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1 INTRODUCTION 

The Massachusetts Program Administrators (PAs), with guidance from the Massachusetts Energy Efficiency Advisory 

Council (EEAC), approached DNV GL to prepare a report reviewing vendor calculators for pipe and fixture insulation, as well 

as historical evaluation findings from insulation projects. This report presents findings and recommendations from a review 

of 25 recent impact evaluation site reports completed on pipe/fitting insulation projects installed in Massachusetts between 

2016 and 2018, as well as a review of the calculators used by various vendors to estimate ex-ante energy savings and the 

process they use to collect data. Part of this work also involved asking questions of the vendors to get feedback from them 

about ways to improve the program, especially increasing the accuracy of savings estimates, while considering implications 

that potential program changes could have on customers and vendors.  In addition, this report describes the current 

methodology that the evaluators use to estimate ex-post savings and provides recommendations for improving those 

estimates.   
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2 EXECUTIVE SUMMARY 

Four tools and twenty-five evaluation site reports were reviewed as part of this report.1 For the tool review, each tool’s bare 

heat loss estimates were compared to the empirically measured heat loss values that were collected in 19292 on 1”, 3”, and 

10” nominal pipe size (NPS) horizontal pipes.    

• For the project review, we considered all the sources of evaluated discrepancies, including those from tool inaccuracies, 

to determine the best course for improving estimates. 

Table 2-1 summarizes some of the key characteristics of the tools. The tools vary in how widely they are used and the 

fundamental method for estimating savings. Three of the tools (one of which is used by evaluators, Tool C) provide similar 

estimates (±12%) compared to empirical data, while one tool3 exhibited higher deviation (~48%) from the empirical data for 

bare surfaces with temperatures in the 200°F to 400°F range. An exact convergence to a single empirical data set may not 

be possible nor expected.   

 
1 The MA PAs provided 11 different energy savings calculations associated with recent pipe and jacket insulation projects, and upon review, there were only four unique 

calculation methodologies.     
2 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301.  This was the only empirical set of data that we found at the 

time of the writing of this report which contained enough information on the inputs (bare surface temperature, ambient air temperature, pipe diameter, pipe 
orientation, surface emissivity), and outputs (heat loss rates), that would allow a comparison of the tools to measured data.   

3 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  
The vendor had not provided this new tool at the time of the writing of this report.   
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Table 2-1. Summary of reviewed savings calculation tools 

Method 
ID 

User of 
Method Tool Description 

Heat Transfer 
Coefficient Usage Transparency/ Locked Relative Accuracy 

A Vendor 1 Excel tool, and an external 
proprietary, vendor-specific, heat 
loss tool that is accessed through 

a web browser. 

Uses vendor's 
proprietary web-

based tool based 
on ASTM C680 

High Excel summary tool is unlocked; 
web-based heat loss tool is 

locked, but vendor made 
calculations behind tool 

available for team to review 

Medium/High – Bare heat loss 
values from tool are 4% to 12% 

higher compared to available 
empirical data4 for horizontal steel 

pipes 200°F-400°F5. 

B Vendor 2 

Excel tool that estimates the heat 
loss rates directly within the tool 
using a simple one-line formula 
assumes a constant combined 
convective and radiative heat 

transfer coefficient for all 
scenarios 

Uses fixed values 
of 3.2 Btu/hr-ft2-°F 

for 300°F bare 
surfaces, and 2.6 

Btu/hr-ft2-°F for 
200°F bare 

surfaces6 

High 
Two versions: one locked and 

one unlocked both were 
transparent   

Low/Medium – Bare heat loss 
values from tool are -15% to 48% 

different compared to available 
empirical data7 for horizontal steel 

pipes 200°F-400°F. 

C Vendor 3/ 
Evaluator  

Excel tool where inputs and 
outputs to the 3EPlus tool are 

stored, and annual energy 
savings are calculated using heat 

loss rates (Btu/hr-ft2) that are 
hard coded and rely on outputs 

from the 3EPlus software. 

The external tool 
3EPlus is used, 
which uses the 

ASTM C680 
calculation 

methodology  

Low use by 
vendors and 

customers. 
Used by 

evaluators 

The Excel summary tool is 
unlocked and transparent. 

3EPlus is locked and is not 
transparent. Outputs were 

identical to Vendor 1, which is 
transparent    

Medium/High – Bare heat loss 
values from tool are 4% to 11% 

higher compared to available 
empirical data8 for horizontal steel 

pipes 200°F-400°F. 

D 
National 

Grid 

Excel tool developed at the 
behest of National Grid by third-

party energy consulting firm, with 
formulas that trace back to 
fundamental heat transfer 

principals and refences ASTM 
C680. 

The methodology 
references and 

uses calculations 
found in ASTM 

C680 

Relatively 
low 

compared to 
A and B 

The tool is locked, but 
transparent, and unlockable to 
those with the password from 

National Grid  

Medium/High – Bare heat loss 
values from tool  

are -8% to 9% different compared to 
available empirical data9 for 

horizontal steel pipes 200°F-400°F. 

 
4 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301.  This was the only empirical set of data that we found at the time of the writing of this report which contained 

enough information on the inputs (bare surface temperature, ambient air temperature, pipe diameter, pipe orientation, surface emissivity), and outputs (heat loss rates), that would allow a comparison of the tools to 
measured data.    

5 See Table 5-1 in Section 5.1. 200° F to 400°F is the typical temperature range that the authors see when evaluating insulation projects in MA and other jurisdictions.   
6 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer coefficient for all configurations and input parameters, 

but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  The vendor had not provided this new tool at the time of the writing of this report.   
7 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301.  This was the only empirical set of data that we found at the time of the writing of this report which contained 

enough information on the inputs (bare surface temperature, ambient air temperature, pipe diameter, pipe orientation, surface emissivity), and outputs (heat loss rates), that would allow a comparison of the tools to 
measured data.    

8 Ibid.  
9 Ibid.  
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Twenty-five evaluated pipe and fitting insulation projects were included in the project review, and the overall realization rate 

for the projects was 90%. Table 2-2 summarizes the largest discrepancy type for each of the 25 projects. With the exception 

of the “calculation method,” the discrepancies arise from differences between implementer inputs characterizing field 

conditions and the evaluator observations of field conditions. A review of the site reports found that for projects where 

temperature discrepancies were larger than any other discrepancy type, the overall project realization rates were lowest 

(77%). Temperature adjustments were also cited as the most frequent largest adjustment reason (7 out of 25 projects), 

along with operating hour adjustments (also 7 out of 25 projects). Calculation methodology discrepancies, which capture the 

differences in savings between the tool used in the project and the evaluator tool or erroneous inputs into the tool, or the 

misapplication of a tool, were cited as the largest discrepancy type for four of the 25 projects. For these four projects, the 

total realization rate was 79% (Table 2-2). Our findings suggest that efforts between programs, evaluators, and vendors to 

establish a uniform approach for collecting bare surface temperature data may be the most impactful way to reduce future 

discrepancies between tracking and evaluated savings.   

Table 2-2. Summary of largest saving discrepancy reasons 

Project’s Largest Discrepancy Type 
Tracked 
Savings 

Evaluated 
Savings 

Realization 
Rate Count 

Temperature 329,375 252,412 77% 7 

Calculation Method  202,757 160,104 79% 4 

Boiler Efficiency  388,741 373,122 96% 5 

Operating Hour 359,340 355,291 99% 7 

Quantity  65,128 75,365 116% 2 

Total  1,345,341 1,216,294 90% 25 

Although the overall realization rate for these insulation projects is relatively high (90%), the results by PA are somewhat 

uneven, as shown in Table 2-3. The Eversource projects included five temperature adjustment discrepancy projects and 

three calculation method adjustment discrepancy projects that caused the lower realization rate. Digging deeper into the 

three Eversource projects classified as calculation method adjustments, two of the three were due to applicant input errors in 

the software, and the third was due to the use of Method B.   

Table 2-3. Insulation project realization rates by utility 

Utility  Tracked Savings 
Evaluated 
Savings Realization Rate Count 

Columbia Gas             368,056  348,444 95% 4 

Eversource             453,812  357,610 79% 11 

National Grid             458,982  435,315 95% 9 

Unitil               64,491  74,925 116% 1 

Total          1,345,341  1,216,294 90% 25 

Examining the temperature discrepancies, the primary source of reduced savings were large reductions in the bare metal 

temperature, with one project having a 30% realization rate due to the applicant using temperatures associated with a steam 

system for insulation installed on a hot water heating system. Indeed, all the projects with temperature discrepancies had 

realization rates less than 100%. One possible source for some of the differences may be the measurement method. 

Evaluators historically have typically measured the bare surface temperatures of the insulated materials using a 

thermocouple logger. Evaluators typically peel back the insulation temporarily to install the thermocouple logger. According 

to our interview with Vendor 1 (a very active vendor in Massachusetts), they typically read the pressure gauges immediately 

downstream of a boiler, or a pressure reducing valve, and uses the corresponding saturated steam temperature. This 

approach does not take into account pressure drops that occur through pipes, valves, and bends between the boiler output 

and the insulated device.10 The inaccuracy of using pressure readings coupled with saturated steam properties, instead of 

thermocouple readings is demonstrated through an example shown in Section 6.1.2. Another source of this discrepancy 

 
10 https://www.nrel.gov/docs/fy06osti/37853.pdf 
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discussed with Vendor 1 may be due to the time when evaluators collect their measurements versus when vendors collect 

their measurements. Boiler systems can operate differently depending on the season or outdoor air temperature. Vendor 2 

stated that they typically collected temperature data using infrared temperature guns. These are also not as accurate as 

thermocouple loggers, as discussed in Section 6.1.1. 

In summary, while there is one savings calculation method (Method B) that had been widely used and provided heat transfer 

savings calculations that were less accurate than the other reviewed methods,11 the primary source of errors appears to be 

bad input data and assumptions used to calculate the savings. So, while tightening up the savings calculation methodology 

may address part of the problem, a larger portion of the errors may be able to be addressed by working with vendors on 

ways to synchronize the data collection methods between implementation and evaluation phases, specifically around 

temperatures.         

2.1 Key findings and corresponding recommendations 

The analysis of the savings methodologies did provide some relevant information about the methods used to quantify the 

pipe and fitting insulation savings impacts, as did the review of the 25 evaluated projects. The following is a summary of the 

primary key findings, and corresponding recommendations:   

1. Finding: Differences related to bare surface temperatures of the insulated components between evaluation and 

tracking are the most significant sources of low realization rates. The seven projects where the bare surface 

temperature differences were indicated as being the largest discrepancy source had an average realization rate of 

77%. Other key parameter inputs such as operating hours, boiler efficiency and quantity also resulted in deviations 

between tracking and evaluated savings.   

Recommendation: The largest actions that can be taken to reduce discrepancies between tracking and evaluated 

savings will be around aligning methodologies between how key data is collected during the implementation and 

evaluation phase, especially bare surface temperature measurements. The study team recommends an effort to 

engage with the key vendors who develop insulation projects in Massachusetts, and together creating an agreed-

upon procedure for collecting key variables, namely surface temperature measurements. This may include 

recommended measurement devices, duration, and the location that measurements are taken on standard 

components. There was an agreement with Vendor 1 that these are issues worth studying and exploring further, 

and this vendor indicated that they would be interested in cooperating to investigate and ultimately establish and 

document best practices12.  

o Consideration: The study team suggests that consideration be given to an incentive mechanism that 

would encourage vendors and/or applicants to collect short-term temperature measurements prior to the 

payment approval stage. This data would be used to improve the accuracy of the ex-ante energy savings 

values. See Section 0, item 2.  

2. Finding: Three of the tools reviewed were built referencing ASTM Standard C680, which is a standard describing 

the established methodology for computer programs to calculate heat loss values for bare and insulated surfaces. 

These three tools were found to result in heat loss values that matched the empirical data more closely than the 

tool that was not built-in reference to ASTM C680,13 which instead uses a constant heat loss coefficient.   

 
11 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  
The vendor had not provided this new tool at the time of the writing of this report.   

12 See Section 0 
13 See Table 5-1 in Section 5.1. 200° F to 400°F is the typical temperature range that the authors see when evaluating insulation projects in MA and other jurisdictions.   
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Recommendation: The study team recommends that the Massachusetts PAs require insulation project ex-ante 

savings be based on tools that reference the ASTM C680 standard, rather than tools that use other methods, such 

as the default heat transfer coefficient previously used by Vendor 2.14 Representatives from National Grid indicated 

that they would be open to the possibility of sharing, selling, or leasing/licensing their tool with the other 

Massachusetts PAs, and that they would be open to having certain features of their tool (cosmetic or otherwise) be 

modified by either vendors or other third parties if it could be helpful.15 The study teams recommends that the PAs 

work with Vendor 2 to ensure that the new tool that they are using follows the ASTM-C680 standard. The study 

team recommends that other tools that have been verified to follow ASTM C680, such as the one developed and 

used by Vendor 1, and the 3EPlus tool, and any future tools that are verified to follow the standard, be allowed for 

use in estimating ex-ante and ex-post savings.      

3. Finding: One of the tools, Methodology D, developed by National Grid, which references ASTM C680, diverges 

somewhat from the other two tools that reference ASTM C680. The study team identified areas where this tool did 

not follow ASTM C680 during certain steps in the calculation.16  

Recommendation: The study team recommends that the divergences from ASTM C680 found in Methodology D, 

the tool developed for National Grid be corrected as outlined in Section 5.2.17 This will bring Methodology D fully 

into alignment with Methodology A, Methodology C, and ASTM C680. 

4. Finding: Vendor feedback about the programs offered in Massachusetts for insulation measures was very 

favorable.18 One suggestion that one respondent wanted to make clear was not specific to Massachusetts, but to 

programs in general, was that programs should make every effort to catch any savings/incentive adjustments 

during the initial project review wherever possible, rather than during the final project review. Surprises, or 

reductions to savings/incentives that occur during the final review, can result in significant customer dissatisfaction 

with the program. Vendors also indicated a strong desire to be involved in the decision-making process related to 

any planned or proposed updates to the program.    

Recommendation: The study team recommends that the Massachusetts PAs continue to communicate with key 

stakeholders, namely vendors who actively participate in the program, before making any significant changes to 

program delivery or requirements, and that the programs should continue to solicit and incorporate feedback from 

these key vendors.    

5. Finding: The team in the past has used a methodology whereby all components, including linear feet of pipe, had 

been converted to the “Tank Shell – Horizontal” geometry within 3EPlus in accordance with a BAG monthly call on 

10/4/2019 when it was discussed that the heat loss per square foot for smaller diameter pipes appeared to 

overestimate heat losses and impacts compared to larger diameter pipes and horizontal tanks. Based on a review 

of the available empirical data,19 heat loss per square foot rates for smaller diameter horizontal pipes are indeed 

larger than heat loss per square foot rates for larger diameter horizontal pipes and tanks. When evaluators convert 

 
14 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  
The vendor had not provided this new tool at the time of the writing of this report, so it has not been confirmed whether this new tool does or does not follow ASTM 
C680.   

15 See Section 0 
16 See Table 5-5 in Section 5.2 
17 See Table 5-5. Tool comparison to ASTM C680 standard 
18 See Section Error! Reference source not found.: Error! Reference source not found. for more details 
19 See Figure 6-7 in Section 6.3 
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horizontal pipes to the “Tank Shell – Horizontal” geometry within 3EPlus, the evaluators are underestimating the 

true impacts from these projects.   

Recommendation: The study team recommends that when evaluators and/or vendors use ASTM-C680 compliant 

tools, such as 3EPlus to estimate heat loss values, that the geometry and configuration of the pipe or component 

selected in the modelling program match as closely as possible to the geometry and configuration of the as-built 

condition. Specifically, the study team recommends that the evaluators no longer convert linear feet of pipe to the 

“Tank Shell – Horizontal” geometry within 3EPlus.   

2.1.1 Key findings and corresponding considerations 

The following is a summary of the additional key findings, and corresponding considerations:   

1. Finding: Overall, the weighted average historical realization rate for 25 recently evaluated insulation projects is 

90%, with a sample standard deviation of 27%. This corresponds to a coefficient of variation (c.o.v.) of 

approximately 30%, which is less variation than the 50% c.o.v. that is commonly recommended20 for designing 

sampling plans when the c.o.v. is not otherwise known. Based on this perspective, this insulation measure does not 

appear to be exhibiting unusually excessive variability related to evaluated results compared to tracking estimates. 

The 90% realization rate is also relatively high compared to other measure types, which should be recognized 

when considering investments of time and resources around improving realization rates relative to other measures.    

Consideration: In light of the overall realization rate of 90% for 25 recent insulation projects, and the 30% c.o.v.,21 

the study team suggests that any decisions around allocating budgetary resources to improving the future 

realization rates of insulation projects be carefully weighed against similar investments in improving the realization 

rates of other measures. Another consideration should be the positive momentum, forward progress, and positive 

interest that this study has generated with the vendors who have been engaged with this study effort so far, and 

that any agreed upon actions from this study be implemented sooner rather than later in order to maintain vendor 

engagement and momentum.  

2. Finding: Neither the evaluators nor the vendors are collecting emissivity data on the uninsulated components 

being insulated, but instead are relying on a default emissivity value (typically 0.80), even though the literature 

suggests22 that this can range from 0.68 to 0.95 for commonly insulated components, which can result in 

differences in bare total heat losses in the range of ±10%.23   

Consideration: The study team suggests for consideration that the evaluators in MA attempt to understand and 

document the range and variability of actual surface emittances found in typical insulation projects, by collecting 

emissivity data on 10-15 components at several upcoming projects. Currently, a default value of 0.80 is used, but 

the literature suggests than this value can change for steel components from 0.68 to 0.95 depending on numerous 

factors, which can lead to differences in bare heat losses by ±10%.24 There does not seem to be any empirical data 

supporting the 0.80 value, although there are several ways to collect it relatively easily in the field.25 

 
20 2012 IPMVP Vol. I, p. 98 
21 In sample designs, sample size is a direct function of c.o.v. This suggests that the approach of stratifying by measure type, where these insulation projects are evaluated 

in their own stratum, may result in lower sample sizes. Additional work to further reduce the c.o.v., such as by aligning data collection methods between evaluators 
and vendors, may not only have the benefit of increasing realization rates, but may also reduce sample sizes. This can potentially result in fewer customers being 
burdened by the evaluation process and may also potentially reduce evaluation costs.   

22 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
23 See Section 6.2, specifically Figure 6-6. Effect using a default emissivity value of 0.80 has on the true bare heat loss values 
24 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
25 https://www.transcat.com/calibration-resources/application-notes/measuring-emissivity 
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3. Finding: Evaluators typically do not invest significant effort during site visits site to validate bare surface area 

values indicated by vendors. Evaluators typically use more of a qualitative approach when verifying bare surface 

area values for components with surfaces whose geometry are irregular or complex. Review of past evaluation 

reports indicate that quantity differences are rarely the leading cause for savings discrepancies, but this may be 

due to the difficulty evaluators have in quantitatively verifying bare surface area values for many components that 

get insulated.   

Consideration: The study team suggests that the Massachusetts PAs consider purchasing a 3D scanner to help 

confirm bare surface area measurements as part of the pre-review and evaluation phases for non-pipe insulation 

applications. Right now, evaluators rely heavily on bare surface area values provided by the vendors and make 

qualitative assessments around whether those surface areas seem reasonable. We assume that reviewers 

involved during the implementation phase face a similar challenge. Acquiring a 3D scanner could allow bare 

surface area measurements to be made on a sample of fittings at projects, to better validate bare surface area 

values provided by vendors.     

2.2 Study purpose 

Pipe and fitting insulation projects are large and increasing contributors to the Massachusetts PAs’ statewide energy savings 

portfolio and currently represent the fifth-largest natural gas energy savings measure26 for custom projects. The primary 

objective of this study is to review vendor insulation gas savings calculators and past site-specific evaluation reports and 

provide recommendations for how the Massachusetts PAs should proceed with future insulation savings calculations. 

