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On behalf of the National Insulation Association (NIA) and the Foundation for Mechanical
Insulation Education, Training, and Industry Advancement (Foundation), we appreciate your
interest in how mechanical insulation (MI) can reduce carbon and greenhouse gas (GHG)
emissions while saving energy. We expected to find that Ml would accelerate achieving carbon
reduction goals, but the massive role that insulation can play in our country and global goals was
astonishing. A Study on Insulation’s Positive Impact on Energy Efficiency and Emission Reductions
(Emissions Study) revealed groundbreaking data that showcases Ml as a technology that should be

implemented first when beginning energy saving and emissions reduction plans.

Please read and share this article, the full report on the Emissions Study, the Executive Summary,
and the Key Findings Infographic. NIA and the Foundation grant permission for these items to be
distributed and reproduced with attribution to the National Insulation Association © 2023. All
Rights Reserved. Content cannot be changed, and excerpts of the material must also be
attributed.

For questions, comments, and interview requests, please contact Michele M. Jones, NIA EVP/CEO,
at 703-464-6422 or research@insulation.org.

Thank you for helping us improve the environment and the industry.

Best regards,
Michele M. Jones

Executive Vice President/CEO
National Insulation Association

Representing the mechanical and specialty insulation industry

National Insulation Association
516 Herndon Parkway, Suite D ® Herndon, Virginia 20170 ¢ 703-464-6422 * Fax: 703-464-5896  Email: niainfo@insulation.org * www.Insulation.org
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A Study on

INSULATION'S
POSITIVE IMPACT

on Energy Efficiency
and Emission Reductions

By Ronald (Ron) L. King In 2023, the Foundation for
Mechanical Insulation Educa-
tion, Training, and Industry
Advancement (Foundation) and
the National Insulation Associa-
tion (NIA) commissioned Industry
Insights to perform an indepen-
dent, third-party survey of manu-
facturers of ready-to-use insula-
tion products for higher operating
service temperatures to assess
the amount of energy saved and
the reduction in carbon and other
greenhouse gas (GHG) emissions.

This study sought to determine
the value and role mechanical
insulation systems have in assist-
ing industries in the United States
and Canada to achieve and main-
tain their respective decarboniza-
tion goals. A secondary goal was to
educate facility owners, engineer-
ing firms, government agencies,
code officials, and others as to the
value of mechanical insulation as
an energy-saving and decarbon-
ization technology that should

be prioritized.

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon.
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Mechanical insulation is
defined to encompass all thermal,
acoustical,and personnel safety
requirements for mechanical
piping and equipment, and heat-
ing, ventilation, and air condition-
ing (HVAC) applications. The oper-
ating or service temperatures for
those applications can range from
cryogenic levels -423°F (-253°C) to
above 1,000°F (538°C). This study's
scope examined mechanical insu-
lation used at “higher operating

service temperature,” which was

defined to be between 150°F (66°C)
and 800°F (427°C). This study did
not include some materials that
were suitable for all or a portion
of the 150 - 800°F temperature
range and did not include other
operating temperature ranges.

The study covers a time span
of 11 years, broken into three
segments:

e 2017102021,
e 2022,and
e 2023102027

The study objective was to answer
two questions:

How much energy is
saved, and GHG emissions
reduced, over time by the
use of mechanical insula-
tion systems in the higher
operating service temper-
atures in the commercial/
building and industrial
market segments?

Conversely, how much
is at risk or lost due to
under-insulated areas in
the higher temperature

market segments?

While those questions have
been asked for years, the industry
has never had adequate visibility
to core information from which to
calculate the answers. The ques-
tions appear to be simple, but the
answers have been unknown, and
unknowable, until now.

Decarbonization
Decarbonization is the term
used to describe efforts to keep
our planet from warming more
than 1.5°C above pre-industrial
levels. Most countries, including

/A 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon.
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the United States and Canada, have goals to reach
net zero emissions by 2050, meaning that all GHG
emissions produced are counterbalanced by an equal
number of emissions that are eliminated.

