4,36 2.14
C.4.5 Energy Impact for Walls and Roofs v 4,17 1.83
C.4.2 DOE/ORNL/Industry Workshop 3.86 1.86
C.4.4 Establish Essential Material Properties 3.5 2.93
C.4.3 Critical Assessment of Product Property Tests 3.25 1.92
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‘5. CONCLUSIONS

OveralY, judging from the fact that more than 80% of those invited
to this workshop attended and that completion of this research menu
ranked number one suggested that there is a desire to formulate the
means in which to attack the CFC issue. The willingness to cooperate
and interest in having the public sector invoived is supported by the
fact that 75% of the research projects are suggested to be completed by
either or both the private and public sector. Additional evidence that
there is interest in research cooperation is supported by the second
highest ranked menu item, Future Private/Public workshops on
Alternatives for CFC Insulation.

Above average importance is also assigned to:

(1) The data base of physical properties of promising alternative
blowing agents, which is not complete. These data are needed not
only to better understand technical suitability, but also to better
plan for process modifications.

(2) A protocol to predict thermal performance is needed. The k-value of
plastic foams with alternative blowing agents is still likely to
drift. A procedure is needed to predict long-term performance in a
short time period.

(3) New blowing agents not yet thcught of as leading alternatives to
CFC-11 and CFC-12. There is some belief that even a blowing agent
with higher thermal conductivity could produce a better final
product by reduc1ng cell size or having lower permeability in the

polymer.

About 70% of the workshop attendees voting on the importance of
each research project were from private industry. The public and
private sector voters independently chose six of the same research
projects in the top ten. C4.1 Public/Private Research Menu, C4.2
DOE/ORNL/Industry Workshops, Cl1.12 Data Base of Physical Properties,
C1.4 Identify New Blowing Agents, Cl.11 Protocol to Predict Thermal
Performance, and C4.5 Energy Impact for Walls and Roofs. One
significant difference between the pubiic and private sector ranking is
that the private sector ranked C2.2 Evacuated Panels nineteenth compared
to the public sector's number one. There was some interest by the
private industry participants to consider evacuated volumes in plastic
foam boards, but ciearly the desire is first to try to find an
acceptable alternative set of blowing agents and develop a protocol for
predicting long-term thermal performance. Those insulation
manufacturers most impacted by CFC restrictions indicate by their
balloting that they do not have as much to gain by development of
alternative insulation technologies as compared to plastic foam
insulation.
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The prioritized research 1ist presented in this report should be
considered only as.one of a number of inputs for allocating research and
development resources. There are many promising activities outlined in
this report and they should be useful in developing research plans and
formulating research work statements. It is obvious that there. are
numerous areas where cooperative research ventures could be established.
Hopefully this document will form a starting point to accelerating the
solution to the CFC problem.
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APPENDIX A

Private Industry Interest in DOE Cost Sharing Development
of Alternatives for Insulations Containing CFCs
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JOHN T. WEIZEORICK ASSOCIATION OF HOME APPLIANCE MANUFACTURERS
~HECTOR. PROCUCT MANAGEMENT 20 NORTH WACKER DRIVE o CHICAGO. ILLINOIS 66606
. TELEPHONE 312 984.5800

June 15, 1988

Mr. Michael McCabe

U.S. Department of Energy
Office of Conservation

k am GF 217

Ma 1 Stop GH 068

100 Independence Ave., S.W.
Washington, D. C. 20585

Dear Mike:

On February 9, 1988, a group of AHAM members visited

Oak Ridge National Laboratory. (ORNL) to review the appliance
research projects in progress or under consideration. This
visit was followed on February 10, 1988, with a trip to the
Solar Energy Research Institute (SERI) to review their work

on metal vacuum panel insulation. The work we reviewed has

in the past been funded by the Department of Energy (DOE)
although there was an indication ‘that the present funding level
was significantly 1ess than original funding levels.

As a result of those meetings and further d1scuss1ons by
AHAM, it has been agreed that AHAM should:

1. Encourage DOE to continue funding of generic
type research on evacuated panels, advanced
insulation materials, refrigerant mixtures and
chlorofluorocarbon (CFC) substitutes.

2. Volunteer AHAM's Refrigerator-Freezer
Engineering Committee to serve as an
- advisory committee to ORNL and SERI if
called upon by these organizations.

AHAM believes that the vacuum panel research is significant
because it could lead to reduction of CFCs used as
polyurethane foam insulation blowing agents and at the

same time contribute to reduced energy consumption through
improved insulation. However, much work needs to be done
to develop the basic data and material characteristics

that will allow manufacturers to select proper combinations



43
ASSOCIATION OF HOME APPLIANCE MANUFACTURERS

Mr. Michael McCabe
June 15, 1988 -2~

of materials for their applications. A short term
test to predict reliability of evacuated panels would
also be of benefit to all manufacturers.

The metal panels using a “"hard" vacuum presents, an
interesting concept but AHAM believes that application
of that concept is further out not likely to be of
immediate assistance in the energy program.

In summary, AHAM urges DOE to continue funding generic
type research that will benefit the industry as a whole.
However, application type research is still an area

that should be done by each manufacturer for its own uses.

If you wish to discuss this further or need addtional
1nformat1on, p]ease contact me. :

By copy of this letter to Phil Fa1rch11d ORNL, and

Tom Potter, SERI, I am advising them of AHAM s readiness
to provide adv1ce on matters that they believe warrant
it. Their contact for this advisory committee act1v1ty
should be through me at AHAM headquarters

S1ncere1y yours

:;égc44€f,;%’/////::

JTW:ms

cc: Phil Fairchild, ORNL«
Tom Potter, SERI
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410 SACKETT POINT RD
NORTH HAVEN CT 06473
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APPENDIX B

R BISPLINGHOFF
RAYTHEON CO

NEW PRODUCTS DIVISION
63 SECOND AVENUE
BURLINGTON MA 01803

R BOHMAN
AMANA REFRIGERATION INC
AMANA IL 55204

M BOMBERG

NATIONAL RESERARCH COUNCIL
BUILDING M-24 MONTREAL ROAD
OTTAWA ONTARIO K1A OR6
CANADA

R W BROWN

AP 4 ROOM 104

GE COMPANY
APPLIANCE PARK
LOUISVILLE KY 40225

R A BUDGE

WCI

REFRIGERATION DIVISION
635 WEST CHARLES STREET
GREENVILLE MI 48838

R CAMPBELL
US GENERAL ACCOUNTING OFFICE

J E CHRISTIAN
OAK RIDGE NATIONAL LABORATORY
PO BOX 2008

BUILDING 3147

OAK RIDGE TN 37831-6070

J L CLINTON

POLYISOCYANURATE INSULATION
MANUFACTURERS ASSOCIATION

THERMAL SYSTEMS INC

5772 BOLSA AVENUE 200

HUNTINGTON BEACH CA 92649



G E COURVILLE

OAK RIDGE NATIONAL LABORATORY
PO BOX 2008

BUILDING 3147 o

OAK RIDGE TN 37831-6070

J A CREAZZO

DUPONT

FREON PRODUCERS LAB
BUILDING 711
CHESTNUT RUN
WILMINGTON DE 19898

K CWICK

DEGUSSA CORP

65 CHALLENGER ROAD
RIDGEFIELD PARK NJ 07660

R M DALSIN

PRESIDENT MRCA

JOHN A DALSIN & SONS INC
2830 SOUTH 20TH AVE
MINNEAPOLIS MN 55407

K T DISHART

DUPONT

FREON PRODUCERS LAB
BUILDING 711
CHESTNUT RUN
WILMINGTON DE 19898

R R DIVIS

UC INDUSTRIES INC
TECHNOLOGY CENTER
137 EAST AVENUE

PO BOX 423
TALLMADGE OH 44278

K L DOWNS

AP 35 ROOM 1113

GE COMPANY
APPLIANCE PARK
LOUISVILLE KY 40225

A A DUBE

J M HUBER CORPORATION
CHEMICAL DIVISION

PO BOX 310 '
HAVRE-DE-GRACE MD 21078
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F J DWYER
ALLIED-SIGNAL INC
20 PEABODY STREET
BUFFALO NY 14220

A H FANNEY

NATIONAL BUREAU OF STANDARDS
BUILDINGS RESEARCH

ROOM B306

GAITHERSBURG MD 20899

H A FINE

UNIVERSITY OF KENTUCKY
METALLURGICAL ENGINEERING
LEXINGTON KY 40502

S K FISCHER -

OAK RIDGE NATIONAL LABORATORY
PO BOX 2008

BUILDING 3147

OAK RIDGE TN 37831-6070

J GALBRAITH

ICI POLYURETHANE
MANCEIA GROVE RD

WEST DEPTFORD NJ 08066

R GLICKSMAN

MASSACHUSETTS INSTITUTE
OF TECHNOLOGY

DEPT OF ARCHITECTURE

ROOM 3-433

CAMBRIDGE MA 02139

T GRETHER :
OWENS CORNING FIBERGLAS
FIBERGLASS TOWER
TOLEDO OH 43659

J R HAGAN ,

RESEARCH ASSOCIATE
JIM WALTER RESEARCH CORP
10301 NINTH STREET NORTH -
ST PETERSBURG FL 33716



L HICKEY
22 W FRONTAGE ROAD
NORTHFIELD IL 60093

W JELIN

NRG BARRIERS

61 EMERY ST
SANFORD ME 04073

B JOHNSON

WHIRLPOOL CORP

US HIGHWAY 41 NORTH
EVANSIVLLE IN 47727

D KEELER

DOW CHEMICAL USA
GRANVILLE RESEARCH CENTER
BUILDING D

PO BOX 515

GRANVILLE OH 43023

R KRUCK

WHIRLPOOL CORP

THE ELISHA GRAY II RESEARCH
AND ENGINEERING CENTER

MONTE ROAD

BENTON HARBOR MI 49022

DR KUMARAN

NATIONAL RESEARCH COUNCIL
OF CANADA R

OTTAWA ONTARIO

CANADA K1A OR6

D LARRATT
MANVILLE SERVICE CORP

RESEARCH AND DEVELOPMENT CENTER

PO BOX 5108
DENVER CO 90217

G LAUGHLIN

PENWALT CORPORATION
ISOTROM DEPARTMENT

3 PARKWAY
PHILADELPHIA PA 19102

F LICHTENBERG

SPI

355 LEXINGTON AVENUE
NEW YORK NY 10017
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H G LORSCH

DREXEL UNIVERSITY

MEM DEPARTMENT
PHILADELPHIA PA 19104

J LUPINACCI

ENVIRONMENTAL PROTECTION AGENCY

ANR 455
401 M STREET SW
WASHINGTON DC 20460

J LYNCH
ICI

D MADINABEITIA
DUPONT

C AND P DEPARTMENT
BUILDING 13224
WILMINGTON DE 19898

D L McElroy

OAK RIDGE NATIONAL LABORATORY

PO BOX 2008
BUILDING 4508
OAK RIDGE TN 37831-6092

E J McINERNEY

AP 35 ROOM 1101

GE COMPANY
APPLIANCE PARK
LOUSVILLE KY 40225

J P MILLHONE
DEPARTMENT OF ENERGY
CE 131 FORSTL
WASHINGTON DC 20585

J MINSKER

DOW CHEMICAL USA .
GRANVILLE RESEARCH CENTER
BUILDING D

PO BOX 515

GRANVILLE OH 43023

T NELSON

RADIAN CORP

PO BOX 201088

AUSTIN TX 78720-1088
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R E OLIVER

BUILDING ENERGY' SCIENCES
DEPARTMENT OF ENERGY

CE 131.1 FORSTL
WASHINGTON DC 20585

T POTTER

SOLAR ENERGY RESEARCH INSTITUTE
1617 COLE BLVD

GOLDEN CO 80401

R E RILEY

BASF WYANDOTTE CORPORATION
1609 BIDDLE AVENUE
WYANDOTTE MI 48192

M ROGERS

SOCIETY OF THE PLASTICS INDUSTRY
1275 K STREET NORTHWEST:

SUITE 400 .

WASHINGTON DC 20005

C SCHWINN

WCI

701 33RD AVENUE N
ST CLOUD MN

IAN SHANKLAND

ALLIED-SIGNAL INC

GENETRON PRODUCTS. \
BUFFALO RESEARCH LABORATORY
20 PEABODY STREET

BUFFALO NY 14220

G SIEVERT

SOCIETY OF THE PLASTICS INDUSTRY
1275 K STREET 'NW '

SUITE 400

WASHINGTON DC 20005

C M SIGLER

J M HUBER CORP

CHEMICAL DIVISION

PILOT PLANT SUPERVISOR
P 0 BOX 310

GAVRE DE GRACE ND 21078

D SMITH

ENVIRONMENTAL PROTECTION AGENCY

AIR AND ENERGY ENGINEERING
RESEARCH LABORATORY
MD 628B

RESEARCH TRIANGLE PARK NC 27711

D R SMITH

NATIONAL BUREAU OF STANDARDS
325 BROADWAY

BOULDER CO 80303

J A SMITH | ‘ .
DEPARTMENT OF ENERGY
CE 131 FORSTL ’
WASHINGTON DC 20585

B SMOYER
ALLENTOWN PA

H STRACK
DEGUSSA
WEST: GERMANY

S TAGORE

DEPARTMENT OF ENERGY
CE 131 FORSTL
WASHINGTON DC 20585

R P TYE
THERMATEST DIVISION
HOLOMETRICS INC

‘99 ERIE STREET

CAMBRIDGE MA 02139

G WILSON

WHIRLPOOL CORP

THE ELISHA GRAY II RESEARCH
AND ENGINEERING CENTER

MONTE ROAD

BENTON HARBOR MI 49022



B WOJTECHKO

KOPPER CO

PO BOX A

OAK CREEK WI 53154

D C WYSOCKI

MOBAY CORPORATION
MOBAY ROAD
PITTSBURGH PA 15205

R R ZARR
NATIONAL BUREAU OF STANDARDS
GAITHERSBURG MD 20899
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APPENDIX C*

Detailed Alternatives for Insulations Containing CFCs
Research Project Menu

There are four categories in which the research projects are grouped.
The categories are entitled C.1 Insulation with Alternative Blowing
Agents; C.2 Alternative Insulations; C.3 Recovery/Recycling/Disposal;
and C.4 Implementation and Information Exchange. The specific projects
are presented below by category.

C.1
C.1.1
C.1.2

C.1.3

C.1.4
C.1.5
C.1.6

C.1.7
C.1.8
C.1.9
C.1.10
c.1.11

C.l.lz

Insulation with Alternative Blowing Agents
Accelerated Foam Aging for Determination of Design R-values

Develop a Low k Standard Reference Material (SRM) for Calibration
of Thermal Conductivity Measuring Devices

Develop an Accurate Data Base of the Thermal Properties of the
More Promising Alternative Blowing Agents

Identify New Blowing Agents
Design and Implement a Reliable Field Test Project

Environmentally Acceptable Blowing Agents in Foam Insulation:
Means to Achieve Equivalent Efficiency

Develop a Calculation Methodology for Flammability Testing of
New Insulations Intended for Single-Ply Roofing Applications

Thermal Resistance Measurements of Current CFC - Insulations and
Reduced or Non CFC Alternatives as They Become Available

Thermal Conductivity of Expanded Po1ymers With Chemically
Inactive Fill Gases. .

Manufacture of Environmentally Acceptable Plastic Foam
Insulations

Protocol to Predict Long Term (5 yr) Thermal Performance of
Cellular Foam Insulation Products

Develop Accurate Data Base of Physical Properties of Substitute
Blowing Agents

*Underlined words or sentences are additions to the document resulting
from workshop discussions.
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C.1.1 Accelerated Foam Aging for Determination of Design R-Values

Scope. To develop, within two years or less, realistic lifetime R-
values for cellular plastic insulation materials or products wh1ch have
thermal properties that are dependent on time and other parameters.

Problem significance. Current laboratory conditioning and experimental
test procedures for materials alone bare 1ittle resemblance to the
environment in which the products will eventually be used. The thermal
performance of insulation products, which vary with time, cannot be ‘
adequately predicted solely from short-term measurements made -on -
systems under real-l1ife conditions. As a result, there are conflicting
claims regarding "aged" thermal performance characteristics of cellular
plastic insulations. These conflicts arise due to-the differences in
approach; on the one hand, reliance on the results of laboratory tests
on artificially aged specimens versus those derived from in situ
studies often on poorly characterized materials. An accelerated aging
technique is needed to accurately predict design R-values in the
1aboratory.