The recently completed 2017 and 2018 MA Custom Gas Impact Evaluation Reports found that vendors use a variety of 

savings calculation approaches. There are also multiple savings calculators across Massachusetts, resulting in different 

outputs for a given set of inputs. A review of vendor insulation savings calculators allows us to present recommendations on 

whether the Massachusetts PAs should adopt a standard approach around calculating gas savings from pipe and fixture 

insulation measures. 

This report reviews calculators from vendors that calculate savings based on inputs, including: 

1. Operational details such as hours of use and surface and ambient temperatures 

2. Dimensional measurements of pipe or bare fixture surface areas covered27.  

3. Insulation material characteristics such as heat loss, application type, or shape 

A survey of recently completed impact evaluation reports is also useful for exploring these issues. This review of vendor 

calculators and recently completed impact evaluation reports resulted in the recommendations described in Section Error! 

Reference source not found.. 

 
26 MA PY2018 Custom Gas Impact Evaluation, (report finalization still in progress) 

27 In general, the surface area term is only used for components that are not linear pipes but are irregularly shaped components and fittings. Unless otherwise specified, the 

surface areas discussed below are always referring the surface areas of the bare, irregularly shaped components, rather than the surface areas of the outer layers of 

insulation. For linear pipe applications, the bare and insulated surface areas are not generally used as inputs, since the heat loss values from 3EPlus and other ASTM-C680 

tools provide the heat loss rates in terms of Btu/hr per foot of pipe length rather than Btu/hr/ft2.      48 
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2.3 Study objectives 

The PA implementers have expressed a desire to identify and review current methods for calculating insulation savings. The 

project has three objectives related to calculation improvements to reduce evaluation discrepancies in Massachusetts. The 

objectives are to: 

1. Identify insulation calculators used within each PA service territory. These calculation methods come from a 

variety of sources, such as vendors, PA implementation groups, and trade organizations. Table 4-1 in Section 4 

includes a list of the calculators reviewed as part of this study after surveying the program administrators and 

requesting that they send us the tools that program participants use in their territories.   

2. Review collected calculators and calculation methods to determine the best characteristics of each and 

drawbacks of certain approaches. The review investigates the main differences between calculators and 

identifies the main characteristics and features of the individual calculators. The review also involves surveying key 

stakeholders, such as vendors and PAs, to understand their current practices. Section 4 of this report describes in 

detail the calculators reviewed as part of this study, the main characteristics of each, and the benefits and 

drawbacks of each. Section 5 of this report describes the relative accuracy of each tool, compared to empirical 

data.28 Empirical data was used rather than billing data, since the empirical data focuses solely on the affected 

components, whereas a billing data includes many other extraneous variables. Section 6 provides data and 

analysis related to how significant different input variables are in terms of key output variables. Error! Reference 

source not found. summarizes the information collected from key stakeholders.     

3. Report findings from the calculator review, impact evaluation file review, sensitivity analysis, and stakeholder 

survey, and provide recommendations around improving energy savings estimation approaches. Key findings 

and recommendations are found in Section 2.1 and Section 2.1.1. 

2.3.1 Note about sensitivity of insulated savings to bare vs. insulated characteristics 

Throughout this report, a lot of emphasis has been on understanding the accuracy and sensitivity of various inputs on the 

bare heat losses. This is because differences and adjustments made to bare heat loss values have a much stronger 

influence on the total energy savings compared to insulated heat loss values, due to the order of magnitude difference 

between bare and insulated heat losses.  

Bare heat losses are typically an order of magnitude higher than the insulated heat losses, so making an error on the 

insulated heat losses has considerably less of an effect on the savings estimates compared to errors that affect the bare 

heat loss values. 

 

  

 
28 The empirical data comes from Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. This data set included all of 

the inputs (ambient air temperature, surface temperature, pipe diameter, and emissivity), as well as the output heat loss rates, which were necessary to do complete 
apples to apples comparisons to the calculation tools.   



 
 

DNV  –  www.dnv.com June 14, 2021 Page 10 

 

3 EVALUATION FILE REVIEW  

This section presents findings from reviewing 25 recent evaluation reports completed in Massachusetts on projects involving 

installing insulation on bare pipes and fixtures in hot water and steam distribution systems.  

Figure 3-1 shows the 25 projects plotted on a scatter chart where the x-axis represents tracking savings values, and the y-

axis represents the evaluated savings values. This shows that on average, the tracking savings tended to be somewhat 

higher than the evaluated savings. From these 25 projects, 1,345,000 therms were claimed in the tracking database, and the 

evaluation process confirmed 1,216,000 therms. This resulted in a 90% realization rate for this sample of projects.       

Figure 3-1. Realized vs. tracking therm savings for 25 pipe and fitting insulation projects  

 

For each of the 25 evaluation reports, the authors noted the adjustment type that caused the largest change to the tracking 

savings. While for each file, there are usually multiple adjustments happening, this expedited file review only noted which 

adjustment type was most significant for each site-report. Figure 3-2 shows that differences between tracking and evaluation 

in bare surface temperatures and operating hours most often resulted in the most significant adjustments to the savings 

values. Anecdotally, based on the file review, operating temperatures seemed to result in larger savings discrepancies than 

operating hours, although both were common. This is also supported based on how the data is broken down in Table 3-1. 

Calculation methodology discrepancies, which capture the differences in savings between the tool used in the project and 

the evaluator tool or erroneous inputs into the tool, or the misapplication of a tool, were cited as the largest discrepancy type 

for four of the 25 projects. 

Figure 3-2. Leading reason for discrepancy between evaluated and tracking savings estimates  
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Table 3-1 and Figure 3-2 suggest that temperature adjustments are the leading causes for lower realization rates. Other 

adjustment types, like operating hours and boiler efficiency improvements, do not appear to be driving significantly large 

discrepancies in aggregate compared to temperature adjustments.     

Table 3-1. Summary of largest saving discrepancy reasons 

Project’s Largest Adjustment 
Type 

Tracked 
Savings 

Evaluated 
Savings 

Realization 
Rate Count 

Temperature Adjustment 329,375 252,412 77% 7 

Calculation Method Adjustment 202,757 160,104 79% 4 

Boiler Efficiency Adjustment 388,741 373,122 96% 5 

Operating Hour Adjustment 359,340 355,291 99% 7 

Quantity Adjustment 65,128 75,365 116% 2 

Total All Adjustment   1,345,341 1,216,294 90% 25 

An interview with Vendor 1, whose methodology was reviewed as part of this study, uncovered a likely root cause behind 

some of the differences in bare surface temperatures used in the calculations between implementation and evaluation 

estimates. Vendor 1 typically estimates surface temperatures for steam distribution systems by looking at pressure gauges, 

and then converting the pressure values to temperature values using saturated steam tables. Evaluators typically use 

thermocouples to measure the bare surface temperatures at the newly insulated components. The vendor stated that IR 

guns can often be incorrect if the emissivity setting on the IR gun does not match the true emissivity of the heat-emitting 

surface, which is why their preferred method is using the pressure gauges. However, the pressure gauge approach does not 

account for pressure drops along the distribution due to pipe lengths, valves, and bends, as well as the “heat fin” 

phenomenon common to some irregularly shaped components like stem valves. Thermocouple readings are the most 

accurate approach, but depending on the thermocouple type, can require more time to take measurements. However, there 

are thermocouple probes specifically designed to take surface temperature measurements29 quickly and easily, and this 

solution may be the best option for taking spot temperature measurements. Section 6.1.1 and Section 6.1.2 presents data 

that shows the inaccuracies that are introduced when pressure measurements with saturated steam properties, and IR 

guns/cameras are used instead of thermocouples to measure bare surface temperatures. In the handful of examples 

examined, using these other methodologies overestimated heat losses by between 16 and 30%.   

There were several cases where the tracking savings did not incorporate a boiler efficiency. This was more common with 

Vendor 2, whose tool that was reviewed30 as part of this study did not incorporate boiler efficiency, and instead simply 

calculated the reduced boiler load due to insulation, rather than the reduction in boiler gas usage. This is discussed further in 

Section 4.2.   

Table 3-2 shows the list of the 25 insulation projects that were recently evaluated, along with the realization rate and largest 

discrepancy source for each project.   

 
29 https://www.grainger.com/ec/pdf/9PTF7_1.pdf 
30 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  
The vendor had not provided this new tool at the time of the writing of this report, so it is unknown if this new tool incorporates a boiler efficiency term or not.   
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Table 3-2. List of 25 pipe and fitting insulation projects evaluated in MA  

Utility Project Number Tracked Evaluated RR Leading Reason for Discrepancy  

Eversource 2018EV0045 105,804 82,812 78% Temperature Adjustment 

Eversource 2017EV0104 88,441 68,227 77% Temperature Adjustment 

National Grid 2016N0250 62,931 54,221 86% Temperature Adjustment 

Eversource 2017EV0076 42,783 28,174 66% Temperature Adjustment 

National Grid 2017N0168 17,737 12,814 72% Temperature Adjustment 

Eversource 2017EV0043 6,357 4,561 72% Temperature Adjustment 

Eversource 2018EV0052 5,322 1,603 30% Temperature Adjustment 

National Grid 2017N0193 239,713 229,392 96% Operating Hour Adjustment 

Columbia Gas 2017C0129 68,652 81,860 119% Operating Hour Adjustment 

National Grid 2017N0191 35,856 24,157 67% Operating Hour Adjustment 

Eversource 2018C0089 9,362 14,249 152% Operating Hour Adjustment 

Eversource 2016E0417 2,206 1,958 89% Operating Hour Adjustment 

Eversource 2016E0417 2,207 1,913 87% Operating Hour Adjustment 

Columbia Gas 2016C0684 1,344 1,762 131% Operating Hour Adjustment 

Columbia Gas 2016C0672 297,423 264,382 89% Boiler Efficiency Adjustment 

National Grid 2016N0144 42,232 54,898 130% Boiler Efficiency Adjustment 

National Grid 2016N0113 36,193 42,308 117% Boiler Efficiency Adjustment 

National Grid 2016N0046 9,215 8,150 88% Boiler Efficiency Adjustment 

National Grid 2016N0248 3,678 3,384 92% Boiler Efficiency Adjustment 

Eversource 2016E0769 90,134 75,013 83% Calculation Method Adjustment 

Eversource 2016E0480 65,006 54,107 83% Calculation Method Adjustment 

Eversource 2016E0470 36,190 24,993 69% Calculation Method Adjustment 

National Grid 2016N0313 11,427 5,991 52% Calculation Method Adjustment 

Unitil 2016U0575 64,491 74,925 116% Quantity Adjustment 

Columbia Gas 2016C0584 637 440 69% Quantity Adjustment 
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4 REVIEW OF INSULATION CALCULATORS USED IN MASSACHUSETTS 

This section presents the typical methodologies used in Massachusetts for estimating pipe and fitting insulation savings.  

The team has reviewed four calculation techniques used in Massachusetts, which are shown in Table 4-1. The vendor 

names have been anonymized. Two of the techniques (B and D) calculate the heat loss values within the tool itself, two (A 

and C) require an external tool to estimate the heat loss values. Three of the methodologies, (A, C, and D), reference ASTM 

C680: Standard Practice to Estimate the Heat Gain or Loss and the Surface Temperatures of Insulated Flat, Cylindrical, and 

Spherical Systems by Use of Computer Programs.31 This standard provides guidance on calculating the heat loss 

coefficients that depend on a number of input variables. One tool (B) assumes a constant combined heat loss coefficient for 

all scenarios.32   

Table 4-1. Calculation techniques used in Massachusetts 

Method 

ID 
User of 
Method Description 

Frequency 
of Use in MA Heat Loss Calculation Method 

A Vendor 1  Vendor 1 CRM33 tool which calculates 
Custom Heat Loss Coefficients (CHLC) 

and exports heat loss values to Excel 
tool where annual savings calculations 

are shown 

High Calculates heat loss values using a 
proprietary, but transparent, external 

web-based tool that references ASTM 
C680 

B Vendor 2  
Vendor 2 Excel tool which uses a 

Default Heat Loss Coefficient (DHLC) 
High 

Assumes a constant heat loss value 
across all scenarios in an unlocked, 

transparent Excel tool  

C Vendor 3/ 
Evaluator  

NAIMA Excel form with heat loss 
inputs from 3EPlus software which 

calculates Custom Heat Loss 
Coefficients (CHLC) 

Low Calculates heat loss values using 
3EPlus V4.1, a publicly available tool 

that is based on ASTM C680 
calculations. The tool is locked and not 

especially transparent 

D 
National 

Grid 

National Grid Excel tool which 
calculates Custom Heat Loss 

Coefficients (CHLC) 
Low 

Calculates heat losses in internal Excel 
tool, that is locked, but transparent to 

those with password. The tool 
references ASTM C680    

4.1 Methodology A: Vendor 1 approach 

This section provides additional details behind Methodology A from Table 4-1. Methodology A is used by one of the two 

major insulation vendors that actively participates in the Massachusetts Commercial and Industrial (C&I) energy efficiency 

programs. Two members of this company’s senior leadership agreed to be interviewed as part of this study. They answered 

detailed questions about their tool and provided information related to their established processes for collecting the data that 

feeds into their sales, procurement, manufacturing, and invoicing systems. They also provided information and 

documentation describing specifically, line by line, how their energy savings calculations are performed in accordance with 

ASTM C680, and provided access to the individual within their company who is responsible for developing and keeping the 

calculation tool operating properly. This vendor was also asked about and provided recommendations regarding potential 

changes under consideration related to how this measure is offered in Massachusetts, and those responses can be found in 

Error! Reference source not found..   

 
31 https://www.astm.org/Standards/C680.htm 
32 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.   
33 CRM = Customer Relationship Management  
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Table 4-2 provides additional details behind Methodology A from Table 4-1. The methodology includes an Excel tool that is 

typically submitted as part of custom incentive applications where this vendor develops and completes the insulation project 

and a proprietary web-based heat loss tool.   

Table 4-2. Detailed description and review of calculation behind Methodology A 

ID: Methodology A   Users of this Method 

from Table 2-1: 
Vendor 1 

     

Tool Type: 

Requires external heat loss 

calculator to determine annual 

therm savings 

 Heat Loss Calculation 

Method: 

Uses vendor's proprietary tool based 

on ASTM C680 

     

Excel Summary Tool 

Locked/Unlocked: 
Unlocked  

Excel Summary Tool 

Transparent/ Not 

Transparent 

Transparent – formulas are simple 

and easy to follow 

 
    

Web-Based Heat Loss 

Tool Locked/Unlocked: 

Locked – user is not able to update 

any of the formulas within the tool 
 

Web-based Heat Loss 

Tool Transparent/ 

Not Transparent 

Transparent – code for single 

scenario was provided, outlining 

each calculation step 
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Methodology Description 

This calculation methodology comprises an Excel tool and an external proprietary, vendor-specific heat loss tool that is accessed 

through a web browser. The authors of this report were given access to this web browser-based heat loss tool, as well as an export of 

the step-by-step software code describing the calculation approach for one set of inputs. The document that was submitted by the 

vendor showed that for one set of inputs, this proprietary software resulted in the same heat loss value outputs as the 3EPlus V4.1 

program.34 The authors of this report were able to reproduce the same outputs in 3EPlus and this proprietary tool as documented by 

the vendor.   

 

The external, proprietary heat loss tool can only be used by individuals working on behalf of the insulation company that built it, or by 

those specifically given access to it by the insulation company. 

 

The Excel tool has no dynamic cells that calculate the heat loss rates, and instead is a summary spreadsheet that lists a description 

and location of the uninsulated components that have been insulated as part of the project, as well as other pertinent information. It is 

primarily a place to document the inputs and outputs for the proprietary heat loss software for each component and to perform some 

standard dynamic calculations around total therm savings, simple payback period, greenhouse gas savings, etc. It appears that this 

Excel based tool is an output from their proprietary heat loss calculation and CRM software. This Excel summary tool is what a 

customer submits with their incentive applications to describe their project scope and energy savings estimates.   

 

The heat loss rates (Btu/hr/ft2) in the Excel tool are hard coded and are based on the proprietary web-based tool.  According to the 

company representatives who were interviewed as part of this study, the web-based software was built referencing ASTM C680. We 

confirmed that to be the case (see Section 5.2 for details). 

 

The company representatives interviewed stated that typically, component surface temperatures are based on gauge pressure 

readings at the boiler discharge, or immediately after any pressure reducing valves in the system. This differs from standard 

evaluation practices, which involve taking direct spot temperature measurements on a sample of the bare surfaces of the insulated 

components. This different methodology likely helps explain why differences in the bare surface temperatures account for the largest 

discrepancies between evaluation and tracking savings estimates. The vendor also suggested that, potentially, differences may be 

explained by the different time of the year that a vendor may collect data versus when an evaluator may collect data, in situations 

where boiler operation can change seasonally. The vendor's annual runtime estimates are based on information provided by facility 

staff, and boiler efficiency estimates are 80% unless more specific information is provided by facility staff.   

 

One unique aspect of this company's process for developing savings estimates for insulation projects is their approach to estimating 

the bare surface areas of the components that they make insulation materials for. They have assembled a vast library of bare surface 

area data for standardized components, based on manufacturer cut sheets, drawings, and 3D files. For specialty items, they use a 3D 

scanner.     

     
Algorithm for Calculating Heat Loss Values 

The company representative said that their proprietary web-based heat loss tool was built using the methodology outlined in ASTM 

C680, which was confirmed by the study team (see Section 5.2 for details). The outputs from this tool were checked against the 

outputs from 3EPlus for several scenarios, and the outputs were mostly consistent (see Table 5-1 through Table 5-4 in Section 5.1).   

     
Range of Applicability 

High. This tool is supported by the insulation company's vast library of bare surface area data for various types of fittings and devices. 

Prior to this review process, the tool incorporated a built-in value for the bare surface emissivity of 0.8, but upon requesting that this 

be an input field that the user could adjust, the vendor quickly made the adjustment so that the base metal type or emissivity could be 

easily changed by a user if a value other than 0.8 were desired. This tool is able to develop heat loss values for up to two layers of 

insulation.    

     

 
34 3EPlus is a software program developed by the North American Insulation Manufacturers Association (NAIMA) and the DOE and has historically been the preferred tool 

used by evaluators to evaluate pipe and fitting insulation projects in MA.   
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Simplifying Assumptions 

This vendor typically does not use spot measurements of the bare surfaces at each insulated component, but instead typically uses 

temperatures derived from pressure gauges immediately downstream of the boiler or of any pressure reducing valves. This practice 

may be partially responsible for what is causing there to be consistent differences between evaluator bare surface temperatures and 

tracking bare surface temperatures, since evaluators typically measure the temperature of a sample of components using 

thermocouples.   

 

The emissivity previously had a hard-coded value of 0.80, even though this study has found numerous references indicating that 

emissivity for various metal components commonly insulated as part of these projects can vary from 0.6 to 0.95. However, upon 

bringing this to the vendor’s attention, the vendor quickly adjusted this tool to make it a field that the user could enter if they have 

more accurate emissivity data. 

 

The surface temperature is assumed to be the same value for all hours of the year that an insulated surface is energized. If the 

surface temperature has a large degree of variability throughout the year, order of operation rules are violated if an average 

temperature is used as an input to the heat loss tool, rather than taking the appropriately proportioned average of the heat loss values 

calculated at the different operating temperatures. See Section 6.5 for additional details.   

 

     
Accuracy – Alignment with Real Data 

Medium/High. Bare heat loss values from tool are 4% to 12% higher than available empirical data35 for horizontal steel pipes 200° to 

400°F.36 See Section 5.1 for more details.    

 

This tool was built referencing ASTM C680, and the study team verified that the ASTM C680 algorithms were followed (Section 5.2).   
     