There are two basic aspects to decarbonization. The
first entails reducing the GHG emissions produced by
the combustion of fossil fuels, and the second is energy
efficiency—to reduce the demand for energy.

As decarbonization strategies are developed and
implemented, energy efficiency is more important
than ever. The impact all insulation industry segments
can contribute to that effort should not be overlooked
or underappreciated. This study confirms the signifi-
cant contribution the mechanical insulation market
segment in particular can make to energy efficiency
and, accordingly, carbon reduction initiatives.

If all insulation systems deliver energy savings and
emission reduction benefits, why should mechanical
insulation be viewed differently? The answer is related
to temperature differential and heat loss/gain. The
greater the temperature differential between ambi-
ent and service/operating temperature, the greater
the opportunity for energy savings and reduction in
carbon emissions. Accordingly, mechanical insulation
applications, on a unit basis compared to other insula-
tion segments, will yield much greater savings.

Renewable energy sources and electrification will

not by themselves bring us to net zero emissions.
Mechanical insulation can and should play a substan-
tial role alongside the transition to renewable energy
and electrification.

The study points out the obvious and impressive
savings, but more importantly, it highlights what
could be saved if mechanical insulation systems
were viewed as a decarbonization technology that is
proven and available now.

When you consider the potential of complete
and intact mechanical insulations systems, the total
energy savings and emission reduction findings are
impressive, and the potential loss of even a portion
of those savings should not be overlooked. The study
findings, summarized in Table 1, are conservative and
do not include possible loss of benefits from partial or
under-insulated areas. “Under insulated” is defined
as items left uninsulated that could have been
insulated, or where insulation has been removed and
not replaced; items that are either not code compliant
or are compliant but do not follow the most current
model energy or building codes; items that are
not specification compliant; and /or items that are
damaged. More information is provided in the body
of the report.

The United States represents 91% +/- of the find-
ings, and the Canadian portion equates to 9% +/-.

Table 1. Summary of Study Cumulative Findings

Cumulative Findings

Without the Inclusion of Under-Insulated Areas
Study Results — Savings

Past 5 Years Base Year Next 5 Years Total 11-Year Window
2017-2021 2022 2023-2027 2017-2027
Savings — Kbtu
35,013,651,544,356 9,673,266,495,847 62,335,972,385,680 85,940,850,362,833
35.0 Trillion 9.7 Trillion 62.3 Trillion 85.9 Trillion
Dollar ($) Savings
$91,035,494,015 $25,150,492,889 $162,073,528,203 $278,259,515,107
$91.0 Billion $25.2 Billion $162.1 Billion $ 278.3 Billion
CO, Savings - Ibs.
5,441,121,449,993 1,503,225,613,455 9,687,010,108,735 16,631,357,172,182
5.4 Trillion 1.5 Trillion 9.7 Trillion 16.6 Trillion
CO, Savings — Metric Tons
2,468,748,389 682,044,289 4,395,195,149 7,545,987,828
2.5 Billion 682.0 Million 4.4 Billion 7.5 Billion

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon.




Table 2. Reduction in GHG and CO, Emissions from Mechanical Insulation Compared to Other Initiatives

Savings

Past 5 Years Base Year Next 5 Years Total 11-Year Window

Equivalencies 2017-2021 2022 2023-2027 2017-2027
Greenhouse Gas (GHG) Emissions from:
Gasoline-powered passenger vehicles driven for 1 year 549.4 Million 151.8 Million 978.1Million 1.7 Billion
CO; Emissions from:
Homes' energy use for 1 year 311.1 Million 86 Million 553.9 Million 951 Million
Barrels of oil consumed 5.7 Billion 1.6 Billion 10.2 Billion 17.4 Billion
Coal-fired power plants in 1 year 661 183.0 1,176 2,020
Natural gas-fired power plants in 1 year 6,204 1,714 11,044 18,962
GHG Emissions Avoided by:
Wind turbines running for 1 year 686,474 189,653 1,222,153 2.1 Million
Incandescent lamps switched to LEDs 93.6 Billion 25.9 Billion 166.6 Billion 286.0 Billion
Carbons Sequestered by:
Acres of U.S. forests in 1 year [ 2.9 Billion [ 813.3 Million 5.2 Billion | 9.0 Billion

It is important to note the study results are cumu-
lative beginning in 2017 and ending in 2027. “Cumu-
lative,” for the purposes of the study, means succes-
sive inclusion from year to year, so what exists in one
year will exist in the next, and every year thereafter,
unless something happens that changes the basis of
the information.

