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Fiscal Note for 

2018 NC Energy Conservation Code and Energy Provisions of 2018 NC Residential Code 

 

 

Agency: NC Building Code Council 

 

Statute: G.S. 143-136; 143-138 

 

Contact: Barry Gupton 

NC Department of Insurance 

1202 Mail Service Center 

Raleigh, NC 27699-1202 

919-647-0004 

barry.gupton@ncdoi.gov 

 

Impact: Federal Government: No 

State Government: Yes 

  Local Government: Minimal 

  Small Business: Yes 

Substantial Impact: Yes 

 

Purpose:  
The North Carolina Energy Conservation Code (NCECC) is a model code that regulates 

minimum energy conservation requirements for new buildings. The NCECC addresses energy 

conservation requirements for all aspects of energy uses in both commercial and residential 

construction, including heating and ventilating, lighting, water heating, and power usage for 

appliances and building systems.  

The NCECC is a design document. For example, before one constructs a building, the 

designer must determine the minimum insulation R-values and fenestration U-factors for the 

building exterior envelope. Depending on whether the building is for residential use or for 

commercial use, the NCECC sets forth minimum requirements for exterior envelope insulation, 

window and door U-factors and SHGC ratings, duct insulation, lighting and power efficiency, 

and water distribution insulation. 

In 2008 North Carolina received a contract from the U.S. Department of Energy with a 

target that the state would develop an energy conservation code that is at least 30% more energy 

efficient than the 2006 International Energy Conservation Code (IECC). Appalachian State 

University and Mathis Consulting (The Project Team) used the 2009 IECC as the base document 

to move forward proposals to that end. After conducting a large number of energy modeling runs 

and economic analyses, the Project Team recommended a package of improvements to the NC 

Building Code Council’s ad hoc and standing committees. The committees debated many of the 

provisions resulting in some modifications. The committee recommendations were then moved 

forward to the NC Building Code Council for approval as the 2012 NC Energy Conservation 

Code.  

Because of significant opposition expressed by the NC Home Builders Association 

during the public comment period and at the meetings of the NC Building Code Council, the 
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proposed minimum efficiency requirements for one- and two- family dwellings and townhouses 

were reduced through compromise to be approximately 10%-15% more energy efficient than the 

2006 IECC, which is representative of the efficiency improvement that would be gained by 

adoption of the 2009 IECC. The 30% efficiency improvement recommendations for the 

commercial construction remained intact. 

In 2015 the NC Building Code Council initiated review of the 2015 IECC as the base 

document for the 2018 NC Energy Conservation Code. Insignificant and minor impact is 

expected for commercial buildings as detailed in Appendix A. A significant impact is expected 

for residential buildings to get closer to the 2008 target 30% efficiency improvement. 

The 2018 NC Energy Conservation Code & Residential Energy Provisions are available 

at: 

http://www.ncdoi.com/OSFM/Engineering_and_Codes/Documents/BCC_Documents/Minutes_a

h/2018%20NC%20Energy%20Conservation%20Code%20-%20Proposed.pdf   

 

Impact: 

Federal Government:   
The State of North Carolina received Federal Stimulus money as part of the American 

Recovery and Reinvestment Act of 2009 based on development and implementation of an 

Energy Conservation Code that provides 30% energy improvement over the 2006 IECC. The 

stimulus funds were awarded in the form of grants for Code development and training. Training 

is aimed at all sectors of construction, including Code Officials, Contractors, and Designers. The 

State Energy Office will be required to show 90% compliance with these improved efficiencies 

in 2017.  It is assumed that there will be some penalty, payback, or loss of future funding if the 

compliance goals are not met. 

Federal buildings in North Carolina would not be affected by the changes in the Code as 

they are not required to comply with State requirements. Most Federal branches, however, do 

follow local laws as a matter of policy, so some cost increases from increases in energy 

efficiency are expected. At this point, it is unknown how many federal buildings are planned in 

North Carolina for the upcoming years. 

 

State Government: 
The impact on State Government would be minimal.  Code Official training would 

continue to take place through the existing Community College programs. There are no expected 

changes in time or cost associated with curriculum updates as the annual training is updated 

regularly, independent of rule changes. There are also continuing education requirements in 

place to supplement the Code Official’s knowledge. There are no expected cost increases for 

Code enforcement. 

State-owned buildings must be designed, constructed, and certified to exceed the energy 

efficiency requirements of ANSI/ASHRAE/IES (American Society of Heating, Refrigeration, 

and Air Conditioning Engineers) 90.1. Appendix B provides tabulated values for incremental 

first costs, annual energy savings, and simple payback periods. The costs and benefits are likely 

to be comparable to those incurred for private commercial buildings (see section below). 

The Department of Administration, through the State Energy Office, has developed a 

comprehensive program to help State agencies and State institutions of higher learning manage 

their energy consumption.   

http://www.ncdoi.com/OSFM/Engineering_and_Codes/Documents/BCC_Documents/Minutes_ah/2018%20NC%20Energy%20Conservation%20Code%20-%20Proposed.pdf
http://www.ncdoi.com/OSFM/Engineering_and_Codes/Documents/BCC_Documents/Minutes_ah/2018%20NC%20Energy%20Conservation%20Code%20-%20Proposed.pdf
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Local Government: 
The primary impact to local government would be the purchase of additional copies of 

the 2018 Code edition for enforcement (each local Code enforcement agency receives a complete 

set of NC State Building Codes at no charge). The cost for an additional copy of the 2018 

NCECC is expected to be $35. It is difficult to estimate how many additional copies local 

governments would require. 