An 1mproved, accelerated aging test technique, such as the thin sliced
specimen technique currently being studied in Europe as a basis for an ISO
Test Method is needed in order to provide additional points on the curve
in a much reduced time period (Tye 1987).

Tye reports correlations of various aging conditions and times were
possible in order to illustrate that elevated temperature accelerated
aging for up to ninety days was equivalent to room temperature aging for
two years or more.

Importance ranking (value from 0 to 5, 5 being most important)
l. Technical Importance: 3.23; Average for 29 Projects: 3.01

2. Public/Private Sector: 2.41; Average for 29 Projects: 2.52
3. Technical Merit Ranking Out of 29 Projects: 12

Technical Approach. This project should include taking insulation samples
from the same batch, and aging the samples in the laboratory under several
promising conditions. The thermal conductivity, k, of these samples will
be measured. In addition, k for these samples will be compared to the
k-values of field samples from roofs, walls (several orientations), and
foundations.

Major inputs. Holometrix, Inc., DOE/ORNL

Research Products. Accelerated aging tests to simulate insulation
performance over time for non CFC foam insulation.
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C.1.2 Develop a Low k Standard Reference Material (SRM) for Calibration
of Thermal Conductivity Measuring Devices.

Scope. Complete the development of a Thermal Standard Reference
Material (SRM) having a low thermal conductivity (k) of 0.023 W/m-k
(0.16 Btu-in/h-ft2-°F, R-6 per inch).

Problem significance. Low k SRM is needed for accurate determination
of thermal properties of materials having low k values, such as CFC-
insulations. A low thermal conductivity SRM is needed for use in
calibration of heat flow meter apparatuses and to certify guarded hot
plate apparatuses.

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 3.39; Average for 29 Projects: 3.01

2. Public/Private Sector: 0.98; Average for 29 Projects: 2.52

3. Technical Merit Ranking Out of 29 Projects: 10

4, Comment: This is a clear signal that this should be completed by the
public sector.

Technical approach: An industry-government advisory group suggested
fumed-silica insulation products were low k SRM candidates (Tye, 1977).
NBS-Gaithersburg evaluated lots from four manufacturers and selected one
material for further SRM development. The apparent thermal conductivity
of the material depends on three independent parameters - material
density, barometric pressure, and mean-specimen temperature, 0 to 100°F.
Measurements will be made to quantify the effect of these parameters on
the apparent thermal conductivity of fumed-silica insulation. After the
measurements are completed, regression analysis will be used to fit the
apparent thermal conductivity data to a linear model dependent on these
three parameters. This information will be used to develop certified
values of thermal resistance for the SRM. About 70 specimens will be made
available for distribution to the public during 1988.

Major inputs. DOE/ORNL, NBS-G, Department of Commerce/Office of SRM
Research products.

1. 70 low-k SRM specimens, 0 to 100°F for distribution to the public
in FY 1988.

2. A possible high temperature SRM after further testing. None exist
above 100°F.

3. An improved guarded hot plate at NBS-G (automated data acquisition
system for round the clock unmanned operation).

4. Technical reports/papers.
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C.1.3 Develop an Accurate Data Base of the Thermal Properties of the
More Promising Alternative Blowing Agents

Scope. CFC 123, FC-134a, CFC- i41b and othef identified substitute
fluids 1nc1ud1ng mixtures needed for use as a rigid insulation blowing
agent.

Prob]em-significance. The current data base shows some variability..
Alternate blowing agents are needed that not only reduce or eliminate
potential ozone depletion but also result in insulations with the
equivalent R/$.

There is now an urgent need for better information on engineering
properties of substitute blowing agents. Insulation manufacturers have
traditionally depended upon suppliers for materials and information -on
their properties, but suppliers are not always providing as much
support as in the past (Creswick 1988). :

Importance ranking (va]ue from 0 to 5, 5 being most important)
1. Technical Importance: 3.24; Average for 29 Projects: 3.01

2. Public/Private Sector: 3.27; Average for 29 Projects: 2.52
3. Technical Merit Ranking Out of 29 Projects: 11

Technicé] apprdach.‘

1. Develop information oh laboratory determined viscosity, specific heat,
and thermal conductivity.

2. Evaluate materia]s compatibility with other foamed insulation
constitqgnts.

- Major inputs.

Research products. Expanded data base on engineering properties of most
promising alternative blowing agents.
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C.1.7 Develop a Calculation Methodology for Flammability Testing of
New Insulations Intended for Single-Ply Roofing Applications

Scope. A reliable calculation methodology should be developed which
might lead to a reduction in combustion testing cost.

Problem significance. One of the most costly set of tests for
manufacturers introducing a new insulation is to gain UL fire rating by
testing the new insulation with a large number of various potential

system configurations. Reducing product introduction costs without
compromising health and safety might lead to more alternative

insulations in the future. This is an extremely difficult problem to
solve. A number of participants in the June 1988 Workshop on Alternatives
for Insulations Containing CFCs felt this may not be doable with todays

knowledge.
Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 1.15; Average for 29 projects: 3.01
2. Public/Private Sector: 1.98; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 29

Technical Approach. Review currently available calculation methodologies.
Select most promising. Enhance and validate.

Major inputs.

Research product. Validated calculation methodology for accurately
predicting results from flammability testing.
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C.1.4 Identify New Blowing Agents

Scope. In general, rigid foams have a cellular structure that is
created by an expanding gas, or blowing agent, present during the
foaming process. The blowing agent can either be an inert volatile
compound that is added to the reactive plastic mixture -- a physical
blowing agent -- or it can be a product of the polymerizing reaction
jtself -- a chemical blowing agent. CFCs are classified as physical
blowing agents. A uniform, closed-cell structure is formed from the
expanding gas, trapping the CFC gas in the tiny cell. The CFC gas has
a very low thermal conductivity, which helps make the foam an excellent
material for insulation applications. In addition, the cellular
structure provides structural rigidity and strength, which is desirable
in many insulating applications. If a desirable chemical blowing agent
could be developed which produced very small cells and yet a structurally
strong board, CFCs would not be needed. This area should be fully
explored. '

Should not include CFC-123, CFC-141b, FC-134a. Could include C0, and
flourine-containing compounds. Should have the following characteristics:

low ozone depletion potent1a1

satisfactory boiling point, uniform closed-cell formation,
diffusion rate, solubility in formation and final product,
thermal conductivity

low toxicity and flammability

cost-effective

Problem Significance. Thermal conductivity values of foams can be
improved by reducing cell size, which would help offset the fact that
the alternative blowing agent could have a higher conductivity.

Importance ranking (value from 0 to 5, 5 being most important).

1. Technical Importance: 3.7; Average for 29 projects: 3.01

2. Public/Private Sector: 3.51; Average for 29 projects: 2.52

3. Technical Merit Ranking out of 29 projects: 5

4. Comment: Suggests strong participation from private industry.

Technical Approach.

1. Select most promising set which private industry is not already
working on.

2. Obtain or synthesize compounds.

3. Determine properties

4. Identify process which produces acceptable rigid boards.
Major inputs. EPA

Research products. Expanded data base on potential CFC blowing agent
alternatives.
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C.1.5 Design and Implement a Reliable Field Test Project

Scope. Develop protocol for field testing long-term performance of
insulations. This includes a detailed design and cost estimate for an
instrumented facility for obtaining field performance.data on
insulation systems for roof, walls, and foundations. The second phase
will cover construction of several units. This will involve _
performance of foam insulation in combination with other construction
materials under exposure to dynamic thermal, moisture and mechanical
stress conditions. Establish a data base of the thermal properties at
different conditions for foam products currently on the market and most
importantly for new foam products as they are introduced.

Problem significance. Field performance of insulation systems is
needed for realistic product comparisons. Architects and building
owners lack information on the real thermal properties of foamed board
insulation products after being installed for extended time periods.
Field testing is a complex subject, but successful units exist, such as
the Roofing Thermal Research Apparatus (RTRA) and include fruitful
analysis methodology. The results from this project would permit a
more informative choice of insulation products. Field results often
differ from laboratory results; resolving this difference is critical
to establishing design R-values for existing and new products.

Field measurements on building envelope components is a complex subject
still in the early stages of development. What type and placement of
various sensors should be used? How should the sensors be calibrated?
What should be the monitoring period for the data collection? What
analysis method should be used for the data for different types of
components? It is most important that CFC alternatives get into the field
at least on an experimental basis immediately to assure energy conscious
builders that their building practices involving plastic foams will
continue to be acceptable in the future.

Importance ranking (value from 0 to 5, 5 being most important).

1. Technical Importance: 3.02; Average for 29 projects: 3.01

2. Public/Private Sector: 1.98; Average for 29 projects: 2.52

3. Technical Merit Ranking out of 29 projects: 15

4. Comment: Good project for joint public/private sector effort.

Technical approach. The design would incorporate the best features of
existing field demonstrations. This would be the initial phase of a
field test program for various climates with uniform facilities for
data acquisition and analysis. A prescribed set of pre- and post
exposure lab tests would compliment the field tests.

Major inputs. DOE/ORNL
Research products.

1. Field performance for products: design R-values

2. Uniform reliable test facilities for roof, wall, and foundations
envelope performance.

3. The clear message to builders that alternatives to CFC-insulations
will be available.
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C.1.8 Thermal Resistance Measurements of Current CFC - Insulations and
Reduced or Non CFC Alternatives as They Become Available

Scope. Establish-a properties data base at different mean temperatures
for current and future foam insulation products. -

Problem significance. A thermal conductivity data base for the
existing CFC foam products and potential future products is needed as a
base for comparison of thermal property measurements, comparison of
different agents in the foam cells, and after different times at 24°C:
28 days, 90 days, and 180 days. It has been proposed that these
measurements be made on a 1 x 1 meter calibrated hot plate. The larger
measurement areas will reduce variability obtained with commonly used
sma]ler samples.. ,

Importance rank1ng (va]ue from 0 to 5, 5 being most 1mportant)

1. Technical Importance: 2.79; Average for 29 prOJects. 3.01
2. Public/Private Sector: 2.31; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 19

Technical approach. A survey will establish what thermal conductivity
data is available for current foam insulation products. Industry will
help select representative foam insulation products of four types
[extruded polystyrene EXPS (R-12), PI (R-11), Phenolic (R-111 and R-113),
and expanded polystyrene EPS (air)] at available densities. Tests will
be conducted at 10, 24, and 38°C, and at 24°C after 28 days, 90 days, and
180 days.

Major inputs. DOE/ORNL, NBS
Research Products.

1. Accurate measurements of thermal conductivity of currently ava11ab1e
foam products. :

2. Accurate measurements of thermal conductivity of potential new foam
products. :

3. A basis for extended aging tests.
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C.1.9 Thermal Conductivity of Expanded Polymers with Chemically
Inactive Fill Gases

Scope. Determine thermal conductivity from 100 to 350 K of expanded
polymers with gases of known behavior to establish data base for models
to analyze different modes of heat transfer as a function of
temperature.

Problem significance. Data base over a broad temperature range
supports and extends analyses and models used for a limited temperature
range. Using different gases of known behavior helps identify
quantitatively modes of heat transfer, nominally total k is 20%
radiation, 30% solid conduction, and 50% gas conduction. Component
knowledge is needed to guide product evaluation.

Importance ranking'(value from 0 to 5, 5 being most important)
1. Technical Importance: 2.2; AVerage for 29 projects: 3.01

2. Public/Private Sector: 2.04; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 25

Technical approach. Use existing low temperature guarded hot plate
apparatus at NBS-Boulder to test three expanded polymers containing
different gases from 100 to 350 K. Analyze results and compare to data
for CFC-blown polyurethane of various densities.

Major inputs. DOE/ORNL, NBS

Research products. Thermal conducfﬁvity data base of expanded polymers
at temperatures from 100 to 350 K.

Cost and time estimate. $35K, 1 year.



56

C.1.10 Manufacture of Environmentally Acceptable Plastic Foam Insulations

Scope. Phenolic foam insulations are claimed to not age. In addition,
claims have been made that these insulations can be made with CFC-
substitutes and/or non-CFCs, such as CO, blowing agents. - The

resulting products are also claimed to have thermal properties better

than aged polyurethane foams. Most interest for the phenolic foams
appears to be in board stock. Some work has been done on foam-in-place
applications. This research could be expanded to foam products other than

phenolics.

Problem Significance. The foam insulation users are faced with the
loss of CFCs for the production of insulation and the resulting loss

of thermal performance. At least one end-use industry, the appliance
industry, is also faced with mandated increases in energy efficiency.
As foamed in place insulations are essential to the manufacture of many
appliances, alternative foaming agents must be found.

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 2.51; Average for 29 projects: 3.01
2. Public/Private Sector: 3.86; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 24

Technical Approach. Aid in the development of foam in place phenolic
insulations. Work with a manufacturer of these materials and have
samples made. Work with a testing laboratory to get thermal testing
and aging tests done. Supply results to industry, and other
researchers to validate models, etc.

Major Inputs. Koppers, Fine (University of Kentucky)
Research Products. Samples of phenolic foams made with non-CFC and

environmentally acceptable CFC blowing agents. New and aged test
results on phenolic foams.
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C.1.11 Protocol to Predict Long Term (5 yr) Thermal Performance of
Cellular Foam Insulation Products

Scope. To develop a protocol which would predict long term (5 yr) thermal
performance for cellular foam insulation products.

Problem Significance. Standard methods already exist for R-value
(k-value) of cellular foam insulation products. It is also easy to track
the R-value of these products versus time. With the change in blowing
agents from CFC 11 to CFC 12 to new compounds, the luxury of taking 5
years to assemble 5 year test data is no longer available. A protocol is
necessary which would predict long term (5 yr) thermal performance in a
short "real” time period.

Importance Ranking (value from 0 to 5, 5 being most important)
1. Technical Importance: 3.8; Average for 29 projects: 3.01

2. Public/Private Sector: 1.96; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 4

Technical Approach. This project should evaluate the ability of several
proposed methods to predict long term thermal performance such as, but not
limited to, the thin sliced specimen technique currently under study; the
technique of elevated temperature aging; the modeling technique under:
development at MIT, and/or a combination of the above. Project should not
be Timited to existing technique as a solution but as a starting point.

Major inputs. DOE/ORNL; various testing agencies/companies; private
industry; MIT.

Research Products.

1. Protocol to predict long-term performance of cellular foam insulation
products.
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C.1.12 Develop Accurate Data Base of Physical Properties of Substitute
Blowing Agents

Scope. A1l proposed substitute blowing agents for rigid insulation
including, but not limited to, HCFC-123, HCFC-134a, HCFC-141b.

Problem significance: There is a need for physical properties information
on substitute blowing agents. Physical properties include:
- ozone depletion potential (actual test result) :

potential for classification as a volatile organic compound

waste disposal program

flammability data

thermal conductivity vs temperature

safety information for manufacturing safety programs

toxicity program - interim reports : ,

Importance ranking (value from 0 to 5, 5 being most important)
1. Technical Importance: 4.04;‘Average for 29 projects: 3.01

2. Public/Private Sector: 3.29; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 3 '

Technical approach,- Conduct appropriate physical property tests on
substitute blowing agents. : '

Major inputs. CFC producers; other chemical suppliers.

Research produéts. Necessary data base td plan process modifications to
use substitute blowing agents.
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Alternative Insulations

Production and Demonstration of Composites with High Thermal
Resistance

Evacuated Panels II'Super Insulations” for Buildings and Appliances
Evaluation of Components for Super Insulations

Non CFC Systems

Non CFC Foundation Insulation Application Verification.

Develop Facing Materials that Eliminate Out-Gassing of CFC
Substitutes
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C.2.1 Production and Pilot Study of Composites with High Thermal
Resistance

Scope. Evacuated powder panels have a thermal resistance over R-20 per
inch. Composites of these have a variety of applications that could
eliminate CFC insulations. Automated production is required to show
pilot study applicability. This work should include the production of
preliminary automatic production designs and unit cost estimates. '

Problem significance. Production of composites could yield a non CFC
alternative for many applications. Economics, materials, and life-
times are issues to be resolved. Industry has initiated non-automated
production. A wide variety of applications exist for buildings and
equipment. ' '

Importance ranking (value from O to 5, 5 being most important)
1. Technical Importance: 3.02; Average for 29 projects: 3.01

2. Public/Prijvate Sector: 2.91; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 16

Technical approach. Develop a plan, schedule, and cost estimate for an
initial, but prototypical application, that includes automated
production, incorporation into units, and an industrial pilot study of
thermal performance. Do first production and pilot study with
industry. Extend example to other applications. Release to industry.

