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After attending a National Insulation Association (NIA) presentation on “Insulation: The Forgotten Technology” at the
American Society of Mechanical Engineers’ (ASME’s) 2007 Annual Citrus Conference, staff at a major citrus processing
facility in central Florida decided to examine the insulation systems and determine the potential energy savings from
replacing or repairing the existing insulation. 

Facility management had previously examined abbreviated energy assessments for above- and below-ambient
systems but had not commissioned an extensive below-ambient assessment. Due to the age, complexity, and
recent weather history (i.e., hurricanes) of the facility, management wanted to examine the thermal insulation
systems and any effect their conditions might have on the refrigerant piping and overall system operating
costs.

The facility covers about 50 acres and consists of production, warehousing, and shipping/receiving
facilities. It is estimated that the facility processes roughly 1 billion pounds of oranges and grapefruits
each year into juice and juice products. Refrigeration is provided by a large, complex ammonia
refrigeration system. Installed capacity is roughly 3,000 tons of refrigeration, with an estimated
energy cost of $2 million per year.

The scope of the assessment was limited to the below-ambient piping and equipment. The
size and complexity of the refrigeration system in this facility limited the assessment to an
“overview” level.

The approach to the insulation system energy assessment involved the following tasks:

1) Discussions with facility personnel about the refrigeration systems and processes
served 

2) Walk-through of the facility
3) Review of the historical insulation standard for refrigerant piping
4) Economic analysis of the piping and vessels

TThhee  RReeffrriiggeerraattiioonn  SSyysstteemm
The ammonia refrigeration system is large and complex, with numerous intercon-
nected equipment rooms. Satellite equipment rooms send high-stage discharge gas to
condensers at a central, large equipment room with multiple large evaporative con-
densers. The liquid ammonia for satisfying cooling loads is supplied from this large,
central equipment room’s high-pressure receivers. Miles of insulated pipe run from
loads to equipment rooms, with blast freezer suction, freezer suction, low-medium
temperature suction, and high-medium temperature suction. 

The low-temperature loads (air units, freezing tunnels, etc.) receive recirculated,
low-temperature ammonia from a low-temperature recirculator. The vapor produced
as a result of heat removal from loads is suctioned to either rotary vane boosters or
screw boosters. The booster discharge is then pumped into an intercooler ammonia
liquid bath, where the superheat is removed and the flash gas created with the booster
discharge gas is suctioned to the high-stage compressors, which are either reciprocating
compressors or high-stage screws. The high-stage compressors discharge to a large bank
of elevated evaporative condensers. 

FloridaFlorida
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Insulated suction lines vary in size from 4 to 12 inches, with temperature varia-
tions from -45°F to 23°F. Liquid ammonia lines are generally 1½ to 2 inches. All
ammonia lines and vessels are steel. A number of stainless steel “juice” lines, gener-
ally 3 or 4 inches, are used throughout the site to transport finished product.

Piping and large vessels are generally outdoors and subject to weather. Some pip-
ing and equipment is in the various engine rooms throughout the site. These engine
rooms are ventilated but unconditioned, and temperatures in these rooms are, on
average, higher than outdoor air temperatures. A relatively small amount of piping
is inside coolers and freezers.

CCoonnddiittiioonn  ooff  EExxiissttiinngg  IInnssuullaattiioonn  SSyysstteemmss
Based on visual inspection, it was estimated that 70 percent of the existing insula-
tion system is in some stage of failure. The newer insulation systems (installed in the
last 3 to 5 years) appear to be performing satisfactorily, while the older insulation
systems (5 to 25-plus years in age) have failed for multiple reasons.

The failed insulation systems are problematic for a number of reasons, including
the following:

• Corrosion of the substrate under the insulation could result in an ammonia
release.

• The increased weight of the wet insulation and/or ice could cause the piping
or equipment to exceed the structural design of their support systems.

• Continual dripping of water from the insulation and/or melting of the ice on
the insulation system could create a personnel safety concern.

• The wet insulation has contributed to the development of mold.
• The failed insulation systems have resulted in increased energy consumption

and greenhouse gas emissions.
• The reduced efficiency of the insulation system is not allowing the refrigera-

tion and other equipment to function as designed, resulting in decreased plant
productivity and/or increased cost of production.

• The failed insulation systems are increasing annual operating cost and life-
cycle costs.