The impact on Code Officials who are employed by local governments is expected to be 

minimal, if any. Currently, each Code Official is required 6-hours of continuing education per 

Certificate per year, so the yearly training would cover changes to the 2018 Codes, creating no 

additional cost. There are no expected cost increases for Code enforcement. 

The Building Code Council has no knowledge at the present of the number of buildings 

local governments plan to erect in the future, so it is hard to estimate the additional construction 

costs and energy savings local governments would incur. The costs and benefits are likely to be 

comparable to those incurred for private commercial buildings. In the case that local 

governments would engage in building low-income housing, the costs and benefits would 

resemble more those expected for private residential buildings (see section below). 

 

Private: 
Commercial Buildings: 

The 2012 Commercial Energy Conservation Code was approved to reduce energy use by 

30%. The 2018 Commercial Energy Conservation Code incrementally improves that efficiency. 

Both are accomplished primarily through Code Development and education of Code Officials, 

Contractors and Designers. Air barrier detailing and system commissioning may have higher cost 

impact in some buildings. While builders would initially bear the cost of the new energy 

efficiency measures, they should be able to pass that cost onto building owners. The building 

owners are the ones who would incur the benefits of reduced energy bills. 

The Pacific Northwest report in Appendix B modeled a variety of uses to evaluate the 

costs and benefits of increased energy saving features. The ANSI/ASHRAE/IES 90.1-2013 was 

used as the baseline for comparison. The energy savings are projected to exceed the cost, with a 

payback range of immediate to 15-years for most buildings (22-years extreme). See Table 1 

below for projected costs and savings for different types of commercial building in Zone 4A (in 

terms of 2014 dollars). This Zone was chosen for comparison because it represents the highest 

initial construction costs. 

This analysis assumes an inflation-adjusted average annual increase of 2% in energy 

costs1 and 2.4% in construction costs.2 

 

                                                           
1 U.S. Department of Energy. (2016). Energy Escalation Rate Calculator 2.0-16. Accessed at 

http://energy.gov/eere/femp/energy-escalation-rate-calculator-download 
2 Zarenski, Ed. (September, 2016). Construction Cost Inflation – Midyear Report 2016. Accessed at 

https://edzarenski.com/2016/09/12/construction-cost-inflation-midyear-report-2016/ 
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Table 1. Estimates Costs and Savings for Commercial Buildings  

Type of Building 

Additional Cost 

(% of construction 

costs) 

Annual 

Energy 

Savings  

30-yr NPV, 3% 

discount rate 

30-yr NPV, 

7% discount 

rate 

Small Office $13,100  
$535  $780  ($3,587) 

(1-story 5,500-sf) -1.72% 

Large Office $103,069  
$16,476  $296,856  $123,803  

(12-story 498,640-sf) -0.12% 

Stand-alone retail  ($10,488) 
$4,294  $111,300  $61,400  

(1-story 24,690-sf) (-0.44%) 

Primary School $176,377  
$11,045  $101,547  ($684) 

(1-story 73,970-sf) -1.64% 

Small Hotel $34,076  
$4,329  $71,648  $27,075  

(4-story 43,210-sf) -0.68% 

Mid-rise Apartment $13,541  
$1,763  $29,474  $11,284  

(4-story 33,740-sf) -0.33% 

 

Residential Buildings:  

The 2012 Residential Energy provisions were approved to reduce energy use by 

approximately 15%. The proposed 2018 Residential Energy provisions get closer to the 2008 

target 30% efficiency improvement. The builders would incur additional costs in ensuring the 

house meets the energy efficiency reduction; homeowners would face an increased mortgage 

payment, as well as a decreased utility bill and an overall reduction in monthly expenditure in 

most scenarios. The total payback period is estimated to range from 2 to 6 years for most 

buildings (8-years extreme), assuming the initial investment in the energy use reduction is borne 

by the builder and passed on to the homeowner. Appendix C provides additional information 

about what energy efficiency measures where assumed and what line item costs and energy 

savings. 

Appendix C estimates show initial cost ranging from $204 (Zone 5) to $611 (Zone 3) for 

a 2,526-sf heated area house. Using the higher estimate of $611, the monthly mortgage increase 

for a 30-year loan at 4.5% is $3. Using the lower estimate of $204, the monthly mortgage 

increase for the same loan is $1. 

The average net annual energy savings is estimated at $81 from reduction in energy use 

for a 2,526-sf heated area house constructed on crawl space in Zone 3. The payback period is 

expected to decrease as the house size increases and annual energy savings increases.   

While the cost of building would increase as a result of this change, companies that 

provide energy efficiency related goods and services are projected to see a boost in their revenue, 

which might lead to job creation. 
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The following summary table estimates the total costs and savings for residential homes constructed in North Carolina from 

2019-2028. The impact of the proposed rules is net benefit of $28.93 million to $59.68 million (2016 dollars) over 10 years at a 7% 

discount rate. The range reflects low and high estimates of the new construction costs. 

Net impact estimates are based on a low projected additional cost of $418 per house, a high projected additional cost of $611 

per house, and annual savings of $81.3 Inflation-adjusted construction costs are assumed to increase at an annual rate of 2.4%,4 while 

energy costs are assumed to increase at 1.5% per year.5 The number of homes constructed in each year is based on HIS Markit long-

term forecasts for annual housing starts in the state.6 This analysis assumes a 4.5% mortgage rate in 20167 and applies mortgage rate 

growth projections from HIS Markit forecasts to future years. 