Major Inputs. DOE/ORNL

Research products.

1. Letter report in FY 1988 to plan initial production and pilot study.
2. First prototype in FY 1989.
3. Extend Pilot Study to other areas.
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C.2.2 Evacuated Panels "Super Insulations" For Buildings and Appliances

Scope. In the vacuum/powder fill concept, evacuated panels are filled
with fumed, ultrafine silica powders of varying particle sizes (much
like the vacuum-packed coffee currently available in the supermarket).
The success of this technology is dependent on developing a membrane
that seals the panel preventing air from permeating the panel degrading
the R-value. Another concept is to use evacuated ceramic spheres for
structural integrity. One other concept is metal vacuum panels as in
the unbreakable thermos.

The objective is to conceive and develop alternative insulation systems
not dependent upon the use of CFCs that have thermal performance superior
to currently used insulations. Potential applications are appliances,
refrigerated storage, refrigerated trucks, portable coolers, and building
envelopes.

Problem significance. Alternative insulation systems have been identified
that offer the potential of much higher R-values per inch than is
presently afforded by CFC-blown foam. These are mainly evacuated panels
using either a metallic envelope or a plastic jacket and a powder filler.
The possibility of very high R-values has been confirmed in the
laboratory; low-cost configurations and manufacturing methods need to be
developed. Other novel systems may be conceived in the future. The
development of practical superinsulation systems could result in
substantial energy savings.

Importance ranking (value from 0 to 5, 5 being most important)

1., Technical Importance: 3.11; Average for 29 projects: 3.01

2. Public/Private Sector: 2.94; Average for 29 projects: 2.52

3. Technical Merit Ranking out of 29 projects: 13

4, Public sector voters ranked this number one, compared to 13 private
sector voters who ranked it number 19.

Technical Approach.

1. A paper study describing construction and experiments for testing low
cost configurations of insulation boards which have some evacuated
portions (various filler materials including powders, fibrous
materials, and layered materials.) This work should address parasitic
heat transfer.

2. Estimate durability and thermal drift.

3. Assist in the development of manufacturing processes for advanced
insulation technologies.

Research products.

1. Identified most promising evacuated panel configuration for near-term
application.

2. Design of an automated manufacturing facility
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C.2.3 Evaluation;of Components for Super Insulations

Scope. Manufacturability and reliability of super insulations remain
the road blocks to the emergence of this technology. Many alternatives
exist for ultra high resistance (UHR) cells that may be incorporated in
foams to augment the thermal resistance of the foam. The ‘incorporation
of the UHR cells might, for example, be able to compensated for a 10ss
of thermal performance due to a change in b1ow1ng agent.

Problem S1gn1f1cance. UHR cells may be incorporated into foam
insulations to augment the thermal performance of the foams. .These
cells can .take many forms from large slabs to small lenticular cells.
Many factors," including edge losses, manufacturability, reliability and
cost, must be evaluated ‘in determ1n1ng the optimal design. A detailed
analys1s of the UHR: cell concept-should be undertaken to estab11sh the
priorities for research 1n this area.

Importance ranking (value from 0 to 5, 5 being most impprtant)-
1. Technical Importance: 3.05; Average for 29 projects: 3.01°

2. Public/Private Sector: 2. 78 Average for 29 projects: 2.52
3. Technical Merit Rank1ng out of 29 prOJects 14 .

Technical approach. A paper study based on contacts with representatives
of the foam industry, the packaging industry and the appliance industry to
establish the priorities for research in this area. Development of the
highest priority UHR cells, including sample cell preparation, sample
foam/cell composite preparation and development of an automated process
flowsheet and cost 1nformat1on.

Major inputs. Packag1ng and foam industry, F1ne (Un1vers1ty of Kentucky)

Research Products. UHR cell design with highest probability for
successful incorporation in foam products. UHR celi samples and UHR
cell/foam samples for thermal and aging testing. Flowsheet and cost
information for automated production of UHR cells.
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C.2.4 Non CFC Systems

Scope. Taking a systems perspective of available non-CFC products in
combination with other design factors can lead to equivalent overall
thermal performance of conventional systems using CFCs. This should
consider the use of other insulation materials such as EPS, insulating
block, and fiberglass boards.

Problem significance. If CFC insulations are not available in the

future or are restricted, some guidance should be readily available to
builders to specify systems which, for about the same cost per R, lead to
the same degree of energy efficiency with alternatives.

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 2.18; Average for 29 projects: 3.01
2. Public/Private Sector: 2.57; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 26

Technical Approach. The combinations of features which should be
considered. One example is combining exterior foundation insulation
drainage, waterproofing and radon abatement. For instances, EPS is a
viable substitute for EXPS in situations which have minimal risk of
high moisture absorbtion. Can a composite product be developed which
serves as waterproof membrane on the outside of the insulation when
placed on the exterior of foundation walls in moist soils?

Some of the foundation insulation drainage boards have the capability
of supplementing waterproofing provisions and radon mitigation
strategies. If these features could be positively demonstrated the
added drainage capabilities could become the product of choice, despite
occasional cost penalties from a simple $/R-value perspective.

Other examples of combining multiple features into single systems would
be:

wall R-value and variable emissivity
roof R-value and reflectives
wall R-value and thermal mass

R-value and structdral membey

Research Products. A builder's guide to energy efficiency without CFC
insulation.
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C.2.5 Non CFC Foundation Insulation Application Verification

Scope. Foundation insulation has lagged behind the increasing attention
given to above-grade walls and roofs. However rapid growth in the use of
foundation insulation is anticipated due to increases in foundation
insulation levels in a number of major codes and standards and increasing
availability of energy efficient construction details. One method of
insulating foundations is on the exterior surfaces in direct contact with
the earth and one commonly used product is extruded polystyrene. The
scope of this project is to determine by independent experimental
verification if foundation insulation techniques are available which can
provide reliable long-term thermal performance in both new and retrofit
applications. Foundation types should include crawl spaces,
slabs-on-grade, and basements.

Problem significance.. .EXPS is the plastic foam product with the least
risk of moisture decaying the -1ife time R-value. Some builders and
hcmeowners may not consider insulating foundations with out a reliable
jnsulating product to choose from. A significant energy savings
potential is lost, as much as 0.8 quads, if large numbers of
foundations are left uninsulated. Inside insulation is not always
possible nor desirable in all situations because of-not only thermal
but also moisture, indoor air quality, and structural considerations.

Importance ranking (value from 0 to 5, 5 being most important)
1. Technical Importance: 2.02; Average for 29 projects: 3.01

2. Public/Private-Sector: 1.98; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 27

Technical Approach

1. Employ the use of well-characterized test facilities in which moisture
conditions are controllable on both the interior and exterior

foundation surfaces. Performance verification data should be obtained
on: - .

- XEPS with alternative blowing agents
- Molded expanded polystyrene (MEPS)

- Fiberglass insulation/drainage board
- MEPS insulation/drainage board

- interior batt insulation

- other innovative concepts

2. Develop a methodology for characterizing the soil at a construction
site relevant to foundation thermal and moisture control measures.

3. Develop heat and mass balance model to extrapolate experimental
results to other ciimates.

4, praft a proposed ASTM standard and/or a builders code for foundation
insulation applications based on above data.

Research product. Non CFC Foundation Insulation ASTM Standard.
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C.2.6 Develop Facing Materials That Eliminate Out-Gassing of CFC
Substitutes

Scope. A lot of work has already been done to better understand the
factors that affect product aging, such as the quality of the barrier
facing and the integrity of the bond between the facing and the core
materials. The facing is the critical component needed to keep the air
out.

Problem significance. Research on improved barrier facing needs to
continue as well as work to identify and develop new polymers and
additives which improve thermal performance. As different blowing agents
are considered, the gas diffusion and dilution will remain an issue.
Better facing materials could conceivably permit the satisfactory use of a
blowing agent that had a higher diffusion rate in polymers than CFC-11 and
CFC-12.

Importance ranking (value from 0 to 5, 5 being most important)
1. Technical Importance: 3.59; Average for 29 projects: 3.01

2. Public/Private Sector: 3.46; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 7

Technical approach. Identify candidate facing materials and adhesives.
Work with a manufacturer to assemble most promising concepts. Expose
samples to roof, wall and possibly foundation applications and measure
thermal drift.

Major inputs. The packaging industry has been striving to keep air out of
food products for some time and may have something to offer insulation
manufacturers, although it is recognized that insulation has a useful

1ife of 50 plus years, whereas packaging containers usually are designed
for 1-2 years.

Research product. Foam insulation facing which significantly reduces
dilution of blowing agent with air and diffusion of gas from the product.
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C.3.1 CFC Manufacturing Recovery Process

Scope. From 5 to 20% of the CFCs currently used to blow foam insulation
is released within the production facility. If this substantial quantity
could be recovered, it would help extend the near term production
lTimitations. This only covers the CFCs released during production

which includes site curing. This work could be broadened to include
recovery of substitute blowing agents which are likely to have a recovery
value 2-3 times more than CFC-11 and 12 using 1988 prices. A more
difficult task would be to develop technologies which recover blowing
agents during site pouring or spraying applications. Applicator safety
and health impacts would need to be carefully assessed. Questions remain
as to how to safely dispose of spent carbon.

Problem significance. Carbon adsorption recovery systems are currently
available for use in containing or recovering CFC emissions during the
foaming process. However, the carbon adsorption process is very
energy-intensive, and research is needed to develop more efficient
systems. Carbon adsorption technology is well developed, but
implementation depends- on economics on a plant-by-plant basis.

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 3.51; Average for 29 projects: 3.01

2. Public/Private Sector: 3.51; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 9

4, Comment: -This was the highest ranked project in this group.

Technical approach. Review carbon adsorption, reverse osmosis, and
other promising recovery techniques. '

Select most promising, build test facility to determine recovery
efficiency. : ‘

Major inputs. Hagler, Bailly 1987, PIMA, Patent Office under CFC
recovery.

Research Products

1. Assessment of promising CFC recovery techniques
2. Proof of concept test facility
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c.3.2 CFC Incineration
Scope. D1sposa1 of halogenated hydrocarbons .

Problem s1gn1f1cance. The safe disposal of CFCs is a significant
technical problem that should be immediately addressed. Ordinary
combustion may not be the correct solution since it produces a variety
of gas-phase products many of which are toxic. CFCs when exposed to
very high temperatures can decompose into highly irritant and toxic
gases: chlorine, hydrogen fluoride or hydrogen chloride, and phosgene.
The protocol for acceptable destruction of CFCs has not been worked out.
Shredding of foam ordinarily releases 50% of the CFC. The shredding
process would have to be coupled with the 1nc1nerator to assure maximum
combust1on.

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical-Importance: 2.71; Average for 29 projects: 3.01
2. Public/Private Sector: 2.43; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 21

Technical approach. A search should be undertaken for processing
conditions that minimize the formation of undesirable compounds. A
process that combines combustion and gas-phase scrubbing could reduce
the impact of producing toxic C1 or F compounds. An appropriate
chemical/thermal dynamic model should be identified to simulate
different CFC 1nc1nerat1on conditions to pred1ct by-product quantities.

A) The reaction products depend on temperature, pressure, and feed
composition with many species potentially formed.

B) The proper cataiyst could favor reactions that produce harmless
species.

C) Gas-phase scrubbers can be designed to remove harmful combustion
products. (This will reduce volume of tiquid for disposal.)

D) Absorption processes (activated) carbon or molecular series could
be used to trap harmfu] products.

Items A and C are a matter of focusing existing technology. Item B
could involve a research activity (Exxon or DuPont Labs, for example)
Item D is a matter of laboratory work with existing materials.

Major inputs. D.W. Yarbrough, Celotex Corp.; Lorraine Aulisio

Research products. Environmentally sound pilot plant for destroying
CFCs on the earth surface.



69

C.3.3 Recycling Panels

Scope. One short-term solution to extend the CFC production limits is
to develop mechanisms to recover and reuse products containing CFCs.
Appliances containing removable insulation panels would seem to hold
the greatest chance of being recycled.

Importance ranking (value from 0 to 5, 5 being most important)

Problem significance. If alternative insulations are not developed the
price of CFC insulations will rise and the economics of recycling will
improve. Most large appliances are disposed of separate from the bulk
of the refuse stream so its special handling enhances the possibility
of establishing recycling centers. The panels would have to have a
useful l1ife greater than that of the initial appliance for this to be
worth considering. The concept is attractive in that if a substantial
fraction of panels could be recycled, the CFC demand could drop to zero
for appliance insulation. Secondly, if an appliance insulation
recycling industry could be established, then why not install more
durable advance insulation with some evacuation? and if appliances?
building insulation panel recycling might not be that far off?

Importance ranking (value from 0 to 5, 5 being most important)
1. Technical Importance: 1.82; Avérage for 29 projects: 3.01

2. Public/Private Sector: 2.39; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 28

Technical approach. A concept feasibility study should be the first
step. Discuss concept with West Germans, Scandinavians and other
Montreal agreement signers with 1ittle if no CFC production quotas.
Sweden is scheduled to call for a total ban of CFC production by 1994.

Research product. Insulation recycling concept feasibility study.
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C.3.4 CFC Destruct1on by Methods Other Than Incineration
Scope. Disposal of CFC compounds.

Problem-s1gn1f1cance. ‘The destruction of CFCs by a process which will
convert them to benign or useful products will enhance the 1ikelihood that
they are destroyed rather than released to the environment. Combustion
processes and variations lead to a.variety of noxious and corrosive by-
products (e.g., phosgene, hydrochloric, and hydrofluoric acid, or possibly
dioxins). Shredding releases-about 50% of.the R-11 in p]ast1c foams of
recaptured, is 1mpure and may be hard to reuse..

Importance rank1ng (value from 0 to 5, 5 be1ng most 1mportant)

1. Technical Importance 2. 84 Aver;ge for 29 proJects 3.01-
2. Public/Private Sector: 2. 25 Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 18 .

Technical approach. .Identify chemical reactions of CFC type compounds
that have the potential to convert -them to benign or useful .products. Use
a combination of appropriate thermodynamic model and potential product
value(s) to screen: likely processes. The most likely candidates would be
tested in the laboratory. When the best process is identified, evaluation
would be performed for use as a basis for decision on proceeding to a
pilot scale. The fo]low1ng minimum set of cr1ter1a must be met:

1. requirements, established by 1aw for destruct1on and removal
efficiency must be ach1eved :

2. products of the destruct1on process should not themselves present a
disposal or other env1ronment prob]em

3. the process should be economical compared to a]ternat1ves such as
recycling: -

4. the process should be flexible enough to handle mixtures of CFCs so
that process control is not complicated.

Major inputs. DOE/SERI.

Research products. Pilot plant to demonstrate the effectiveness of the
technology.
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C.3.5 Recapture of CFCs at Refrigerator/Freezer Retirement

Scope. Significant amounts of CFCs in refrigerator/freezers (R/Fs) are
thought to remain through their retirement and disposal. Recapturing them
for recycling or final destruction could improve the short- to mid-term

~ transition from CFCs.

Problem significance. Some regional programs that early-retire second
R/Fs to get them off the utility grid could provide an inexpensive way to
test methods for recapturing CFCs. For example, one midwest utility
collected 20,000 R/Fs in six months, burying them all in a landfill. A
constant and free stream of such units could allow tests of alternative
methods to recapture the CFCs in the working fluid, and possibly the foam
as well, Five times more CFCs are. in insulation than in working fluid.
Economical recovery is unlikely unless significant price increases occur.
Capitalization will have to pay back rapidly with the 1ikely trend of
using less CFC in future appliances. '

Importance ranking (value from 0 to 5, 5 being most important)

1. Technical Importance: 2.55; Average for 29 projects: 3.01
2. Public/Private Sector: 2.5; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 23
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C.3.6 Recovery of CFCs
Scope. Recovery of CFCs

Problem-significance. Recovery of CFCs by adsorption on activated carbon
is an expensive process. Development of alternative adsorption media that
lowered the overall cost would increase the fraction of CFCs that could be
economically recovered during foam blowing and cleaning operations.
However, the operation costs can be significant, and research to reduce
this cost would also be beneficial.

Importance ranking (value from 0 to 5, 6 being most important)

1. Technical Importance: 2.64; Average for 29 projects: 3.01
2. Public/Private Sector: 1.75; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 22 :

Technical approach. Identify potential adsorbent materials and screen
them based on available data. measure adsorption isotherms for the most
promising and those for which inadequate data are available to reject
them. Based on the results, prepare a process cost analysis for a
conceptual recovery system. This would provide a basis for deciding to go
to the next stage of development.