Ease of Use: Medium  Frequency of Use in 

MA: 
High 

     
Input Field List for Excel Tool: 

·Item # 

·Location1 of Insulated Pipe/Fitting 

·Location2 of Insulated Pipe/Fitting 

·Location 3 of Insulated Pipe/Fitting 

·Description of Insulated Pipe/Fitting 

·Nominal Pipe Size  

·Equivalent Length of Straight Pipe 

·Equivalent Length of Elbows and Tees 

·Operating Temp (°F) 

·Ambient Temp (°F) 

·SF/component 

·In Service Hours 

·Insulation Thickness  

·Bare Btu/hr/ft2 lost 

·Insulated Btu/hr/ ft2 lost 

·Insulated Touch Temp 

·Cost/MMBTU 

·Price per Insulated Pipe/Fitting Element 

·Boiler Efficiency 

     

 
35 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
36 See Table 5-1 in Section 5.1. 200° F to 400°F is the typical temperature range that the authors see when evaluating insulation projects in MA and other jurisdictions.   
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Output Field List for Excel Tool: 

·Dollars Lost per Year if Uninsulated 

·Simple Payback Period 

·Total Yearly Dollar Savings if Insulated  

·Pre Therms 

·Post Therms 

·Therms Saved Per Year 
     

Input Field List for Proprietary Web-Based Tool: 

·System Type (horizontal pipe, vertical pipe, flat horizontal surface facing up, flat horizontal surface facing down, flat vertical surface) 

·Geometrical Details (NPS size and length for pipes, dimensions if flat surface) 

·Process Temp (°F) 

·First Insulation Layer Type (7 options provided) 

·First Insulation Layer Thickness (in.) 

·Second Insulation Layer Type if Added (7 options provided) 

·Second Insulation Layer Thickness if Added (in.) 

·Emittance of Outer Layer of Insulation 

·Ambient Temp (°F) 

·Wind Speed (mph) 

     
Output Field List for Proprietary Web-Based Tool: 

·Jacket Outer Temp (°F)  

·Insulated Heat Loss (Btu/hr-ft2) 

·Bare Heat Loss (Btu/hr-ft2) 

 

High-level benefits: This calculation tool and methodology is tightly integrated with this vendor’s highly digital project 

development process, which uses a CRM that the company invested significant resources into to reap operational 

efficiencies. Data collected on-site is used to develop cost and savings estimates alongside a customized scope of work for 

the customer to review and approve. Data collected on-site is then used by the manufacturing team to produce the insulation 

components needed for the project, and finally by the installation team and, in some cases, the vendor’s internal M&V team 

to report results. The calculation tool produced results very consistent with 3EPlus, the current tool used by evaluators in 

Massachusetts as shown in Section 5. The calculation steps behind the tool were provided by the vendor and found to be 

consistent with the methodology outlined in ASTM C680, meaning this tool is transparent. This vendor has stated that they 

have invested a lot of time to develop a proprietary library of component bare surface area data from standards documents, 

manufacturer cut sheets, and CAD files, and from their use of 3D scanning equipment. The vendor states that they have a 

digital library within their CRM where this information is stored. They have high confidence in their surface area 

measurements because they are needed for manufacturing the customized insulation solutions and for developing accurate 

energy savings estimates.     

High-level drawbacks: There were several areas identified for improvement. Those areas are: 

1. The vendors who collect data to input into this tool reported that they currently base the bare surface temperature 

data on gauge pressure readings, converted to temperature using the saturated steam tables. Evaluators, on the 

other hand, typically use thermocouples to measure bare surface temperatures. The study authors believe this 

difference in temperature measurement procedure may be the root cause of the very common evaluation finding 

that the evaluated measured surface temperature is different from the tracking measured surface temperature. The 
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study authors recommend that additional coordination be done with this insulation vendor and other insulation 

vendors to ensure consistent and best practices around temperature measurement data collection.   

2. Both this tool and 3Eplus appear to overestimate bare heat losses compared to a single set of empirical heat loss 

data reviewed as part of this study by 4% to 12% (see Table 5-1 in Section 5.1). It may be beneficial to further 

investigate this discrepancy, however, based on information provided by the contact person for ASTM C680, this 

discrepancy may simply be due to inherent inaccuracies in the 1975 Churchill and Chu correlations that are used in 

ASTM C680. See Section 5.1 for more details.  

3. One suggestion that the study team made to the vendor as part of this review process was to allow the user to 

adjust the emissivity of the bare component surface, rather than assuming a value of 0.80 for all surfaces. The 

vendor quickly made this adjustment, so this tool is now able to accept custom emissivity values if known. 

Currently, neither the evaluators nor the vendors/customers typically attempt to measure the emissivity of the bare 

surfaces that are being insulated. This is potentially an area where both the evaluator and vendors/customers could 

make improvements with respect to the accuracy of the energy savings estimates. There are several simple 

methods to measure emissivity in the field.37 See Section 6.2 for the sensitivity analysis related to this.    

4. Like all the other methodologies evaluated as part of this study, this methodology is not able to easily deal with 

varying surface and/or ambient temperatures over the course of the year. The typical process for this and the other 

methodologies is to estimate the average energized surface temperature and ambient temperature over the year, 

and then calculate the corresponding heat transfer rate, which is applied across the annual energized runtime for 

the components. If the surface temperatures vary considerably, this introduces some amount of inaccuracy due to 

violating order of operations principles. See Section 6.5 for more details on how order of operations rules can be 

violated using this approach in instances where surface temperature values (or, less commonly, windspeed) vary 

throughout the year. The study team does not know with a high level of certainty how much inaccuracy this issue 

currently introduces, but our initial viewpoint is that this issue is not likely an overwhelming source of inaccuracy 

relative to other sources. Additional attention and possible tracking of this issue on future insulation projects may 

provide additional insight into how significant or insignificant this source of inaccuracy may be. As mentioned, 

Section 6.5 provides additional discussion on this topic.   

4.2 Methodology B: Vendor 2 default heat loss calculation approach 

This section provides additional details behind Methodology B from Table 4-1. Methodology B was for some time used by 

the other of the two major insulation vendors that actively participates in the Massachusetts C&I energy efficiency programs. 

This vendor stated that they no longer use this methodology, but at the time of the writing of this updated version of the 

report, the newer calculation tool had not been provided to the study team.   

There were two versions of tool B that were submitted by the Massachusetts PAs, but the overall methodology was the 

same, with only minor differences. One version was unlocked and was suitable for many different types of components 

(valves, elbows, strainers, tees, linear pipe, etc.). The other tool was locked and was only applicable for insulating steam 

traps. The one for steam traps included a lookup table of bare surface areas for common steam traps, along with the part 

number for the recommended insulation jacket for each trap type. Both Liberty and National Grid submitted identical 

versions of the unlocked tool for generic components. These two identical unlocked tools used a combined heat transfer 

coefficient of 3.2 Btu/ft2-°F for bare surfaces, which the tool stated was valid for 300°F surfaces. The range of surface 

temperatures in these tools was between 170°F and 300°F, with an average of 234°F. The locked tool for insulating bare steam 

 
37 https://www.transcat.com/calibration-resources/application-notes/measuring-emissivity 
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traps indicated that it was using a combined heat transfer coefficient of 2.6 Btu/ft2-°F, which the tool stated was applicable for 

200°F surfaces. The surface temperatures used in this particular tool ranged from 80°F to 283°, with an average of 217°F.   

Table 4-3 provides details behind Methodology B from Table 4-1.   

Table 4-3. Detailed description and review of Excel calculator tool used in Methodology B 

Tool ID: Methodology B  Users of this Method 

from Table 2-1: 
Vendor 2  

     

Tool Type: 
Calculates heat loss rates and 

annual therm savings 
 Heat Loss 

Calculation Method: 

Uses vendor's proprietary tool based 

on one-line formula calculation 

     

Excel Tool 

Locked/Unlocked: 

Both: Two that were submitted 

were unlocked, one was locked. 

The locked tool was verified to 

follow the same methodology.  

 
Excel Tool 

Transparent/ 

Not Transparent 

Somewhat transparent – formulas are 

simple and easy to follow. However, 

sources behind their assumptions for 

key variables, such as combined heat 

transfer coefficients and thermal 

conductivity for their insulation, are not 

provided.  

 
    

Methodology Description 

This tool is unique among the other methodologies evaluated in that it estimates the heat loss rates directly within the tool using a 

simple one-line formula, rather than relying on 3EPlus, a similar external tool, or more complex internal calculations that are standard 

in heat transfer textbooks. This is the only methodology reviewed that does not refer to ASTM C680 for calculating combined heat 

transfer coefficients. This approach is very simple, but less accurate than the other calculators examined due to assuming a constant 

combined convective and radiative heat transfer coefficient for all scenarios within a single tool. Three separate Excel files were 

submitted by the Massachusetts PAs, and in two of them, a combined heat transfer coefficient of 3.2 Btu/ft2-°F was used, which the 

tool stated was valid for 300°F bare surfaces. In one of them, a combined heat transfer coefficient of 2.6 Btu/ft2-°F was used, which 

the tool stated was valid for 200°F bare surfaces.  

     
Algorithm for Calculating Heat Loss Values 

The following one-line algorithm was used to calculate the heat loss values for the tools reviewed: 

 

Q = K (Delta T) / (L+(K/Ht)) * Area Ea. Sq. Ft. * Quantity 

Q = Heatloss (BTU/Hr. / Sq. Ft.) 

K = Bare Thermal Conductivity(STL and C.I. = 26.9) 

K = Insulated Thermal Conductivity(T.M.=.525) 

L = Insulation Thickness 

Delta T = Surface Temp - Ambient Temp. 

Ht = Combined Coefficients (300 Deg F. = 3.2) 

(Radiation, Convection, & Conduction) 

 

For the locked tool that was specific to steam traps, Ht = 2.60 instead of 3.2, and K = 0.32, corresponding to a mean temperature of 

200°F. The locked tool was verified to follow the same formula for the bare heat loss calculation as the unlocked tool by algebraically 

comparing the inputs and outputs.   

     
Range of Applicability 

Medium. While technically this equation can be applied to any scenario, it becomes less accurate as the scenarios increasingly 

differ from the (non-transparent) assumptions used to develop the assumed constant combined heat transfer coefficient.  
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Simplifying Assumptions 

This tool uses a constant radiation and convection heat transfer coefficient, which are not impacted by key variables such as bare 

surface temperature, ambient temperature, geometry, orientation, wind-speed, or emissivity. 

 

The unlocked tool, which is used for various types of components, does not calculate therm savings (just MMBtu savings) in terms of 

what the boiler is no longer required to produce. It does not include a boiler efficiency term. The locked tool, which is specific to 

steam traps, does include a boiler efficiency term.   

 

Surface temperatures are assumed to be the same value for all hours of the year that the insulated surface is energized. 

     
Accuracy – Alignment with Real Data 

Low/Medium. Bare heat loss values from tool are -15% to 48% different compared to available empirical data38 for horizontal steel 

pipes 200°F to 400°F. This tool is the least sophisticated and accurate of the tools reviewed. See Section 5 for additional details.  

     

Ease of Use: Easy  Frequency of Use in 

MA: 
High 

     
Input Field List for Unlocked Excel Tool Used for Many Different Types of Components: 

·Insulation Thickness 

·Fuel Cost ($/mmBtu) 

·Qty 

·Location 

·Description / Location 

·Measured Surface Temp. 

·Ambient Temp. 

·Area (Ea) (Sq.Ft.) 

·Operating Hours 

     
Output Field List for Unlocked Excel Tool Used for Many Different Types of Components: 

·Bare Heat Loss (Btu/Hr) 

·Bare Heat Loss (MMBtu/Yr) 

·Bare Heat Loss ($/Year) 

·Insulated Heat Loss (Btu/Hr) 

·Insulated Heat Loss (MMBtu/Yr.) 

·Insulated Heat Loss ($/Yr.) 

     
Input Field List for Locked Excel Tool Used for Steam Traps Only: 

·Quantity 

·Trap Make and Model Number (Notes) 

· Part Number (Jacket Part Number) 

·Cool (Yes/No) 

·Operating Hours 

·Ambient Temperature 

·Surface Temperature 

·$/MMBtu 

·$/CCF 

·$/Therm 

·Estimated Boiler Efficiency  

     
 

38 Ibid.  
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Output Field List for Locked Excel Tool Used for Steam Traps Only: 

·NRG - Part Number (Jacket Part Number) 

·Surface Area (sq.ft/ per trap) 

·Bare Heat Loss (Btu/Hr) 

·Insulated Heat Loss (Btu/Hr) 

·Bare Heat Loss (Btu/Yr) 

·Insulated Heat Loss (Btu/Yr) 

·Thermal Heat Loss Savings (Btu/Yr) 

·Thermal Heat Loss Savings (CCF/Yr) 

·Thermal Heat Loss Savings (Therms/Yr) 

·Annual MMBtu Savings ($) 

·Annual CCF Savings ($) 

·Annual Therm Savings ($) 

High-level benefits: The main benefit of this tool is that it is simple to use. 

High-level drawbacks: The primary drawback of this methodology is that the heat loss calculations do not reference ASTM 

C680, meaning that accuracy is compromised to a much higher degree than other methodologies used in MA that are 

reported here.       

This tool has the same drawback as all of the other tools discussed in Section 6.5 related to order of operation inaccuracies 

introduced in situations where surface temperature, ambient temperature, or windspeed (if applicable) vary significantly over 

the course of a year.   

Appendix 0 shows the interview questions asked to and answered by this vendor, in relation to the calculation tool that was 

reviewed as part of this study, as well as their field data collection procedures. This vendor indicated that they no longer use 

the tool that was part of this study, but they did not provide the tool that they currently use. They indicated that rather than 

using a single combined heat transfer coefficient like their old tool, that they currently use a new tool that uses one of four 

heat transfer coefficients. This approach is still not in alignment with ASTM-C680, because it does not account for geometry 

differences, wind speed differences, or differences in ambient air temperature, but it appears to be more accurate than 

simply using a single heat transfer coefficient for all bare surface temperatures.   

4.3 Methodology C: 3EPlus- Evaluator/Vendor 3 approach 

This section provides additional details behind Methodology C from Table 4-1. Methodology C was used by a mechanical 

insulation firm once on two projects located at a single premise that they worked on in Massachusetts. This vendor has only 

participated in this program on this one occasion but expressed interest in participating more in the future. Additional details 

about this vendor can be found in Section 0. This methodology uses hard-coded heat loss rates generated by 3EPlus V4.1 

to calculate heat loss reductions and stores the inputs and outputs in a standardized Excel workbook template, where 

annual gas savings are then calculated for each component. The 3EPlus tool is what the evaluators in Massachusetts 

currently use when completing their evaluations of pipe and jacket insulation projects. The 3EPlus tool was developed by the 

North American Insulation Manufacturers Association (NAIMA), along with support from the US Department of Energy 

(DOE). The tool was built using calculations outlined in ASTM C680.39 The DOE no longer directly supports continued 

maintenance of this tool40 but the tool is still managed and hosted by NAIMA and is available for download from their 

website. The 3EPlus tool is incorporated into the insulation training certification program offered by the National Insulation 

 
39 https://insulation.org/training-tools/3e-plus/ 
40 https://www.energy.gov/eere/amo/software-tools 
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Association (NIA).41 The 3EPlus download website has a user’s manual that is dated 2012 and provides an option to reach 

out to technical support at 3EPlus@Naima.com, but this email address is no longer active.42  

Table 4-4 provides additional details behind Methodology C from Table 4-1.   

Table 4-4. Detailed description and review of Excel calculator tool used in Methodology C 

Tool ID: Methodology C  Users of this Method 

from Table 2-1: 
Vendor 3/ Evaluator 

     

Tool Type: 

3EPlus calculates heat loss 

rates  

NAIMA form records 3EPlus 

inputs and outputs, and 

calculates annual savings 

 Heat Loss Calculation 

Method: 

The external tool 3EPlus is used, 

which incorporates the calculation 

methodology outlined in ASTM C680 

     

NAIMA Excel Tool 

Locked/Unlocked: 
Unlocked  

NAIMA Excel Tool 

Transparent/ 

Not Transparent 

Fully transparent 

     

3E Plus Tool 

Locked/Unlocked: 

Locked – source code behind 

tool is not available to users 
 

3EPlus Tool 

Transparent/ 

Not Transparent 

Not especially transparent. The code 

and calculation steps are not 

publicly available and were not 

provided as of the writing of this 

report.    

 
    

Methodology Description 

Vendor 3 uses a simple Excel tool that was built by NAIMA. The NAIMA Excel tool is where inputs and outputs to the 3EPlus tool are 

stored and annual energy savings are calculated. This tool has no dynamic cells that calculate the heat loss rates. The heat loss 

rates (Btu/hr/ft2) in this tool are hard coded and rely on outputs from the 3EPlus software. This Excel tool references NAIMA (the 

North American Insulation Manufacturers Association, which is the trade association that originally developed 3EPlus with the DOE) 

and NIA (National Insulation Association, a group that trains and certifies insulation inspectors). The Excel tool appears to be a 

template that may have been developed by NIA, which can be used by any company or individual wishing to do an insulation 

appraisal. This Excel tool is designed to be used in conjunction with 3EPlus values.  

 

The evaluators use 3EPlus to estimate the heat loss values but use their own custom spreadsheets to perform the simple math that 

involves applying the bare and insulated heat loss values to the bare surface areas of the insulated components and pipes. The 

evaluators, as of 10/4/2019, as a result of a BAG meeting, updated their process to convert the geometry all the components, 

including horizontal pipes to horizontal tanks within 3EPlus. As discussed in more detail later in Section 6.3, this practice 

underestimates savings, especially for smaller diameter pipes. The study team recommends that this practice be ended, and that the 

geometry within 3EPlus reflect the as-built condition as closely as possible.   

 

3EPlus was built by the North American Insulation Manufacturers Association (NAIMA), with original support from the Department of 

Energy (DOE). However, the DOE no longer supports continued updates to the tool, according to the DOE website. The 3EPlus tool 

was built based on the ASTM C680 calculations. The tool must be downloaded from the NAIMA website and installed before use. 

The 3EPlus program includes a large library of insulation types and base material types to choose from and allows the user to 

describe their baseline and post-case system in detail. The tool allows users to add new custom insulation materials that are not 

available in the tool, and modify other key parameters such as the emissivity of the baseline material, fuel type, annual runtime, etc. 

The tool has the ability to generate custom reports describing the inputs and outputs for various scenarios, as well as economic and 

 
41 https://insulation.org/training-tools/3e-plus/  
42 http://insulationinstitute.org/wp-content/uploads/2016/03/3E-Plus-V4-Users-Manual.pdf 

mailto:3EPlus@Naima.com
https://insulation.org/training-tools/3e-plus/
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environmental factors that may be of interest to the user. There are several calculation types to choose from, depending on whether 

the user is primarily interested in understanding energy impacts, ensuring that the insulation thicknesses will be sufficient to ensure 

that health and safety requirements are met with respect to preventing burn hazards, or to prevent condensation from forming (if cold 

pipes are being insulated), along with other capabilities. This is a very robust and customizable tool, but because of its complexity, it 

can be somewhat unwieldly for new users or those who do not have a fair amount of background or experience with insulation 

projects. 

 

Vendor 3 stated that they collect temperature measurements using FLIR E8 thermal camera.  As discussed in Section 6.1.1, infrared 

thermal measurements are much less accurate than measurements made with thermocouples, since IR measurements assume an 

emissivity value that may not reflect the true emissivity of the surface being measured.   

 

Vendor 3 stated that the collect operating hour data by interviewing the customer.  They stated that they have only worked on 

insulation projects involving linear feet of pipe (not jackets on components), so for surface area estimates, they simply measure the 

diameter and lengths of the pipes and calculate the surface areas directly.  Vendor 3 uses a default emissivity value of 0.80. For 

boiler efficiency, vendor 3 typically requests the most recent boiler combustion efficiency test result 

 

Evaluators when using 3EPlus typically collect temperatures of the insulated components using thermocouple loggers. Evaluators 

typically collect runtime information using a combination of interviewing facility staff and collecting runtime data from thermocouple 

loggers or motor on/off loggers from boiler draft fans. Data collected from thermocouple loggers is preferred over loggers on boiler 

draft fans because the motor loggers only indicate if the boiler is on or off, not whether a downstream insulated component is 

energized or not.   