Table 2: Estimated Costs and Savings for Single-Family Residential Buildings 

 
Zone 3 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 

10-yr 
NPV, 2016 
dollars 

Housing 
Starts 1 

                

66,791  

       

69,359  

       

70,895  

       

71,231  

       

71,866  

       

71,546  

       

70,358  

       

69,614  

       

71,038  

       

72,947    

Cost – Low 
(Million$) 418  $7.49   $9.43   $11.39   $13.26   $15.20   $17.07   $18.83   $20.64   $22.75   $24.99   $86.27  

Cost - High 
(Million$) 611  $10.95   $13.79   $14.51   $17.25   $20.08   $22.81   $25.38   $28.03   $31.11   $34.47   $117.03  

Savings - High 
(Millions$) 81  $-     $5.73   $11.86   $18.30   $24.96   $31.86   $38.93   $46.09   $53.39   $61.02   $145.95  

Net Impact – Low Construction Cost (Millions$)        $59.68 

Net Impact – High Construction Cost (Millions$)        $28.93 
*NPV calculated using a 7% discount rate 

                                                           
3 Tiller, Jeff and Chuck Perry. (September 2016). Fiscal Analysis of Residential Efficiency Measures for the Proposed 2018 North Carolina Energy Code.  
4 Zarenski, Ed. (September, 2016). Construction Cost Inflation – Midyear Report 2016. Accessed at: https://edzarenski.com/2016/09/12/construction-cost-inflation-midyear-report-

2016/ 
5 U.S. Department of Commerce. (2016). Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis-2016. Accessed at 

http://nvlpubs.nist.gov/nistpubs/ir/2016/NIST.IR.85-3273-31.pdf 
6 IHS Markit. (October, 2016). North Carolina Long Term Forecast Data.  
7 Tiller, Jeff and Chuck Perry. (September 2016). Fiscal Analysis of Residential Efficiency Measures for the Proposed 2018 North Carolina Energy Code.  
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Risks and Alternatives: 

The options available are (1) to remain at the current level of energy conservation based 

on the 2009 IECC for 0% additional energy savings, (2) to increase the level of energy 

conservation based on the 2009 IECC plus incremental measures provided in the 2012/2015 

IECC for additional energy savings, or (3) to increase the level of energy conservation based on 

the 2015 IECC for additional energy savings beyond the 2009 IECC level. These options were 

considered for both commercial and residential applications. Failure to comply with the 2008 

target of 30% efficiency improvement could result in repayment of funds to the Federal 

Government or witholding of future funds.  

Option (1) was discarded since it does not provide additional savings and does not 

contribute to the 2017 goal. It is assumed that there will be some penalty, payback, or loss of 

future funding if the compliance goals are not met. Option (2) is the level of energy conservation 

proposed in the 2018 NC Energy Conservation Code.  Option (3) includes additional costs and 

savings, but was also discarded. The Committee concluded that the additional costs did not 

justify the additional savings. 

In commercial buildings, the increased initial cost would be absorbed and amortized over 

the depreciation schedule. The building owner’s risk is that the energy payback period may 

exceed the depreciation schedule. The costs and benefits for Federal and State owned buildings 

are likely to be comparable to those incurred for private commercial buildings. 

In privately-owned dwellings, the homeowner’s immediate utility bill reduction exceeds 

the mortgage payment increase. The contractor risks profit loss if the appraisal does not justify 

an increase in the approved mortgage amount. 

Another uncertainty related to the numbers presented above is that these numbers assume 

the regulated community will comply with all the changes in the code and therefore the energy 

efficiency savings would be incurred. This assumption can lead to costs and savings being 

overestimates, since perfect compliance is rare. Also, given that NC is supposed to show a 

compliance of 90% by 2017, this creates an extra risk if future federal funding is withheld for not 

reaching the goal, or if paybacks or penalties are assessed. 

 

Sensitivity Analysis 

The estimated economic impacts of the proposed rules are based on the costs and savings 

from representative structures. In implementation, the impact will vary among structures of the 

same type. Initial construction compliance costs may be high or low for a given structure, and 

energy savings will vary by the size, location, and design of the structure. Furthermore, the 

estimates rely on assumptions about future construction costs, energy prices, housing starts, and 

mortgage rates. The tables below show how different assumptions about key parameters affects 

the net impact of the proposed rules.  

 

Residential Buildings: 

This analysis assumes that energy costs increase by 1.5% annually. If energy costs 

increase more slowly than expected, net benefits will be lower than projected. High-costs 

structures in particular may not all break even over 10 years if energy costs increase and 0.5% or 

less over inflation.  
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Avg Energy Cost Growth 0.5% 1.0% 1.5% 2.5% 3.0% 

Net Impact - Low Construction Cost* $47.6  $53.7  $59.7  $73.8  $81.1  

Net Impact - High Construction Cost* $16.8  $23.0  $28.9  $43.1  $50.4  
*All net impact estimates are in millions$, accounting for all private residential homes built from 2019-2028. 

 

Similarly, if the estimated annual energy savings are lower than the anticipated $81 per 

structure, the proposed rules may create a net cost for homeowners facing high construction 

costs. 

 

Energy Savings $65  $73  $81  $89  $97  

Net Impact - Low Construction Cost* $30.5  $45.1  $59.7  $74.3  $88.9  

Net Impact - High Construction Cost* ($0.3) $14.3  $28.9  $43.5  $58.1  
*All net impact estimates are in millions$, accounting for all private residential homes built from 2019-2028. 

 

Commercial Buildings: 

As with residential buildings, slower-than-expected growth in energy costs result in lower 

net benefits (or higher net costs). This analysis assumes 2% annual growth. 