Major inputs. DOE/SERI.

Research products. Development of new CFC recovery process.
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Implementation and Information Exchange

Prepare an Appropriate Public/Private Research Menu for
Alternatives to CFC Insulation

DOE/ORNL/Industry-WOEkshops on Alternatives for CFC Insulation
Critical Assessment of Product Property Tests

Establish Essent1al Thermal Insu]at1ng Material Properties by Type
of Application

Develop Energy Imbact Data Related to CFC Restrictions
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C.4.1 Prepare an Appropriate Public/Private Research Menu for
Alternatives to CFC Insulat1on

Scope. Collect, organ1ze, and review a co]]ect1oh of projects to
include in a research menu. Interact with private 1ndustry and publ1c
sector representatives to deliver a consensus plan. T ,

Problem Significance. Activities in'finding.alternatives . to 1nsu1at1on
containing CFCs are scattered and fragmented. Secondly, the research
project selection should be based on a multitude of inputs to improve
the 1ikelihood of success and compliment the product development
ongoing in private industry. The research effort needs a focal point
to input research ideas.and exchange results .in.a rapid efficient
manner. With finite resources a prioritized 1ist of research projects
is necessary to promote cosponsored research, effective funds
distribution, and optimize the use of fac111t1es.

Importance ranking (value from 0 to 5, 5 being most 1mp6rtant);
1. Technical Importance: 4.3; Average for 29 projects: 3.01

2. Public/Private Sector: 2. 16 Average for 29 prOJects 2.52
3. Technical Merit Ranking out of 29 projects: 1 -

Technical Approach.
1. Develop a draft menu for initial distribution on Apri] 17, 1988.

2. Solicit additional research projects from potent1al workshop
participants.

3. Request inputs by May 23, 1988.

4, Revise draft menu and add the new projects. . °

5. Distribute second draft along with an "Importance Ranking Ballot."
The participants will be requested to be prepared to vote on the
projects at the June 10, 1988 workshop.

6. The ballot results will be compiled at the workshop and presented
in the session on Recommendations for Futurg Activities.

7. Final report will be compiled, distributed, and presented at a future
workshop.

Major Inputs. DOE, EPA, CFC producers, Foam Insulation Manufacturers,
ASTM C-16 members, CFC Insulation workshop participants

Research products. A consensus research menu



75

C.4.2 DOE/ORNL/Industry Workshops on Alternatives for CFC Insulation

Scope. Organize, host, and publish proceedings of a semi-annual workshop.
To help develop an initial research menu, continuous guidance of ongoing
research, and input for future selection of appropriate activities. A
second objective is to provide a forum for exchange of results.

Problem significance. It is in the national interest to have buildings
and appliances that are energy efficient yet do not cause excessive
environmental degradation. The extensive use of CFCs has been
proclaimed by the October 1988 Montreal Agreement to be environmentally
unacceptable. Through government regulations the production of CFCs
will be restricted in the near future. ‘A number of recent studies have
found that without an accelerated research effort the CFC restrictions
will adversely impact DOE's mission tc continue working with industry to
improve energy efficiency. It is pertinent that industry and various
government agencies interact to find acceptable alternatives to the
currently used CFC insulations. A government-sponsored workshop could
meet this need.

Importance ranking (value from 0 to 5, 5 being most important)
1. Technical impontance: 4.13; Average for 29 projects: 3.01

2. Public/Private Sector: 1.87; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 2

Technical approach. Form a public/private industry planning team for

the first workshop (April 1988), conduct a timely workshop (June 1988),
publish proceedings, and plan next workshop. Discussions at the June 1988
CFC Workshop on Alternatives for Insulations Containing CFCs indicated
that periodic workshops would be desirable. They should be focused on
specific projects in the future and be held every six months to a year.

Major inputs. DOE/ORNL, EPA, Polyurethane Insulation Manufacturers
Association (PIMA)

Research products.
1. Proceedings ’ ' ,

2. Prioritized research menu.
3. Identify areas for interactions
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'C.4.3 Critical Assessment of Product Property Tests -

Scope. Product performance requ1res a variety of property tests. A
critical assessment of these tests is needed to define their accuracy,
priority, and potential improvements. This would include test
sources. The properties should include:

moisture absorption capacity

1iquid water transmission

vapor transmission (ASTM E 96-80 takes 10-14 days, too long)

freeze-thaw resistance

corrosion potential '

thermal conductivity (function of temperature mo1sture exposure,
and time)

thermal diffusivity (measure rather than calculate from
conductivity, density and specific heat)

thermal expansion (ASTM 0696)

shrinkage -

f]ammab111ty/combust1b111ty

toxicity

fungus resistance

dimensional stability

cavity-filling (in case of spray or poured in p1ace)

cell structure/comp051t1on ]

density

offgassing/release of part1cu1ates
compressive strength

Problem s1gnif1cance. The accelerated research effort under way to find
substitutes for currently available CFC insulations will stimulate a -
number of new insulating products to enter the market place. Just which
are the most relevant product property tests needed to predict long-term
performance? How accurate are the tests? Can test procedures be improved
to screen acceptable products at reduced cost and on a shorter time span?
Discussions the the June 1988 CFC workshop seemed to conclude that the
thermal properties were most critical.

Standard performance criteria for various applications need to be
developed to help design engineers select the best material for a given
application. It makes sense that the requirements for all materials used
in a given application should be the same. Also, it is important to
ensure that the performance criteria on which the selection is based are
appropriate. For example, a common condition used for measuring
dimensional stability is 158°F and 97% relative humidity. This is
entirely too severe for most applications and therefore is unduly
restrictive (i.e., foundation insulation applications).

Both closed cell and open cell board foam plastic thermal insulations have
been known to retain moisture under hot and cold design service

conditions (NPP III). Design information as to the amount and distribution
of moisture.is needed for applications such as low slope built-up roofs,
cold storage warehouses, and foundations.
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Importance ranking (value from 0 to 5, 5 being most important)

1. Technicai Importance: 2.74; Average for 29 projects: 3.01
2. Public/Private Sector: 2.22; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 20

Technical approach. The assessment would be initiated by an RFP to
document and critically evaluate available laboratory test capacity.
Determine relevant product property tests. A report would be produced,
followed by a round-robin testing of various properties to establ1sh
accuracy, precision and suggest improvements.

Major inputs. DOE/ORNL, Thermophysical Properties of Freons,
Altumin, et al.

Research products.

1. Critical evaluation of current test capacity.

2. List of improvements for enhancing the quality of property testing.

3. Aid users in the selection and specification of in situ foam
insulations.

4. Provide a procedure for assessing new insulation materials.

5. Information to assist development of new products.
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C.4.4 Establish Essential Thermal Insulating Mater1a1 Properties by Type
of App11cat1on

Scope. Efficient product deve]opment requ1res ‘a clear]y defined set of
essential product properties. For most thermal insulation applications,
the essential product properties have not been established. Therefore,
this project should establish-essential product properties for all
applications in which significant quantities of CFC blown cellular
plast1c thermal 1nsu1at1ons are now used..._ '

Project s1gn1f1cance. Eff1c1ent research requ1res a clearly def1ned
objective. Perceived thermal insulating material property requ1rements
are currently a ccombination.of federal, state, and local standards and
codes, consensus standards (ASTM), and manufactUrer's-“claims.'-l Some of
the properties, perceived as essential, are that. Others are clearly not
essential. If the: non-essential property requirements are. not eliminated,
unnecessary effort and undes1red delay in develop1ng CFC alternatives w111
both happen. - : ,

Importance'ranking (value from.0 to 5,'5 being most important)
1. Technical Importance: 2.91; Average for 29 projects: 3.01

2. Public/Private Sector: 2.8; Average for 29 projects: 2.52
3. Technical Merit Ranking'out of 29 projects: 17

Major inputs. Input from owners, designers, code officials, regulators,
and manufacturers will be. required. To make progress in a reasonable
amount of time, a strong, techn1ca11y competent referee (proJect manager)
is essent1a1.

Research products. The project should produceta standard for each
application similar to ISO DTR 9774 and might be in the ASTM format.
Applications covered should include at least: (1) thermal insulation in
buildings, (2) thermal insulation in refrigerated appliances, and

(3) thermal insulation in refrigerated transportation. Other applications
considered major uses of cellular plastics insulation should also be
defined.

Cost and time estimate. One half man-year (over two year period) per
application as project manager, plus willing volunteer support from
owners, designers, bureaucrats, and manufactures.
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C.4.5 Develop Energy Impact Data Related to CFC Restrictions

Scope. Develop energy impact data for residential, commercial, and
industrial insulation applications.

Problem significance. The availability and/or performance of rigid foam
insulation products are expected to change as a result of CFC
restrictions. Given the historical contribution of these products to
energy conservation efforts, it is necessary to determine the energy
impact of the following scenarios:

1. Foam insulation using new blowing agents resulting in lower R-values
per inch than those currently available.

2. The short term effect of CFC restrictions results in reduced
avajlability in the foam insulation supply (this may happen due to the
lack of "drop-in" blowing agent for these products).

3. Other insulation products or building techniques are developed.

Although some information is available, there is no report which
represents the total energy impact.

Importance ranking (value from 0 to 5. 5 being most important)

1. Technical Importance: 3.53; Average for 29 projects: 3.01
2. Public/Private Sector: 1.72; Average for 29 projects: 2.52
3. Technical Merit Ranking out of 29 projects: 8

Technical approach. Analysis of existing data and data sources. Data
collection for missing information. Preparation of report.

Major inputs. DOE; Private industry; Academic sector.
Research products. Energy 1mpa¢t in quads for each segment (residential,
commercial, industrial). :

Time. 1-2 months.
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Appendix D

Sample Ballot and Processing

Initially, we envisioned a much smaller group, with hand tabulation of the
results easily managed at the workshop. As the workshop plans solidified
it became quite apparent that the number of ballots to be processed would
be 1arger than could be handled manually. Also, at the first planning
meeting it was agreed that each of the research projects would be given:

" two values instead of just one; the first an importance ranking from 0 to
5 with five being the most important, and the second a "who should do it?"
value from 0 to 5 with a 0 being all public sector, and a 5 being all
private sector.

The voters were asked to consider the following criteria when assigning
their importance rankings:

1. the technical merit of the task,
2. the importance of the task to national needs,
3. the potential for CFC abatement,

4. the potential energy savings resulting from a successful completion
of the task, and

5. the reasonableness of the estimated cost of the task compared to the
benefits which may result

Alan Fine, a consultant to the BTESM Program established contact with
National Computer Systems (NCS)!. This company markets a desk top survey
system called “"Survey Network." This system combines desktop publishing
and optical mark reading. NCS helped us format and than printed the
sample questionnaire shown in Figure D.1. The questionnaire, formatted
with a desktop publishing software program, is printed out on open-format
scannable forms using a laser printer. After the discussion of all the
research projects the attendees were given 30 minutes to turn in their
ballots. The 60, three-page ballots were then entered into a data base
using an optical mark reading scanner. The optical mark reading
technology improved the validity and accuracy and helped deliver the
results of this ballot in a much more effective manner than sending out
the results after the workshop. The data was automatically accessed by a
statistical analysis package called StatPac Gold. A six page statistical
report on each research project ranking was automatically produced. The
statistics enabled analysis of the data by all attendees, as well as those
who marked their ballots from the private sector, and a third set for the
group which marked their ballots from the public sector. NCS also provided
the data on a floppy disk for more detailed analysis after the workshop.
Additional analysis of the cleaned-up data base is shown in chapter four
of this report.
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The overall mean value for the importance ranking and the "who should do
it" entree for each research project were then manually typed into a
Symphony spread sheet and used in a macro program written by Alan Fine,
University of Kentucky, to automatically produce several rankings of the
results, overall (across all categories), and ranking within each of the
four categories.. This was presented live less than two hours after the
last ballot was submitted to the workshop attendees, using .a Kodak Data
Show. The Data Show is a liquid crystal display panel which is placed
on an overhead projector and reproduces the Personal Computer CRT
screen. A hard copy of the overall ranking was given to each e
participant at the workshop. There were a few data entrees missed by
the optical mark reader because the initial vote was erased.and a new
one marked. The computer data base usually had a star for those entrees
where it could not clearly detect the intended value. Secondly, there -
were four sheets out of a total of about 175 which were not read into
the computer. These corrections were made to the data base and the
statistics recompiled using the software program Symphony. The final
ballot results changed insignificantly as a result of this manual data
base clean up.

1. National Computer Systems, 1101 30th Street NW, Suite 500
wash1ngton, DC 20007
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Survey  proper Marks  NATIONAL
Network" _ COMPUTER
s ooy Sovey symem (L TeEANCzPEReL 3> @ SYSTEMS

Please complete the importance ranking using the following criteria:
1. The technical merit of the task
2. The importance of the task to national needs
3. The potential for CFC abatement ’ 1 am form:
4. The potential energy savmgs resulting from a successful completion ’
of the task . Private Sector
5. The reasonableness of the estimated cost of the task compared to Public Sector
the benefits which may result Other Sector
Please assign two values for each project:
1. Importance (0 to 5, 5 being the most unponant) .
2.Who shiould do it? (0 to5, 0 all public sector, 5 all private sector) -
Who should
C.1 Insulations with Alternative Blowing Agents Importance d os it"u
: : : 012345 012345
C1.1 Accelerated foam Aging for determiation of designR-values — o [ [T T T T ) [ [ 1 [ [ ]]

C.1.2 Develop alow K Standard Reference Material (SRM) for calibration of
thermal conductivity measuring devices
C.1.3 Develop an accurate data base of the thermal properties of lbe more
promising altenative blowing agents
C.14 Identify new chemical blowing agents
C.1.5 Design and implement a reliable field test project
C.1.6 Environmentally acceptable blowing agents in foam insulation:
Means to achieve equivalent efficiency
C.1.7 Develop a calculation methodology for flammability testing of new
insulations intended for single-ply roofing applications _
C.1.8 Thermal Resistance measurements of current CFC insulations and
reduce or non CFC alternatives as they become available =m——msmeer————ufp
C.1.9 Themal conductivity of expanded polymers with chemically inactive gasses——gm-
C.1.10 Manufacture of environmentally acceptable plastic foam insulations e
C.1.11 Protocol to predict long term (5 yr) thermal performance of cellular foam

EEEEEERENRER

\j

HENEEEREERREE
EENENEREENEER

Yy v vvyy

insulation products P .
C.1.12 Develop accurate data base of physical properties of substitute blowing agents —gm
C.1.13 —
C.1.14 - >

OPTIONAL: Name:

Page 1 of 3
Figure D.1  Three page sample CFC Morkshop ballot .

5
O | -

Form Number 75020-5-72 n | SURVEY NETWORK™ - HE EEE ]

e e eim em e v e e we wem e mew e

e S e hm an bt ame v ot mw mmm mn i m ames boos e eew

(e mmm ewe wew o e e

o
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Survey | : ) Proper Marks NATIONAL
@*‘ Network™ COMPUTER
ZIhe Deaktop Survey Systom® et Anozrencn 3o (@ SYSTEMS

Please complete the importance ranking using the following criteria:

1. The technical merit of the task
2. The importance of the task to national needs
3. The potential for CFC abatement B I am from: i
4. The potential energy savings resulting from a successful completion c
of the task ' i
5. The reasonableness of the estimated cost of the task compared to g:;ﬁ::esii:::r
the benefits which may result :
o . Other Sector
Please assign two values for each project: o
1. Importance (0to 5, 5 being the most important)
2.Who should do it? (0 to5, 0 all public sector, 5 all private sector)
C.2 Alternative Insulations Importance Wh‘:’zhi(t’.‘,"d
C.2.1 Production and demostration of composites with high thermal ’ 012345 012345
resistance -
C.2.2 Evacuated panels "super Insulations” for buildings and appliances ——————-——p»
C.2.3 Evaluation of Components for Super Insulations -
C.24 Non CFC Systems -
C.2.5 Non CFC Foundation Insulation Application Verification L
C.2.6 Develop facing materials that eliminate out-gassing of CFC substitutes —————»
C21 >
C238 >
C.3 Recovery/ Recycling / Disposal Importance Wh(:ks)hi(:.‘,' Id
012345 012345
C.3.1 CFC manufacturing recovery process >
C.3.2 CFC incineration -
C.3.3 Recycling Panels -
C.3.4 CFC destruction by methods other than incineration -
C.3.5 Recapture of CFCs at Refrigerator / freezer retirement -
C.3.6 CFC adsorbents L
C3.7 -
C38 >
OPTIONAL: Name:
F'igure D1 (Cont'd) Page 2 of 3

O ., 4849 HBwme

Forrm Numbar 76020.8.72 I | SURVEY NETWORK™ - EE E W W -

| \—
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U"VGV Proper Marks ggggg?ﬁllh
25 -
O s (Ll arozreei ™ @ W SYSTEMS

Please complete the importance ranking using the following criteria:

1. The technical merit of the task

2. The importance of the task to national needs .

3. The potential for CFC abatement I'am from:

4, 'I:tlet }?::::lt(ial energy savings resulting from a successful completion Private Sector

5. The reasonableness of the estimated cost of the task compared to Public Sector
the benefits which may result Other Sector

Please assign two values for each project:

1. Importance (0to 5, 5 being the most important)
2.Who should do it? (0 to5, 0 all public sector, 5 all private sector)

C.4 Implementation and Information Exchange ) Important Wh:; os ?t??u'd

C.4.1 Prepare an appropriate Public / Private research plan for altematives 012345 012345
to CFC Insulation o
C.4.2 DOE/ORNL/ Industry Workshops on Altematives for CFC Insulation ———
C.4.3 Critical Assessment of Product Property Tests >
C.4.4 Establish essential thermal insulating properties by type of application —————{f=
C45 >
CA46 »-

Figure D1 (cont'd)

OPTIONAL: Name:

. Page 3 of 3
2SO

O 1142 e e

Form Number 76020-5-72 | I SURVEY NETWORK™ L) EEE .