For example, if a mechanical insulation system saves
1 metric ton of carbon emissions in 2021, it is assumed

that it will save the same amount in 2022, 2023, and
each year thereafter. Similarly, if 2% of the insulation
system is under insulated in 2021, 2% will be considered
to be under insulated in 2022 and each year thereafter.
How do these results compare to other carbon
reduction initiatives or GHG reduction equivalents?
We turned to the U.S. Environmental Protection
Agency Greenhouse Gas Equivalencies Calculator
to answer that question.! Results appear in Table 2.

Defining “Under Insulated”

For purposes of the study, “under insulated” was defined as including the following:

¢ [tems left uninsulated that could have been
insulated (unions, flanges, valves, etc.)

e |tems that are not code compliant

e |tems that are code compliant but do not
follow the most current model energy or
building codes

e |tems that are not specification compliant

e Items that are damaged by/as a result of:

o  Other crafts working on site

o Weather-related events
(wind, hail, flooding, etc.)

o Moisture intrusion or intrusion of other
contaminants (product, oil, grease, etc.)

o Mechanical equipment
(forklifts, scaffolding, ladders, etc.)

o Maintenance and/or other facility
personnel

o Environmental elements
(corrosive or contaminant environment)
o Being used as a walking surface or
work platform (pipe rack, for example)
o System penetration for inspection
purposes (destructive testing) and not being
repaired in a proper and/or timely manner
o  Washdown or similar occurrences
o Fire or similar events

e Installation quality issues

¢ |Insulation removed for maintenance
and/or other purposes and not replaced

* |nsulation removal for maintenance and/or
other purposes exposing the remaining
insulation system to potential damage

« Improper and/or not timely maintenance

e Improper insulation system replacement

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon
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Table 3. The Cost of Under-Insulated Areas

Summary of Cumulative Findings vs. Potential Loss Due to
Under-Insulated Areas

Study Results — Savings

Average Potential Loss

Past 5 Years Base Year Next 5 Years Total 11-Year Window
2017-2021 2022 2023-2027 2017-2027
CO, Savings — Metric Tons
2,468,748,389 682,044,289 4,395,195,149 7,545,987,828

Commercial Market Segment (41,474,973) (11,458,344) (73,839,279) (126,772,596)
Percent of Total Savings -1.7% -1.7% -1.7% -1.7%
Industrial Market Segment (204,494,658) (56,496,002) (364,068,665) (625,059,325)
Percent of Total Savings -8.3% -8.3% -8.3% -8.3%
Combined Total (245,969,631) (67,954,346) (437,907,944) (751,831,921)

Percent of Total Savings -10.0% -10.0% -10.0% -10.0%

A significant portion of the savings are at risk due
to areas that are under insulated.

The questions are, how much is under insulated;
and, over time, does the problem turn into a much
bigger number? Once again, what that percentage is
by industry segment, facility, or nationally has been
unknown.

The discussion and degree of under-insulated
areas applies to all mechanical insulation systems.
The industrial segment typically represents a larger
percentage of the issue than the commercial
segment. Many of the insulated piping systems in
the commercial segment are located in wall cavities
or above ceilings, and so are not exposed to weather
elements or potential mechanical or personnel abuse
on a regular basis.

There are, however, multiple areas in both market
segments that are under insulated. While the specific
scope of those areas can only be determined on a
facility-by-facility or project-by-project basis, the study
examines the impact at various levels. Under-insulated
areas offer an opportunity to regain potential loss
of energy and reduction of carbon emissions while
improving mechanical insulation systems in support
of other goals, such as personnel safety, process con-
trol, mitigating corrosion under insulation (CUI), etc.