 

Average Energy Cost Growth 1.0% 1.5% 2.0% 2.5% 3.0% 

Small office ($4,466) ($4,046) ($3,587) ($3,086) ($2,537) 

Large office $96,720  $109,669  $123,803  $139,246  $156,138  

Retail $54,341  $57,716  $61,400  $65,425  $69,827  

Primary School ($18,839) ($10,159) ($684) $9,668  $20,992  

Hotel $19,959  $23,362  $27,075  $31,133  $35,572  

Mid-rise Apartment $8,386  $9,772  $11,284  $12,936  $14,743  
All net impact estimates are presented on a per-structure basis. 

 

If construction costs are higher than expected, net benefits decrease and net costs increase 

for each structure type. Retail buildings are an exception because the proposed rules result in 

construction cost savings for these structures. The table below shows how net benefits and costs 

change if construction costs are 80% lower to 120% higher than expected each year. 

Primary schools are particularly sensitive to construction cost changes due to their high 

initial construction costs and comparatively low energy savings.  

 

Construction Costs 80% 90% Model 110% 120% 

Small office ($1,543) ($2,565) ($3,587) ($4,609) ($5,630) 

Large office $139,880  $131,841  $123,803  $115,764  $107,725  

Retail $59,764  $60,582  $61,400  $62,218  $63,036  

Primary School $26,828  $13,072  ($684) ($14,440) ($28,197) 

Hotel $32,391  $29,733  $27,075  $24,418  $21,760  

Mid-rise Apartment $13,396  $12,340  $11,284  $10,228  $9,172  
All net impact estimates are presented on a per-structure basis. 
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The opposite effect can be seen in the table below showing net costs and benefits under 

high and low assumptions about energy savings. 

 

Annual Energy Savings 80% 90% Model 110% 120% 

Small office ($4,913) ($4,250) ($3,587) ($2,924) ($2,261) 

Large office $82,965  $103,384  $123,803  $144,222  $164,641  

Retail $50,756  $56,078  $61,400  $66,722  $72,043  

Primary School ($28,060) ($14,372) ($684) $13,004  $26,692  

Hotel $27,075  $27,075  $27,075  $27,075  $27,075  

Mid-rise Apartment $11,284  $11,284  $11,284  $11,284  $11,284  
All net impact estimates are presented on a per-structure basis. 
 

 

 

Appendix A: 

“Fiscal Analysis of Residential Efficiency Measures for the Proposed 2018 North Carolina 

Energy Code,” Jeff Tiller and Chuck Perry, 

Department of Sustainable Technology and the Built Environment, 

North Carolina Energy Efficiency Alliance, 

ASU Energy Center, Appalachian State University 

 

Appendix B: 

“National Cost-Effectiveness of ANSI/ASHRAE/IES Standard 90.1-2013,” 

Pacific Northwest National Laboratory, Battelle, United States Department of Energy, 

January 2015 

 

Appendix C: 

“Commercial Fiscal Analysis,” 

Appalachian State University 
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Appendix A 

Final 

Fiscal Analysis of Residential Efficiency Measures for the  

Proposed 2018 North Carolina Energy Code 

 

Prepared by Jeff Tiller and Chuck Perry 

Department of Sustainable Technology  

and the Built Environment 

North Carolina Energy Efficiency Alliance 

ASU Energy Center 

Appalachian State University 

Boone, NC  28608 

 

September 1, 2016 
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Introduction 

This fiscal analysis evaluates the installed costs and energy savings of the primary measures 

that changed between the 2012 NC Energy Code and the new proposed 2018 North Carolina 

Energy Code.  The report includes an analysis of the specific measures proposed by the Ad Hoc 

Energy Code Committee.  The analysis considers a model home for which construction cost 

estimating, energy modeling, and economic evaluation were conducted. 

 

The committee compared the values in the 2012 NC Energy Code, the 2012 HERO Code, and the 

2015 IECC as shown in Table 1.  The group then considered each of the measures in the 2015 

IECC, compared it to the 2012 NC Energy Code, and determined the proposed measures with 

input from cost and energy analysis. 

 

Table 1: Comparison of 2012 NC Energy Code, 2012 HERO Code, 2015 IECC  
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2012 NC 0.35 0.65 0.3 30 13 5/10 19 10/13f 0 10/13f

2012 HERO 0.32 0.65 0.25 38 19/ 13+5/ 15+3 5/10 19 10/13f 5 10/13f

2018 

Proposed
0.35 0.55 0.3 38 15/ 13+2.5 5/13 19 5/13f 0 5/13f

2015 IECC 0.35 0.55 0.25 38 20 or 13+5 8/13 19 5/13 0 5/13

2012 NC 0.35 0.6 0.3 38 15/ 13+2.5 5/10 19 10/13f 10 10/13f

2012 HERO 0.32 0.6 0.25 38 19/ 13+5/ 15+3 5/10 19 10/13f 10 10/13f

2018 

Proposed
0.35 0.55 0.3 38 15/ 13+2.5 5/13 19 10/15f 10 10/15f

2015 IECC 0.35 0.55 0.4 49 20 or 13+5 8/13 19 10/13f 10 10/13

2012 NC 0.35 0.6 NR 38 19/ 13+5/ 15+3 13/17
f 30 10/13f 10 10/13f

2012 HERO 0.32 0.6 NR 38 19/ 13+5/ 15+3 13/17
f 30 10/13f 10 15/19

2018 

Proposed
0.35 0.55 NR 38 19/ 13+5/ 15+3 13/17

f
30

g 10/15f 10 10/19f

2015 IECC 0.32 0.55 NR 49 20 or 13+5 13/17
f 30 15/19 10 15/19

Measures highlighted in red-orange background are more efficient than previous code.