 

Evaluators collect boiler efficiency data either using combustion efficiency analyzers, or recent test results are requested from the 

site contact. If neither option is possible, then the evaluator refers to a lookup table of boiler efficiencies, based on the type of boiler 

and linkages. Emissivity data of the bare surfaces is typically not collected as part of the evaluation, although there are methods to 

collect this data relatively easily during site visits.43 Evaluators should consider collecting this data on future projects, since the 

current practice assumes that all bare surfaces have an emissivity of 0.8, which is what 3EPlus defaults to. Evaluators typically do 

not spend a large portion of the on-site time verifying bare surface areas, especially for component measures, but will make 

adjustments if obvious issues present themselves. 

     
Algorithm for Calculating Heat Loss Values 

The 3EPlus tool was built using the calculation methodology outlined in ASTM C680.  

     
Range of Applicability 

High. 3EPlus can handle many scenarios and configurations and allows the user to create custom base materials and custom 

insulations, while also providing a sufficiently large library of default options to choose from.  

     
Simplifying Assumptions 

Almost everything in 3EPlus is customizable, so the only simplifying assumptions are the ones behind the ASTM C680 calculations. 

The ASTM C680 assumptions include: 

 

-Steady-state heat transfer (i.e., invariant with time) 

-One-dimensional heat transfer  

 

For the NAIMA calculator, surface temperatures are assumed to be the same value for all hours of the year that an insulated surface 

is energized. This can lead to order of operation issues.  

 
Accuracy – Alignment with Real Data 

 
43 https://www.transcat.com/calibration-resources/application-notes/measuring-emissivity 
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Medium/High. Bare heat loss values from the tool are 4% to 11% higher than available empirical data44 for horizontal steel pipes 

200° to 400°F. 

 

3EPlus is considered the industry accepted preference for estimating heat transfer rates for insulated and bare surfaces of various 

configurations and scenarios.    
     

Ease of Use: 

Difficult – It is easy for an 

inexperienced user to make a 

mistake when using 3EPlus, so 

training, guidance, and oversight 

from experienced can be helpful.  

 Frequency of Use in MA: 

It is unknown exactly how frequently 

3EPlus is used by vendors in 

Massachusetts, but from anecdotal 

experience, the authors believe the 

rate of use by vendors in 

Massachusetts is low, as the two 

main vendors have their own 

approaches (A and B) which do not 

use 3EPlus. This tool is used almost 

exclusively by evaluators in 

Massachusetts, however.   

     
Input Field List for NAIMA Excel Summary Tool 

·Item Description 

·Fuel Type 

·Pipe or tube material (steel, copper, etc.) 

·insulation type (ASTM# or name) 

·jacket material and description  

·vertical or horizontal 

·source efficiency percent 

·hours of operation per year 

·fuel heat cont. in Btu 

·cost of fuel to source caution check units $/kWh $/Mft3, $/gal, $/ton 

·process Temp F 

·avg. ambient temp F 

·avg. ambient temp 

·wind speed MPH 

·pipe/tube size 

·quantity SF or LF 

·Inventoried Insulation Thickness (inches) 

·Inventoried 3E+ Heat Flow (kBtu/ft/yr) 

·Inventoried 3E+ Energy Cost ($/ft/yr) 

·Inventoried 3E+CO2 (lb/ft/yr) 

·Inventoried 3E+ NOx (lb/ft/yr) 

·Upgraded Insulation Thickness (inches) 

·Upgraded 3E+ Heat Flow (kBtu/ft/yr) 

·Upgraded 3E+ Energy Cost ($/ft/yr) 

·Upgraded 3E+CO2 (lb/ft/yr) 

·Upgraded 3E+ NOx (lb/ft/yr) 

     
Output Field List for NAIMA Excel Summary Tool 

 
44 Ibid.  
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·Inventoried Surface Cost to Operate ($/yr) 

·Upgraded Surface Cost to Operate ($/yr) 

·Potential Savings to Heat Flow (kBtu/yr) 

·Potential Energy Cost Savings ($/yr) 

·Potential CO2 Savings (lb/yr) 

·Potential Nox Savings (lb/yr) 

     
Input Field List for 3EPlus Tool ("Heat Loss Per Hour" Calculation Module Only) 

·Item ID 

·Item Description 

·System Application (Horizontal Pipe, Vertical Pipe, Horizontal Tube, Vertical Tube, Vertical Flat Surface, Duct/Tank-Flat Top, 

Duct/Tank-Flat Bottom, Duct - Rectangular Horizontal, Duct - Rectangular Vertical, Tank Shell - Horizontal, Tank Shell- Vertical 

·Dimensional Standard (ASTM C 585 Rigid, ASTM C 585 Flexible, Even Increment) 

·Process Temp (°F) 

·Ambient Temp (°F) 

·Wind Speed (mph) 

·Component Dimensional Information (NPS Pipe Size if Pipe, Duct Width or Height if Duct) 

·Base Metal Type (Steel, Stainless Steel, Copper PVC, plus ability to add more if needed) This affects bare emissivity 

·Insulation Type (Many too choose from, plus ability to add custom insulation if needed) 

·Jacket Type (Many to choose from, plus ability to add custom if needed) - This affects post-case emissivity 

     
Output Field List for 3EPlus Tool ("Heat Loss Per Hour" Calculation Module Only) 

·Bare Surface Temp (°F) 

·Bare Heat Loss (Btu/hr/ft or Btu/hr/ft2) 

·Insulated Surface Temp (°F) 

·Insulated Heat Loss (Btu/hr/ft or Btu/hr/ft2) 

·Insulation Efficiency  

High-level benefits: The main benefit of using this methodology is that it is industry accepted and standardized. The 

calculation methodology follows ASTM Standard C680, and the tool allows for as much customization as one would like, 

while also providing many default parameters for various insulation types and base metals to choose from. We can infer that 

this tool follows ASTM C680 because the outputs almost exactly match the outputs from methodology A, used by Vendor 1. 

We reviewed Vendor 1’s methodology and confirmed that it followed ASTM-C680. See Section 5.2 for more details. Another 

benefit of this tool is that the National Insulation Association offers a certification program called the “Insulation Energy 

Appraisal Program” that teaches students how to use 3EPlus, and how to determine the optimal insulation thickness and 

corresponding energy usage for a project.45    

High-level drawbacks: This tool is more complex than other tools currently used in Massachusetts, so it is easier for users 

to make a mistake. Because of its added complexity, it also requires more time to use than the other tools discussed so far. 

Evaluators typically take screenshots of the output pages of 3EPlus to document inputs and outputs used for a particular 

scenario. If there are dozens of rows with different combinations of configurations, this approach can become very time-

consuming and inefficient. A more convenient approach would have the ASTM C680 calculations which are built into 3EPlus 

available in a single Excel workbook, similar to the National Grid tool described in Section 4.4. Another drawback of the 

3EPlus tool is that it is not fully transparent, and there no longer appears to be any user support from NAIMA, the industry 

group that developed it alongside the DOE and allows users to download it from their website.    

Both this tool (3EPlus) and the Vendor 1 tool appear to overestimate bare heat losses compared to a set of empirical heat 

loss data46 reviewed as part of this study by 4% to 12% (see Table 5-1 in Section 5.1). It may be beneficial to further 

 
45 https://insulation.org/training-tools/energy-appraiser-certification/ 
46 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
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investigate this discrepancy, however, based on information provided by the contact person for ASTM C680, this 

discrepancy may simply be due to inherent inaccuracies in the 1975 Churchill and Chu correlations that are used in ASTM 

C680. See Section 5.1 for more details. 

This tool has the same drawback as all of the other tools discussed in Section 6.5 related to order of operations inaccuracies 

introduced in situations where surface temperature, ambient temperature, or windspeed (if applicable) vary significantly over 

the course of a year.   

4.4 Methodology D: National Grid tool approach 

This section provides additional details behind Methodology D from Table 4-1. Methodology D is used by program 

participants served by National Grid.  

Table 4-5 provides additional details behind Methodology D from Table 4-1.   

Table 4-5. Detailed description and review of Excel calculator tool used in Methodology D 

Tool ID: Methodology D  Methodology Name from Table 4-

1: 
National Grid Tool 

     

Tool Type: 

Calculates heat loss rates 

and annual therm savings 

in one Excel workbook 

 Heat Loss Calculation Method: 

The methodology references 

and uses calculations found in 

ASTM C680 

     

Locked/Unlocked: 
Locked, but password 

provided for review 
 Transparent/ Not Transparent 

Fully transparent – password for 

unlocking workbook was 

provided for review 

     
Methodology Description 

This Excel tool was developed at the behest of National Grid by a third-party engineering and energy consulting firm to encourage 

the standardization of the savings methodology for pipe, valve, and tank insulation projects. The workbook is sophisticated, with 

formulas that trace back to the fundamental heat transfer principles found in standard textbooks, while at the same time being 

organized so that it is not difficult to follow the calculation steps provided one has the password to unlock the workbook. The tool 

references ASTM C680 for the calculations. The workbook also references ASTM C585 and ASTM C1129-12, which are standards 

related to nominal pipe and tubing diameters. ASTM C680 is followed exactly within this calculator. There are several discrepancies 

found during the review of this tool. See Table 5-5 for more details on these discrepancies from ASTM C680 in the calculation of 

bare heat losses. One discrepancy is that ASTM C680 recommends an iterative solution approach for solving for the combined 

radiative and convective heat transfer coefficients associated with the insulated post-case condition, whereas this tool does not use 

that approach. The iterative process in ASTM C680 allows for a more accurate estimate of the outer insulation surface temperature, 

and thereby convection and radiation losses, given that one knows the bare uninsulated surface temperature, insulation thickness, 

and insulation conductivity as a function of temperature. The iterative process is necessary if there are multiple layers of insulation, 

which is a scenario that this National Grid tool is not able to handle, but which rarely comes up. In ASTM C680, when calculating 

various variables needed in subsequent steps, one value that is frequently required is the film temperature, which is the average of 

the surface temperature, and the ambient temperature. The National Grid tool currently sets the film temperature to be equal to the 

ambient temperature, rather than averaging the ambient temperature with the surface temperature, which is technically not in 

alignment with ASTM C680. Additionally, there are some parts of the ASTM calculation methodology that require the use of absolute 

Temperature (in Rankine), where the National Grid tool currently is not using absolute temperature but is instead using Fahrenheit. 

There is also a sign error in the formula used to calculate the thermal conductivity of air.  

 

Individuals who seek incentives for completing insulation projects within National Grid service territory are not required to use this 

tool, according to National Grid representatives. National Grid also indicated that this tool is not used as often as other 
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methodologies described in this document within their territory. National Grid did indicate that they might be open to sharing, selling, 

or leasing/licensing this tool with the other MA PAs. National Grid also indicated that they might be open to allowing certain cosmetic 

attributes of the tool to be modified.   

     
Algorithm for Calculating Heat Loss Values 

The National Grid tool was built referencing the calculation methodology outlined in ASTM C680.  

     
Range of Applicability 

Medium. While this calculator can handle pipes, valves, and tanks, there are many other custom fitting types that it appears this tool 

would not have the ability to easily accommodate (strainers, elbows, tees, steam traps, etc.), unless one were to use the calculations 

associated with the vertical, horizontal-facing up, or horizontal-facing down tab within the workbook. If that were the case, guidance 

should be provided to ensure consistency between applicants. National Grid calls this tool the “NGrid Pipe/Tank/Valve Insulation – 

Custom Express” tool, so presumably they intend it to be used only for pipes, tanks, and valves, and not necessarily other 

components. The locked version of the workbook is limited to a certain number of insulated components (a number less than what 

the authors often see for insulation projects), something that could likely be easily modified if National Grid wanted to do so. This tool 

only allows surface temperatures up to 360°F.  

     
Simplifying Assumptions 

The surface temperature is assumed to be same value for all hours of the year that the insulated surface is energized, which can 

cause order of operation errors if there is a large variation in surface temperature, as discussed in more detail in Section 6.5. 

 

One value of emissivity is assumed for each of the three base materials to choose from (steel, copper, stainless steel), with no 

option to enter a custom emissivity value, even though the emissivity of steel can vary between 0.68 to 0.95 depending on the level 

of oxidation.   
     

Accuracy – Alignment with Real Data 

Medium/High. Bare heat loss values from tool are -8% to 9% different compared to available empirical data47 for horizontal steel 

pipes 200° to 400°F. 

     

Ease of Use: Easy  Frequency of Use in MA: Not frequent 

     
Input Field List for NGrid Excel Tool 

·Pipe Insulation Savings? (Yes/No) 

·Tank Insulation Savings? (Yes/No) 

·Valve Insulation Savings? (Yes/No) 

·Operating pressure of system (psig) 

For Pipe/Tank/Valve Insulation Projects: 

·Item Description 

·Working Fluid (Steam, Condensate, Heating Hot Water, Domestic Hot Water) 

·Process Temp (if fluid) or Pressure (if steam) 

·Heating System Efficiency 

·Ambient Temp (°F) 

·System Hours/Year 

·Wind Speed (mph) 

·Location (indoors/outdoors/buried) 

·Base Metal (Steel/Copper/PVC) 

·Insulation Type (4 options provided) 

·Insulation Thickness (inches) 

·Jacket Material  

 
47 Ibid.  
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For Pipe Insulation Projects: 

·NPS Pipe Size (inches) 

·Length of Pipe (feet) 

For Valve Insulation Projects: 

·Valve Type 

·Valve Quantity 

·NPS Pipe Size (inches) 

For Tank Insulation Projects: 

·Orientation of Surface (Determine Characteristic Length) 

·Length (ft) or Diameter (Ft) 

·Width (Ft) or Height (Ft) 

·Tank Geometry Type (Rectangular/Cylinder) 

     
Output Field List for NGrid Excel Tool 

·Inventoried Surface Cost to Operate ($/yr) 

·Upgraded Surface Cost to Operate ($/yr) 

·Potential Savings to Heat Flow (kBtu/yr) 

·Potential Energy Cost Savings ($/yr) 

·Potential CO2 Savings (lb/yr) 

·Potential Nox Savings (lb/yr) 

     

High-level benefits: The main benefit of this tool is that it maximizes both ease of use and accuracy. Unlike the 3EPlus 

approach (Methodology C), the relatively complex ASTM C680 heat loss calculations are computed directly within the Excel 

tool. The tool is easy to understand and follow provided that one has the password to unlock it.   

High-level drawbacks: One piece of feedback provided from Vendor 1 (see Methodology A in Section 4.1) about whether 

they think a standardized tool based on ASTM C680 should be developed for use across Massachusetts, and if so, whether 

it should be optional or mandatory, was as follows: 

 
We built our tool around ASTM C680 so are of course in favor of this approach! [ASTM C680] We 
would prefer to use our own version as it is integrated into our data collection, production, and 
reporting tools, but as long as we can “show the work” and get your buy-in I imagine that would not be 
a problem. The one issue that I have seen with standardized approaches is that it’s never really one-
size-fits-all in our custom industry so as long as the evaluators are flexible and create an environment 
where a discussion can be had over exception-cases, things go smoothly. When the parameters are 
too rigid and the evaluators are unable to deviate from the standards up high, it can get frustrating! 

 

While this tool has the potential to be flexible and adaptable, it currently does not provide as much flexibility as the calculator 

that Vendor 1 developed and integrated with their sales process (Methodology A in Section 4.1), since it lacks the database 

of standardized components and their associated bare surface area values that they have curated over the years through 

collecting manufacturer cut sheets, CAD files, and 3D scans that they have performed themselves. Additionally, this tool only 

allows users to input surface temperatures up to 360°F. Some projects do involve temperatures above that value.   

As mentioned in the reviews of previous tools, this tool could also potentially be improved by allowing a user to enter an 

emissivity value, if known.   

This tool also produces different bare heat loss values than a set of empirical heat loss values reviewed as part of this study. 

The differences range between -8% to +9% (see Table 5-1 in Section 5.1). Several discrepancies were found in this tool and 

the methodology outlined in ASTM C680, which are described in Section 5.2. However, once this tool is brought into 

alignment with ASTM C680 and produces the same outputs as the Vendor 1 tool and the 3EPlus/Vendor 3 tool, this tool 

would also overestimate heat loss values compared to the empirical data, like those tools currently do (Table 5-1 in Section 



 
 

DNV  –  www.dnv.com June 14, 2021 Page 29 

 

5.1). It may be beneficial to further investigate this discrepancy, however, based on information provided by the contact 

person for ASTM C680, this discrepancy may simply be due to inherent inaccuracies in the 1975 Churchill and Chu 

correlations that are used in ASTM C680. See Section 5.1 for more details. 

This tool also diverges from the ASTM C680 methodology in a number of ways as described in Table 5-2 of Section 5.2. 

Many of the calculation errors involve using the wrong temperature units when calculating certain variables or properties, 

and there is one formulaic error where the wrong sign was used in the calculation for the thermal conductivity of air.  

This tool has the same drawback as all the other tools discussed in Section 6.5 related to order of operation inaccuracies 

introduced in situations where surface temperature, ambient temperature, or windspeed (if applicable) vary significantly over 

the course of a year.    

 

 

 

  



 
 

DNV  –  www.dnv.com June 14, 2021 Page 30 

 

5 COMPARISON OF ACCURACY BETWEEN TOOLS 

This section describes the methodology and results of comparing the various tools evaluated against each other, and 

against empirical data.   

5.1 Comparison of Vendor 1, Vendor 2, 3EPlus/Vendor 3, and National Grid 
tool to empirical data 

To compare the accuracy between each calculator, the team compared the heat loss output from each tool to the heat loss 

value calculated using the collected empirical data in the 1929 Transactions of the American Society of Mechanical 

Engineers.48 For each vendor’s tool, the team calculated the bare-pipe heat loss value with the bare surface temperature set 

to range from 200°F to 700°F (with 100°F increment) and the ambient temperature set to be at 80°F for horizontal pipes with 

nominal size (NPS) of 1”, 3”, and 10”. Figure 5-1 through Figure 5-6 present the comparison results.  

Figure 5-1 shows that at first glance, the outputs for Vendor 1, 3EPlus/Vendor 3/Evaluator, and the National Grid produce 

very similar bare heat loss values for 1” horizontal pipes, whereas the Vendor 2 tool49 (which does not reference ASTM 

C680, and instead assumes a constant heat loss coefficient across all configurations)50 produces heat loss rates that are 

significantly different from the other approaches.   

Figure 5-1. Comparison of heat loss results for pipes with 1” NPS 

 

Figure 5-2 is a zoomed-in look at the data shown in Figure 5-1, and shows the temperature range that is typically seen in 

projects evaluated in MA (200°F - 400°F). Figure 5-2 shows that even the Vendor 2 approach, which does not follow the 

ASTM C680 approach but instead uses a default heat loss coefficient associated with 300°F, produces values that are 

somewhat similar to the values produced by the other tools when the bare surface temperature is 300°F. When the bare 

surface temperature is 200°F or 400°F, the Vendor 2 approach differs from the empirical data by between -15% and 48% 

(see Table 5-1), which is a significant amount.      