WWhhyy  HHaass  tthhee  IInnssuullaattiioonn  SSyysstteemm  FFaaiilleedd??
Pinpointing the exact cause by location and approximate time a failure occurred is
difficult, especially since even the slightest area of damage can easily lead to more
extensive damage over a broader area. The following list does not rank items in order
of importance; a combination of these occurrences has led to current conditions.

Non-destructive testing: Anytime an insulation system is penetrated, the integrity
of the overall system is compromised, especially on services below ambient tempera-
tures. The problem is compounded when the area penetrated is not properly repaired
in a timely fashion. All areas tested showed extensive failure of the insulation system.

Weather damage: Damage created by weather (hail and wind) was noted in
some areas.

Insulation system design: Old specifications were not available for review. However,
areas were noted where the insulation thickness was not adequate, vapor barriers were
not installed, an outer jacket was not installed, penetrations were not properly
addressed and sealed, and outer jacket lap areas were not correctly located. Was the
insulation design the problem, or was it improper application? The answer is proba-
bly that both contributed to the problem.

During the inspection process, the use of multiple insulation systems was noted.
Given the diverse reasons for and the magnitude of the insulation system failures, it
is impossible to point to a given insulation system as the problem. 

Lack of maintenance: The importance of maintenance is dramatically increased on
insulation systems operating below ambient temperature and exposed to weather. A
proper and aggressive insulation system maintenance program would have substan-
tially reduced the extent and severity of the problem at a net lower cost over time.

FFiigguurree  11::  Insulation is missing on 
this liquid line.

FFiigguurree  22::  The insulation and vapor
retarder are both damaged.

FFiigguurree  33::  These rooftop lines have unre-
paired access in a “catch rain” position.

FFiigguurree  44::  There are multiple inspection
locations on this cold vessel.



EEccoonnoommiicc  AAnnaallyyssiiss
The economic analysis of the insulation systems comprised
five tasks:

1. Identifying the appropriate operating and ambient con-
ditions for the analysis

2. Estimating the cost to remove unwanted heat gains
3. Estimating the heat gains through the existing insula-

tion systems
4. Determining the appropriate levels for insulation

upgrades
5. Estimating the savings attainable by upgrading to rec-

ommended levels

For purposes of analysis, the refrigeration system piping and
vessels fell into one of the following three categories:

Low Temperature 9 in. Hg Vac. -40°F
Low-Medium Temperature 20 psig 5°F
High-Medium Temperature 35 psig 22°F

In addition, the stainless steel juice lines were assumed to
operate at a temperature of 34°F.

While there are certainly variations from these levels based
on special cases and normal process variation, these three levels
were chosen to describe the operating temperatures found in
the system. For outdoor conditions, annual energy calculations
on the average annual temperature as reported in the National
Climatic Data Center CLIM20 Report were used
(www.ncdc.noaa.gov/oa/climate/normals/usnormalsprods.html).

Temperatures in the ventilated engine rooms vary but, on
average, are somewhat higher than the outdoor air due to the
heat release from equipment. It was estimated an average 5°F
differential for an average annual indoor temperature of 77°F
with a wind speed of 1 mile per hour (mph).

Freezers are maintained at an average temperature of -5°F
or 20°F (depending on the service), and coolers were assumed
to be 35°F. Average wind speed of 1 mph was assumed for
these indoor applications. 

CCoosstt  ooff  RReemmoovviinngg  UUnnwwaanntteedd  HHeeaatt  GGaaiinnss
A key part of an insulation energy appraisal is determining the
cost of unwanted heat gains. This involves determining not
only the cost of the electricity, but also how efficiently that elec-
trical energy is used. For a refrigeration system, the utilization
efficiency is expressed as the coefficient of performance (COP),
the benefit of the cycle (amount of heat removed) divided by
the required energy input to operate the cycle. The key vari-
ables for this complex system were the high-side (condensing)
and low-side (evaporating) temperatures of the system.  

High-side (condensing) temperatures are determined by
the ambient weather conditions and condenser design. The
facility uses evaporative condensers. The condensing tempera-
ture varies between 80°F and 100°F. For purposes of this analy-
sis, an annual average of 90°F was assumed. (This translates to
a condensing pressure of 165 psig.) Low-side (evaporating)
temperatures are 40°F (Low Temp), 5°F (Low-Medium
Temp), or 22°F (High-Medium Temp). 