Measures highlighted in blueish background are less efficient than previous code.

3

4

5
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This report is being prepared concurrently with the deliberation process of the Ad Hoc Energy Code 

Committee of the North Carolina Building Codes Council in its efforts to develop a proposed 2018 North 

Carolina Energy Code.  The Working Group has selected specific upgrades to consider for insulation and 

window efficiency measures.  The analysis in this section focuses specifically on those upgrades. 

The committee used data from the recent survey of about 250 new homes in North Carolina that was 

conducted by Appalachian State University as part of a contract with the U.S. Department of Energy.  

The results of the survey are summarized in Appendix 1. 

In the sections that follow, ASU projected the energy savings for each measure using REMRate software 

for a base home of 2,526 square feet.  The dimensions of the home used for the analysis are as follows: 

 Conditioned Space: 2,526 sq ft 

 Slab Floors: 1,080 sq ft 

 Floor Over Unheated Space (over Garage):  402 sq ft 

 Rim and Band Joist Area: 290 sq ft 

 Above Grade Walls: 2,676 sq ft 

o First and second floor walls to exterior = 2,306.8 sq ft 

o Gable walls to exterior from conditioned space = 21.4 sq ft 

o Gable walls to attic from conditioned space = 21.4 sq ft 

o Walls from conditioned space to garage = 325.7 sq ft 

 Windows: 343.3 sq ft 

o North: 163.3 sq ft 

o East: 15 sq ft 

o South: 105 sq ft 

o West: 60 sq ft 

 Solid Doors: 40 sq ft 

 Ceilings Under Attics (or Integral with roofs): 1,475 sq ft 

o 1,000 square feet R-38 flat attic 

o 205 square feet R-30 near the eaves of the attic 

o 8 square feet R-5 attic dropped stair 

o 262 square feet R-30 vaulted 

 Duct Area: 700 sq ft 

The photo to the right shows typical construction for 

the model house.  
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Cost Estimates and Economic Analysis 

After selecting the home and conducting a takeoff of the dimensions and energy features, we estimated 

the additional costs (or savings) using values obtained by interviewing contractors or building supply 

companies in the state.  In some cases, we used R.S. Means Construction Data.  After estimating the 

costs for each measure, we conducted an economic analysis and calculated the following criteria: 

1. Simple Payback Period 

2. Change in the cash flow for a typical mortgage 

3. Comparison of the additional annual  mortgage cost compared to the energy savings 

4. Internal rate of return for the added investment 

The analysis did not include the tax implications of the energy code – most notably that the mortgage 

deduction would increase, thus providing an additional benefit.  In addition, we did not include 

operation and maintenance costs, as most of the measures actually reduce the maintenance needs of a 

home (low-e windows shield ultraviolet radiation which reduces fabric fading, improved air sealing and 

duct sealing keeps more dust and pests out of the interior of the home, and high efficacy lighting lasts 3 

to 9 times more than standard lighting).  None of the measures increases operation or maintenance – 

the insulation, windows, and duct system would have the same maintenance costs as a home meeting 

the 2012 NC Energy Code.   

Appendix 2 shows more detail on the different forms of economic analysis in this report.  The appendix 

includes a discussion that shows how the Simple Payback Period provides a somewhat negative 

evaluation of an energy efficient investment in a new home.  The primary reason is that the Simple 

Payback Period uses the total cost of the efficiency measure as the basis for comparison, when in reality 

virtually all homes are purchased with mortgage loans.  The main upfront cost for the homebuyer is the 

downpayment.   We evaluated the cash flow for the additional costs of a mortgage loan for a house with 

energy efficient features and calculated the annual rate of return on the investment.  We feel that the 

rate of return on the mortgage and future energy savings is a more accurate indicator of the economic 

attractiveness of an energy investment.  

Using the approach summarized in the appendix, a home with a Simple Payback Period of 7 years (such 

as an efficiency measure that costs $700 and saves $100 per year in energy costs) will pay back the 

additional downpayment of in only 2.6 years and earn an annual return on investment of 40% (per year).  

Thus, the 7-year Simple Payback Period is an extremely attractive investment.  An efficiency measure 

with a 10-year Simple Payback Period yields a 23% annual internal rate of return, and a 12-year payback 

investment provides a 15% annual return. 
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Summary of the Results for Residential Energy Code Measures 

N1102.1.2 (R402.1.2) Insulation and fenestration criteria 

Increased building thermal envelope insulation requirements. 

1. Skylight U-factor in Zone 3 changed from U-0.65 to U-0.55. 

Estimated Additional Cost:  Negligible 

For a house with three skylights measuring 2’ by 4’, the cost for the code change would be 

negligible.  Checking on Lowe’s and Home Depot Websites, the skylights available all had Argon 

gas fill.  The U-factors were 0.49 (Velux) and 0.43 (Fakro).  The only skylight with a higher U-

factor (Sunoptics with U-0.74) cost more than the Velux or Fakro products. 

  

2. Skylight U-factor in Zones 4 & 5 changed from U-0.60 to U-0.55. 

See above. 

   

3. Ceiling insulation R-value for Zone 3 changed from R-30 to R-38 or R-30 ci (continuous 

insulation). 

Estimated Additional Cost:  $70 

We received three estimates for attic insulation.  Based on the values received, the average 

additional cost of going from R-30 to R-38 was $0.064/ sq ft.  With Overhead and Profit of 20% 

added, the total is $0.078/ sq ft.  For the sample home we evaluated, the additional cost would 

be $70, which is below the $80 threshold.   