87

Appendix E

Chronology of Building Thermal Envelope Systems
and Materials (BTESM) Program CFC related activities

1977 -

Participated in a working group of ASTM C-16 which defined the need for
Standard Reference Materials (SRM) and recommended a set of candidates for
insulation measurement comparisons. This includes SRM for high R
insulations.

1981

Publication of Arthur D. Little report "Development of Advanced Insulation
for Appliances," ORNL/Sub/81-13800/1. This report concludes evacuated and
air-filled insulations show significant energy savings potential. Follow
up reports demonstrated that R-values of 20 ft2-h<°F/Btu can be achieved
by combinations of small particles and reduce pressures. The ORNL project,
"Development of Advanced Thermal Insulation for Appliances," yielded
ORNL/CON-159 (July 1984), ORNL/CON-199 (May 1986), and ORNL/CON-215
(September 1986).

1982-83

Field tested exterior applied extruded polystyrene EXPS insulation in
vertical and horizontal (roof and floor) below grade application.
ORNL/TM-8571, "Thermal Envelope Field Measurements in an Energy-Efficient
Office and Dormitory," (April 1983).

1984

Initiated funding of basic exploratory research on foaming and heat
transfer work at MIT that had been previously funded by the DOE-ECUT
Program (1981-1983), the foam industry and by the Urethane Division of the
Society of Plastics Industry. In 1981 MIT conducted an assessment of
thermal resistance and aging to identify physical mechanisms. In
1981-1984 MIT measured radiation properties (scattering and absorption) of
foams, determined foam geometry (percent of polymer in cell wall and cell
shape), made initial blowing agent permeability measurements. 1In
1985-1987 the emphasis was on permeability measurements at room
temperature and elevated temperatures for C0,, N,, 0,, and CFC-11.
Permeability and foam geometry were added to foam aging model. 1In
1987-1988 opaque flakes were used to improve the R-value of foams and a
radiation model was developed which included effect of cell size and
density. This work yielded the following report: "Aging of Polyurethane
Foams, The Influence of Gas Diffusion on Thermal Conductivity,"
ORNL/SUB/84-9009/2, (August 1986).
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1985

From December 1985 until October 1987 the roofing program conducted a

field study of the thermal performance of a phenolic foam insulated roof

system on the Roof Thermal Research Apparatus. The testing showed a .
thermal drift of about 20% over a two year test period. Subsequent to the

test, the supplier indicated that the material was from an experimental

production run. The value in the program was in showing that reliable in

situ thermal measurements were possible. '

Developed a simplified design tool for selecting optimal foundation
insulation levels. This tool was used in ASHRAE Standard 90.2P to develop
recoomended foundation insulation levels for all U.S. and Canadian
Climates. Some of the curves are based on cost and long term performance
of EXPS. If this product is going to have different performance
parameters in the future this procedure needs to be rerun with the
replacement product R-values and costs. This also provides a strong
incentive to help develop a replacement product that equals or exceeds
currently available EXPS. This technique was published in the ASHRAE
Transactions, Volume 1, in 1987. :

1986

Initiated work on a Building Foundations Design Handbook. The

recommendations tend to lead builders toward exterior insulation .
applications and to extruded polystyrene. If CFC restrictions are going

to change the performance or price of this product, the handbook which has

the potential of becoming a significant information source in future .
foundation design, must be updated. May 1988, ORNL/Sub/86-72143/1.

Began participation in a foundation insulation retrofit field study. This
research involves monitoring about 20 residential buildings for one winter
without basement wall insulation and than retrofitting and monitoring the
energy performance of these same 20 houses with basement insulation. About
half of the basements are going to be retrofitted with a suitable exterior
insulation. EXPS is the preferred product but concerns about future
availability seriously impact this decision.

1987

On March 16, 1987, The BTESM program submitted a proposal for.a joint
ORNL/MIT study of thermal drift of foam insulation to the Society of the
Plastic Industry. The study included laboratory and field measurements as
well as theoretical studies of foam structure. The proposal was set aside
because of greater concern in the industry over the CFC issue.

On July 20, 1987, presented potential energy savings impact in foundations

as a result of restrictions on extruded polystyrene to EPA staff members

Steve Anderson and Dean Smith. Kelly Wert, author of the Radian Impact .
Study, was also present.
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Reviewed Radian report tif]ed "Regulatory Impact Analysis: Protection of
Stratospheric Ozone Volume III: Addenda to the Regulatory Impact
Analysis Document-Rigid Foam" at the request of EPA in August 1987.

Conducted a detailed analysis of Impact of CFC Restrictions on U.S.
Building Foundation Thermal Performance, ORNL/CON-245 {December 1987).
Concluded that foundation insulation usage is increasing rapidly.
Increasing foundation insulation levels are recommended in ASHRAE 90.2P
and the Model Energy Codes. Restricting the availability of EXPS,
extruded polystyrene, places the growing acceptance of foundation
insulation and resulting energy savings at risk. Extended the ORNL-NBS
Interagency Agreement to include an assessment of the energy savings
jmpact in residential and commercial building walls and roofs of CFC
restrictions on U.S. building thermal performance in September 1987. NBS
analysis of the energy impacts of CFC restrictions on residential and
commercial building wall and roofs. Final report to be published in
fiscal 1988 (Fanney and Petersen letter report).

Utilized established contacts with foundation insulation manufacturers
through the Foundation Program Research Review Panel to review CFC
restriction impact assessment in September 1987.

Was an invited participant in the EPA September 21, 1987 meeting on the
regulatory impacts of restricting the production of CFCs for board
insulations. Was asked to present results from assessment of CFC
restrictions on foundation energy savings at this meeting.

Dynatech Scientific, Inc., completed, "Assessment of Foam-in-Place Urethane
Foam Insulations Used in Buildings," ORNL/Sub-86/56525/1 (October 1987).
This report concludes that foam-in-place urethane insulation has been on
the rise in building applications. Invited to present a proposal for
future research on foundation insulation tests to the SPI (September 1987).

Summarized results of, "Foundation Energy Savings Impact," ORNL/CON-245
into a chapter for inclusion into "Energy-Use Impact of Chlorofluorocarbon
Restrictions in Refrigeration and Buildings Applications,” S. K. Fischer
and F.A. Creswick in December 1987.

Met with an industry/government group at ASTM Bal Harbor Meeting,
December 1987 to discuss research needs resulting from the CFC issue. One
of the major points made at this meeting was that a government role might
be in development of facilities for generating characterizing data,
accelerated tests, models, and validation; but chemistry of products
should stay with the industry. The final product would be to determine
design R-values for existing and new products. A second important point
was that some materials behave differently in the field than in the 1lab.
The majority of industry representatives agreed that loss of R-value was
important in non-CFC substitutes, but clearly not the only critical
property: toxicity, storage properties, dimensional stability, and
manufacturing characteristics.



90

1988

Invited speaker at the “Substitutes and Alternatives to CFCs and Halons"
conference in Washington, D.C., January 14, 1988. Title of presentation
given was, "The Future of Foundation Insulation in a Non-CFC Producing
Economy." A summary of this presentation will be part of a report
covering the work shop on rigid foam alternat1ves.

Met with members of the Polyurethane Insulation Manufacturers Association
(PIMA) to discuss joint research on CFC related issues in January 1988.
At this meeting an agreement was made to cooperate in the development of
research plans. Interest was expressed by PIMA members on the
availability of ORNL thermal testing facilities.” A number of members
expressed an interest in developing environmentally acceptable methods of
CFC incineration.

On January 22, 1988, Dave McElroy sent a letter to Sam Tagore in response
to a request for information for J. Millhone regarding DOE's role in the
CFC/Energy Issue for a talk at ASHRAE. In this letter some current CFC
activities are described and preliminary future directions indicated.

Working with one of the large CFC producers and manufacturers of exterior
polystyrene to field test a non-CFC-12 board in below grade insulation
application. Delivery of this material began arriving at ORNL in early
March 1988. Field tests could demonstrate that exterior polystyrene can
be produced without CFC-12. It is expected that the R-value will be about
20% less but the compressive and moisture-resistant properties should be
about the same as the current commercially available product.

On March 8, 1988 ORNL took first k-value measurement on a 2' x 2' x 2"
CFC-22 blown extruded polystyrene.

In January 1988 began working with State of Minnesota to retrieve and test
thermal properties of exterior foundation insulation that have been in the
field for 2 to 5 years. The materials to be tested will include EXPS, EPS,
Polyurethane board, and spray applied urethane. Density, moisture
absorption, and thermal conductivity will be measured.

Research progress on advanced insulations and MIT foam research project was
reviewed by Office of Energy Research.

The DOE sponsored development of a Tow thermal conductivity standard
reference material with an R-value near 7 should be available in the
Summer of 1988. This sample will be used to calibrate equipment for
testing CFC substitute panels.

On February 29, 1988 Dave McEiroy sent a 1ist of ten projects on CFC
alternates to Jim Smith, DOE. The ten projects represented a preliminary
goal of rapidly mobilizing various test facilities to measure properties of
industry-produced CFC foams and industry-produced alternates to CFC foams.
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Coordinating joint DOE and EPA sponsorship of MIT cell modeling.
Initiated work on a BTESM Program CFC Research Menu in Februry 1988.

Organized the Joint Public/Private Workshop on Alternatives for
Insulations Containing CFC held on June 9-10, 1988.
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Executive Summary of ORNL/CO‘V 245, ’1’Impact of CFC
Restrictions on U.S. Building Foundat1on Thermal
Performance," by Jeff Christian.

EXECUTIVE SUMMARY

OBJECTIVE

The objective of this report is to assess the potential i‘mpact on energy efficiency goals
“and to develop a research plan to mijtigate’ the impacts of restricting the use of
chlorofluorocarbons (CFCs) in foundation insulation applications.

APPROACH

The eight-step state level analysis conducted to estimate_the impact of CFC restrictions
on U.S. residential building foundation thermal performance answers the following
questions:

e What is the current energy savings from foundation insulation?

¢ What effect will ASHRAE Standard 90.2P have on futurc foundation insulation energy
savings?

e What is the energy-saving potential in residential foundation retrofit applications?
e What is the likely market response to non-CFC alternative technologies?
¢ What is the CFC restriction impact on foundation insulation energy savings?

® What research and‘ development could minimize the impacts of CFC restrictions on -
national goals of improving the thermal efficiency of U.S. building foundations?

CURRENT FOUNDATION INSULATION USAGE AND ENERGY SAVINGS

The total energy currently being saved by foundation insulation in one year's worth of
new housing starts in the United States is estimated at 9.6 x 10'? Btu/year. About 55% of
the energy savings occurs from basement wall insulation. Board insulation on basement
walls is estimated to save 0.91 x 10'2 Btu/year, or 11% of the total foundation insulation
savings. The average percentage of exterior foundation wall insulation is 15% of those
insulated at all; however, some states, such as Wisconsin, report that up to 72% of the
insulated basement walls have exterior insulation,

The total annual estimated energy savings of exterior board insulation for new
basements, crawl spaces, and slab-on-grade construction is 2.1 x 10'? Btu/year. This
represents a maximum estimated energy savings of extruded polystyrene (XEPS) in
current new housing starts. The maximum estimate assumes that all exterior foundation
insulation is XEPS and ignores the fact that some exterior insulation is molded expanded
polystyrene (MEPS), fiberglass insulation drainage boards, and sprayed urethanes.

xiii

e - ———
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FOUNDATION INSULATION IN THE FUTURE

A host of recent events are likely to result in significant increases in the number of
buildings with insulated foundations in the future. First, ASHRAE Standard 90.2 will
become the new residential building energy standard sometime in 1988. ASHRAE 90.2P
uses a systematic procedure based on consumer economics that leads to increases in
foundation insulation beyond typical practice in many areas of the country.

Second, the heightened awareness of radon penetration will lead to tighter-
waterproofed foundations with better exterior subdrainage. One method of protecting
exterior waterproofing is with board insulation. Exterior insulation can also contribute to
crack minimization by reducing foundation material expansion and contraction and aid in
initial concrete curing by eliminating the need for an interior vapor retarder.

Third, the research findings that large heat losses from properly insulated and sealed
heating, ventilating, and air-conditioning ducts in unconditioned basements occur may
result in more building owners making the basement a conditioned space. More
conditioned basements will lead to more basement wall insulation.

A fourth event that may effect how builders insulate foundation walls is the growing
understanding of moisture movement and building damage potential. It is hoped that some
research will soon be initiated to test the hypothesis that (1) exterior foundation wail
insulation reduces the risk of moisture damage compared with interior insulation and
(2) interior insulation can be installed under certain conditions with acceptable risk of
moisture damage.

Another significant event that impacts the future use of foundation insulation is the
suspended use of termiticides, chlordane and heptachlor, by the Environmental Protection
Agency. The increased public awareness of human health risks and costs of termite
treatments could result in more dependence on visual inspection for termite tunnels. If
reliable mechanical termite barriers and periodic visual inspection methods are not
developed, tested, and demonstrated to the public, some potential exists that a negative
impact on foundation insulation positioned on either the inside or the outside may result.
Recognition of this issue could lead to foundation system development, which includes
both properly installed termite shields and foundation insulation.

On the average, basement wall insulation is about four times more effective than floor
insulation for all new housing starts in the United States. This accounts for both heating
and cooling season performance as well as annual duct losses.

The optimum level of exterior board insulation for basement walls results in about 5%
less energy savings to the country than the optimum inside batt level. If exterior board
insulation were not available in the future, and if inside insulation gained broad
acceptance, the net energy impact to the country could be minimal.

FOUNDATION INSULATION ENERGY SAVINCS POTENTIAL

The future energy savings of foundation insulation for housing built in the United
States from 1990 to 2010 in the year 2010 is estimated to be between 0.38 and 0.45
quad/year. By assuming that, in the future, all foundation wall insulation could be board
insulation and that all floor insulation is likely to be batts, 80 to 90% of the projected
energy savings in the vear 2010 could be attributed to XEPS or an equivalent substitute.
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If one assumes that the fraction of inside insulation remains around 85% and that all the
interior insulation jobs use batts, the energy savings contributions from boards is about
0.08 quad/year, or about 20% of the total foundation insulation energy savings in the year
2010. Another 0.58 quad/year could be saved if 30% of the existing housing stock were
retrofitted with foundation insulation.

POTENTIAL XEPS FOUNDATION MARKET

The 1985 production of XEPS is 49,000 metric tons (t). The potential XEPS market
expansion estimated in this analysis ranges from 13,000 to 35,000 t for new construction.
If 1.5% of all existing residential buildings were retrofitted each year, this would resuit in
an additional XEPS market expansion per year of 46,000 t.

MARKET RESPONSE TO ALTERNATIVE TECHNOLOGIES -

The arguments against the use of interior batts are for the most part built on theory
which seems to make sense, but without extensive validation. A close examination of long-
term performance of inside foundation insulation systems in U.S. housing should be
undertaken to help guide builders of interior foundation systems. Interior foundation
insulation will continue to be very popular unless a significant number of documented
failures develop with inside foundation insulation systems.

If the fiberglass insulation drainage board were sold at the same cost as XEPS, since
the installation is almost identical, the net energy savings of basement walls would be the
same. Without the installation of foundation drains around slabs and crawl spaces, this
product would not be a suitable substitute for XEPS.