COP estimates were calculated for each of the three suction
levels using a public domain refrigeration analysis package
(CoolPack, available at www.et.web.mek.dtu.dk/
Coolpack/UK/index.html). For purposes of this calculation, it
was assumed that the low-temperature loads use a two-stage
system with flash intercooler, while the medium-temperature
loads use single-stage systems. The CoolPack software uses a
number of default assumptions (e.g., compressor efficiency,
pressure drops in piping, liquid overfeed ratios, degree of sub-
cooling of condensed liquid), so the results should be viewed as
estimates based on similar systems. Results of the CoolPack
calculations are:

Note that the estimate of the COP for the low-temperature
system is roughly half the COP of the medium-temperature
systems. Also, note that the temperature difference (ambient-
operating) for the low-temperature systems will be roughly
twice that of the medium-temperature systems. Therefore, the
economic value of insulation on the low-temperature piping
and vessels should be roughly four times that for the medium-
temperature systems. 

The facility purchases most of its electrical power from a
local utility company and takes advantage of the time-of-day
rates by shutting down some of the refrigeration equipment dur-
ing peak periods and restarting during off-peak periods. For

Low-Temp (-40oF)

Low-Med Temp (5oF)

High-Med Temp (22oF)

COP

1.85

3.06

4.11

Table 1:
Results of the CoolPack Calculations

FFiigguurree  55::  This jacket and vapor retarder were damaged 
by weather.
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confidentiality reasons, the actual energy cost is not discussed in
this article, but it is safe to assume the net cost is considerably
lower than market rates. Thus, all savings estimated in the assess-
ment would be substantially higher if market rates were applied.

EEssttiimmaattiinngg  HHeeaatt  GGaaiinnss
Estimating heat gains through the existing insulation system
cannot be done with precision. It is possible, however, to make
educated guesses about the condition of the existing insulation
system and to estimate the overall performance of the system.
These estimates can then be compared to estimates of the per-
formance of upgraded systems.

It is estimated that 70 percent of the existing system at the
facility is in some stage of failure. Specifications and literature
on the older insulation systems were not available, so it was
assumed that the 30-percent undamaged portion of the system
is performing at a level of 90 percent of the thermal resistance
of commercially available polyisocyanurate insulation. (Note:
Other insulation systems could also have been used for these
calculations.) To estimate the performance of the 70-percent
failed portions of the system, it is helpful to compare the ther-
mal conductivity of the “de-rated” polyurethane insulation to
liquid water and to ice.

If the existing insulation were completely saturated with
water, the heat gain would be roughly 18 times (3.8 ÷ 0.21)
the heat gain for a dry system. If it were completely saturated
with ice, the heat gain would be roughly 74 times (15.6 ÷
0.21) the heat gain for a dry system.

Considering that the operating temperatures of the piping
and vessels are below freezing (with the exception of the juice
lines), it is reasonable to assume that some portion of the liq-
uid water will have frozen. Certainly, any missing or uninsu-
lated portions will quickly become ice covered. Based on this
reasoning, “weighted average” heat gains were developed
based on the assumptions in Table 3.

Juice lines are assumed to be 30 percent undamaged, 35
percent half wet, and 35 percent completely wet.

These assumptions were used, along with the 3E Plus®

computer program developed by the North American
Insulation Manufacturers Association (NAIMA), available at
www.pipeinsulation.org, to develop estimates for heat gains for
each of the operating temperatures, sizes, and locations
throughout the facility. To illustrate, consider a 10-inch NPS
(nominal pipe size) low-temperature suction line running out-
doors (see Table 4).

Based on this set of assumptions, it was estimated that a
typical existing 10-inch NPS suction line outdoors will have,
on average, a heat gain of 454 Btu/h/ft. This process was

repeated for each of the line sizes, operating temperatures, and
locations identified in the facility.

Note that the estimate assumes a 2-inch thickness of exist-
ing insulation with a weathered aluminum jacket throughout
the site. Some lines, however, were uninsulated or had signifi-
cant portions of insulation missing and significant buildup of
ice. A logical question is whether the 2 inches of ice assump-
tion is valid for the uninsulated portions of the lines. The 3E
Plus software was used to explore this question by customizing
the program to include ice as an insulating material. Results for
a 10-inch NPS low-temperature (-40°F) outdoor suction line
are summarized in Table 5.