Estimated Energy Savings:  $7 per year 

Simple Payback Period: 10 years 

Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  23% per year 

 

4. Wood frame wall R-value for Zone 3 changed R-13 to R-15 or R13 + 2.5ci 

Estimated Additional Cost:    $142 to $320 

We received three estimates for wall insulation.  A large Raleigh-area installer estimated the 

additional costs at $0.04/ sq ft.  The other contractors were in the range of $0.09/ sq ft.  The 

costs are for a house with about 2,960 sq ft of exterior wall area, including exterior walls, band 

joists, garage walls, and walls common to the attic.  The costs shown include 20% overhead and 

profit.  Note that the cost estimates received are from estimates over the phone; thus, they are 

not negotiated contractor prices. 

Estimated Energy Savings:  $30 per year 

Simple Payback Period: 4.7 to 10.7 years 

Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  20% to 67% per year 

 

5. Mass wall R-value for Zone 3 and Zone 4 changed from R-5/10 to R-5/13 

o The second value (after the slash) is typically for insulation interior to the mass wall.  In 

most cases, the wall would be insulated with a stud wall with an insulation batt, for 

which the minimum value is R-13.  The primary additional cost would be when the 

interior wall does not contain a framed wall and uses foam board or vinyl-backed 

fiberglass insulation.  In such cases, the additional cost is estimated at $0.10 to $0.18 per 
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sq ft.  The wall assumed in the analysis is 530 sq ft, so the cost of the measure, including 

20% overhead and profit, would be $64 to $119. 

o Analysis for Mass Wall with Insulated Cavity Wall on the Interior  (The committee felt 

most homes with mass walls would fall in this category.) 

 Estimated Additional Cost:   $0 

 

 Estimated Energy Savings:  $7 per year 

 Simple Payback Period and Rate of Return – not applicable, but since the cost is 

nil, it’s a very positive investment 

o Analysis for Mass Wall with Foamboard on the Interior 

 Estimated Additional Cost:   $64 to $119 

 Estimated Energy Savings:  $7 per year 

 Simple Payback Period:  9 to 17 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  5% to 26%/ 

year 

 

6. Basement wall R-value for Zone 3 changed R-10/13 to R-5/13 

 Estimated Additional Cost (Savings):   $0 to -$318 (cost reduction) 

 Common foam insulation board products range substantially in cost.  Extruded 

polystyrene and polyisocyanurate typically cost approximately $16 to 19 for R-5 for a 4’ x 

8’ sheet and $32 to $35 for the same sized R-10 sheet.  The marketplace now offers a 

commonly used expanded polystyrene product that costs $16 to $18 for an R-10 sheet.  

Thus, there is no cost savings in going from R-5 to R-10 if switching from the more 

expensive product to the less expensive product.  However, if trying to use the more 

expensive R-10 product and switching to R-5, there would be savings of about $16/ 

sheet, or about $0.50 per square foot.  The wall assumed in the analysis is 530 sq ft, so 

the cost savings of the measure, including 20% overhead and profit, would be $318. 

 Estimated Energy Savings (Losses if negative):  -$7 per year 

 Simple Payback Period:   Not applicable  

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  Not applicable 

 

7. Basement wall R-value for Zone 3 and 4 changed from R-10/13 to R-10/15 

The measure is an increase in the insulation requirement for cavity walls on the interior side of 

basement walls in Zones 3 and 4.  The additional cost of R-15 insulation varies, depending on the 

installer, as described previously, from $0.04 to $0.09 per sq ft.   The total extra cost for the 530 

sq ft wall, including overhead and profit rate of 20%, would be $25 to $57. 

 Installed Cost including Overhead and Profit: $25 to $57 

 Estimated Energy Savings: $5 to $6/ year 

 Simple Payback Period = 4.2 to 10.2 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage  = 22% to 77% per 

year 

 

8. Basement wall R-value for Zone 5 changed from R-10/13 to R-10/15 



15 

 

The measure is an increase in the insulation requirement for cavity walls on the interior side of 

basement walls in Zone 5.  As in the previous calculation, the total extra cost for the 530 sq ft 

wall, including overhead and profit rate of 20%, would be $37 to $64. 

 Installed Cost including Overhead and Profit: $25 to $57 

 Estimated Energy Savings: $5 to $6/ year 

 Simple Payback Period = 4.2 to 10.2 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage  = 22% to 77% per 

year 

 

9. Crawlspace wall R-value in Zone 3 and 4 changed from R-10/13 to R-10/15 

The measure is an increase in the insulation requirement for the interior side of cavity walls in 

closed crawl spaces in Zones 3 and 4.  The additional cost of R-15 insulation varies, depending on 

the installer, as described previously, from $0.04 to $0.09 per sq ft.  The total extra cost for the 

530 sq ft wall, including overhead and profit rate of 20%, would be $25 to $50. 

 Installed Cost including Overhead and Profit: $25 to $50 

 Estimated Energy Savings: $5 to $6/ year 

 Simple Payback Period = 4.1 to 9.9 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage  = 23% to 79% per 

year 

 

10. Crawlspace wall R-value in Zone 5 changed from R-10/13 to R-10/19  (see measure 8 above) 

The measure increases crawl space wall insulation Zone 5.  In crawl spaces, insulation against 

masonry walls is usually draped so there would not be the additional cost for 2x6 framing.  In 

some crawl spaces, there is a combination of framed walls above grade and masonry walls 

extending below grade.  In a few cases, builders would have to switch from 2x4 to 2x6 walls, 

which would cost about $0.04/ sq ft.  The cost of going from R-13 to R-19 insulation is only about 

$0.02 (two installers) to $0.04 (one installer) per square foot.  The additional costs would be in 

the range of $0.06 per sq ft.  For the 530 sq ft wall, the cost would be $38, including overhead 

and profit. 