On average, based upon the variable percentages
of under-insulated areas, the potential loss equates
t0 10%: 1.7% for the commercial market segment,

and 8.3% for the industrial market segment, for an
approximate ratio of 1 to 5 (see Table 3).

Conservatively, the study indicates a potential
average loss of under-insulated areas in the two
market segments combined of 751 million metric
tons of carbon over the 11-year span of the study,
which equates to more than 827,000,000 carbon
offsets. (1ton =1 carbon offset).

This loss simply should not be overlooked by com-
panies, industries, or governing agencies. The oppor-
tunity is there, and the technology is real and proven.
Mechanical insulation represents a massive and
immediately available GHG reduction opportunity.

How do these results compare to other carbon
reduction initiatives or GHG reduction equivalents?
The answers are provided in Table 4.

The service operating temperature range of 150
to 600°F represents 80%-+/- of the total savings and
potential loss due to under-insulated areas. That is
significant because many facilities do not experience
process temperatures above that range.

Given the reality of what little data was available,
manufacturers that produced “ready-to-use”
insulation (sectional pipe insulation and board
products that can be taken from the manufacturers’
packaging and installed) were asked to provide
their 2022 annual linear footage sales by pipe size
and thickness, and square footage of board product
by thickness.

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon.



Table 4. Summary of Potential Loss Compared to Other Carbon or GHG Reduction Initiatives

Potential Average Lost — Under-Insulated Areas

Past 5 Years Base Year Next 5 Years Total 11-Year Window

Equivalencies 2017-2021 2022 2023-2027 2017-2027
Greenhouse Gas (GHG) Emissions from:
Gasoline-powered passenger vehicles driven for 1
year 54.7 Million 15.1 Million 97.4 Million 167.3 Million
CO, Emissions from:
Homes' energy use for 1 year 31.0 Million 8.6 Million 55.2 Million 94.8 Million
Barrels of oil consumed 568.9 Million 157.2 Million 1.00 Billion 1.7 Billion
Coal-fired power plants in 1 year 65 18 117 201
Natural gas-fired power plants in 1 year 618 171 1,100 1,889
GHG Emissions Avoided by:
Wind turbines running for 1 year 68,396 18,896 121,767 209,059
Incandescent lamps switched to LEDs 9.3 Billion 2.6 Billion 16.6 Billiom 28.5 Billion
Carbons Sequestered by:
Acres of U.S. forests in 1 year 293.3 Million 81.0 Million 522.2 Million 896.6 Million

Elastomeric type insulation is produced in
sectional, “ready-to-use” forms and is used across
multiple industry segments. Its primary use is in the
lower service temperature ranges, however, and as a
result, it was not included in the study.

The exclusion of elastomeric and non-ready-to-
use mechanical insulation material such as aerogel,
cellular glass, polyisocyanurate (polyiso), ceramic
fiber, removable/reusable insulation cover, and other
products makes the results of this study extremely
conservative by anyone’s measure. Many of these
non-ready-to-use materials are heavily used in
commercial and industrial applications, particularly
at extreme temperature ranges.

While the study results were based on four
ready-to-use materials from two primary groups,
those materials are NOT the only ones subject to
under-insulated areas.

Every 2 years since 1997, the NIA and the
Foundation have conducted a separate measurement
survey to gauge the size of the mechanical insulation
industry. (See “Survey Results: Mechanical Insulation
and Laminated Metal Building Insulation for
Commercial and Industrial Markets” on page 22 to
read the results of the latest measurement study.)

By using the information from the 2020 to 2022
measurement survey, we were able to extrapolate
insulation usage looking backwards 5 years, and by
using historical trends we could look forward 5 years,

netting an 11-year window of information from
2017 to 2027.

Determining the energy, emissions, and dollars
saved was accomplished with the use of the 3E Plus®
software developed by the North American
Insulation Manufacturers Association.

Only 2” to 12" iron pipe sizes (IPSs) and 1" to 3”
pipe and board single layer thicknesses were used in
the study. The limited IPSs and thicknesses again
highlight how extremely conservative the study
findings are. There is a significant volume of larger
sizes, especially in the industrial higher temperature
ranges. Those large-diameter applications often
exhibit more extreme heat loss and energy savings.