 
48 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
49 The vendor who used this tool stated that they no longer use this tool. The vendor stated that they now use a different tool that no longer uses a single heat transfer 

coefficient for all configurations and input parameters, but instead uses a tool that uses one of four different coefficients depending on the bare surface temperature.  
The vendor had not provided this new tool at the time of the writing of this report 

50 Ibid.  
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Figure 5-2. Comparison of heat loss results for pipes with 1” NPS (zoom-in) 

 

Figure 5-3 shows how different the outputs for each methodology are from the empirical data for 1” NPS horizontal steel 

pipes in 80°F air in terms of overall percentage. This gives a better indication of which tools overestimate or underestimate 

bare heat losses. The emissivity values for the Vendor 1, Vendor 2, and 3EPlus were adjusted to the emissivity values 

reflected in the empirical data from the 1929 report, which was around 0.95. Figure 5-3 shows that the 3EPlus/Vendor 3 

methodology produce nearly identical results to the Vendor 1 methodology (both of which reference ASTM C680), but that 

these methodologies appear to overestimate the bare heat losses by between 0% and 7% compared to the 1929 empirical 

data. Figure 5-3 shows that the National Grid tool appears to underestimate heat loss values by between 2% and 8% 

compared to empirical data, depending on the surface temperature of the pipe. The Vendor 1 tool, the 3EPlus/Vendor 3 

approach, and the National Grid tool all reference the ASTM C680 calculation methodology. Additional discussion behind 

why the National Grid methodology differs from the Vendor 1 and 3EPlus/Vendor3 methodology are found in Section 5.2.   

Figure 5-3. Comparison of accuracy for pipes with 1” NPS 
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Figure 5-4 shows a zoomed in version of Figure 5-3. It shows how the National Grid tool appears to underestimate heat loss 

values by between 2% and 8% compared to empirical data, while the Vendor 1 and 3EPlus/Vendor 3 methodologies appear 

to overestimate heat loss values by between 0% and 7% compared to the 1929 empirical data. All the methodologies that 

reference ASTM-C680 are much closer to the empirical data than the Vendor 2 approach, which does not reference the 

ASTM C680 methodology, and instead assumes a constant heat loss coefficient. However, there are still differences in the 

implementation of the ASTM C680 methodology, discussed further in Section 5.2, which result in different outputs for 

identical inputs.   

Figure 5-4. Comparison of accuracy for pipes with 1” NPS (zoom in)  

 

While Figure 5-1 through Figure 5-4 were specific to 1” NPS horizontal steel pipes, Figure 5-5 and Figure 5-6 show the 

comparison of the outputs of the various tools to the 1929 empirical data for 3” NPS and 10” NPS horizontal pipes 

respectively.     

Figure 5-5. Comparison of accuracy of pipes with 3” NPS 
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Figure 5-6. Comparison of accuracy of pipes with 10” NPS 

 

Figure 5-3 through Figure 5-6 show that the heat loss outputs from Vendor 3’s, Vendor 1’s, and National Grid’s calculators 

are reasonably close to the heat loss value calculated using the empirical data. These calculators were built referencing 

ASTM standard C680, which indicated that ASTM standard C680 produces a heat loss value that is reasonably close to the 

calculated value using original empirical data.  

Table 5-1 summarizes how different the output heat loss values are for each tool compared to empirical data for 1”, 3”, and 

10” steel pipes where the surface temperatures are 200°F, 300°F, and 400°F, which is the range of temperatures that are 

most often encountered for insulation projects in Massachusetts. Values that are positive in Table 5-1 indicate that a tool 

overestimates savings compared to the available empirical data, and negative values indicate that a tool underestimates 

savings compared to the available empirical data. Table 5-1 shows that the Vendor 1 and 3EPlus/Vendor3 approach 

perform similarly, typically overestimating savings by between 4% to 12%, or around 7% to 8% on average. The National 

Grid tool in some cases overestimates savings and in some cases underestimates savings compared to the available 

empirical data.  

Table 5-1 shows the percent difference between the four methodologies from Table 2-1. Summary of reviewed savings 

calculation tools evaluated as part of this study, and the empirical data reviewed.51   

 
51 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
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Table 5-1. Percent difference in heat loss outputs for horizontal 1”, 3”, and 10” NPS steel pipes using tools used in 

Massachusetts compared to empirical data collected 

Surface Temp. (°F) 

Pipe 
Size 

(NPS, 
in.) 

Vendor 1 
(ASTM) 

Vendor 2 
(Not ASTM) 

3EPlus / 
Vendor 3 
(ASTM) 

National 
Grid 

(ASTM*) 

200 1 4% 23% 4% -8% 

3 7% 36% 6% -1% 

10 11% 48% 10% 6% 

300 

1 7% 3% 7% -2% 

3 8% 12% 7% 3% 

10 12% 21% 11% 9% 

400 1 5% -15% 5% N/A 

3 6% -9% 5% N/A 

10 9% -2% 8% N/A 

Minimum 4% -15% 4% -8% 

Simple Average 8% 13% 7% 1% 

Maximum 12% 48% 11% 9% 

While the three tools evaluated that reference ASTM C680 (Vendor 1, Vendor 3, National Grid) perform much better than 

the tool which does not (Vendor 2) compared to empirical data,52 Table 5-1 shows that there appear to be significant 

differences between the bare heat losses from these tools and the empirical data reviewed, ranging from -8% to 12%.53 

Figure 5-7 shows the discrepancy between empirical data and data outputs from 3EPlus for 1”, 3”, and 10” pipes.    

Figure 5-7. Vendor 3/3EPlus/Evaluator output differences between empirical data for 1", 3", and 10" horizontal steel 
pipes 

 

When asked about these discrepancies between the ASTM calculation and the empirical data as shown in Figure 5-7, the 

contact person for ASTM C680, who is an engineer for NASA, provided the following response:54   

A few things on the items you are chasing. I'm not 100% sure why you are using the data from 1929 (it may truly be the 
best data for the application), but generally in convection heat transfer, any correlation will carry 20-30% uncertainty 
with it. A good one will meet this, some (especially with two phase heat transfer) are much higher. The heat transfer 
correlations for horizontal natural convection in the ASTM standard was published by Churchill and Chu in the 
International Journal of Heat and Mass Transfer in 1975 (pg. 1049 of issue 18). I have not specifically studied this 
Churchill and Chu paper, but do know that it is generally considered a very good correlation. Typically, for the 
development of a correlation like this, the authors get as many publications as possible (for which Heilman would be a 

 
* This tool does not exactly follow the ASTM C680 methodology. See Section 5.2 for details.  
52 Tools A, C, and D from Table 2-1. Summary of reviewed savings calculation tools in Section Error! Reference source not found. reference ASTM C680, while tool B 

does not, and instead uses a constant heat transfer coefficient for all scenarios within a single tool. 
53 See Table 5-1 in Section 5.1 
54 Email communication with Wesley Johnson, 1/18/21 

-5%

0%

5%

10%

15%

200 300 400 500 600 700

P
e
rc

e
n

t 
d

if
fe

re
n

c
e
 

fr
o

m
 e

m
p

ir
ic

a
l 

d
a
ta

Bare Surface Temp. (°F)

3EPlus 1" 3EPlus 3" 3EPlus 10"



 
 

DNV  –  www.dnv.com June 14, 2021 Page 35 

 

single source). One of my colleagues just finished a correlation that took him at least five years to develop and he cited 
at least 50 papers. They also will discuss and throw out data for which the testing method is not appropriate, or the 
amount of published data is insufficient. So frankly, I think that the fact that the calculation is within approximately 10% 
is pretty good. 

Any further investigation into the discrepancies between the empirical data, and the ASTM C680 methodology based on the 

1975 Churchill and Chu correlations should keep the above quote in mind. If additional investigation were to be made into 

the discrepancies shown in Figure 5-7, it may be useful to compare the data used in the 1975 Churchill and Chu 

correlations, versus the 1929 Heilman data. It is possible that the 1929 Heilman data is more closely aligned with the types 

of projects that completed in Massachusetts compared with the data used to develop the 1975 correlations, but that may or 

may not be the case.      

Table 5-2 through Table 5-4 show the data that was used to create Figure 5-1 through Figure 5-6. 

Table 5-2. Total heat loss rates from 1” NPS horizontal bare steel pipe as function of surface temperatures 
according to empirical data and the 4 tools used in Massachusetts 

Source 

Heat Loss Rate on 1” NPS Horizontal Bare Pipe as Function of Surface Temperatures 

200°F 300°F 400°F 500°F 600°F 700°F 

Empirical Data55 312 682 1,200 1,885 2,772 3,871 

Vendor 1 326 730 1,260 1,943 2,810 3,900 

Vendor 2 384 704 1,024 1,344 1,664 1,984 

3EPlus/Vendor 3 325 727 1,255 1,932 2,790 3,865 

National Grid 288 665 N/A N/A N/A N/A 

Table 5-3. Total heat loss rates from 3” NPS horizontal bare steel pipe as function of surface temperatures 
according to empirical data and the 4 tools used in Massachusetts 

Source 

Heat Loss Rate on 3” NPS Horizontal Bare Pipe as Function of Surface Temperatures 

200°F 300°F 400°F 500°F 600°F 700°F 

Empirical Data56 283 631 1,120 1,780 2,631 3,698 

Vendor 1 302 682 1,185 1,839 2,676 3,735 

Vendor 2 384 704 1,024 1,344 1,664 1,984 

3EPlus / Vendor 3 301 678 1,177 1,823 2,647 3,683 

National Grid 280 648 N/A N/A N/A N/A 

Table 5-4. Total heat loss rates from 10” NPS horizontal bare steel pipe as function of surface temperatures 
according to empirical data and the 4 tools used in MA 

Source 

Heat Loss Rate on 10” NPS Horizontal Bare Pipe as Function of Surface Temperatures 

200°F 300°F 400°F 500°F 600°F 700°F 

Empirical Data57 259 583 1,040 1,676 2,496 3,537 

Vendor 1 287 651 1,137 1,773 2,591 3,630 

Vendor 2 384 704 1,024 1,344 1,664 1,984 

3EPlus / Vendor 3 285 646 1,125 1,749 2,546 3,549 

National Grid 275 637 N/A N/A N/A N/A 

5.2 Comparison of Vendor 1 tool and National Grid tool to the ASTM C680 
calculation 

Based on Figure 5-4, there is an approximately 10% difference between the bare heat loss values produced by Vendor 1 

and the bare heat loss values produced by the National Grid tool, even though both indicate that they reference ASTM 

 
55 Ibid. 
56 Ibid. 
57 Ibid. 
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C680. The Vendor 1 tool is very closely in alignment with the 3EPlus/Vendor 3 tool, which also references ASTM C680. To 

investigate the difference between the National Grid tool and the Vendor 1 tool (both of whose calculations are transparent 

and available to the study team), the team compared both Vendor 1’s tool and the National Grid tool during each calculation 

step outlined in the ASTM C680 standard. This section provides a brief summary of the heat loss calculations included in the 

ASTM C680 standard and a formula-by-formula comparison of both tools to the standard.  

Figure 5-8 presents a simplified flow chart of the calculation steps in ASTM C680 that are used to calculate the bare heat 

loss rates on horizontal cylinders. Note that some variables, such as geometry and orientation, are not included in the flow 

chart but do factor into the calculations. We recommend referring to ASTM C680 for the full calculation steps. Figure 5-8 

shows the variable names, and the main inputs and outputs for each variable. Values in orange font are measured values 

(temperatures or diameter), and values in white font are calculated values, or lookup values. The green hexagons represent 

functions, and the blue rectangles represent variables.   
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Figure 5-8. Flow chart of ASTM C680 bare heat loss calculation steps 
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Table 5-5 describes each calculation step for each variable, and whether each tool is consistent with the ASTM C680 

standard.  

Table 5-5. Tool comparison to ASTM C680 standard  

Parameter 
Vendor 1 Tool complied to ASTM 

C680 Standard?  
National Grid Tool complied to ASTM C680 

Standard?  

Radiant heat transfer 
coefficient 

Yes Yes 

Mixed 
convective/conduction 
heat transfer 

Yes 
Yes (this formula is correct, but the inputs to 

the formula are incorrect due to errors in input 
variables to the formula) 

Thermal conductivity of air Yes According to ASTM C680, the recommended 
formula to calculate the thermal conductivity of 

air is: 

𝑘𝑎 =
6.325 × 10−6 ∙ √𝑇𝐾

1 + (245.4 ∙ 10
−

12
𝑇𝐾 )/𝑇𝐾

 

Where 𝑘𝑎 = thermal conductivity of air in 

Btu/hr-ft-°F, 𝑇𝐾= the absolute temperature of 

the ambient air in ° Kelvin.  

The National Grid tool mistakenly uses the 
ambient air temperature in °F, and omits the 

negative sign in the 10
−

12

𝑇𝐾 portion of the 
formula.  

Nusselt number Yes 
Yes (this formula is correct, but the inputs to 

the formula are incorrect due to errors in input 
variables to the formula) 

Rayleigh number Yes Acceleration of gravity (this constant not 
shown in Figure 5-8) was overestimated, but 

not significant 

Volumetric coefficient Yes 

The formula used ambient temperature 
instead of the film temperature, which is the 

average of surface temperature and ambient 
temperature as stated in the C680 Standard.  

In addition, the formula used in the C680 
Standard used Kelvin temperature, the tool 
did not convert the temperature value from 

Rankine to Kelvin. 

Density of air Yes The formula used ambient temperature 
instead of the film temperature, which is the 
average of the surface temperature and the 
ambient temperature as stated in the C680 

Standard.  

In addition, the formula used in the C680 
Standard used Kelvin temperature, the tool 
did not convert the temperature value from 

Fahrenheit to Kelvin. 

Specific heat of air Yes 

The formula used ambient temperature 
instead of the film temperature, which is the 

average of surface temperature and ambient 
temperature as stated in the C680 Standard.  
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In addition, the formula used in the C680 
Standard uses Fahrenheit temperature, and 

the National Grid tool used Rankine.  

Kinematic viscosity Yes Yes, formula is correct, but the inputs to this 
formula (air density and dynamic viscosity of 

air) are incorrect because the functions for air 
density and dynamic viscosity of air were 

incorrect.  

Dynamic viscosity of air Yes 

No. ASTM C680 states that dynamic viscosity 
of air is a function of film temperature, 

whereas the National Grid tool uses the 
ambient temperature.    

In addition, the formula used in ASTM C680 
requires Kelvin temperatures as inputs, and 

although the National Grid used the same 
formula, uses temperatures in Fahrenheit.   

Prandtl number Yes No. ASTM C680 states that the Prandtl 
number is a function of film temperature, 

which is the average of the surface 
temperature and the ambient temperature, 

whereas the National Grid tool uses the 
ambient temperature in the function.    

Reynolds number Yes 

Yes, formula is correct, but an input to this 
formula (kinematic viscosity) is incorrect 
because the equations used to generate 

inputs for the kinematic viscosity function were 
incorrect (air density and viscosity of air). 

Based on the comparison included in Table 5-5, the team determined that the tool developed by Vendor 1 appropriately 

followed the algorithm for ASTM C680, even though according to the data presented in Table 5-1, differences of 4%-12% 

still exist between this tool, and empirical data.  

The National Grid tool used a similar approach but did not have the correct temperature inputs in the calculation of 

numerous variables, and had a sign error in the formula used to calculate the thermal conductivity of air.     

The study team has the following recommendations related to aligning the National Grid tool to the ASTM C680 calculations:  

• Assist National Grid in modifying their tool to use the correct temperature inputs in each calculation step and using 

the correct formula for calculating the thermal conductivity of air as outlined in ASTM C680.  

• Review the modified versions of the tools once the modifications are complete, and check if the updated Vendor 1 

tool and National Grid tool are consistent with each other in terms of identical outputs given the same inputs. The 

study team used an external spreadsheet to compare the heat loss output value from both the Vendor 1 tool and 

the National Grid tool, and after making the modifications to the formulas in the National Grid tool within that 

spreadsheet, the team was able to confirm that the heat loss values were in agreement. These changes to the 

formulas have not yet been carried over to the actual National Grid tool yet.    

In addition, the study team suggests that there be additional investigation into the discrepancies between the Vendor 1 

and 3EPlus tool, and the empirical data.  

 

  



 
 

DNV  –  www.dnv.com June 14, 2021 Page 40 

 

6 SENSITIVITY ANALYSIS OF VARIOUS INPUTS 

This section addresses some of the parameters that impact the savings estimates and explores the impact that current 

methods and approaches that vendors and evaluators use to estimate these parameters may have on the accuracy of the 

final savings estimates. This data can be used to consider and prioritize any potential adjustments in how data is collected to 

ensure an acceptable level of accuracy, while ensuring that processes are not improperly burdensome.   

6.1 Surface temperature 

This section discusses the relationship between the bare heat loss values and the bare surface temperature. 

Based on the results from reviewing the 25 recent evaluation site reports, surface temperature was found to be the most 

common reason for causing the largest discrepancy between implementation and evaluation savings values. This 

discrepancy can happen because there are different techniques for measuring surface temperatures (pressure 

gauges/saturated steam table approach, infrared thermometer gun, and thermocouple sensor). Each technique can result in 

a different surface temperature measurement. Results can also be different because of changes in operation over time, such 

as from one season to the next. A facility may operate at a higher steam temperature/pressure during the winter, and at 

lower temperatures during other seasons. Differences can also occur based on the location where the temperature 

measurement is taken on a particular component.   

Figure 6-1 presents the relationship between the bare heat losses and the temperature difference between ambient and the 

bare hot surface on a 1” NPS horizontal steel pipe with an emissivity of 0.80 in an 80°F environment using 3EPlus software. 

Figure 6-1 demonstrates how bare heat losses are extremely dependent on this temperature difference. Increasing this 

temperature difference by a factor of 3.5 from 120°F to 420°F (420 / 120 = 3.5) increases the heat loss values by a factor of 

5.9 (1,932 / 325 = 5.9). Increasing the temperature difference by a factor of 5.2 (620 / 120 = 5.2) increases the heat loss 

values by a factor of 11.9 (3,865 / 325 = 11.9). Whereas for variables like operating hours, bare surface area, or boiler 

efficiency, a linear change (whether normal or inverse) in the operative variable results in a proportional change to the 

energy savings, that is not true for the delta temperature variable. Energy savings from insulation projects are much more 

sensitive to fluctuations in bare surface temperatures than to variables like operating hours, bare surface area, and boiler 

efficiency.  
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Figure 6-1. Bare heat loss vs. bare surface temperature 

 

This non-linearity is driven by the governing heat transfer mechanisms of combined radiation and convection. The total 

conductance is: ℎ = ℎ𝑟 + ℎ𝑐 where ℎ is the total heat transfer conductance, ℎ𝑟 is the radiation heat transfer conductance, 

and ℎ𝑐 is the convection heat transfer conductance. Radiation heat transfer is driven by the Stefan Boltzmann law, shown 

below. This is the primary reason for the non-linearity shown in Figure 6-1.  

ℎ𝑟 = 𝜎𝜀
(𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒

4 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡
4 )

(𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡)
 

Where, 

ℎ𝑟 = 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒, 𝐵𝑡𝑢/(ℎ𝑟 ∙ 𝑓𝑡2 ∙ °𝐹) 

𝜎 = 𝑆𝑡𝑒𝑓𝑎𝑛 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡, 0.1714 𝑥 10−8 𝐵𝑡𝑢/(ℎ𝑟 ∙ 𝑓𝑡2 ∙ °𝑅4) 

𝜀 = 𝑒𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑒𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑛 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠, 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠 

𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = 𝐴𝑏𝑠𝑜𝑙𝑢𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, °𝑅 

𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 = 𝐴𝑏𝑠𝑜𝑙𝑢𝑒 𝑎𝑚𝑏𝑖𝑒𝑛𝑡 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒, °𝑅 

Convective heat transfer is driven by both forced and free convection, but in this scenario, a windspeed of zero is assumed, 

so only free convection is factored in. The calculation of free convection involves first calculating the Nusselt number, and 

the thermal conductivity of air. The Nusselt number requires the calculation of the Raleigh number, and the Prandtl number. 

While the Prandtl number and Raleigh numbers incorporate the surface temperature, they do so in a linear way, so are not 

the source of the non-linearity shown in Figure 6-1. 