 Installed Cost including Overhead and Profit: $38 

 Estimated Energy Savings: $10/ year 

 Simple Payback Period = 3.8 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage  = 87% per year 

 

N1102.2.15 (R402.2.15) Attic knee walls.  
Air seal attic knee walls enclosure to reduce air infiltration/exfiltration. 

The estimate is based on sealing the backing for knee walls in a house with 320 sq ft of knee 

wall.  The lower cost of sealing is for taping all housewrap seams.  The higher cost is for sealing 

solid panels that measure about 4’ by 8’.  More information is in the discussion of sealing 

exterior air barriers below. 

 Estimated Additional Cost:    $20 to $37 

 Estimated Energy Savings:  $14 per year 
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 Simple Payback Period: 1.4 to 2.8 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  130% to 260% per 

year 

 

N1102.4.1 (R402.4.1) Building thermal envelope. 
Add air sealing/taping of exterior wall sheathing/housewrap to reduce air infiltration/exfiltration.   

1. Sealing horizontal seams in the exterior air barrier was estimated as follows: 

 We assumed that the air barrier consisted of housewrap with all vertical and horizontal 

seams sealed using housewrap tape, except the bottom seal to allow for drainage.  

Housewrap specifications for moisture protection require that vertical seams are sealed, 

so we assumed only horizontal seams would have to be sealed to follow housewrap 

specifications for an air barrier (in addition to the requirements for moisture 

protection). 

 RS Means estimated that a 2-person crew can install 1,000 linear feet of caulking per 

hour. 

 Labor costs for an air-sealing crew, with a substantial margin for overhead and profit, 

were estimated at $30 per hour. 

 Housewrap tape costs $11 retail per 164-

foot roll. 

 A typical two-story house with a slab on 

grade foundation has a housewrap seam at 

the gable roof (see photo on the next page) 

and eave, at the ceiling joist level on the 

second floor, at the  band joist between the 

first and second floor, and at the slab, 

where no seal is required.  The total length 

for the model home is as follows: 

o Top of gable ends = 93 ft 

o Seam between attic and second 

floor on gable end = 80 ft 

o Seam at top of wall under eaves = 

82 ft 

o Seam between first and second 

floor = 162 ft 

o Misc. seams (20% of subtotal of 

above) = 83 ft 

o Total length = 500 ft 

 Total labor time = 0.5 hour for two-person 

crew 

 Total rolls of tape = 500/164 = 3 rolls 

 Base cost = 0.5 hours * $60/ hour + 3 rolls * 

$11 (retail price) = $63 

 Overhead and profit of 20% added = $13 
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 Total cost = $76 

 

2. Sealing all housewrap seams 

 Some builders are not following specifications for installing housewrap as a moisture 

barrier and are failing to seal the vertical seams.  For them, the new code provision will 

require sealing all seams. 

 The above cost of $76 for 500 linear feet of horizontal seams equals $0.152 per linear 

foot.  Note in the photos that there are not many vertical seams since housewrap comes 

in a 100-foot roll.  If we assume that there are an equivalent of 2 vertical seams on the 

gable sides and 2 vertical seams on the sides of the house with eaves, there would be a 

total of: 

o 2 gable sides * 30 vertical feet = 60 vertical feet 

o 2 eave sides * 18 vertical feet = 36 vertical feet 

o Total = 96 vertical feet, or about 100 vertical feet 

o Additional cost for the vertical seams = about $15 

o Total cost for horizontal and vertical seams = $101 

o Additional 20% for waste, set-up, etc. takes total to $122 

 

3. Sealing electrical and exhaust fan boxes in the attic: 

 Time required = less than one hour = $30 with substantial overhead and profit included 

 Materials required = 1 can of fire-rated foam sealant = $10 retail 

 Total cost = $40 

 Total with additional 20% for contractor overhead and profit = $48 

 

Energy savings and economic analysis of exterior air barrier and sealing electrical boxes 

 Total cost = $120 to $170 (depending on whether contractor is already sealing vertical 

seams, as is recommended for moisture protection.) 

 Estimated reduction in air leakage from 5 ACH50 to 4 ACH50 based on research on test 

walls at Appalachian State University 

 Energy savings = $23 in Climate Zone 3 and $30 in Climate Zone 4, and $69 in Climate 

Zone 5; weighted average based on new home construction patterns in the state = $27.9 

 Simple Payback Period = 4.3 to 6.1 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage  for additional 

mortgage = 48% to 75% per year 

 

N1103.2.9 (R403.2) Hot water boiler temperature setback. 
New controls requirement adopted from model code to provide opportunity for improving the 
operating efficiency of a hot water boiler. 

 Estimated Additional Cost:    $50  

(The primary cost is for the labor to install the outside temperature sensor.) 

 Estimated Energy Savings:  $15 to $30 per year, depending on location 

 Simple Payback Period: 1.7 to 3.3 years 
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 Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  102% to 222% per 

year 

N1103.3.3 (R403.3.3) Duct leakage (Prescriptive) and duct testing (Mandatory). 
More stringent duct testing requirements.  Duct testing revised from 6 CFM25/100 sq ft to 5 cfm/100 sq 
ft total duct leakage or 4 CFM25/100 sq ft duct leakage to the outside.   