In addition, the scope of the study did not include
operating temperatures below 150°F, which excludes
a significant portion of the commercial market,
as well as portions of the industrial market.

Again, these scope exclusions underscore the
conservative nature of the study findings.

Mechanical insulation systems are not a “one and
done” initiative. You do not install it and forget it.
The negative impact of areas not insulated is easy
to understand. The efficiency impact of damaged
insulation is always subject to varying opinions
and interpretations as to the scope and extent of
efficiency loss.

The efficiency level of a damaged insulation
system is important in determining the amount of

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon
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heat loss. The actual level of efficiency can only be
determined on case-by-case basis and may require
product testing.

Alevel of energy efficiency has been considered
by the professionals who designed and specified the
insulation system. In order for an insulation system
to be as effective as anticipated, it needs to remain
as close to each component’s manufactured state as
possible, and the system must be intact and operating
as designed.

Mechanical insulation systems are not a 1- or
5-year initiative. Properly designed, installed, and
maintained mechanical insulation systems will last
longer than the 11-year span upon which the study’s
cumulative results are based, and may last the
lifetime of the facility.

As with all facility systems, mechanical insulation
systems should have regular inspection and timely
and proper maintenance. Lack of proper and timely
maintenance only makes any problem with the
system worse. What today may be a simple repair

Table 5. Percentage Scale of Potential Loss Due to
Under-Insulated Areas

Industrial Market

Commercial Market

Segment Segment
2.0% 5.0%
4.0% 10.0%
6.0% 15.0%
8.0% 20.0%
10.0% 25.0%

N/A 30.0%

could be a major problem tomorrow. Additionally,
there are other potential consequences—such as
personnel and process safety concerns, process
control, and CUI to consider.

History has proven that mechanical insulation
simply has not been installed in some areas, or it
has been removed for one reason or another. Fur-
ther, mechanical insulation, if not protected, can be
damaged, as mentioned above. The study attempted
to recognize and account for these under-insulated
areas by using a consistent methodology to deter-
mine the potential loss of energy and the emission
reduction opportunities.

Each facility or project would need to determine its
estimated percentage of under-insulated areas. The
percentages used in the study are not meant to imply
that every facility has that level of under-insulated
areas; some will have less, and some may have more.

Recognizing the risk level difference between the
market segments, a potential loss percentage scale
was developed (Table 5).

Because the exact breakdown between market
segments is unknown, through a series of estimates,
assumptions, and extrapolations, the total savings
was allotted between the two market segments.

For each potential percent of under-insulated
areas, calculations were made as follows:

« 50% of the percentage was assumed to contain
no insulation; and

« 50% ofthe percentage was assumed to be dam-
aged and the insulation system performing ata
50% efficiency level, which may be a conserva-
tive approach.

Conclusion and Next Steps
The impressive results of insulation are not surprising
to those within the mechanical insulation industry.
The magnitude of the savings, and what could be lost,
is the data the industry has been missing. Again, itis
important to remember that the energy and emission
findings are ultra conservative.

While there are hundreds of case studies that
confirm the energy savings, emission reduction, and
return on investment on specific items or even pro-

P3. Contact research@insulation.org for more information or visit www.insulation.org/carbon.



cesses, this study provides industry information that
has never before been available.

The study began with two core questions, and in
answering those questions, its ultimate purpose is to
educate facility owners, engineering firms, govern-
ment agencies, code officials, and others as to the
value of looking at mechanical insulation as a critical
energy saving technology.

This study offers a unique view of mechanical
insulation’s potential, looking at it holistically rather
than focusing singularly on individual products or
systems. Each uninsulated or damaged area plays
its own important role, but governmental agencies
and individual companies need to look at the full
potential impact of how effective installing mechani-
cal insulation systems can be for their energy savings
and carbon/GHG emission reductions.

The discussions as to the value of having clear,
concise, and complete mechanical insulation
specifications, inspecting initial installations,
having industry-endorsed application and repair/
replacement standards, and maintaining insulation
in a timely and proper manner is not new; but those
discussions are more important now than
ever before.