The EPS drainage board composite is sold separately and costs almost twice as much
as XEPS with R-5, and is 25% higher for R-10, although the drainage layer may displace
a cost for specified backfill material. Again, without the foundation drains, this product is
not a substitute for XEPS. | .

For slabs, crawl spaces, and some basements with relatively shallow foundation walls
and good drainage characteristics, it would seem that the higher-quality MEPS board is a
suitable product.

Without an accelerated research effort, it is estimated that a total of 12 years would
be needed to bring a non-CFC XEPS to market (Radian 1987). A substitute blowing
agent would seem to be the best control technology and would be welcomed by the
marketplace. Builders historically have been reluctant to insulate foundations because of
application concerns. XEPS has mitigated some concerns and gained the confidence of
some builders. o

FOUNDATION ENERGY SAVINGS IMPACT OF CFC RESTRICTIONS IN THE
UNITED STATES

Four foundation insulating scenarios are examined, which represent a worst to best
case. Clearly, there will be some substitution of other foundation insulations, and
eventually an alternative blowing agent will be developed. This analysis concludes that the
impact of CFC restrictions on foundation energy savings range from near zero to 0.8
quad/year in the year 2010, with the most likely impact being around 0.13 quad/year.
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xvi

SUMMARY AND RECOMMENDATIONS

If CFC-12 is contributing to the deterioration of the ozone layer, then alternatives
must be found to insulate foundations as well as with currently available XEPS. An
accelerated research effort with the goal of developing and demonstrating insulated
foundation systems having equivalent or superior performance to exterior XEPS insulated
basement wall, crawl space wall, and slab-on-grade systems should be initiated. The
research should employ a set of well-characterized test facilities in which moisture
conditions are controllable on both the inside surfaces and in the adjacent soil.

Thermal durability and moisture damage potential in well-characterized foundation
system applications, including the rim joist, should be measured. These measurements
should include condensation, mold, mildew, wood moisture content resulting from different
insulation, and vapor retarder placement. All three types of insulated foundation types
should be tested: basements, slabs, and crawl spaces. The insulation types which should be
tested include )

. XEPé with alternative blowing agents,
e MEPS,
* fiberglass insulation drainage board,
. ® MEPS drainage board,
* interior insulation,
® evacuated panels, and

¢ other innovative concepts.
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Executive Summary of ORNL report on Energy-Use Impacts of Chlorofluorocarbon
Alternatives, S. Fischer, et al.

1. EXECUTIVE SUMMARY

PURPOSE AND SCOPE =~ =~ =i

The United States government recently ratified and signed an .
international agreement to limit the production and use of
chlorofluorocarbons {CFCs) that threaten the stratospheric ozone layer
The U.S. economy uses CFCs in many different app11cat1ons because they
are effective, nontoxic, nonflammable, and inexpensive. These
applications 1nc1ude the use of CFC-12 as the working fliid in commercial
and residential refrigerators and freezers, automobile air conditioners,
and the predominant use of CFC-11 in centrifugal chillers for cooling
commercial buildings. Both CFC-11 and CFC-12 are used as "blowing .
agents" in producing foam insulations for home appliances, residential
and commercial buildings, refrigerated trailers, and railroad cars.
Restrictions on the availability of materials for these app11cat1ons are
likely to result in less efficient substitutes and an increase in
national energy use. .

This report presents the results of a scoping study that was conducted
to estimate the possible impact'of using alternatives to CFC-11 -and CFC-
12 on national energy use in response to concerns about depletion of the
-stratospheric ozone layer. The U.S. Department of Energy has requested
that this study be conducted for use jin assessing whether significant
energy-use impacts are likely to result from the use of non-ozone -
threatening substitutes and whether a federal R&D program is justified to -
develop technology that can be used in mitigating adverse impacts. '

ALTERNATIVES CONSIDERED

The energy use impacts are examined for applications of CFC-11 and
CFC-12 under five different cases: .

1) the current technology,
2) the preferred alternatives,

3) a fallback position if the preferred alternat1ves ‘do not prove
viable,

4) a worst case scenario in the event that no chlorine containing
compounds or new refrigerants are feasible substitutes, and

5) advanced technologies that need further R&D for proof of concept
and to demonstrate their viability.

The current technologies are primarily those that rely on mechanical
refrigeration using CFC-12 and foam insulations using CFC-11 and CFC-12.
The preferred alternatives rely on the development of new chemical
compounds that have approximately the same properties as CFC-11 and
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CFC-12 but do not pose a threat to the ozone layer. These would include
compounds like FC-134a, CFC-141b, and CFC-123 that have not been produced
commercially before. The fallback positions depend on proven compounds
and technologies, such as CFC-22 and expanded polystyrene bead board,
that are somewhat unconventional for particular applications. The worst
case scenario considers the possibility that the list of controlled
compounds will be expanded and looks at currently available alternatives
that do not rely on chlorine compounds, or new technologies, at all.
Finally, the .advanced technology options consider the energy saving
opportunities of advances in insulations and high efficiency refrig-
eration equipment.

Preferred Alternative

American industry is aware of the problems and challenges presented by
restrictions on CFCs and is actively seeking alternative chemicals and
new technologies that are less detrimental to the atmospheric ozone. The
preferred response, in many cases, is to develop close substitutes,
"near” drop-in replacements (i.e., they will require some small changes
in equipment design or use), for CFC-11 and CFC-12 as they are phased out
through mandated reductions in production. The most promising of these
new compounds are CFC-141b, CFC-123 and FC-134a. Both CFC-141b and CFC-
123 come close to matching the properties of CFC-11 while FC-134a is
similar to CFC-12, but none of them without problems. All are under
scientific scrutiny to determine their toxicity properties. Final
results of these tests will not be known for several years. Preliminary
experimental data indicate that energy use may be 8-9% higher in
appliances when FC-134a is used as a drop-in substitute for CFC-12 [1].
None are as thermally effective in insulating foams as the materials they
would replace with a 15% decrease in insulating effect. .Finally, no
U.S. manufacturer currently has a full-scale manufacturing process for
them. In spite of these shortcomings, these compounds appear to be the
most promising alternatives on the technological horizon.

Fallback Position

There are technical as well as health and safety concerns that might
make it unlikely or impossible to use CFC-123, CFC-141b, or FC-134a in
some, or even any, applications.. In that case the alternatives are not
very attractive because of the necessary changes in design and energy
efficiency. The best substitute for CFC-11 and CFC-12 blown foam
insulations currently available is expanded polystyrene bead board (EPS),
a non-CFC foam insulation which has a much higher thermal conductivity
than the CFC foams it would replace and is not readily adaptable to
applications like refrigerators. In most cases, the second choice for a
working fluid in a vapor compression refrigeration cycle is CFC-22. This
chemical is used widely in residential heat pumps and air conditioners,
but there are major engineering obstacles to its use as a substitute for
CFC-12 in most other applications. CFC-22 operates at much higher
pressures and temperatures in applications where CFC-12 is used today and
consequently stronger materials and more complicated designs would be
needed. It has been estimated that it would cost the auto industry one
billion.dollars to retool to use CFC-22 in auto air-conditioners. The
problems associated with using CFC-22 in household refrigerators and
freezers are almost as severe as those faced by the automotive industry.
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Worst Case Scenario

The worst case scenario considered here would be if only currently
available, chlorine-free compounds were. considered acceptable substitutes
for the regulated CFCs. This is a possible outcome if there are expanded
CFC restrictions due to either real or perceived risks . In this
situation CFC-22 would no longer be a viable substitute for CFC-12 in
refrigeration. systems, and, in fact, there are no known attractive
alternatives available. Of the available substitutes that could be used,
ammonia and propane are among those that are considered in this study.
Each of these has serious problems both in engineering and in social
terms that must be addressed if they are used in the future, but only the

-energy impact has been considered here. .

It is also very likely that EPS is not a viable alternative to foam
insulations in many applications. This material is not very strong and
it could be difficult to work with unless good quality control and facing
materials -are used when it is manufactured. There may also be problems
with flammability that restrict its use too. The next best substitute
for foam insulations is then fiberglass batts or boards. The .insulative
value of these materials is much lower than that of the foams they would
repiace and there are significantly larger energy losses that cannot
always be offset by increasing the thickness of the insulation.

Advanced Technology Alternatives

There are opportunities for reducing energy use with highly efficient
substitutes for CFC-11 and CFC-12 blown insulations and refrigeration
systems. Recent research has been directed at vacuum insulated panels
that give R-20/inch or more when used in conjunction with non-CFC foams
in the walls of refrigerators and water heaters and R-10/inch may be
possible in other insulation apptications. Further development is needed
to demonstrate the long term viability of these materials, but they might
offer a great energy savings nationwide. Developments in Stirling cycle
refrigeration, thermo-electric, and superconducting magnetic heat pump
technologies may prove to be more efficient than vapor compression
systems currently using CFC-12. It is possible that 50 percent of the
theoretical Carnot cycle efficiency can be achieved in some applications.
Research and development spurred by the restrictions on CFCs could lead
to the development of more efficient equipment than is currently in use.

METHODOLOGY

The energy use of each alternative technology is evaluated in a
simplified way, usually on a per unit, daily energy use basis, and is
then compared to the energy use of the current, 1988, technology. This
is intended to be a long range study and does not address the impacts
next year or the year after if the use of CFCs were stopped today. In
fact, two cases, the preferred alternatives and the advanced technology,
assume the development of completely new products. A national energy
impact is estimated by comparing the annual energy use nationwide for the
new, substitute equipment (assuming that the ozone threatening CFC is not
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used at all) with what the energy use would be for the same number of
units using the base technology. This means assuming a fixed number of
units nationwide representing either a complete turnover, 100 percent
market penetration, of equipment or substantial construction of new
buildings (equal to projected.1990 building stock) with the new chemical
compounds or refrigeration cycles completely replacing the old. This is
looking ahead 5-15 years for auto air conditioners and home appliances
and 30-50 years for buildings and building HVAC equipment. Finally, only
current uses of CFC-I1 and CFC-12 have been examined and the impact of
alternatives to CFC-22 in heat pumps and air conditioners is not
evaluated.

NATIONAL ENERGY IMPACT

The results iT Table 1.1 are expressed in terms of quadrillion Btu
{quads)/year (10 5 Btu/year). To put them into perspective, the United
States uses about 75 quads of energy per year for all applications:

space conditioning, transportation, manufacturing, etc. One quad of
energy is enough to heat 14 million homes for one year [2], and "is
roughly equivalent to a year’s consumption of oil at the rate of 500,000
barrels per day [2]." In dollar terms that is about $3.3 billion (based
on $18 per barrel). The worst case scenario, where chlorinated compounds
and EPS are not acceptable as alternatives for the fully halogenated
compounds represents a significant increase in energy use as well as
severe economic and social disruptions. :

It should be reiterated that these energy impact estimates do not
include current applications of CFC-22 or other CFCs not addressed in the
present international Montreal Protocol [2] or proposed Environmental
Protection Agency regulations [3] (although the worst case does exclude
CFC-22 as a substitute for CFC-12). Obviously due to the widespread use
of CFC-22 in air-conditioning and heat pump equipment in homes, stores,
shops, and offices the potential impacts of such additional controls
would be very dramatic and the economic and social consequences could in
fact be quite severe. Evaluation of those applications is outside the
scope of this present effort, but is needed as part of a follow on study.

RESULTS AND CONCLUSIONS

The results in Table 1.1 represent an alarming reversal of recent
successes in energy conservation. The impacts may appear small, 0.37,
1.08, and 2.37 quads/year, respectively, for the preferred, fallback, and
worst case scenarios because they are only 0.5 - 3.1% of total national
energy use. This represents 1.5 - 9% of the energy use in the
residential and commercial sectors, though, at a time when additional
energy conservation is desired.
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Table 1.1 National energy impacts of alternative techno]ogles
(quads/year) .

: T ADVANCED
. PREFERRED FALLBACK WORST CASE TECHNOLOGY
APPLICATION RESPONSE POSITION. - SCENARIO SOLUTION
Bu11d1ng Equipment: : ‘ :
refrigerators & B '
freezers 0.20 0.56 1.06 -0.64
water heaters  0.03 0.04 0.09 -0.06
beverage vending-
machines 0.01 0.03 ) 0.06 - -0.03
retail-
refrigeration 0 -0.01 0 -0.05
centrifugal- - ‘ : -
chillers . 0.01 0.03 ©0.36 e
subtotal 0.25 0.67 1.57 -0.78
Building Envelopes:
residential- e : o
walls 0.01 0.02 0.05 -0.04
residential- . . !
foundations 0.00 . 0.17 0.32 - *
commercial walls 0.02 0.04 0.08 -0.08
commercial roofs 0.06 0.11° 0.20 *
subtotal 0.09 0.34 0.65 -0.12
Transportation: ,
refrigerated- '
transport 0.00 0.01 0.02 -0.01
mobile A/C 0.03 0.06- 0.10 0.0!
subtotal - 0.03 - 0.07 0.12 0.00
TOTAL 0.37 1.0 2.34 -0.90

. o

* advanced technologies are not évaiuated for these applications

" A closer 1nspect1on is needed to see the causes and effects more
c]ear]y than is possible by just looking at the summary in Table 1.1.
The major portion of the impact, 63 - 80%, is due to changes in appliance
and building insulation. The impact on appliances dominates the results
because CFC foams provide all, or almost all, of the insulation in these
products while a variety of materials are used in buildings. Buildings
applications where foam boards or spray are used alone rather than in
conjunction with fiberglass batts, as is the case with foundation
jnsulation and the roofs and walls of some commercial buildings, show
fairly large impacts. Those where foams are used in addition to
fiberglass batts, like residential walls, have a low impact.

Most of the increases in national energy use are due to insulation and
refrigeration efficiency of building equipment, as shown by the first
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horizontal grouping of applications in Table 1.1. The bulk of the -
impact, in fact, would be in household refrigerators, freezers, and water
heaters. The use of CFC blown foam insulations and improvements in the
mechanical systems have led to 40 - 50% reductions in energy use by
refrigerators in the last sixteen years. The National Appliance Energy
Conservation Act of 1987 requires an additional reduction in energy use
of 40% from current levels in these appliances. The alternatives
available to replace CFC-11 foam and CFC-12 refrigeration, however, will
result in 12 - 30% increases in energy use from the present levels as
shown in the first three columns. Substitutes for foam insulation in
water heaters also contribute significantly to the energy impact in
building equipment as do insulation in soft .drink machines and working
fluids for centrifugal chillers in commercial buildings.

Some aspects of the energy impacts in building thermal envelopes have
already been touched upon. There are large impacts where CFC foams
provide the primary insulation from heat losses (or summer heat gains).
One subtlety not brought out by these numbers is that the 0.09, 0.34, and
0.65 quads per year for the preferred, fallback, and worst case scenarios
for building thermal envelopes are based on current levels of usage in
building construction. The trends in residential and commercial
construction are towards using higher proportions of CFC blown foams in
order to save energy and these lost opportunities for energy conservation
are in addition to the impacts -identified here.

The energy impacts in the transportation sector are not large relative -
to the other applications listed, although they are not insignificant to
the individuals affected. In refrigerated shipping, for instance, the
carrier either has higher fuel costs because of poorer insulations in his
trailers or he carries a smaller cargo.- Either way costs him money.

Each one-inch increase in the thickness of insulation (and more than one
inch would be needed to keep fuel costs the same) represents a 5%
decrease in useable cargo volume. That is a direct cost to him and to
the consumers. The impacts in automobile air conditioning represent
decreases of 6 - 24% in efficiency, largely due to the weight penalty of
a larger air conditioner.

