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Carbon capture, utilization, and 
storage (CCUS) technology is 
grouped two ways, depending on 
the way it mitigates CO2 emis-
sions: 1) reduce carbon at the 
source (point source), or 2) reduce 
existing carbon already present 
in the atmosphere. While a lot of 
very expensive solutions are being 
examined to reduce carbon emis-
sions, mechanical insulation is an 
excellent technology to reduce 
carbon at the source and reduce 
or prevent it from ever entering 
the atmosphere. And it is a lot less 
expensive than building and oper-
ating a plant to suck carbon out of 
the atmosphere.  

At a Construction Indus-
try Institute/Construction 
Users Roundtable presentation 
in August 2021, (now retired) 
Microsoft Corporate Vice Presi-
dent for Global Construction Jim 
Ellis stated his company’s drive 
to sustainability e� orts by saying, 
“Frankly, we’re polluting the heck 
out of this Earth. I believe one of 
the key solutions is, how do we 
work together, collaboratively at 

the intersection of technology and 
science to make a di� erence?”
He was correct—there are many 
choices to make to mitigate emis-
sions, from old-fashioned mechan-
ical insulation to cutting-edge 
futuristic technologies. 

Our mechanical insulation 
industry believes that our prod-
ucts � t that mold of good, old-
fashioned technology. Mechanical 
insulation is like that quiet, unas-
suming person who remains out of 
the spotlight, yet is dependable and 
e� ective. Mechanical insulation 
must rightly be given the respect 
it deserves in our country’s drive 
to net-zero emissions by 2050 as it 
continues to do what needs to be 
done day after day! Our industry 
believes that unassuming mechani-
cal insulation could play a larger 
role in supporting these climate 
goals if it just got more visibility 
and folks understood the timeless 
technology by which insulation 
works— trapping air!  

Insulations of all types do not 
stop heat transfer—they slow it 
down. � e higher the R-value 

(resistance to heat � ow) of a mate-
rial, the slower or less e�  ciently 
the material conducts heat and 
allows hot or cold to move through 
it. When engineers perform 
energy calculation surveys, the 
� rst layer of insulation added to a 
bare surface (typically 1” if mineral 
� ber) reduces the BTU energy loss 
by close to 80% or more, depend-
ing on the process temperature. 
Gases, such as air, are excellent 
insulators because the molecules 
are much farther apart than solids 
or liquids, thereby making heat 
transfer very ine�  cient.  

So, think of the simplistic 
technology behind what makes 
the invention of insulation work—
simply trapping air. Fibrous or 
foam insulations create millions of 
tiny “dead” air spaces that pre-
vent the circulation of air within 
the insulation. � ere are other 
technological advances that allow 
for higher R-values than dead 
air, such as higher R-value gases, 
vacuum panels, and nano-sized 
dead air spaces. For example, 
argon gas does not conduct heat 
as well as air (thus it has a higher 
R-value), so it is an excellent insu-

lator, which is why double-pane 
windows manufacturers � ll the 
glass void with argon gas instead 
of air. Aside from trapping air to 
prevent BTU loss (the higher the 
R-value, the less the BTU energy 
loss) and mitigate CO2 emissions, 
the di� erent types of mechani-
cal insulation provide end users 
with added bene� ts of a spectrum 
of process temperature ranges, 
densities, compression strengths, 
� re resistance, UV resistance, and 
acoustic properties. 

Mechanical insulation is also 
cost e� ective. � e McKinsey study, 

By David J. Cox

MECHANICAL INSULATION:

The cheapest form of 
energy is the energy 
you don’t use in the 
fi rst place—insulate!
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Insulation has many benefi ts. Its ability to reduce energy consumption and 
save money will always be important. Recently, its ability to protect from 
freezing temperatures made headlines in Texas. Also trending are the issues 
of climate change and the reduction of man-made greenhouse gas emissions. 
Many organizations have established goals to be carbon neutral by 2030, 
and insulation can help. Mechanical insulation provides an outstanding 
opportunity for the cost-e� ective reduction of greenhouse gas emissions.
 NIA has promoted the benefi ts of insulation for decades. In this article, 
we revisit work originally published in 2009 on the environmental benefi ts of 
pipe insulation to see what has changed. The short answer is that while much 
has changed, mechanical insulation still provides an outstanding opportunity 
for cost-e� ective reductions in greenhouse gas emissions. In fact, insulation 
can still be considered “greener than trees!”

� e original article1 analyzed a chemical facility using steam at 350°F for a manufactur-
ing process, operating year round. � e steam is produced in an oil-� red boiler operating 
at an e�  ciency of 80%. � e 4-inch steam line is located outdoors (average annual 
temperature of 75°F, wind speed of 5 mph) and is insulated with 2 inches of � ber glass 
pipe insulation covered by a weathered aluminum jacket. � e cost of fuel in 2009 was 
assumed to be $4/gal. Current fuel oil costs are somewhat lower, averaging about 
$3/gal. for #2 heating fuel. Today, using the NAIMA 3E Plus® computer program, 
we can estimate the values as shown in Figure 1.

� e use of insulation reduces heat loss from the bare pipe, on average, by 95%. 
� e associated fuel cost likewise decreases by 95%, for a fuel cost savings of $312/foot/
year. � is 95% reduction in fuel usage translates directly to a 95% reduction in 
CO2 emissions—a savings of 2,309 lb. of CO2 per foot per year.

As expected, the annual fuel savings of $312/foot are proportionally lower than the 
2009 estimate, due to the lower cost of fuel oil. However, the � nancial payback for this 
installation would still be measured in months. � e CO2 reduction of approximately 
2,300 lb. per foot per year remains the same as reported in 2009. 

FIGURE 1. Estimated Savings from Insulation in Chemical Facility Example

 Heat Loss, Annual Fuel Cost, Carbon Dioxide,
 Btu/h./ft. $/ft./yr. lb./ft./yr.

Bare 4” pipe at 350°F 1,460 328 2,427

Insulated with 2” fi ber glass 71 16 118

Savings 1,389 312 2,309

By G. Christopher P. Crall
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