Focusing on the Surface Temperature column, note that at
a thickness of 2 inches of ice, the predicted surface tempera-
ture is -4.5°F. In central Florida, the dew-point temperature
rarely drops below 20°F. So at a thickness of 2 inches of ice,
condensation on the outer surface would be expected, and this
condensed water would also be expected to freeze, causing the
ice layer to grow. Again referring to the Surface Temperature
column, note that the surface temperature does not get above
the freezing point of water until a thickness of 7 inches is
reached. However, the 3E Plus calculation does not account
for a number of factors in this situation, namely solar inci-
dence, the latent heat of the condensing water, and the effects
of gravity. In addition, outdoor temperatures and wind speeds
will not be constant, so some melting will occur, limiting ice
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Undamaged

½ in. ice / 1 ½ in.
wet

1 in. ice / 1 in. wet 

1 ½ in. ice / ½ in.
wet 

Condition

Table 3: Assumed Distribution of Insulation Damage

2 in. ice

Totals

30

20

15

15

Suction Lines,  
percent

20

100

30

10

10

10

Liquid Lines,  
percent

40

100

Water

Ice

0.21

3.8

15.6

Polyurethane

Table 2:
k (@ 32oF), Btu-in./(H ft2 F)

Undamaged

½ in. ice / 1 ½ in.
wet

1 in. ice / 1 in. wet 

1 ½ in. ice / ½ in.
wet 

Description

Table 4: Estimated Heat Gains for 10 in. 
Low Temp Suction Line Outdoors

2 in. ice

Weighted Average

30

20

15

15

Percentage

20

36.7

459

563

680

Heat Gain, Btu/h/ft

825

454
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buildup to thicknesses less than the 7 inches suggested by the
3E Plus calculations.

Referring to the heat gain column in Table 5, note that
for a 7-inch-thick layer of ice, 3E Plus calculates a heat gain
of 761 Btu/h/ft. For a 5-inch thickness, the heat gain is 833
Btu/h/ft. Referring to Table 1, the estimated heat gain for 2
inches of insulation saturated with ice was 825 Btu/h/ft.
Thus, it seems reasonable to use the 825 Btu/h/ft value to
represent the heat gain for either the 2 inches frozen case or
the uninsulated, ice-covered condition. This result is due to
the fact that the heat gains are not very sensitive to the thick-
ness of ice present—ice is a very poor insulator.

To explore this point further, compare the heat gain in
Table 5 for a ½-inch thickness of ice to that for a bare sur-
face. The presence of ice on the surface is predicted to
increase the heat gain to the pipe. The estimated heat gain
for a bare pipe is 1,065 Btu/h/ft, while the heat gain for a
pipe with ½ inch of ice buildup on the surface is 1,083
Btu/h/ft. This is an increase of 1.7 percent over the bare case,
because the thin layer of ice adds very little thermal resist-
ance to the system, yet the presence of the ice increases the
radiant heat transfer to the outer surface. Ice has a very high
emittance (0.97), so radiant heat transfer at the surface is
increased over that for bare steel (0.8). The net result is an

increase in heat gains for thin layers of ice. 
It is interesting to repeat the calculation for the smaller

liquid line sizes. Consider the results shown in Table 6 for a
2-inch NPS low-temperature liquid (-40°F) line exposed to
outdoor conditions. 

In this case, the heat gain increases from the bare case to
a maximum at a thickness of about 1.5 inches and then
decreases slowly with additional ice buildup. Note that a
thickness over 4 inches would not be expected since the sur-
face temperature would be above the melting point of ice. At
4 inches, the heat gain is roughly 7 percent higher than for
a bare pipe. 

This interesting result is due not only to the increase in
the surface emittance of the ice-covered surface, but also due
to a phenomenon known as the critical radius. Although the
resistance to conduction increases with the additional thick-
ness of ice, the surface resistance decreases due to increased
outer surface area. The maximum heat flow occurs at a
thickness corresponding to a critical radius. Further increases
in thickness of the ice layer reduce the heat gain.