Figure 6-1 shows that the bare heat loss rates are not proportional to the ∆𝑇 variable like it is for other variables, like 

operating hours, boiler efficiency, and bare surface area. This is driven mostly by radiation heat losses. For this reason, the 

study team recommends that standard practices be developed for measuring surface temperatures that both evaluators, 

vendors, and those involved in the pre-review of these projects can use (recommendation 1 in Section 2.1).      

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

0

1,000

2,000

3,000

4,000

5,000

120 220 320 420 520 620

In
d
e
x
e
d
 H

e
a
t 

L
o
s
s

O
v
e
r 

H
e
a
t 

L
o
s
s
 a

t 
1
2
0

°
∆

T
  

B
a
re

 H
e
a
t 

L
o
s
s
 (

B
tu

/h
r-

ft
2
)

∆T [Bare Surface Temp - Ambient Temp] (°F)

1.0 1.8 2.7 3.5 4.3 5.2

Indexed ∆T [ ∆T / 120°F]



 
 

DNV  –  www.dnv.com June 14, 2021 Page 42 

 

Figure 6-2 shows the empirical radiation and convective heat loss data58 collected by R.H. Heilman on 1” horizontal pipes 

that had an emissivity of 0.96. This data shows that the radiative heat losses increase non-linearly as the delta T increases, 

while the convective heat losses increase linearly.   

Figure 6-2. Empirically measured radiation and convective heat loss values as a function of the temperature 
difference (delta T) between the bare surface, and the ambient surroundings 

 

6.1.1 Surface temperature measurements: thermocouple vs. infrared 

This section provides insight into the use of thermocouple vs. infrared temperature measurements. It is provided for 

informational purposes.   

Figure 6-3 shows temperature measurements taken on the bare surfaces of two components that had insulation jackets 

installed as part of an energy efficiency projects.  

 
58 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301.   
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Figure 6-3. Temperature measurements of components using infrared camera, and thermocouple 

   

Temperature measurements were taken on both components simultaneously using the FLIR ONE Pro, and using the 

HOBO/Onset UX100-014M single channel thermocouple data logger, using a type-K thermocouple. The FLIR ONE Pro is an 

infrared camera that plugs into an iPhone. The temperature of 168°F in the photo on the left is the reading from the FLIR 

ONE Pro as measured in the circle shown in the photo. The thermocouple is reading the temperature of the surface of the 

component underneath the piece of foil tape, where the end of the thermocouple wire is attached. Figure 6-3 shows that the 

FLIR ONE Pro overestimates the actual temperature (as measured by the thermocouple logger), by 10°F in the phone on 

the left, and by 20°F in the photo on the right. The use of an IR camera/gun overestimates bare heat losses by 16% on the 

left, and by 30% in the photo on the right, when the ambient air temperature is 80°F. The reason that the FLIR ONE Pro 

overestimates the surface temperature is because the FLIR ONE Pro uses an emissivity value of 0.95 by default 

(corresponding to the matte selection), but the actual emissivity of the component could be quite different from 0.95. For this 

reason, evaluators and vendors should be careful about using temperature readings from any infrared cameras or 

temperature measurement devices, without properly calibrating the IR device’s emissivity using a thermocouple logger. Not 

all infrared temperature measurement devices have the ability to adjust the emissivity value, the FLIR ONE Pro for example 

only has four emissivity settings that can be selected, corresponding to: ε=0.95 Matte (default), ε=0.80 Semi matte, ε=0.60 

Semi glossy, ε=0.30 Glossy. Some IR temperature measurement devices and cameras make it simple to adjust the 

emissivity value from 0.01 to 0.99 relatively easily.   

6.1.2 Surface temperature measurements: thermocouple vs. pressure gauge 
reading 

This section provides insight into the use of thermocouple vs. using pressure gauges, and saturated steam properties to 

measure bare surface temperatures. It is provided for informational purposes.   

Figure 6-4 shows temperature measurements taken on the bare surface of a component that had insulation jackets installed 

as part of an energy efficiency project.  

As shown in Figure 6-4, the pressure of this system is 42 psi, which has a saturated steam temperature of 289°F. The 

measured surface temperature of the insulated fitting, using a thermocouple was 266°F. The bare heat loss associated with 
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289°F (to 80°F) is 528 BTU/hr/ft2. The bare heat loss associated with 266°F is 449 BTU/hr/ft2. Using the pressure gauge 

instead of thermocouples overestimates bare heat losses in this example by 18%. 

Figure 6-4. Temperature measurement of component using thermocouple vs. pressure gauge coupled with 
saturated steam properties 

 

6.2 Emissivity 

The process that both insulation vendors and evaluators typically use is to assume a constant emissivity value of 0.80 for all 

bare uninsulated metal surfaces when calculating bare heat losses. All the tools described in this report that follow ASTM 

C680 (A, C, and D) use a default emissivity value of 0.80 for steel components. Tools C and D offer some other surfaces 

with different emissivity values to choose from, such as copper, stainless steel, and PVC, and tool A was updated in the 

course of this study to allow a user to enter a custom emissivity value. This section explores the impact that assuming a 

default emissivity value may have on the accuracy of the actual bare heat loss estimates. According to sources reviewed, 

the emissivity values for steel components can range between 0.68 and 0.95, depending the level of oxidation, roughness, 

whether the steel is painted or not as well as other factors.59 Figure 6-5 shows the impact that the emissivity of a pipe 

material has on the bare heat losses of a horizontal 3” NPS pipe at 200°F, 300°F, and 400°F, when in an 80° ambient 

environment. The 3EPlus tool was used to develop Figure 6-5. 

 
59 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions, Vol 1, Part 1, FSP-51-91, 1929, pp. 289–301. and https://www.optotherm.com/emiss-table.htm and  

https://www.optotherm.com/emiss-table.htm
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Figure 6-5. Impact that emissivity has on bare heat loss rates for 3” NPS horizontal steel pipe  

 

Figure 6-6 shows that for a typical range of steel pipes, where the actual emissivity can range between 0.68 and 0.95, using 

a default value of 0.80 can over or underestimate the true heat loss values by ±10%. Larger overestimations of bare heat 

losses can occur if the metal component is shinier, such as stainless steel, or galvanized pipe, which have emissivity values 

of 0.30 and 0.46, respectively. 

Figure 6-6. Effect using a default emissivity value of 0.80 has on the true bare heat loss values  

 

The authors do not currently know the typical range of emissivity values of insulated components that receive incentives 

from the Massachusetts energy efficiency programs, because so far there has been no known concerted effort to collect this 

data. There are simple methods for measuring emissivity values in the field,60 and the evaluators do recommend that on at 

 
60 https://www.transcat.com/calibration-resources/application-notes/measuring-emissivity 
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least a sample of future evaluation projects, evaluators try to collect emissivity data in order to better understand the 

potential range of this parameter in the field. Evaluators, along with other stakeholders, can then later decide if going 

through that effort is recommended or worthwhile on future projects during the implementation and evaluation phases.    

6.3 Configuration and geometry 

This section discusses the relationship between bare heat loss values, and the geometrical and special characteristics of the 

insulated components.   

Figure 6-7 was built using 3EPlus V4.1. It shows how the heat loss rates differ between horizontal and vertical pipes, and 

how for horizontal pipes, the heat loss rates approach the vertical heat loss rates as the pipe diameter increases. Note that 

the outputs from horizontal pipes that are 1” NPS, 3” NPS, and 10” NPS were confirmed to be relatively accurate compared 

to empirical data as discussed earlier in Section 5 of this report. Figure 6-7 was built using an emissivity value of 0.80, and 

an ambient temperature of 80°F. Figure 6-7 shows that for smaller pipe diameters, incorrectly modelling vertical pipes as 

horizontal pipes can overestimate bare heat losses by up to 16% for 1” pipes, which decreases to less than 5% for 8” NPS 

pipes and larger.   

Figure 6-7. Bare heat loss values for vertical and horizontal 300°F steel pipes as a function of pipe outer diameter 

 

The horizontal tank shown in Figure 6-8 can be thought of as an extension of Figure 6-7, where the diameter of the 

horizontal tank is large enough such that the horizontal tank shell heat loss is equivalent to the vertical tank shell heat loss.   
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Figure 6-8. Bare heat loss value comparisons between flat vertical and horizontal surfaces, and vertical and flat 
tank shells  

 

The other aspects worth noting about Figure 6-8 are that the top of flat surfaces emit more heat than the bottom of flat 

surfaces, and that the curved side of a vertical tank emits the same amount of heat per square foot as the non-curved side 

of flat surface.     

Figure 6-9 shows the empirical heat loss data61 for a 300°F steel horizontal pipe, with an emissivity value of 0.96, in 80°F 

ambient air. The heat loss values are different than the values shown in Figure 6-7 because Figure 6-7 uses an emissivity of 

0.80, and because, as discussed in Section 5.1, there are some discrepancies that exist between the empirical data, and 

3EPlus. Figure 6-9 does however confirm the pattern shown in Figure 6-7, which is that heat loss values per square foot of 

outer pipe surface area on horizontal steel pipes does increase with decreasing pipe diameter.   

 
61 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions, Vol 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
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Figure 6-9. Empirical bare heat loss values for vertical and horizontal 300°F steel pipes with an emissivity of 0.96 in 
80° F ambient air for 1”, 3”, and 10”  

 

The evaluation team in the past has used a methodology whereby all components, including linear feet of pipe, had been 

converted to the “Tank Shell – Horizontal” geometry within 3EPlus in accordance with a BAG monthly call on 10/4/2019 

when it was discussed that the heat loss per square foot for smaller diameter pipes appeared to overestimate heat losses 

and impacts compared to larger diameter pipes and horizontal tanks.  Based on a review of the available empirical data like 

that shown in Figure 6-9, and supported by the data from 3EPlus shown in Figure 6-7 Figure 6-8, heat loss per square foot 

rates for smaller diameter horizontal pipes are indeed larger than heat loss per square foot rates for larger diameter 

horizontal pipes and tanks. When evaluators convert horizontal pipes to the “Tank Shell – Horizontal” geometry within 

3EPlus, the evaluators are underestimating the true impacts from these projects. The study team recommends that when 

evaluators and/or vendors use ASTM-C680 compliant tools, such as 3EPlus to estimate heat loss values, that the geometry 

and configuration of the pipe or component selected in the modelling program match as closely as possible to the geometry 

and configuration of the as-built condition. Specifically, the study team recommends that the evaluators no longer convert 

linear feet of pipe to the “Tank Shell – Horizontal” geometry within 3EPlus.   

6.4 Other parameters 

Other parameters that the authors wanted to discuss briefly which have an impact on savings from insulation projects are as 

follows: 

1. Operating hours 

Operating hours have a direct impact on the savings achieved from insulation projects. Section 3 shows that a 

common primary reason for discrepancies between evaluator and implementer savings estimates is due to different 

operating hours being used between the two analyses. Table 3-1 from Section 3 suggests that operating hour 

adjustments is not as significant an issue as temperature adjustments.   

2. Bare surface area 

Bare surface area has a direct impact on the savings achieved from insulation projects. The more insulated 

surfaces that there are, the larger the savings from the project are. Section 3 shows that differences between 

implementation and evaluation values for bare surface areas has not been a significant adjustment factor in past 
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evaluation reports. Evaluators typically do a sanity check of the claimed bare surface areas, especially for 

components that are easier to measure, like straight pipe. For components with more irregular geometries, like 

valves, strainers, steam traps, etc., evaluators often rely on vendor-supplied bare surface area measurements, so 

long as the values seem reasonable. The evaluators could consider purchasing a 3D scanner, which would allow 

the evaluators to more quantitatively verify and check the bare surface area values claimed by applicants 

(consideration 3 in Section 2.1.1).    

3. Characteristics of new insulation (thermal conductivity, thickness) 

The characteristics of the new insulation have an impact on the savings, but not as large of an impact as other 

variables like the bare surface temperature, operating hours, and the surface area of the bare components. This is 

because the bare heat losses are typically an order of magnitude higher than the insulated heat losses, so making 

an error on the insulated heat losses is going to have considerably less of an effect on the savings estimates 

compared to errors made with respect to the other parameters discussed. Throughout this report, a lot of emphasis 

has been on understanding the accuracy and sensitivity of various inputs on the bare heat losses. This is because 

differences and adjustments made to bare heat loss values have a much stronger influence on the total energy 

savings compared to insulated heat loss values, due to the order of magnitude difference.        

For example, let’s take a bare 1” NPS horizontal steel pipe at 200°F in an 80°F environment that is getting 

insulated. Bare heat losses are 299 Btu/hr-ft2, and ½” insulation reduces that heat loss value to 39 Btu/hr-ft2. Using 

1” insulation rather than ½” insulation results in a total heat loss of only 17.7 Btu/hr-ft2. The savings for a ½” 

insulation is 259 Btu/hr-ft2, and the savings for 1” insulation are 281 Btu/hr-ft2. So, increasing the thickness of the 

insulation by a factor of 2 only increases the savings by a factor of 0.08. Whereas increasing the bare surface 

temperature by only a factor of 2 increases the bare heat losses by a factor of 3 (Figure 6-1 in Section 6.1).   

The study team does not have any updated recommendations around collecting information about the 

characteristics of the new insulation. While efforts should be made during implementation and evaluation phases to 

verify that the insulation was indeed installed on bare surfaces where none existed previously, evaluation and 

verification time is better spent on updating or review other variables rather than variables associated the new 

insulation (such as thickness, conductivity, and surface emittance).    

4. Wind speed 

Wind speed is another parameter that has an impact on the heat loss value when it is applicable. However, the 

majority of insulation projects are installed indoors, where the wind speed is close to zero. Projects are occasionally 

installed outdoors, where windspeed may need to be factored in. Figure 6-10 shows how wind speed affects bare 

heat loss values as a function of typical wind speeds in Nantucket, MA, one of the windier areas of Massachusetts. 

Figure 6-10 does not account for differences in outdoor/ambient temperature throughout the year, and instead 

assumes an 80°F ambient temperature, which of course is not representative of real-life applications, where the 

outdoor air temperature can vary considerably throughout the year. Figure 6-10 simply isolates the effect of 

windspeed on bare heat loss values. The study team recommends that windspeed be considered for any 

applications where bare pipes are insulated in outdoor applications. Engineering judgement, and/or additional 

supplementary research and/or data collection, may be necessary to account for differences between wind speed 

data collected from weather stations and windspeed at the location of the actual site, accounting for other buildings, 
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etc. Airport weather stations are required to be mounted between 9 and 10 meters high,62 whereas insulated 

components may be closer to the ground or near buildings, where typical wind speed may be different.   

Figure 6-10. Bare heat loss of a 200°F, horizontal, 4” NPS steel pipe in 80° ambient temperature as a function of 
windspeed, and TMY3 windspeed histogram for Nantucket, MA 

 

5. Ambient air temperature 

The effect of ambient air temperature should be considered in all applications, but it is a more important variable to 

consider carefully in outdoor applications than in indoor applications. Figure 6-11 shows the variation in heat loss 

for a 200°F, 4” NPS steel horizontal pipe located outdoors where the windspeed is assumed to be 0 mph, as a 

function of outdoor air temperature. Compared with Figure 6-10, Figure 6-11 shows that outdoor air ambient 

temperature does not affect bare heat loss values as much as windspeed.    

 
62 https://www.faa.gov/documentLibrary/media/Order/6560_20c_ord.pdf p. 2-3 
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Figure 6-11. Bare heat loss of a 200°F, horizontal, 4” NPS steel pipe located outdoors as a function of outdoor air 
temperatures in Nantucket, MA 

 

6.5 Note about how order of operation rules can be violated 

None of the tools evaluated as part of this study easily enable TMY3 calculations of bare pipes and components located 

outdoors, where windspeed and outdoor air temperatures vary throughout the year, or for situations indoors where the bare 

surface temperature may fluctuate over time. Utilizing average annual windspeed, ambient temperature, and surface 

temperature values as single inputs into the heat loss calculation tools violates order of operation rules, which results in 

calculation inaccuracies, as indicated in Table 6-1 and Table 6-2. Current standard approach of estimating bare heat loss 

values where bare surface temp is more than one temperature during the energized period can result in skewed bare heat 

loss values. This can occur when temperatures are averaged and used as the primary temperature input in 3EPlus to 

generate a heat loss value. The correct approach of estimating bare heat loss values where bare surface temp is not one 

temperature for the energized period is to estimate heat loss values at each temperature and then calculate a time weighted 

average of those heat loss values. 

Table 6-1. Current order of operations standard approach of estimating bare heat loss values  
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Table 6-2. Correct order of operations approach of estimating bare heat loss values  

% of Time 

Process 

Temp 

9 

Bare Heat 

Loss (Btu/h-

ft2) 

 

50% 450          

        3EPlus 
1,242  

50% 250 397  

  
 820 

Time-weighted average of bare 

heat loss values  

In the example outlined in Table 6-1 and Table 6-2, the incorrect method results in a bare heat loss value that is 56 Btu/h-ft2 

less than the correct method, which is 7% less than the correct method. The correct method is much more time consuming, 

especially using the existing tools reviewed as part of this study. Outdoor insulation projects are much less common than 

indoor applications, meaning that this issue arising from variation in windspeed, and outdoor air temperature come up only 

as often as outdoor insulation projects occur. Based on the review of the 25 evaluation projects (see Section 3), the study 

team roughly estimates that notable variation in bare surface temperatures can occur in around 20% of projects. The study 

team does not know with a high level of certainty how much inaccuracy this issue likely introduces currently, but our initial 

viewpoint is that this issue is not likely an overwhelming source of inaccuracy relative to other sources. Additional attention 

and possible tracking of this issue on future insulation projects may provide additional insight into how significant or 

insignificant this source of inaccuracy may be.   

6.6 Interactive factor considerations - functional heating factor 

If the component(s) being insulated are in a temperature-controlled space, then some of the bare heat loss is useful and 

reducing the heat loss with insulation will cause an increase in heat provided by the heating device. Often, insulation 

projects occur in mechanical rooms that are not thermally controlled environments. However, in applications where 

insulation projects occur in spaces that are thermally controlled (i.e., have a thermostat that controls the heating system), 

consideration in the calculations should be made to ensure that any bare heat losses from the uninsulated pipes that result 

in useful “desired” heat in the baseline condition, which would also be required in the post-case condition, are not counted 

as savings. Additional investigation may be required to provide adequate guidance on how to account for this in a consistent 

manner if this issue is found to happen frequently and is found to have relatively high influence on total impacts.  

6.7 Note about applicability of reviewed tools 

The tools reviewed are all applicable to applications where heat transfer occurs between pipes and other hot fluid carrying 

components and air surrounding them. Any pipe or component insulation project that involves heat transfer to other 

mediums or environments besides air, such as buried steam pipes, would not be able to use any of the tools described in 

this report, since the fundamental heat transfer modes may be different. For example, there is no radiation or convection 

underground, only conduction, so the methods described in ASTM C680 would not apply.      

6.8 Note about what surface area measurements to use 

This section addresses what surface area measurements to use when calculating the total energy savings, provided one 

has retrieved the bare heat loss values from 3EPlus or another program that follows ASTM-C680. Standard practice among 

the evaluators and vendors is to apply the surface area of the bare component to the bare and insulated heat loss rates 

(calculated from 3EPlus or other ASTM-C680 tools), rather than applying the bare heat loss rates to the bare surface area, 

and the insulated heat loss rates to the surface area of the outer insulation layer for fixtures and components that are 

irregularly shaped.   
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For fixtures and components that are irregularly shaped, i.e., not straight lengths of pipe, annual energy savings are 

calculated using the following equation for each component: 

𝑆𝑎𝑣𝑖 =  
𝐴 × 𝐻𝑜𝑢𝑟𝑠 × (𝑄𝑏 − 𝑄𝑖)

100,000 ×  𝐸𝑏

 

where,  

𝑆𝑎𝑣𝑖  = annual energy savings for each straight length of pipe (therms) 

𝐴 = Bare (uninsulated) surface area of component (ft2) 

𝐻𝑜𝑢𝑟𝑠  = annual operating hours 

𝑄𝑏 = Bare heat loss per square foot of bare component (Btu/hr/ft2), calculated using 

3EPlus 

𝑄𝑖 = Insulated heat loss per foot from insulated square foot of bare component (Btu/hr/ft2), 

calculated using 3EPlus 

100,000 = conversion factor (1 therm = 100,000 Btu) 

𝐸𝑏  = boiler efficiency  

 

The correct approach for calculating annual energy savings for straight lengths, using the “heat loss per hour” method in 

3EPlus, are presented below: 

𝑆𝑎𝑣𝑖 =  
𝐿 × 𝐻𝑜𝑢𝑟𝑠 × (𝑄𝑏 − 𝑄𝑖)

100,000 ×  𝐸𝑏

 

where,  

𝑆𝑎𝑣𝑖  = annual energy savings for each straight length of pipe (therms) 

𝐿 = linear feet of straight pipe (ft) 

𝐻𝑜𝑢𝑟𝑠  = annual operating hours 

𝑄𝑏  = Bare heat loss per foot from bare length of pipe (Btu/hr/ft), calculated using 3EPlus63. 