A rigorous RaD program can successfully alleviate most, if not all, of
the adverse energy impacts that could occur as a result of not using CFC-
11 and CFC-12 in the applications listed in Table 1.1. The successful
development and industry acceptance of vacuum insulated panels for
appliance and some buildings applications can lead to significant energy
savings. This is particularly true for household refrigerators,
freezers, and water heaters as shown under the Advanced Technologies in
the last column of Table 1.1. Ideas for advanced concepts need to be
developed to improve efficiencies of mechanical refrigeration systems
beyond what is currently possible using CFCs. Creswick, et al., at ORNL
are developing an R&D plan that addresses these opportunities, maps out
what can be done, how it should be done, and what it will cost.
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Abstract -

Rigid foam insulations blown with chloroflourocarbons (CFC's) are among the
most thermally efficient materials available for insulating walls and roofs of
buildings. While they are more expensive than traditional insulating
materials, their usage where space constraints dictate a more efficient
insulator have become commonplace. Increasing concern about the effect of
CFC's released to the atmosphere may result in restrictions on the
availability of these insulation materials. This report evaluates the thermal
performance and economics of rigid foam insulating materials containing CFC's
and alternative insulation materials that contain little or no CFC.
Residential walls (wood-frame and masonry), commercial wall systems (frame,
masonry, and curtain wall) and commercial low-slope roof systems are examined
in a wide range of climates in the United States to determine the cost
effectiveness of rigid foam insulation materials. Economic substitutes for
insulation materials containing CFC exist; however, they are not compatible

with all types of wall/window and roof systems and thus may make some wall and
roof systems impractical.

i1
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July 5, 1988

D. L. McElroy

Oak Ridge National Laboratory

P.0. Box X

Oak Ridge, TN 37831 T

DOE JUNE 9-10 WORKSHOP ' ' )

In response to your letter dated June 29, 1988, please find attached
"Dow Today", dated May 16, 1988 which contains the prepared press
release on our plans to "eliminate" gard CFC's.

in addition, I have included a short article from the May 13, 1988
issue of the "Wall Street Journal"” also reporting Dow plans.

Best regards,

“Qale

Dale Keeler ' . L
Foam Products Research "
614-587-4313 .

DK/ga

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY
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“Dow Will Sponsor _
World Senior Tennis Open

The best tennis player in the world-over the age of
45 will be determined May 19-22, at the first Dow
World Senior Open Tennis Championship.

Sponsored by Dow, the tour. yment will be held at
the Congressional Country Club in Bethesda,
Maryland, a suburb of Washington, D.C. Sixteen
players will compete for $111,000 in prize money
and both singles and doubles titles. The tournament
finals will be broadcast live in the United States.on
ESPN, Sunday, May 22, at 1 p.m. (EDT).

"This tournament is part of Dow’s ongoing efforts
to increase public awareness of the company among

key audiences,” said Paul F. Oreffice, Dow chair- -

man. “It will involve employees, customers, sup-
pliers and public officials in a Dow-sponsored
event.”

The tournament field includes: Ken Rosewall, Roy
Emerson, Bob Hewitt, Owen Davidson, Mal Ander-
son, Bob Carmichael, Marty Mulligan, Cliff
Drysdale, Frew McMillan, Keith Diepraam, Mark
Cox, Roger Taylor, Dennis Ralston, Marty Riessen
and Georgio Rohrich. A qualifying tournament will
be held May 16-18 to determine the remainder of
the field.

The official hosts for the tournament are two legends
of the game—Don Budge, who this year is

" celebrating his 50th anniversary as the first player

ever to win tennis’ Grand Slam, and Pancho Gon-
zales, the game’s number one box office attraction
for 25 years.Also scheduled in conjunction with the
tournament are a tennis clinic for more than 100
Washington-area students and a pro-am competi-
tion that will feature Dow representatives, Dow
customers and Washington officials.

Dow is sponsoring the tournament in cooperation
with Alvin W. Bunis of Sports Marketing Proper-
ties Inc., a Cincinnati-based sports marketing firm.

"The Dow tournament will be the first to identify
the best senior tennis player in the world. In the pro-
cess, the public will get a chance to see some of the
greatest players of all time play very competitive
tennis,” Bunis said. .

-*Dow Announces Plans

To Eliminate CFCs

Dow will phase out the use of fully halogenated
chlorofluorocarbons (CFCs) worldwide in all Dow
products that contain them, the company’s operating
board has announced.

In a newly-published position statement, the board
said that Dow will replace fully halogenated CFCs
with alternative compounds including non-fully
halogenated CECs, as soon as effective-alternative
compounds and technology are developed,. tested for
health and safety, and produced in commercial
quantities.

As a result of its decision, Dow will remove all fully
halogenated CFCs from the manufacture of its
Styrofoam brand plastic foam insulation, replacing
them with non-fully halogenated CFCs. Dow’s ob-
jective is to begin this conversion over the next 18
months and do it at all its worldwide locations.

Dow reiterated its support for the United Nations
Environmental Program (UNEP) protocol reached
last September in Montreal, and urged other nations
to accelerate their ratification efforts. The protocol,
which has already been ratified by the United States
and Mexico, calls for a 50 percent reduction in CFC
production by the year 1998.

The company also repeated its support for the En-
vironmental Protection Agency’s proposed regula-
tions regarding CFCs.

Dow scientists have been working for several years
to find safe and effective substitutes for fully
halogenated CFCs. This includes conducting inter-
nal research at Dow laboratories as well as work-
ing directly with CFC producers and Dow customers
who use CFCs. ’

Fully halogenated CFCs are used in air condition-
ing, refrigeration, flexible foams for furniture and
packaging, rigid foams for building insulation, and
cleaning solvents for the electronics industry. Dow
uses them primarily as blowing agents in the
manufacture of packaging and insulating foams.

The full text of the position statement appears on
page two.

NEWS & INFORMATION SERVICES/THE DOW CHEMICAL COMPANY MIDLAND, MICHIGAN
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" Position of The Dow Chemical Company -
On the CFC/Ozone Depletion Issue

The Dow Chemical Company is concerned about the potential effect fully halogenated
chlorofluorocarbons (CFCs) may have on the stratosphere, especially in light of recent scientific
findings showing a correlation between fully halogenated CFC emissions and ozone depletion.
Therefore, we intend to phase out the use of these compounds worldwide in all Dow products
that contain them, and do it in a responsible manner as alternative compounds and technology
are developed, tested, and made commerc1ally available.

Various CFC applications require alternatives with different propertxes, so it is difficult to forecast
when effective substitutes for all fully halogenated CFCs will be commercially available. For our
part, we are making good progress in our research efforts and will begin conversion of some Dow
products in the very near future.

For example, Dow will begin making Styrofoam brand insulation next year using non- fully
halogenated CFCs as replacements for the fully halogenated CFCs currently used in the manufac-
turing process. This will be a global program, with the timing of each country depending on the
available supply of these alternative materials and any other local testing and approvals as re-
quired. In the United States, Dow will work closely with CFC producers, the EPA, individual.
states and customers to begin implementation in 1989.

Dow scientist have been conducting research for many years to develop substitutes for fully
halogenated CFCs. In addition, we are lending much technical support to both producers and
Dow customers who use CFCs to help find viable alternatives. We applaud the effort by pro--
ducers and users of fully halogenated CFCs to find safe and effective substitutes, and urge them
to continue their efforts.

Dow fully endorses the United Nations Environmental Programme (UNEP) protocol reached last
year in Montreal, and the United States Environmental Protection Agency’s proposed regulations
regarding CFCs. We urge other nations to accelerate their treaty ratification efforts. Because
stratospheric ozone depletion is a global issue, all nations must act together to resolve it.

Finally, Dow supports the recommendation by the administrator of EPA that the UNEP group
reconvene after the final report of NASA's ozone trends panel is released, to examine the most
recent scientific evidence and to develop an appropriate international response to that evidence.
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J OURNAL OF THERMAL INSULATION

CHARLES F. GILBO
EDITOR-IN-CHIEF
1820 WESTCOTT DRIVE
LANCASTER, PENNSYLVANIA 17603
(717) 392-0520

July 15, 1988

D.L. McElroy, Group Leader

Metals and Ceramic Division

0ak Ridge National Laboratory ;
P.0. Box X : .
Qak Ridge, TN 37831 ’

Dear Dave:

Thank you for your letter of June 29, 1988.

The June Workshop must have been very interesting. I wish I
could have been there.

You may include the bibliography on Aging of Cellular Plastics
-in your workshop report. [ would appreciate a copy of this report
when it is released.
Sincerely,
Yot £ Gcxas

Charles F. Gilbo
CFG:tw

8541 NEW HOUWAND AVENUE  BOX 3535 LANCASTER, PENNSYLVANIA 7604 USA  (747) 294-5609
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Aging of Cellular Plastics:
A Comprehensive Bibliography

RONALD P. TYE
Dynatech Scientific, Inc.
Cambridge, Massachusetts 02139, USA

ABSTRACT

Fluorocarbor Wown cellular plastics are used widely for insulating building and -

industrial systems because of their potentially high thermal resistance per unit thick-
r.ess characteristics. However, due to gas diffusion andother environmental and prac-
tical factors involved both during and after installation, changces involving cspeciglly
the phenomenon described as “aging™ take place whereby this high thermal resistance
decreases with time to lower valucs.

This “aging” ubject has been, and is being, studied extensively worldwide, partic-
ularly in the laboratory. More recently, in situ results are becoming available and con-
troversics exist about the results. In order to assist those involved and those planning
to become involved in the subject, 3 comprehensive bibliography has been prepared
and is being maintained. This contains well over two hundred and fifty (250) cita-
tions of information relating to this complex subject involving materials and prod-
ucs behavior, installed system performance, and testing and cvaluation issucs.

INTRODUCTION

c ELLULAR PLASTICS, INCLUDING p¢  ..cthanes, polyisocyanurates,
potystyrene, and phenolics, have been used extensively as thermal insu-
Liticus tor the industrial and building envelope applications. In the latter
context, this .:as been particularly in the arca of roofs of large industrial and
commercial buildings, but they are now being considered more for walls and
other components. The materials exist in three major forms, bun and board
stock, laminated boards, and foam-in-place systems.

They all have excellent strength-to-weight characteristics combined with
ready availability and relative simplicity of installation. However, the major
factor in the consideration of their use is the potentially much higher ther-
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mal resistance per unit thickness than that exhibited by other commonly
used building insulations. This performance characteristic is due to the es-
sentially closed cell structure containing one of the halogenated fluorocar-
bon gases which have much lower thermal conductivities than air. However,
without adequate protection of all surfaces, inward gaseous cxchange be-
tween the environment and the cells causes both the gas content and pres-
sure to change over a period of time, resulting in a reduction in the thermal

-perforinance characteristics, a process referred to as “aging” Over a very

long time period (>20-30 ycars), the fluorocarbon gas starts to diffuse out
causing additional aging and potential environmental hazards.

This phenomenon is unique to these material types. It is ot seen in other
common mass type board insulations such as fiberboards, perlite board, cel-
lular glass, and expanded polystyrene. It is present, to a limited extent, in ex-
truded polystyrenc but the aging period for this material is much shorter due
to more rapid diffusion process of the gases in the polyniers.

Changes in thermal resistance expericnced with applied systems contain-
ing mass insulation types are due to various factors, including for example,
ingress of water duc to leaks, etc., air and moisture vapor movement duc to
lack of or inappropriate barricrs, incorrect installations, and poor mainte-
nance. These same factors will also affect the performance of ccllular plas-
tics containing fluorocarbon gases-in similar ways but for these materials
and products, the aging effect is an additional and usually the dominating
one. -

During the past thirty years, much experimental research work has been
carried out on these matcrials and products, particularly urcthanes and poly-
isocyanurates, in order to determine both their aging characteristics and to
develop accelerated-aging tests in order to provide designers and users with
reliable “aged R-values” for their products. Furthermore, in the past wn
years, this has been supplemented with extensive theoretical modeling such
that the basic aging process of the material is now better understood and the
manufacturers claimed “aged R-values” appear realistic for the basic ma-
terial.

However, in recent years, controversies have arisen concerning the actual
performance of these materials in the field. Various ficld studics have been
undertaken which illustrate that these matenials or products once installed
often do not appear to retain their claimed thermal performance value. In ad-
dition, it can be argued that current formulations and conscquient propertics
affecting behavior may differ considerably from those on which much of the
past work had been carried out.

More recently, both in the USA and in other countries, mandatory re-
quirements have been promulgated for manufacturers to publish and verify
claimed R-value of insulations used for the building envelope, especially for

LLL
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residential structures. For many cellular plastics, “aged R-values™ are re-
quired and, in most cascs, the means of obtaining such values arc described.
However, these still relate only to laboratory tests on specimens which have
been conditioned according to some “aging” procedure which may or may
not be one involving accelerated aging criteria.

Finally, there are moves requiring the designer, manufacturer, and installer.
communities to provide lifetime energy performance estimates for buildings
and building components. Furthermore, in some cascs, guarantees of per-
formance of building envelope components and especially roofs have been
requested and given but without the establishment of reliable criteria and
guidclines on how such performance characteristics may be evaluated.

These materials and systems are being used extensively for insulating
building envelope components and their use is expected to grow. The pres-
ent unccrtaintics in the thermal performance, combined with the above re-
quirements, places the thermal insulation community in somewhat of a
dilemma. What causes the information on “aged R-values™ to be uncertain?
Is the curre-* widely dispersed information sufficicnt to resolve the uncer-
tainties? If not, what should be donc in order that reliable estimates of per-
formance of urcthancs can be made?

Thus, because of the wide use of these materials and the significant impact
that they can have on energy conservation in buildings, it is essential that
more definitive information be obtained on the performance of these prod-
ucts and especially the real effects of aging.

Duc to his involvement in many studics of the.aging phenomenon for var-
ious organizations, and in support of his activities on the 1ISO Technical
Committee 163 on Thermal Insulation* the author has prepared and is
maintaining this comprehensive bibliography on the subject of aging of cel-

“Yular plastics. It is behieved that this list of relevant citations will be of major

assistance to those many workers involved already or to those who are plan-
ning work in the subject area.

COMPILATION AND ASSF’ .MENT OF CITATIONS

*+ che outset, the problem of aging can be perecived to be a complex one
involving “hree basic, scparate, but inter-related subject issues, These are:
(a) Materials bchavior
(b) Products and systems performance
(c) Testing and evaluation

*Especially as Convenor Subconunittee 1, Working Group 9 on Mcasurements of Aging Ef-
fects on Performance of Thermal Insulation.
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These, in turn, can be sub-divided further into 2 number of major “topic
areas,” namely:

the factors which may affect the total aging process and its evaluation
theoretical and analytical work relating to modeling of the aging process
and to heat transfer in cellular plastics

laboratory and small-scale studies illustrating aging, particularly of both
the basic urethane and polyisocyanurate materials, and the products and
systems utilizing them

® gas and moisture transfer in both the cellular plastics materials, and the
applied coverings and protective laminates and coatings used for products
and systems. Gas and moisture permeance and adhesion issues are also es-
pecially important.

laboratory and field test techniques for evaluating the various relevant
properties of installed thermal insulation systems products

® results of past and current field studies and their comparisons

With these subjects as the background, an extensive literature search was
undertaken. Well over three hundred and fifty papers and technical reports
were identified as potential sources of information. Their contents were
scanned in order to establish their direct relevance to the topic areas. As a
result of the preliminary review, some three hundred relevant items were
selected for more detailed review and are included in this currem bibliog-
raphy.

Based on the review of the subjccts and their subdivisions, the bibliog-
raphy has been divided into three major sections, together with two shorter
supplcmcntary sections as follows:

(3) Basic phenomenon, both analytical and experimental (approximately
150)

() Gas and moisture diffusion (approximatcly 60)

(c) Relevant thermal measurement techniques and issues (approximately 50)

(d) Reference books (15)

(¢) Related documents, including relevant national and mtcrnauoml test

documents (approximately 40)

SUMMARY '

A current bibliography of some three hundred citations relating to the
subject of aging of ccllular plastic insulation materials and systeins has been
prepared and is being continually updated. This present list should be of
Breat assistance as a starting point to all present and future workers involved
in this complex subject.
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1SO TC 61 SC 10 N. 652

. - : Joint WG
; . K o 150 TC 61/SC 10
T ' ISO TC 163/sC 3
Doc. 18

DTR 9774

- PROPERTIES OF THERMAL INSULATING PRODUCTS
FOR BUILDINGS ACCORDING TO THEIR APPLICATION

« GUIDELINE FOR THE HARMONIZATION 6? INTERNATIONAL
STANDARDS OR SPECIFICATIONS -~

4th Draft
September 1987

0. FOREWORD

1S0 TC 61 SC 10 - Plastics, cellular material

at its Warsaw peeting in September 1985 and

1S0 TC 163 SC 3} - Thermal insulation, insulation products for buildings
at its Groningen meeting in September 1985 . . st . )
decided to establish a Joint Working Group to draft a document on appli-
cation categories and basic requirements for thermal 1nsf1ation materi-
als for buildings. The document to be drafted shall be a comzon basis
for future standardization in the field of specificaticns for differens
insulatiﬁg products fer buildings in both technical co=:ittees,
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The Joint Working Group, consisting of pembers of both techpical commit-
tees fros Canada, France, Germany, India and the United Kingdom met
twice,

. "’in April 1986 in.Copenhagen,
"“4n July 1986 in Berlin

¢

and prepared the Draft Teﬁhnical Report 9774‘12nd Draft, July 1986).