The bottom line relative to the insulation appraisal is
that ice adds little resistance to heat transfer and, in some
cases, may actually increase the heat gain to the refrigeration
system.

bare

0.5

1.0

1.5

Variable
Insulation
Thickness

Table 5: Surface Temp and Heat Gains for NPS 10 in. 
Line at -40oF

2.0

-39.7

-30.1

-21.0

-11.2

Surface Temp 
(oF)

-4.5

1065.00       

1083.00

1051.00

1012.00

Heat Gain 
(BTU/hr/ft)

981.80

36.7

-1.74

1.29

4.96

Efficiency 
(percent)

7.78

2.5

3.0

3.5

4.0

4.5

1.4

6.7

11.3

15.5

19.1

953.30

926.30

900.80

876.90

854.50

10.46

13.00

15.38

17.63

19.74

5.0

5.5

6.0

6.5

7.0

22.4

25.4

28.1

30.5

32.7

833.40    

813.70

795.20

777.80

761.40

21.71

23.57

25.31

26.94

28.15

7.5

8.0

34.8

36.6

746.00   

731.50

29.93

31.26

bare

0.5

1.0

1.5

Variable
Insulation
Thickness

Table 6: Surface Temp and Heat Gains for Ice Covered NPS 2 in. 
Line at -40oF

2.0

-39.8

-22.1

-9.3

1.5

Surface Temp 
(oF)

10.1

380.50      

433.10

442.80

444.40

Heat Gain 
(BTU/hr/ft)

441.30

-11.20

-13.71

-14.11

Efficiency 
(percent)

-13.32

2.5

3.0

3.5

4.0

4.5

16.7

22.2

26.7

31.1

34.3

436.20

430.00

423.40

415.80

409.20

-12.00

10.41

-8.71

-6.76

-5.06

5.0

5.5

6.0

6.5

7.0

37.2

40.2

42.3

44.1

45.8

402.70

395.10

389.20

383.70

378.40

-3.41

-1.44

0.06

1.48

2.83

7.5

8.0

47.3

48.6

373.40 

368.70

4.12

5.34



DDeetteerrmmiinniinngg  AApppprroopprriiaattee  LLeevveellss  ffoorr  IInnssuullaattiioonn
UUppggrraaddeess
Insulation on refrigerant piping serves multiple design objec-
tives, including the following: 

• Process control
• Condensation control
• Energy conservation (cost and greenhouse gas emis-

sions savings)

For refrigerant piping systems, condensation control usually
dictates the appropriate insulation thickness. Process control in

refrigeration systems is important, particularly for liquid feed
lines where excessive heat gains can result in flash gas and pos-
sible pump cavitation. 

The low-temperature piping system will have both the
highest heat gains (due to the high temperature differences
between ambient and operating temperature) and the lowest
COP. This “high-value” system was therefore selected for initial
economic analysis. Results of 3E Plus calculations on low-tem-
perature 10-inch NPS outdoor piping insulated with poly-
styrene insulation (other types of insulation could have been
used for this calculation) with an aluminum jacket are summa-
rized in Table 7. 

The results associated with the “bare” case should be disre-
garded. As discussed earlier, a bare steel surface at a temperature
of nearly -40°F in central Florida would quickly be covered
with several inches of ice, so this case is not very meaningful.
The point is that a relatively small amount of insulation (½
inch) reduces the heat gain significantly and raises the surface
temperature to about 55°F. The cost of removing that heat gain
drops to $13.74/ft/yr. Adding thickness reduces heat gains and
associated operating costs further, but at a decreasing rate. The
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Insulation
Thickness in.

bare

1.5

2

2.5

Surface
Temp
(oF)

-39.7

66.7

67.9

68.7

Table 8: Economic Thickness Calculations for NPS 10 Line at -40oF

Heat Gain
(Btu/h/ft)

1065

50.1

40

33.7

Cost of
Energy
($/ft/yr)

104.9

4.94

3.94

3.32

Uniform
Present

Worth Factor

6.71

6.71

6.71

6.71

Estimated
Installed

Cost

0

26.76

32.34

36.83

Life Cycle
Cost
($/ft)

703.88

59.91

58.77

59.11

Simple
Payback

Period (yrs)

0.3

0.3

0.4

3

4

5

6

69.3

69.9

70.4

70.7

29.3

23.7

20.2

17.8

2.89

2.33

1.99

1.75

6.71

6.71

6.71

6.71

47.32

60.29

73.44

86.66

66.71

75.92

86.79

98.40

0.5

0.6

0.7

0.8

bare

0.5

1.0

1.5

Variable
Insulation
Thickness

Table 7: Surface Temps, Heat Gains, and Costs for 10-Inch 
NPS Line at -40oF

2.0

-39.7

55.3

63.4

66.7

Surface Temp 
(oF)