𝑄𝑖 = Insulated heat loss per foot from insulated length of pipe (Btu/hr/ft), calculated using 

3EPlus64.   

100,000  = conversion factor (1 therm = 100,000 Btu) 

𝐸𝑏  = boiler efficiency  

There is a way in 3EPlus to produce heat loss values per square foot of surface area, rather than per linear foot. This is 

achieved by selecting the “heat flow limitation” method, rather than the “heat loss per hour” method. When the “heat flow 

limitation” method is selected, and heat loss rates are presented for various thicknesses of pipe, the heat loss per surface 

areas are presented in terms of the surface area of the outer insulation, and not the surface area of the bare pipe.  For this 

reason, we recommend staying with the “heat loss per hour” method.  If the “heat flow limitation” method is selected, then it 

would be necessary to apply the insulated heat loss rates to the insulated surface areas.     

 
63 The difference between the surface area of the bare pipe and the insulated pipe is taken into account in the calculations.   
64 Ibid.  
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7 CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS 

7.1 Key findings and corresponding recommendations 

The analysis of the savings methodologies did provide some relevant information about the methods used to quantify the 

pipe and fitting insulation savings impacts, as did the review of the 25 evaluated projects. The following is a summary of the 

primary key findings, and corresponding recommendations:   

1. Finding: Differences related to bare surface temperatures of the insulated components between evaluation and 

tracking are the most significant sources of low realization rates. The seven projects where the bare surface 

temperature differences were indicated as being the largest discrepancy source had an average realization rate of 

77%. Other key parameter inputs such as operating hours, boiler efficiency and quantity also resulted in deviations 

between tracking and evaluated savings.   

Recommendation: The largest actions that can be taken to reduce discrepancies between tracking and evaluated 

savings will be around aligning methodologies between how key data is collected during the implementation and 

evaluation phase, especially bare surface temperature measurements. The study team recommends an effort to 

engage with the key vendors who develop insulation projects in MA, and together creating an agreed-upon 

procedure for collecting key variables, namely surface temperature measurements. This may include 

recommended measurement devices, duration, and the location that measurements are taken on standard 

components. There was an agreement with Vendor 1 that these are issues worth studying and exploring further, 

and this vendor indicated that they would be interested in cooperating to investigate and ultimately establish and 

document best practices.65  

o Consideration: The study team suggests that consideration be given to an incentive mechanism that 

would encourage vendors and/or applicants to collect short-term temperature measurements prior to the 

payment approval stage. This data would be used to improve the accuracy of the ex-ante energy savings 

values. See Section 0, item 2.  

2. Finding: Three of the tools reviewed were built referencing ASTM Standard C680, which is a standard describing 

the established methodology for computer programs to calculate heat loss values for bare and insulated surfaces. 

These three tools were found to result in heat loss values that matched the empirical data more closely than the 

tool that was not built-in reference to ASTM C680,66 which instead uses a constant heat loss coefficient.   

Recommendation: The study team recommends that the Massachusetts PAs require insulation project ex-ante 

savings be based on tools that reference the ASTM C680 standard, rather than tools that use other methods, such 

as the default heat transfer coefficient used by Vendor 2. Representatives from National Grid indicated that they 

would be open to the possibility of sharing, selling, or leasing/licensing their tool with the other MA PAs, and that 

they would be open to having certain features of their tool (cosmetic or otherwise) be modified by either vendors or 

other third parties if it could be helpful.67 The study teams recommends that the PAs assist Vendor 2 in developing 

a tool that follows the ASTM-C680 standard, possibly by adapting the National Grid tool, provided that National 

Grid is amenable, and once that alternative is provided to Vendor 2, the PAs should require Vendor 2 to use that 

tool, or another approved ASTM-C680 compliant tool, such as 3EPlus to estimate heat loss values. The study team 

 
65 See Section 0 
66 See Table 5-1 in Section 5.1. 200° F to 400°F is the typical temperature range that the authors see when evaluating insulation projects in MA and other jurisdictions.   
67 See Section 0 
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recommends that other ASTM C680 tools, such as the one developed and used by Vendor 1, and the 3EPlus tool, 

be allowed for use in estimating ex-ante and ex-post savings.      

3. Finding: One of the tools, Methodology D, developed by National Grid, which references ASTM C680, diverges 

somewhat from the other two tools that reference ASTM C680, and the study team identified areas where this tool 

did not follow ASTM C680 during certain steps in the calculation.68  

Recommendation: The study team recommends that the divergences from ASTM C680 found in Methodology D, 

the tool developed for National Grid be corrected as outlined in Section 5.2.69 This will bring Methodology D fully 

into alignment with Methodology A, Methodology C, and ASTM C680. 

4. Finding: Vendor feedback about the programs offered in Massachusetts for insulation measures was very 

favorable.70 One suggestion that one respondent wanted to make clear was not specific to Massachusetts, but to 

programs in general, was that programs should make every effort to catch any savings/incentive adjustments 

during the initial project review wherever possible, rather than during the final project review. Surprises, or 

reductions to savings/incentives that occur during the final review, can result in significant customer dissatisfaction 

with the program. Vendors also indicated a strong desire to be involved in the decision-making process related to 

any planned or proposed updates to the program.    

Recommendation: The study team recommends that the Massachusetts PAs continue to communicate with key 

stakeholders, namely vendors who actively participate in the program, before making any significant changes to 

program delivery or requirements, and that the programs should continue to solicit and incorporate feedback from 

these key vendors.    

5. Finding: The team in the past has used a methodology whereby all components, including linear feet of pipe, had 

been converted to the “Tank Shell – Horizontal” geometry within 3EPlus in accordance with a BAG monthly call on 

10/4/2019 when it was discussed that the heat loss per square foot for smaller diameter pipes appeared to 

overestimate heat losses and impacts compared to larger diameter pipes and horizontal tanks. Based on a review 

of the available empirical data,71 heat loss per square foot rates for smaller diameter horizontal pipes are indeed 

larger than heat loss per square foot rates for larger diameter horizontal pipes and tanks. When evaluators convert 

horizontal pipes to the “Tank Shell – Horizontal” geometry within 3EPlus, the evaluators are underestimating the 

true impacts from these projects.   

Recommendation: The study team recommends that when evaluators and/or vendors use ASTM-C680 compliant 

tools, such as 3EPlus to estimate heat loss values, that the geometry and configuration of the pipe or component 

selected in the modelling program match as closely as possible to the geometry and configuration of the as-built 

condition. Specifically, the study team recommends that the evaluators no longer convert linear feet of pipe to the 

“Tank Shell – Horizontal” geometry within 3EPlus.   

7.2 Key findings and corresponding considerations 

The following is a summary of the additional key findings, and corresponding considerations:   

1. Finding: Overall, the weighted average historical realization rate for 25 recently evaluated insulation projects is 

90%, with a sample standard deviation of 27%. This corresponds to a coefficient of variation (c.o.v.) of 

 
68 See Table 5-5 in Section 5.2 
69 See Table 5-5. Tool comparison to ASTM C680 standard 
70 See Section Error! Reference source not found.: Error! Reference source not found. for more details 
71 see Figure 6-7 in Section 6.3 
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approximately 30%, which is less variation than the 50% c.o.v. that is commonly recommended72 for designing 

sampling plans when the c.o.v. is not otherwise known. Based on this perspective, this insulation measure does not 

appear to be exhibiting unusually excessive variability related to evaluated results compared to tracking estimates. 

The 90% realization rate is also relatively high compared to other measure types, which should be recognized 

when considering investments of time and resources around improving realization rates relative to other measures.    

Consideration: In light of the overall realization rate of 90% for 25 recent insulation projects, and the 30% c.o.v.,73 

the study team suggests that any decisions around allocating budgetary resources to improving the future 

realization rates of insulation projects be carefully weighed against similar investments in improving the realization 

rates of other measures. Another consideration should be the positive momentum, forward progress, and positive 

interest that this study has generated with the vendors who have been engaged with this study effort so far, and 

that any agreed upon actions from this study be implemented sooner rather than later in order to maintain vendor 

engagement and momentum.  

2. Finding: Neither the evaluators nor the vendors are collecting emissivity data on the uninsulated components 

being insulated, but instead are relying on a default emissivity value (typically 0.80), even though the literature 

suggests74 that this can range from 0.68 to 0.95 for commonly insulated components, which can result in 

differences in bare total heat losses in the range of ±10%.75   

Consideration: The study team suggests for consideration that the evaluators in MA attempt to understand and 

document the range and variability of actual surface emittances found in typical insulation projects, by collecting 

emissivity data on 10-15 components at several upcoming projects. Currently, a default value of 0.80 is used, but 

the literature suggests than this value can change for steel components from 0.68 to 0.95 depending on numerous 

factors, which can lead to differences in bare heat losses by ±10.76 There does not seem to be any empirical data 

supporting the 0.80 value, although there are several ways to collect it relatively easily in the field.77 

4. Finding: Evaluators typically do not invest significant effort during site visits site to validate bare surface area 

values indicated by vendors. Evaluators typically use more of a qualitative approach when verifying bare surface 

area values for components with surfaces whose geometry are irregular or complex. Review of past evaluation 

reports indicate that quantity differences are rarely the leading cause for savings discrepancies, but this may be 

due to the difficulty evaluators have in quantitatively verifying bare surface area values for many components that 

get insulated.   

Consideration: The study team suggests that the Massachusetts PAs consider purchasing a 3D scanner to help 

confirm bare surface area measurements as part of the pre-review and evaluation phases for non-pipe insulation 

applications. Right now, evaluators rely heavily on bare surface area values provided by the vendors and make 

qualitative assessments around whether those surface areas seem reasonable. We assume that reviewers 

involved during the implementation phase face a similar challenge. Acquiring a 3D scanner could allow bare 

 
72 2012 IPMVP Vol. I, p. 98 
73 In sample designs, sample size is a direct function of c.o.v. This suggests that the approach of stratifying by measure type, where these insulation projects are evaluated 

in their own stratum, may result in lower sample sizes. Additional work to further reduce the c.o.v., such as by aligning data collection methods between evaluators 
and vendors, may not only have the benefit of increasing realization rates, but may also reduce sample sizes. This can potentially result in fewer customers being 
burdened by the evaluation process and may also potentially reduce evaluation costs.   

74 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
75 See Section 6.2, specifically Figure 6-6. Effect using a default emissivity value of 0.80 has on the true bare heat loss values 
76 Heilman, R. H., “Surface Heat Transmission,” ASME Transactions 1, Part 1, FSP-51-91, 1929, pp. 289–301. 
77 https://www.transcat.com/calibration-resources/application-notes/measuring-emissivity 
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surface area measurements to be made on a sample of fittings at projects, to better validate bare surface area 

values provided by vendors.     

.     
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APPENDIX A. STAKEHOLDER FEEDBACK 

This section summarizes background information, recommendations, and general program feedback provided by vendors 

interviewed during the data collection phase of this project. Vendor 1 and Vendor 3 agreed to be interviewed, while Vendor 2 

did not respond to requests to be interviewed. This section also includes responses to some questions asked to National 

Grid about their tool.    

The objectives of the interviews were to:  

1. Understand how vendors develop energy savings estimates for the insulation projects they complete, and how this 

compares to evaluation methodologies.  

2. Discuss and strategize potential avenues for the MA program administrators and insulation vendors to reduce 

future discrepancies between savings estimates claimed during the implementation phase versus the evaluation 

phase.   

3. Collect recommendations, feedback, and perspective from vendors regarding their involvement in the 

Massachusetts energy efficiency incentive programs to share with the Massachusetts PAs. 

Vendor 1 responses 

Vendor 1’s thoughts on whether new statewide tool should be built 

1. Vendor 1 does believe that ASTM-C680 calculation methodologies should be followed when estimating potential 

energy savings from installing insulation. Their tool is based on ASTM-C680, and was confirmed to match closely to 

empirical data, just as the 3EPlus was similarly validated.   

2. Vendor 1 would prefer to use their own tool since it is integrated into their data collection, production, and reporting 

tools.    

3. Vendor 1 finds that with standardized approaches, it never really is one-size-fits-all in the custom insulation jacket 

industry.   

4. If there are only a few vendors who do insulation projects in Massachusetts, a suggested approach would be to do 

a thorough review of each vendor’s process and methodology (similar to what you are doing right now), and then 

document that for future reviewers/inspectors to refer to if they have questions.  

Temperature measurements 

1. Vendor 1’s field technicians work with the operators to properly identify the average Steam psi per component. 

Gage pressures are documented and used to calculate the operating temperature – when a gauge reading is not 

available, components are shot with an infrared (IR) gun to confirm  

2. Evaluators typically use IR guns for spot measuring the temperature of the components sampled. This could be the 

primary root cause behind the fact that the most common evaluation adjustment is related to differences in surface 

temperature values between tracking and evaluation. 

3. According to Vendor 1, in the past there has been back-and-forth with different utilities around the best way to 

measure surface temperatures. In some cases, they had been told that using pressure gauges to estimate 

temperatures was acceptable, only to find out later that project reviewers and evaluators use IR guns. It has been 

difficult to know how to direct field staff on how to collect this data because it seems as though the issue has never 

been fully settled. IR gun temperature readings are incorrect if the surface being measured has an emissivity value 

that is different than the emissivity setting programmed into the IR gun. A potential solution may be to try out 

thermocouple probes designed for measuring surface temperatures,78 since thermocouples are more accurate. 

Through an email exchange following the interview, there was an agreement that it is something worth studying 

 
78 https://www.grainger.com/ec/pdf/9PTF7_1.pdf (see last two items on this link)  

https://www.grainger.com/ec/pdf/9PTF7_1.pdf
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further, and Vendor 1 indicated that this is something they would be interested in cooperating on to investigate and 

ultimately document.   

Operating hour values 

1. Vendor 1 field technicians interview the operators to estimate yearly hours of operation. If a facility, like a hospital, 

is operating 24 hours…24 hours x 365 days = 8760 hours of operation. Vendor 1 stated that Massachusetts also 

has approved operating hour assumptions for different facility types, which is helpful, since a customer’s estimate of 

their equipment’s operation can often be incorrect, unless it is based on data from a boiler control system.   

2. Evaluators typically install thermocouple loggers on the bare surfaces of the insulated components, or on/off motor 

loggers on boiler draft fans. Thermocouple loggers are typically preferred since there can be valves between the 

boiler and the insulated components that can affect whether a specific item is energized or not. For equipment that 

operates seasonally, evaluators typically develop regressions between the on-time data, and actual outdoor air 

temperature data for the monitoring period, and then apply those regressions to a typical meteorological year 

(TMY) weather file. This requires having enough logger data that covers a good portion of the variation in outdoor 

air temperature.   

Operating hour and temperature data collection  

1. One idea that was proposed for further consideration to reduce future discrepancies between evaluated and 

tracking savings would be for data loggers to be installed during or shortly after Vendor 1 completes their initial 

scoping audit for a customer. Vendor 1 indicated that typically there is a lag time of approximately six months 

between when they do a scoping audit to develop a proposal for their customer and when a customer issues a 

purchase order. This could potentially allow several months of operating hour and surface temperature data to be 

collected, which could inform the pre-approval amount. One potential downside of this is that customers typically 

like to have some idea of the incentive amount early on, and their budgetary approval processes are usually fixed. 

A possibility for overcoming this may be for Vendor 1 to provide them with a worst-case “low-ball” estimate up front 

as part of the initial proposal, which could be improved later if the results are better. Vendor 1 proposed a phone 

call soon to discuss further details around this idea. 

2. Another idea that was discussed during a follow up phone call was a potential incentive adder if the vendor and/or 

customer were able to provide more accurate temperature data prior to the payment stage. Vendor 1 suggested 

that if historically, realization rates are around 90% for insulation projects, then perhaps the program could be 

reconfigured to provide a “base” custom incentive by applying a 90% factor to the pre-approved energy savings 

calculations at the standard incentive rate. If the customer and/or vendor were able to assist in providing pre-

agreed upon trend data prior to the payment stage, then the applicant would be eligible to access a bonus incentive 

based on the verified energy savings above the pre-approval estimate using the collected data at a higher incentive 

rate. The vendor suggested the possibility of piloting this new incentive structure with a specific higher education 

client of theirs who they work with frequently. This may provide the opportunity to think through in detail any trade-

offs, or unintended consequences before a larger rollout. Another option of testing the incentive structure would be 

to simulate different scenarios based on historical evaluated projects. This would help pinpoint what the 90% factor 

should be adjusted to (if not 90%) in order to reduce the likelihood that a project’s final savings estimate using 

additional data would result in lower than the pre-approved incentive amount. This scenario would likely result in a 

negative customer experience. Also, if the pilot were to find that this updated process slowed down the pre-

approval process in any significant way or reduced the proclivity of customers to move forward on insulation 

projects, then the programs should quickly adjust or abandon the pilot. Slowing, encumbering, or complicating the 

pre-approval process would be counterproductive to the goals of the efficiency program, so any pilot or program 

update should be designed with simplicity and clarity.   
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3. One anecdote that was provided by Vendor 1 about another program was as follows:   

A program in another state did not work very well, because it had two tracks, prescriptive and custom. The 
prescriptive program would approve customers in a matter of weeks, but the custom program had a 6-
month approval process, even if it was just one piece of insulation. During that time, we submitted one 
custom project. It took 8 months for the project to get approved, and we said we are not doing this 
anymore, it is not worth our while, and we refocused our efforts elsewhere. Only recently, after two years, 
the program called us, and said, “Hey why aren’t you guys submitting projects anymore?” We informed 
them that it did not work for our business or for our customers to have to wait 8 months before work can 
start”  

Surface area measurements  

1. Vendor 1 has assembled industry standard, bare surface area square footage for components, based on 

manufacturer cut sheets, drawings, and 3D files. In addition, field measuring and photographs occur on every 

project. For specialty items, Vendor 1 uses a 3D scanner. 

2. Vendor 1 indicated that based on a recent internal audit that they had performed on their bare surface area 

measurements at the request of one of their customers, they showed that they had underestimated bare surface 

area measurements by as much as 25%, but typically by around 5%. They typically intentionally try to 

underestimate bare surface areas because they do not want to overestimate savings. Typically, their customers 

provide them with operating hour information and gauge pressure values, so the one item that they have some 

level of control over is the surface area measurements.  

Boiler efficiency 

1. Vendor 1 indicated that customers usually have a pretty good idea of how efficiently their boilers operate, and use 

the values provided by their customers. If the customers do not know, typically Vendor 1 uses a value of 82%.   

Emissivity 

1. Vendor 1’s tool previously used the default emissivity of 0.8 for steel in their tool, which is consistent with the 

default value for steel in the 3EPlus tool.  

2. Based on this discussion and email exchange, Vendor 1 updated their tool to allow a user to input an emissivity 

value of the bare uninsulated surface if it was known.   