The solutions are complex, there are many
opinions as to the best paths to follow, and effective
change will take time. But the one change that can
happen immediately is to view mechanical insula-
tion as a proven technology that will help achieve a
company’s—and our country’s—decarbonization and
sustainability objectives.

Achieving short- and long-term decarbonization
goals is not simple. Continuing the research and
development of new, revolutionary energy efficient
and carbon reduction technologies is important, but
equal focus should be put on proven solutions that
are available now.

Mechanical insulation will help businesses, states,
and provinces obtain their regulatory or voluntary
carbon reduction goals now, tomorrow, and for years
to come, if only it is recognized as a primary contrib-
uting technology that is part of the solution.

One facility at a time making a commitment to
look at mechanical insulation in new construction

and existing facilities can make a difference now.
Taking small steps can lead to significant, large-scale
results. To achieve decarbonization goals, many
aspects of the economy must change—from how
energy is generated to how we produce and deliver
goods and services; and how we manage lands, our
businesses, and our lives.

The challenge for the business and finance com-
munities, as well as policymakers, is to identify how
best to use the time and resources we have—espe-
cially solutions that are available now—to advance
the changes needed.

Next Steps

While each business, company, agency, etc., may have
unique circumstances, structures, and procedures to
consider, there are a few common “next steps” that
should be considered in determining how and to
what level mechanical insulation can help achieve
energy savings and decarbonization goals.

ﬂ Commit to investigating and developing a
better understanding as to the benefit(s) of
mechanical insulation and the consequences
of not having up-to-date specifications and
dealing with improper installation and /or
insufficient or improper maintenance.

2 With the support of internal subject mat-
ter experts (SMEs) and the help of external
resources (manufacturers, contractors, fabri-
cators, associations, etc.) complete a thor-
ough and objective review of current project
or company specifications or standards, and
develop recommended changes as needed.

g Develop and implement specific mechanical
insulation energy efficiency and emission
reduction appraisals/audits with inspectors
and appraisers certified in those fields.

Determine the internal and/or external

é‘:!] hurdles or barriers to implementing mechan-
ical insulation energy and carbon reduction
initiatives.

Shared with permission. Copyright NIA 2023. Contact research@insulation.org for more information or visit www.insulation.org/carbon.
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Commit to and maintain a commitment to
continuing education related to all aspect of
mechanical insulation systems for the oper-
ating systems and environments specific to
the company or area of operations.

Hold internal company/department meet-
ings to educate all parties on the value of
mechanical insulation within your organiza-
tion, the environment, and the local com-
munity, as well as on the consequences of
damaged insulation.

Share your success with others. There is
great value in sharing best practices or case
studies. Your organization benefits not only
from being recognized as a leader, but also
from helping others in addressing climate
change.

“Inspect what you expect”—not only in mon-
itoring and recording progress of specific
plans, but also with initial installation and
maintenance processes. If mechanical insu-
lation is not installed or repaired /replaced
properly, the expected benefits may not be
realized, and it could lead to other areas of
concern and additional unexpected cost.

Develop an annual inspection and mainte-
nance program for existing facilities. This
will benefit short- and long-term operational
and capital budget planning, and the infor-
mation could be used in internal and exter-
nal climate change/sustainability programs.

Ensure you have transition plans to transfer
the mechanical insulation expertise and
technology. Often—whether by right-sizing,
downsizing, attrition, changes in responsibil-
ity, change of ownership, or mergers, etc.—
knowledge is lost. That is especially true with
mechanical insulation. The decarbonization
and other benefits of mechanical insulation
is not limited by time.

The study confirms the contribution the mechani-
cal insulation industry can make to decarbonization
efforts. It is available now, and it impacts every state,
county (province) and city, labor group, all direct or
indirect related businesses, and this and future gen-
erations—if only we think about mechanical insula-
tion systems differently.

That is potentially the industry’s greatest chal-
lenge. It is hoped that this study can be the impetus
for change.

The full report can be obtained at www.insulation.
org/carbon and www.insulation.org/foundation/data.
REFERENCE
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