67.9

1065     

139

76.1

50.1

Heat Gain 
(BTU/hr/ft)

40.0

104.90

13.74

7.50

4.94

Efficiency 
(percent)

3.94

2.5

3.0

3.5

4.0

4.5

68.7

69.3

69.7

69.9

70.2

33.7

29.3

26.1

23.7

21.7

3.32

2.89

2.57

2.33

2.14

5.0

5.5

6.0

70.4

70.5

70.7

20.2

18.9

17.8

1.99

1.86

1.75
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Pipe Size, NPS

12

10

8

Table 9: Approximate Economic Thicknesses (in.) 
for Various Sizes and Operating Temps

6

-40oF

2

2

2½

2

5oF  

1½

1½

1½

1½

22oF

1½

1½

1½

1

4

2

1½

1½

1

1

1

1

problem becomes one of determining the optimum thick-
ness from a life-cycle cost (LCC) basis. This optimum
thickness (sometimes called the economic thickness) is the
thickness that minimizes the total costs (initial installed
cost plus operating costs) over the life of the insulation sys-
tem.

Determining the economic thickness is not easy since it
depends on a number of factors that are unknown or
unknowable. However, it is possible to make estimates
based on a set of assumptions. An example calculation is
summarized in Table 8. For the purposes of this analysis,
an economic life of 10 years and an annual discount rate
(cost of money) of 8 percent was assumed. This set of eco-
nomic assumptions translates into a multiplier (the
Uniform Present Worth Factor, or UPWF) of 6.71 on the
annual operating costs.

For the purposes of this analysis, installed costs were
estimated using the FEA Method built into the 3E Plus
program. Material cost factors of $6/ft for 2 x 2 pipe insu-
lation and $2/ft2 for 2-inch board insulation were used,
along with a labor rate of $60/hr. These cost estimates do
not include an allowance for removal and disposal of exist-
ing insulation or the inspection, repair, and preparation of
the substrate. Also note that these costs may vary based on
a number of factors.

In this case, a thickness of 2 inches of insulation yields
the lowest life-cycle cost of $58.77/ft/yr, so this is the eco-
nomic thickness. Note that the estimated operating costs at
a 2-inch thickness are $3.94/ft/yr. Increasing the thickness
to 2½ inches is estimated to save an additional $0.62/ft/yr,
or $4.16/ft over the life cycle. The installed cost of the
additional ½ inch is estimated at $4.49/ft, so the addi-
tional ½-inch increment is not economically justified.
However, the optimum is broad. Life-cycle costs do not
vary more than 10 percent from 1½ to 3 inches. Also, sim-
ple payback (relative to the bare case) is less than a year for
all the cases examined. 

The process was repeated for other sizes and operating
temperatures; results are shown in Table 9.

The conclusion is that the economic thicknesses are
lower than the condensation control thicknesses and,
accordingly, condensation control will determine the
appropriate levels for upgrades.  

Selecting the insulation thickness based on condensation 
control does not mean that the system is somehow “uneconomic.”
It simply means that the economic return is less than the maximum
possible. Referring to Table 8, note that the condensation control
thickness is 6 inches, while the economic thickness is 2 inches. At
6 inches, the simple payback is 0.8 years (10 months) relative to the
uninsulated case. At this thickness, the present value of the savings
over the life of the investment is $692/ft. This compares to an ini-
tial installed cost of $87, so the net present value is $605/foot. This
does not include the economic value of controlling condensation.
If a dollar value could be assigned to this benefit, the net present
value would be higher.

EEssttiimmaattiinngg  SSaavviinnggss  FFrroomm  UUppggrraaddeess
The final step in the assessment consists of calculating the expected
performance of upgrades to the insulation system. As discussed
above, the calculations assume upgrades to the thicknesses and
materials recommended by the facility. The thermal conductivity
curve appropriate for this insulation material was utilized in the 3E
Plus program. Results on a per-foot basis for outdoor piping are
summarized in Table 10.