Vendor 1’s general feedback about programs offered in Massachusetts 

1. Massachusetts is generally pretty fair with respect to savings estimates. The application process is relatively easy.  

2. Massachusetts is often a benchmark in terms of working with other states. For example, Vendor 1 convinced an 

energy efficiency group in California and in upstate New York to look at allowing custom insulation measures, 

where previously it was not eligible.   

3. A lot of utilities have prescriptive incentives for insulation, but they are table based, and often don’t cover the 

temperatures that steam goes up to and don’t cover the types of projects we do. Having some venue for custom 

work is good, and one that is not too restrictive, time consuming, or burdensome to work with. We stopped 

working with one program because their custom pre-approval process took 8 months, which does not work for our 

customers.   

4. This past year, there have been instances in Massachusetts where it seems as though savings were cut 

arbitrarily, with no clear explanation. This can be frustrating. 
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Vendor 1’s feedback about programs offered in general (not necessarily 
Massachusetts) 

1. An area that is very difficult and frustrating is the disconnects that can happen between the pre-application, pre-

approval, and final approval stages. Typically, vendors do an audit, and let the customer know what type of 

incentive the customer can expect. Then a utility inspector does the pre-review, which may change the pre-

approved incentive amount from the vendor’s original estimate. Differences at this stage are not ideal for the 

customer experience, but these are somewhat understandable, since the pre-reviewer is simply doing their job 

and ensuring that the program requirements are being met. Vendor 1 would like to reduce these discrepancies 

over time through conversations like this but understands that the pre-review stage is an opportunity to address 

any questions or uncertainties. What is really bad for the customer experience is if the pre-inspection is not done 

as thoroughly as it should be done, and the final inspection raises new questions and issues that could have been 

identified and addressed during the pre-review phase. This is a very ugly situation which results in a very negative 

customer experience. Anything that can be done so that the thorough review and questions get asked during the 

pre-review, and not during the final review, would be an improvement. If someone is going to be thorough and 

check each item for eligibility, that should happen during the pre-review. The final inspection should just be to 

check to see that the scope was carried out as originally planned, or if any changes to the scope had been made 

between the pre-approval stage, and when the project is completed. This is not something that Vendor 1 has 

seen nearly as often in Massachusetts versus other places. Massachusetts is really at a level that other states 

should try to emulate.    

2. We recommend, from experiences in other states, that it is helpful when programs can ensure that there is a 

dialogue and flexibility outside of prescriptive options. This is not to say that prescriptive programs do not work as 

well, but there always seem to be unique cases that do not fit well in prescriptive programs. Situations where 

there may be a high potential for savings, that fall outside of typical applications. An example might be a large 

heating pipe at the top of a building located in a very cold climate, where there is wind, and much colder 

temperatures than typical indoor applications. The energy savings for this particular application could be much 

higher than what a deemed table would suggest, and the lack of a custom option could result in the customer not 

moving forward with such a project when it would be in everyone’s interest to do so. The savings would be higher 

in this situation, and the installation costs would also be higher than in a typical, easy-to-access mechanical room. 

It is preferable to have a process that is flexible than one that is rigid simply because a scenario was not thought 

of when a prescriptive process had been defined.     
 

Vendor 1’s suggestions 

1. If there are indeed only a handful of vendors who do insulation projects in MA, instead of coming up with one tool 

for everyone to use, do a thorough audit of each vendor’s process and methodology. Then approve that and 

document it, so that the next inspector, even if they have never heard of the vendor before, can go back to that 

audit to answer the questions about the process or methodology. For utilities who we have worked with for years, 

they often bring in a new inspector, reviewer, or consulting firm, who goes over the same questions that had been 

asked and answered dozens of times before. We would prefer it if the utilities could provide to new individuals 

involved in reviewing these projects a document that shows that the vendor’s methodology has been reviewed, 

documented, and approved, so that the same questions do not need to be asked and answered repeatedly. We 

appreciate opportunities like this to go through the process thoroughly, and we believe that doing this at a high level 

where it can be documented for future use can save everyone a lot of time. This approach is an alternative to 

developing a new tool that everyone must use.   
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Vendor 2 responses 
1. Are the attached tools generally the tools that your company uses for estimating energy savings for insulation 

projects?  The first tool has a combined heat transfer coefficient of 3.2 Btu/hr-ft2-°F, corresponding to a surface 
temperature of 300 °F.  I have also seen a similar tool which is used for insulating steam traps, which has a 
combined heat transfer coefficient of 2.6 Btu/hr-ft2-°F, corresponding to a surface temperature of 200° F. Does your 
company ever use different tools, with different total heat transfer coefficients? 

 
We don’t use any of the Excel tools anymore.  Those tools may be an end product of what we do.  We use an ERP 
system, where we enter all of our information, and that is where we calculate the savings.  It’s a resource planning 
tool. We use it to generate quotes, sales orders, etc.   

 
The tool that was attached to the email may be something that was used 5-6 years ago.  

 
The heat transfer coefficients are embedded in our ERP Calculations.  The combined coefficient is a fixed value in 
the formula.  The thermal conductivity will vary based on the temperature.  The thermal conductivity is based on the 
blanket specification which was tested using ASTM C-335. 

 
2. Would you have an example of what you are currently using?   

We have a write up that we can provide. We don’t want to share the tool itself, it would require NDAs, since we 
have proprietary information in there.  Our bare surface areas are very precise. We have gone through a process 
the past year verifying the bare surface areas.  We can send the formulas we use.  I am confident you use the 
same one. 

 
3. Does the new tool follow ASTM- C680?  

Surfaces are too complex to define, so a simple heat loss calculation is used.  More important is the approach for 
determining the surface area (ASTM-C1129), as well as the thermal conductivity. 

 
We would probably be using the same methodology now as was used in the spreadsheet that was attached in the 
email.  But I will verify to see if we changed it. 

 
One thing that is different is that we no longer use one coefficient that is for a single surface temperature for a 
single project. Instead, we use coefficient appropriate to the actual surface temperature of the fitting for projects 
where there are different temperatures for different components.  The coefficient’s used for each temperature range 
are provided below: 

Surface 

Temperature 

Range (°F) 

Combined Heat 

Transfer Coefficient 

Used (Btu/hr-ft2-°F) 

25-250 2.7 

251-350 3.2 

351-450 4.2 

451-550 5.0 

 
 

4. Can you send an example of the new methodology used by your company? 
 

Yes, I can send an example of the new methodology79.   This is based on ASTM C-1129. 
 

5. The evaluators, and other vendors typically follow a calculation approach that follows ASTM-C680 to estimate heat 
loss values. We have confirmed that 3EPlus follows ASTM-C680.  There is also an Excel tool which National Grid 
built which follows ASTM-C680.  This National Grid tool could possibly be modified to look like the tools you 
currently use.  If the MA program administrators were to assist in updating this tool so that it had the same look and 
feel as your current tool, but with the algorithms behind the scenes that followed ASTM-C680, would you be willing 
to adopt that new tool on future insulation projects?  The purpose of this would be to ensure that there is a 
consistent methodology across the different vendors, that all follow ASTM-C680.   

 
79 A pdf document was sent showing the equations that are used in this vendor’s methodology, but not the tool itself.  
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No, our company already has a process in place that is very integrated with our systems.  We are not interested in 
integrating a new/different tool in with our current processes at this time, as it would require a lot of time and effort.    

 
3EPlus is used for pipe covering/insulation not blanket or complex surfaces.  ASTM C-335 testing proves out 
inaccurate measures on finished blankets (Reference to ASTM-C680).  We would be willing to adopt a new tool on 
future insulation projects if it meets our current standard, which we feel is better. 

 
6. How does your company measure the bare surface temperature of components you insulate? Have you used, or 

considered using thermocouples to measure bare surface temperatures?  
 

We currently use infrared guns.  Thermocouple measurements may not be practical in all applications.  IR guns are 
quick and easy.  If we went with thermocouple measurements, we would almost be forced to charge the customer 
for the survey, which we offer for free now.  A steam fitting may be 30’ up in the air.  Measuring the temperature of 
that would not be practical with a thermocouple logger.  Thermocouples installed over a few weeks would certainly 
be more accurate, since systems cycle. But the problem is, what is the cost associated with collecting that data?   

 
For example, we completed a hospital with 250 fittings last week. That took one person a full day to complete the 
survey.  If we used thermocouples to measure each component, it would take a full week to install the 
thermocouples.   If we were attaching the thermocouple with glue or tape, we would need the customer’s 
permission.  In a food grade area, that would not be allowed.   
 

7. Does your company have any thoughts or reactions to a potential pilot around possible incentive structure around 
incentivizing additional data collection, such as installing thermocouple loggers on a sample of fittings?  

 
Yes, we are open to additional testing to improve the program. A question we might have about such a pilot aimed 
at collecting additional data is who would own the data?   

 
We would have to do some scrambling, but we could figure out a way to do that in a pilot setting. It is not an 
insurmountable amount of technology that would have to be figured out.  
 

8. Does your company ever use readings from pressure gauges, coupled with saturated steam tables to estimated 
surface temperatures?  
 
We use infrared for measuring bare surface temps.  That option does not tell you the bare surface temp, it tells you 
the temp inside the pipe.  We take temp measurements for every fitting using an IR gun.  

 
9. How does your team estimate the operating hours? 

 
We collect this through a discussion with the site contact.  Some systems are triple redundant.  One system may be 
running, two systems are off.  So by taking IR temp measurements, you are accounting for some of that issue, of 
some being on, some being off.  Say a facility has 3 boilers, and only 1 is running.  You take what the standby 
temperatures are on the fittings associated with the boilers that are off.  That will account for that operating hours a 
bit. We interview the folks at the site to see what they are doing.    

 
10. How does your team estimate boiler efficiency values?  It seems like the attached tools that we reviewed that were 

used by your company do not include a boiler efficiency value. Do you omit this intentionally so as to be 
conservative?  Is the boiler efficiency typically included at a later stage?  

 
A boiler efficiency term, and other factors, are incorporated to the cost savings presented to our customers.80  

 
11. How does your company estimate surface areas for the components and pipes that you insulate? 

 
We have a database of a lot of steam fittings.  We have gone through and based on ASTM standards, we have 
calculated what the surface area is of every single steam fitting.  Right down to number of sides on a bolt.  It is 
painstaking.  We verified these numbers last year, and it took someone full time over a year to do.  That is the level 

 
80 The study team confirmed that the tool does not present the MMBtu savings at the gas meter, it presents the heat loss savings on the distribution system, which does not 

account for boiler losses.    
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of detail. They were looking at spec sheets, CAD drawings, etc. It is a matter of fine tuning.  You see 2-3% here, 2-
3% there.  We refer to ASTM C-1129.  

 
12. Do you use this surface area data in manufacturing processes?   

 
No, it is a separate measure but certainly defined.  For pricing and blanket design planning. 

 
13. Is there a standard emissivity you use in your calculations and/or infrared temperature measurements?  Do you 

ever make adjustments?   
 

All of our guns have emissivity variables. We can change the emissivity within the gun. We use 0.9 for carbon steel, 
and 0.8 for stainless steel81. We use an adjustable emissivity setting on IR gun. 
 

14. Does your team ever consider differences in heat loss rates for some of the things you insulate based on geometry 
or configuration? For example, would you calculate the heat loss rates separately for the sides different from the 
top and bottom of a large rectangular tank or oven, where heat loss on the top may be different from the sides or 
bottom?  

 
We don’t account if it is from the sides or the bottom.  When you do an energy survey, there is only so much data 
you can capture.  You have to get in and get out quickly.   
 
The current tool being used does not currently allow different geometries, but it could be changed through changing 
the programming within the tool.  It may be difficult, however. 

 
15. Do you have any general feedback that you would like to share about working with the energy efficiency programs 

in Massachusetts?   
 

a. Areas that the programs do well 
We love working with MA, since they have funded a lot of jobs for us.   
 
The general experience has been quite positive.  We appreciate the strong interest to adopt better standards.   
 

b. Areas for improvement 
The major challenge has been timing. Companies generally wait until the end of the year to apply.   

 
c. How does working with the programs in MA compare to working with programs in other 

geographies/jurisdictions?  Any lessons from other areas that you think MA should either try to emulate, or 
avoid?  

Programs are similar to NY, CA, and IL 
 

16. Do you have any suggestions for improving the accuracy around the methodology for estimating savings in MA? 
Any thoughts on whether a single statewide tool should be built, that all vendors would use?    
 

The biggest hurdle is field validation of components, not the heat loss calculations.  We see too many assumptions 

made during the energy survey development, only to be changed and corrected during the project management 

phase.  An example is not including flange ratings on fittings which can have an enormous impact on surface area. 

We pride ourselves in accurate, concise development. The quality issue cannot be overstated. 

Vendor 3 responses 

Vendor 3 has only worked on one project in Massachusetts in the past few years but has worked more extensively with 

another program in a nearby state where they are based. Most of this vendor’s work (~75%) is on new construction projects, 

but they have been increasingly expanding into providing insulation services to existing buildings, where energy savings is 

 
81 According to these two sources, stainless steel can have emissivity values that range from 0.075 – 0.90. https://www.engineeringtoolbox.com/emissivity-coefficients-

d_447.html and https://www.flukeprocessinstruments.com/en-us/service-and-support/knowledge-center/infrared-technology/emissivity-metals  

https://www.engineeringtoolbox.com/emissivity-coefficients-d_447.html
https://www.engineeringtoolbox.com/emissivity-coefficients-d_447.html
https://www.flukeprocessinstruments.com/en-us/service-and-support/knowledge-center/infrared-technology/emissivity-metals


 
 

DNV  –  www.dnv.com June 14, 2021 Page A-8 

 

the primary motivation for customers to complete these projects, whereas building codes already require insulation in most 

new construction applications.      

Vendor 3’s thoughts on whether new statewide tool should be built 

This vendor currently uses 3EPlus to generate heat loss values, and a spreadsheet template from NIA (National Insulation 

Association) that records the inputs and outputs to 3EPlus, and shows costs and savings associated with the insulation 

upgrade.   

1. Vendor 3 thinks that 3EPlus is very clunky and difficult to work with. For example, if a surface temperature value 

has to be updated, 3EPlus has to be run all over, rather than just updating a value in a spreadsheet. Vendor 3 is 

strongly in favor of a tool that could be made available that could calculate heat loss values as accurately as 

3EPlus, but within the Excel tool itself. This would be much easier to work with than 3EPlus, which is their current 

approach.   

Temperature measurements 

1. Vendor 3 uses the FLIR E8 thermal camera to collect surface temperature data. 

Operating hour values 

1. Vendor 3 obtains operating hour data from customer. 

Surface area measurements 

1. Vendor 3 performs a walk-through with a pipe calliper and tape measure. Vendor 3 has done projects in MA energy 

efficiency programs involving pipes, not other components.   

Boiler efficiency 

1. Vendor 3 requests the most recent boiler efficiency test results or collects the boiler nameplate information. They 

sometimes talk to the boiler manufacturer.   

Emissivity 

1. Vendor 3 uses the default emissivity value of 0.80, which is within 3EPlus.  

General feedback 

1. This vendor has only worked with the Massachusetts program once. That project was smaller than their typical 

projects. The project involved installing insulation in the boiler room at a hospital and in the boiler room at a church 

located at the same property. The vendor was requested to file two separate applications for this project, which 

occurred at two buildings at the same address, and they felt that this requirement was unnecessarily burdensome. 

This vendor was also surprised that the customer waited eight months after being provided a quote for them to 

decide to move forward. 

2. This vendor would like to be more involved in the Massachusetts energy efficiency programs. The vendor thinks 

this may be possible if the Massachusetts energy efficiency programs could do more to connect utility customers in 

need of insulation with this vendor’s services. If the utility hires consultants to perform energy assessments, and 

those assessments find that insulation could reduce energy at a facility, then perhaps those energy assessments 

could include this and other vendor’s contact information in the report if this practice is not already happening. This 

way, all or a selection of vendors could be contacted by the customer to perform a free, more detailed assessment 

at the facility and develop quotes to complete the work. The vendor stated that if they were to be provided with the 

contact information where potential insulation work is needed (provided that the customer consents to their contact 

information being shared), they could follow up with the customer themselves.  
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Responses from National Grid to questions related to their tool 

The following questions were asked of National Grid in relation to the Excel tool that they developed. The questions, and 

their responses are provided below. A key response is that National Grid would be open to the possibility of sharing, selling, 

or leasing/licensing this tool with the other Massachusetts PAs. 

1. Does National Grid require this tool to be used for claiming tracking savings, or is the use of this tool optional?  
CCL: We do not currently limit vendors to using the National Grid tool but do require documentation of their 
calculations supporting any savings estimates. 

2. If optional, in what cases is this typically used?  
CCL: This tool is predominantly used when vendors do not have 3EPlus or their own in-house tool. I have also 
used this tool to check the outputs of other third-party tools. 

3. Does National Grid currently have any requirements around what tools are approved to be used for claiming 
insulation savings in the program? If so, what are those requirements?  
DAG:  If the vendors use their own tool, we recommend it be based on 3EPlus. 

4. Are there any cases where this National Grid tool could not be used, where someone otherwise would have liked 
to, because it did not have any particular features?  
DAG:  The removeable jacket vendors have more valves, fittings, and specialty items in their libraries of surface 
area. 

5. Is there a specific customer or vendor class that typically uses this tool?  Please describe.  
DAG: Steam users and thermal blanket vendors and insulation vendors  

6. Is this tool used frequently? How frequently is this tool used compared to other tools within National Grid territory?  
CCL: I would say this tool is used occasionally but not to the extent of the other tools such as our lighting tool.    

7. Did this tool meet National Grid’s expectations, and did it meet customer/vendor expectations when it was rolled 
out? If yes, why? If not, why not? 
DAG: Yes, it provided basic calculations for different types of mechanical insulation projects, piping, tank, and 
valves. 

8. Does this tool currently meet National Grid’s expectations? Has National Grid received any feedback from 
customers/vendors about this tool, that are either positive or negative? 
CCL: It currently meets the expectations I have for the tool although an expanded library of valves, fittings, 
insulation types, etc. would be useful. I have not received any feedback from vendors at this point. 

9. Do you have any information, documentation or contact information that may show how this tool was 
reviewed/tested/vetted against other approaches?   For example, do you know if outputs were compared to 3EPlus 
or something else?   
AD: The vendors/contact should have this information.  

10. Do you have contact information for someone who was involved with developing this tool that I might be able to 
reach out to and speak with?  
AD: Information provided 

11. Do you have contact information for one or several customer(s) and/or vendor(s) who have used this tool who I 
may be able to reach out to ask them about their experience with this tool, and if they have any thoughts/feedback 
about whether a similar tool would be beneficial statewide?    
AD: When I provided the three calculators, I connected your team with contact information for each calculator. 

12. Would National Grid potentially be open to the possibility of sharing, selling, or leasing/licensing this tool with the 
other Massachusetts PAs?  
DAG: Yes 

13. Would National Grid potentially be open to allowing certain cosmetic attributes of this National Grid tool be modified 
(by either an insulation vendor, or a third party), provided that the same inputs continued to produce the same 
outputs?   
DAG: Yes 

14. Would National Grid have any concerns or conditions about this possibility?  There is one vendor who completes a 
lot of projects in Massachusetts, who does not currently use a tool that references ASTM C680 (attached). As a 
result, their tool is much less accurate compared to the other approaches we have reviewed and compared to 
empirically collected heat loss data. If the cosmetics of this vendor’s current (less accurate) tool could be merged 
with the improved functionality of the National Grid tool, this vendor may be more open to adopting it, but before 
suggesting that possibility to them, we want to understand National Grid’s perspective on that possibility.    
CCL: I am open to improving the user interface so long as the outputs are accurate, but the decision is not mine to 
make and will depend on the estimated costs and benefits of doing so. The finding that there is another tool that is 
being used frequently that is not accurate concerns me in general. Do we know how much an impact the 
discrepancy between the tools is?   
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