The form of a Technical Report was chosen to enable gﬁe committees to
prove, in their future standardization work, whether the‘basic require-. .
ments according to the applicatxon of the xnsulatxng products are an ap-
proporiate basxs for speciflcat~ons.

IS0 TC 61 and ISO TC 163 have sent out the Draft Technical Report for
comments in autumn of 1986/sptxng of 1987.

The Working Group at its meeting in London in May 1987 has looked
through the comments having arrived until then and prepared a new draft
in the light of the comments (DTR 9774, May 1987).

Again this draft was sent to those member bodies who had comiented on
the Draft July '86 with the question, if their former comments. were
solveé by the Draft May 1987. ,
In the light of all these comments, the Joint Working Group at~its
meeting in Berlin on September 22, 1987 has prepared thxs Ath Dra--.‘

The Joint Working Group asks the relevant SCs of both Teqhnical Com-
mittees to agree that the Draft is.advanced to the next level.
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1. SCOPE AND FIELD OF APPLICATION ) -

1.1 Th;s'Technical Report lists common applications for thermal insu-
lating products for insulating(ot buildings and gives guidance on the
selection of minimum performance characteristics.

This Technical Report is intended to serve .as a background document for
standardization and to assist in the harmonization of specifications for
thermal insulating products of different origin.

This Techn:cal Report is not intended to serve as a guide to users or
prcducers to prove the suitability of any part;cular product or ary
given application.

The product properties listed for each application are expresseé as mini-
mum performance characteristics, which shall be maintained durizc the

. . .
expected service life of the insulation within the structure )

1.2 Wwhen standards or specifications are established or existing stan-
dards are revised on the basis of this Technical Report, the mizi=um per=-
formance characteristics of this Technical Report should in the standazds
or specifications be translated into product reguirements (specified val-
ues) together with appropriate test methods, which must be fulfilled at
the time of delivery, in orde:.:o ensure that the product fulfills the
perforpance requirements in service. This relationship between szecified
values for the product and the service performance characteristic of tie
product in use can be differen:t for different insulating. produc:s, depend~
ing on the characteristic of the material (e.g. aging or time-cerendezt
behaviour). Not each basic reguirement needs to be specified in each
product standard, if'isniﬁ obvious

= that certain requirements are always fulfilled

- that several‘requixenents can be covered by one specified prrrerty.

]

! Note: The expected service ll‘etxne depends on the applicatica
of the insulating prccuc: in the cors::uct.on. takx"-
account the ease wi:ilh which the product may be maintainesd
or replaced. Service lifetire shculc te adiressed by <ke
procduct specificaz:cns.
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1.3 This Technical Report applies only to pretabricatea thermal insp~
iating products. Products are any manufactured mats and bo;;ds in-
cluding any facings or coverings, which may be present. The ba;ic chas-
acteristics may also be applied to other insulation products, e.g. im
_tsitu, in systems or compongngg, where appropriate.

The Technical Report covers only thermal insulating products for use
in buildings within normal climatic conditions. It does not cover inswr
lating products for building services, e.g. plumbing, heating and not
for industrial use. .

-Acoustic properties are not inzluded in the properties givén in this
Technical Report, although these may be additionally required for scoe
application fields. .

2. REFERENCE DOCUMENTS

ISO;DTR 9165 - Practical thermal properties of building materials ami
products.

3. APPLICATIONS OF THERMAL INSULATING PRODUCTS IN BUILDINGS

A review of the most common applications of therczl insulating produrss
in different structures of-roofs, walls, ceilings and foundations is
given in Table 1. The applications are illustratec in more detail in
Figure 1. .

The purpose of FigureA}_ég only to illustrate the applications for tie
various insulating products ané to assist in relating the performance
characteristics for the products to their applicazion. The Figure wilr
also assist in Cetermining requirements for other applications not lissm

The sketches are for illustration only and are rct intended as constoms~
tion drawings, for example water vapcur barriers and air infiltraticm
barriers which may be necessary, are rot shown.
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Waterproofings in the roof or foundation area are only shown to clarify
_the positicu of the insulation layer - in the area affected by precipi-
\tatibn water or ground water or in the area protected against the pene-
tration of water.

. .
. e

4. PERFORMANCE.CBARACTERISTICS OF PRODUCTS ACCORDING TO THEIR APPLICATION

Table 2 lists those properties - according to different applications -
which nee¢' to be considered when preparing standards and specificatiorns
tbr diffe: :nt products. The performance characteristics for these propes~
ties to ensure a serviceable and durable thermal insulation are explai:zed
and some values are suggested in Table 3. ‘

Perived from Table 2, Table 2a gives basic necessary properties for ther--
mal insulations in any application,. while Table 2b gives specific progper=-
ties which may be also necessary only for certain applications. '

For additional applications in building not shown in Figure 1, the prcg-
erties for the insulating products are to be determined aécordingly.

Necessary properties for insulating products used in constructions or
cpzponents which are characterized by two or more applications accordizg
to Figure 1 are derived from all relevant required properties.

For certain insulating materials, further properties other than those
listed can be decisive for a durable behaviour-dyring service, e.g. tle
. stabiliiy'to the action of adhesives, of solvents or of temperature. e
product specification should then dezl with these additional properties.

5. APPLICATION CATEGORIES

For simplicity the various applications for insulating products shewn
in Figure 1 may be grouped into catecories having common performance
reguirements. It is then the task of the insulating material standarce
or specifications to determine these categories and the applications
which are covered by these categories.
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fa2's 11 Cxamples of the sost cocmon applications of thersal \‘i
. {nesulating products in buildings: for additional N
information see skatches in Figure )

. APPLICATION | sxzren wo.
o ventilated, unlosded insulation bet-wen rafters, fully supported 1
. éE ventilated, insulation separating rafters and outer covering 2
o ventilated, insulation separating SuUpporting construction and outer Y
L covering . .
ventilated, insulation benesth rafters [}
oG ~ | ventilated, insulation between rafters or beams - o
- inverted, insulatiocn above roofing meambrane’ []
E, on stsel deck, inaulation beneath roofing membrane 7
w | 8Scessible to light or beavy traffic or losds from roof gardan (soil s
2 layer, plants, etc.), insulation Deneath roofing meabrane
-~ accessible only to maintenance, insulation beneath roofing seabrane 9
- | masonry or concrets wall, external insulation covered by rendering 10
.. § timber stud construction, outside insulation and rendering dir-cr.ly sup~
ported by the studs 1"
tinber stud construction, insulation at the i=ternal side vith rendering 12
nuonry or concrete vall, fully supported intasmsl insulation supporting "
1ight protective internal facing (e.9. gypsuz Soard)
Basonry or concrate wall, internal insulatioa supporting light protect- 14
ing facing, partly supportad by studs
BASORIY OF concrete wall, internal insulatior with heavy lcll--uppor:ad
protective internal facing {(e.g. tiles at roozside) 13
WALL tinder or metal stud construction with boards covering. insulation be- "
tween the studs .
cavity vall construction, insulation between tle leaves, cavity venti-
lated . 7
cavity wall construction,.cavity tnuy filled vn.n insulation, outer
leave not watertight 18
timdber or metal stud construction with boards ccvering, insulation sup- 1
ported by boards; with ventilated extarior ccvering
wall under ground, external insulation beahind waterproof membrane with 20
mechanical protection
wall under ground, external insulation wvitk d:rect contact to the ground n
cellar or cravlvay hall, internal insulation with or without covering 22
insulation over the supporting construction ¢r between the beans 21.
CEILING ~| insulation under load distributing flooring, fully supported 24
insulation under the construction 18
concrete, insulation uncder the slab with direst centact to the ground 26
concrete, insulation supported by the slab, A::vc vaterproof meabrans, 27
FOUNTATION beneath load distriduzing flooring -
. concrete, insulation under the slab above wvazer;roof meabrane 28
frost insulation in or against the ground 29
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-gable 2 1 List of relevant properties o be coneldered according
EE o the spplicstios of issulating materisl in buildings
application of insulation with 0ot vall coslyn _r____fum
greferencs to sketch figure 12 als[sia]alopolerfra pa| varsqvepafin e fao 21 R2bofae bs 26 27 |28
a . or
thermal conductivity & ofle o oje] o |o] O ojojololojlo|ojolo|oje]efje]|o
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B | servics tamper=| _j5ec /. e60°C |°]° ele of l[ofo] © |o] o |elo|ojcjoje|ojolojele]|o|oje
— ature
€ - elevated
=30%./. ~80°C 10
4 | shape and dizen-| under tesper-
sional stadility| eture sction ole ofe|clolelojol ot o le] o | ofe|o|o]ojo]ajoajalejojoeloje
. under hu=ad-
1ty actien oo olololajolojelof 0 o] 0o Je|o|le|ojolojejolelolc|ojoje
bt
t under husmid-
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] "5 ToaTind oF cote | oo o ) ofofolojo ofo 1o
Y :::::':;‘" cotpression -
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10ad othar
e | than svc. load
Y 2
- - en:y olo
E : 3aintanance
x al 7 hagne erat- 1
& 8 {rictpersoans ° o4 eleje
p—rt -
1 >
S Joowy | S2FS ' l
- . Eng- °
2 ie ke i e 0
»t lateral tensile gecerding
- to wind load ° ° e '
a2 flexural strength according .
to wind load o |° o |
o | shear strangeh [} olo{olo] o !
[ handling property olo olorcioio oo |e|l o ojlololejlejojoleajor0o €loio]e
q bending strengeh L] i
undesr 3an load |
T not planned, ° ololole] @ . o
beraviour ~ o ‘ °
under Lrnflu= short-tars !
ence of wetted H
[ wvater plarned 1
loag-ters o o
veties ° ° N
¢t | frosc resistance . H
—H ]! SENEED
u | tnfiuence on haalth and safecy |(ojo olo|l 0 |o| o {olo|olojojojejoe|olo oloejo]| e
v fire beaRaviour oo ejo| @ oy 0 |0o{ofje ° efo13 o Y
- benaviour under -
biological ele olo{ o lelofolololeje]|e]e }
attasx A ejolotojolole
3 | compacability . I {
1th other olo
:“""“ . ae;a‘oo ojo| © ol O0lolo]|olo]joje|o|se oln ololefo
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Basic necessary properties for thermal insulation

products in any application

Application of insulation with reference to sketch figure

Thermal'resistance R or

2 | thermal conductivity A
b | service temperature fggf:l /. +60°C
a shape and dirensional under temperature
stability action
under humidity
action
p | handling property
U | influence on health and safety
v | fire behaviour
w | behaviour uncer
biological attack
x | compatibility with

other materials




Table 2L ¢ Bpecific prnpotilu for thermal insulation products,
necossary only for certain applicetions

I

veElL

Application of ineulstion with Roor WALL CEIT.ING FOUNDATION
rcferonce to skotch (lgure V]2)y Japs|e]r]efoliofan] 12 [vafra Jes]ve |1v|rvefrofaobar|aaf2arfaefas]acjar]ae
service temper~ elovated
€l ature -30° /. +80°C ole ° ¢
] shape and diman- under hunldity o
sional etahility|tomperature °
action
no ToedIng or compres- T
9 sion action at all e o|o -] -] o -] o o o ol o o
}——1 -
compression
1.3 compressive under uniform
strength load other than . {°le el o ° ofo
o service load '
g 1y b !
only by . . )
H 3 maintenance ! ofo ° : ¢ X
v »
2] A P : "
llght traf- '
a
. o s ficiporsonas) ° - ojo o
— -
1 t. | heavy | cara o
—_— - traf-
~ fic tncks o
- vi-lnral tenslla according (o b
Pl uing load : ° ° ole °
n2 flexural strength according to ° ° ° .
wind load
T
-] shear strongth lof o -] of .0
q bending strength under man load . ° i .
4 tohaviour not planned, R . .
undur short-term o| o ojolojo|o o K (-]
Influence wettad I . ¢
— ot watsr t
planned, long- . . .
° tesm \uilad N ‘ ° ol o -] o
- T
t frost resietance o o °




135

. _'h:ls } t Sujcested parforaance characteristice for the properties 1isted in Tables .. 2z and Ib
PROPLRTY PERFORMANCL CRARACTERISTICS®!
) a | Thermal resistance A or tmston valies for R Or )stould be statad at 10° or 1)°C ix 40°C in oopiaal
thernal conductivity ) armast, which will be et thrOGNOUt the intanded sanicm 1ife of the product
. ts @ven application. Values requised 10 specifications saould be such that A
allowece {8 made fOT ary predictatle Changings by aciss, SOLITTY \prAME, etc.
{soe ISO DUTR = 9163
B : . normal Tw inmilation satarial should be Bch that, at given raxe aof terpenanoes,
service tasper -30° ./. +60°C it perfarms groperly in the intanded ey
}—{ ature
¢ | {surface temper- elevated
ature} =30°C./. +80°C
d | shape and ‘dimen- under tompeseture shape and dimensional etabllity e.q. |[between -JO°C sad wpper liaic of sarvice
sional stability action restriction of irreversible shape and |tempersturs
P under humidity Aimensional changs 8o that 1t doas %ot[, "104¢ and R.B. Wetween JON and %0V
action S from sati v port .
¢
= - the p in use,
¢ under temperature . betwvean 20°C and &0°C end 106 and 30V B,
.and huaidiety
action
§ of cougTes!
q | compressive lactinn at all sot felevant
A strength compressicn under deforration less than 4 mn  under lowg-m wnifom loed of X0 eve
uniform load other
than service load hl
[ ===
2 mmmmummmmumuﬁumh-
1 - jonly by mainte- undnr short-time foint load of 1kN on ares of 10x10cx’ of the product Wder
D] nance the tarperatize ranges
k a | 8 |lignt traffic daformation less than ¢ under long-temm uuforn od Tepeatad losd
f _J & . {(personsi} ON/E under the tecperatiae roge
T Y lheavy cars dafarration lass tham 40w under long-term unifars ad Sepsated losd
2 |erattic SN/ uder the terOeTatiTe TAnoe
o : trucks daformation liss than ¢ under long-ters uuifarm axd Tepeated load
- 20k/ ¢ udder the GxpenIt.Te rEae
nij  lateral tensile strenath accoriing
to wind load lateral tensile strength (cohesive strength! and berdl strength it
- Sprorts o cover wand Joad of 2.5k’ (- o X0 = eizhc}
. | »3]. flexural strength according - w i
to wind lgad
- © | shear strength o wvithstand long-tars ioad of coverung etc. of X m Wickrass (adeac lo
apgzax. 0.6kN/mr)
i p | handling propercy —elrenqrn sufficient to withstand all stsesses during ITaZSpOFT aAnd apgilicafion
- @.G. at least tensile stiencth > 2 x welght of Uy ot or Mending
stTength to tear 2 x weight of the toacd
- - Broduct ahould De such that it can or shaped and fizoec O usual
construcTicns with noral tels
q bending strength under man load nfficient bending stienGth O perfcIa pruperiy uncer - load of 1hN st
anstruwction ad cruntenace
L T | bekaviour under not planned, short~ |lisit water abscrpoion and thuckness swell caused by 3 4 '8 runing pevicd &
influence of tern wetted L7 constuction B that the prochies i suill mutasle £ its punmse
[ B planned long-ters wter ahsmption and thickoess swell of the prodc:  afoes lonc—ters
wetted Mater Lmession Uder the range of sesvice tepesaToT should ba limited
m, tat the prodact 19 still suleasle for its poyose
t | frost resistance the OALT should B2 such that, qon wettiy QAused b diTect weter CXWACT
. p——— or perecration of water by diffusion, it withsuncds & RZIicient nuctes
of freeim—chaw-Cyclas
U | influence on health and safety Kntil intemational reqllacions are avatlahle, the ocas sould e Fxcs that
- upon spplication with meo=al zetiods and precaction =oeiIes
~ &d doring use of the
Pational requlations, if any, srould te satisfisd,
v |fire behaviour . wntil {nternatlioral resulaticrs are available, the reaszal ehall fulfill
- the mational requirerents
v |behaviour under biological attack the procdict should ROt sustain the grovth of fungus aX asport life o
insects and veImin
x jcompatibility with ather materials the insulation fTOALT should be corcatible vith ower anlding tmtesials was
which it 19 desified O Ore into contact

MOTE: Por translation of parformasce Charsactaristice Loto product epecifications, ses clavse 1.2

Table ) has not yet Seen finally discuased

——v
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