As expected, the greatest potential savings are for the low-tem-
perature lines, due to the combined effects of greater temperature
differences and the lower COP for these systems. Savings estimates
for vessels range from $1.57/ft2/yr for the 22°F vessels to
$8.50/ft2/yr for the low-temperature (-40°F) vessels outdoors.

These savings estimates depend strongly on the assumptions
made about the performance of the existing insulation system.
Recall that the existing performance was based on the “weighted
average” of a mix of conditions. Savings for upgrading uninsulated
lines will be greater than these values. 

Estimates for the indoor lines are summarized in Table 11.
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Table 10: Potential Savings from Insulation Upgrades—Outdoors

2

-40

-40

-40

Operating
Temp

-40

Operating Costs, $/ft/yr

44.72

39.11

33.79

Existing

23.35

1.75

1.59

1.42

Upgrade

0.88

12

10

8

2

12

5

5

5

5

22

17.93

16.32

14.23

8.34

9.98

0.85

0.81

0.74

0.39

0.57

10

8

2

22

22

22

9.05

7.94

4.61

0.50

0.46

0.24

42.97

37.52

32.37

Potential
Savings

22.47

17.07

15.51

13.49

7.95

9.41

8.55

7.48

4.37



www.insulationoutlook.com10

Savings from upgrading indoor lines are generally lower due to
the lower heat gains expected for existing indoor lines and the
lower insulation thicknesses assumed for upgrades.

Insulating lines and vessels inside coolers and freezers will
not generally translate into energy savings since these heat
gains are beneficial (removal of thermal energy from the cooler
or freezer). However, insulation in these locations is important
from a process control, safety, and housekeeping standpoint. 

Based on rough estimates of the quantities of piping and
vessels judged to need upgrading (approximately 10,000 linear
feet), it was estimated that the potential aggregate annual sav-
ings are $110,000. The associated reduction of CO2 emissions
is estimated to be about 1,010 metric tons per year. 

The simple payback periods associated with upgrades will
vary depending on the cost and the scope of the upgrades.
Upgrading damaged or missing sections of low-temperature
lines and vessels outdoors will pay back in 1 to 2 years. Payback
periods for the medium-temperature surfaces will be longer.
Payback periods for specific surfaces are summarized for piping

in Table 12.
The higher temperature surfaces have longer payback peri-

ods due to the combined effects of  smaller temperature differ-
ences between the ambient and operating fluids, and the
higher coefficient of performance associated with these lines.
Also, these payback periods take into account the thermal ben-
efit of the existing insulation system, including wet and frozen
insulation. Payback periods for uninsulated lines or lines with
missing insulation will be shorter.

TThhee  BBoottttoomm  LLiinnee  
Properly designing, installing, and maintaining any mechani-
cal insulation system—especially systems operating below
ambient conditions—can provide a significant return on
investment beyond that of a simple payback calculation.
Management at this citrus facility chose to examine its existing
insulation systems, and the assessment results yielded a
roadmap for continuous improvement. 
The authors offer congratulations to the management at this facil-
ity on their foresight and extend our appreciation to them for
allowing us to share their story. Does your facility have a similar
story? If so, please e-mail editor@insulation.org.
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Table 11: Potential Savings from Insulation Upgrades—Indoors

2

-40

-40

-40

Operating
Temp

-40

Operating Costs, $/ft/yr

26.79

23.25

19.08

Existing

13.99

2.57

2.16

2.03

Upgrade

1.15

12

10

8

2

12

5

5

5

5

22

9.41

8.16

7.03

4.06

5.76

1.26

1.05

0.89

0.50

0.98

10

8

2

22

22

22

5.19

4.52

2.27

0.86

0.74

0.35

24.22

21.09

17.77

Potential
Savings

12.84

9.03

8.15

7.11

3.56

4.78

4.33

3.79

1.92

Low-Med Temp (5oF)

Table 12: Summary of Simple Payback Periods for Piping, yrs

Quantity, ftRange, yrs

Outdoor Indoor

Quantity, ftAggregate, yrs Range, yrs Aggregate, yrs

1-2800 251.8 2.2

Low-Med Temp (5oF)

High-Med Temp (22oF)

3-53070 4304.7 4-5 4.5

4-73570 3506.9 7-8 7.5

950 17.8Juice Lines (34oF)

Note: Estimates do not include removal of existing insulation or repair of preparation of substrate