One hour of additional labor should be more than adequate for a trained duct sealing contractor.  

At a labor cost of $40 per hour, the total would be $40.  We assumed that an additional gallon of 

mastic would be required, which costs about $10.  In addition, some UL-121 tape might be 

needed and add an additional $5.  The total cost should be at most $55.  With 20% overhead and 

profit added, the cost would be about $66. 

 Estimated Additional Cost:    $66 

 Estimated Energy Savings:  $15 to $30 per year, depending on location 

 Simple Payback Period: 1.7 to 3.3 years 

 Rate of Return on Additional Cost Assuming Homebuyer Mortgage:  102% to 222% per 

year 
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Summary of the Impact of the Measures for Individual Homes 

Table 3 summarizes the projected additional installed costs and energy savings for the model home that 

met the proposed 2018 North Carolina Energy Code versus the model home that met the 2012 North 

Carolina Energy Code.   

Table 3: Summary of Overall Savings and Costs for 2018 Energy Code Measures 

Energy Use (Million Btu) CZ3 2012 CZ3 2018 CZ4 2012 CZ4 2018 CZ5 2012 CZ5 2018

Heating 22.5 20.1 19.1 17.6 38.8 35.5

Cooling 12.3 11.6 10.8 10.3 4.9 4.7

Hot water 14.1 14.1 14.3 14.3 16.4 16.4

Appliances and lighting 28.9 28.9 28.9 28.9 28.7 28.7

Total Energy Use/ Year 77.8 74.7 73.1 71.1 88.8 85.3

Total Energy Cost $1,986 $1,905 $1,869 $1,817 $2,293 $2,202

HERS Rating 78 75 81 79 84 82

Annual Energy Savings ($) $81.0 $52.0 $91.0  

Table 4 summarizes the economic analysis for homes going from the 2012 North Carolina Energy Code 

to the proposed 2018 North Carolina Energy Code.  As shown, the payback periods are less than 8 years, 

and in most cases, less than 6 years.  The annual rate of return for a homeowner mortgaging the home is 

excellent, ranging from 36% to 161% per year.  As shown earlier, the investment for the homeowner is 

solely the downpayment on the additional costs along with some minor financing costs.  When these 

initial extra costs are evaluated with the net annual savings for the measures (energy savings – 

additional mortgage payments), the annual rate of return for energy efficiency measures with simple 

payback periods of 12 years or less is quite positive. 

Table 4: Summary of Economic Analysis for the 2018 Energy Code Measures 

 

Projected Statewide Impact of the Proposed 2018 Energy Code 

The analysis of the projected statewide impact of the proposed measures is complicated because many 

new homes already meet, and in some cases exceed the proposed measures.  The average new home in 

the state is approximately 2,500 sq ft of conditioned space, so we used the model home to depict the 

statewide average.  Of course, homes will vary in terms of square footages for different wall, ceiling, 

floor, and window systems, so the analysis is quite approximate. 

Table 5 shows the projected actual cost and savings of the measures, recognizing that many homes 

already meet some of the energy code measures.  The percentages of homes that do not currently meet 

the 2016 energy code are based on the 250-home survey that Appalachian State conducted statewide.  

We assumed that approximately 29,000 new homes would be built in Climate Zone 3, another 29,000 in 

Climate Zone 4, and 2,000 in Climate Zone 5.

Low Cost High Cost Low Cost High Cost Low Cost High Cost

Estimated Cost $418 $611 $204 $229 $204 $229

Simple Payback Period 5.2 years 7.5 years 3.9 years 4.4 years 2.2 years 2.5 years

Rate of Return/ Year 60% 36% 36% 84% 73% 161%

Climate Zone 3 Measures Climate Zone 4 Measures Climate Zone 4 Measures
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Table 5: Estimated Costs and Energy Savings for 2018 North Carolina Energy Code Measures 

 

 

 

Estimated Cost of Measures in Climate Zone 3

% of Homes 

Without 

Measure

Cost of Measure

Number of 

Homes Built in 

Zone 3

Total Cost in 

Zone 3

R-15 Walls 86% $230.9 29,000 $5,738,061

R-38 Ceilings 92% 70.0 29,000 1,857,450

Sealed housewrap -- horizontal seams 18.65% 76.0 29,000 411,046

Sealed housewrap -- all seams 18.65% 122.0 29,000 659,837

Sealed electrical boxes 37.30% 48.0 29,000 519,216

4 CFM25 duct leakage 16.90% 66.0 29,000 323,466

Crawl space walls: R-13 to R-15 1.50% 37.5 29,000 16,313

Mass wall: R-10 to R-5 0.95% -135.0 29,000 -37,193

Basement walls: R-13 to R-15 3.80% 37.5 29,000 41,325

Total $9,529,521

Estimated Energy Savings in Climate Zone 3

Measures for Climate Zone 3

% of Homes 

Without 

Measure

Energy Savings

Number of 

Homes Built in 

Zone 3

Total Cost in 

Zone 3

R-15 Walls 86% $30.0 29,000 $745,590

R-38 Ceilings 92% 7.0 29,000 185,745

Sealed housewrap and elec boxes 37.30% 23.0 29,000 248,791

4 CFM25 duct leakage 16.90% 31.0 29,000 151,931

Crawl space walls: R-13 to R-15 1.50% 5.0 29,000 2,175

Mass wall: R-10 to R-5 0.95% -7.0 29,000 -1,929

Basement walls: R-13 to R-15 3.80% 6.0 29,000 6,612

Total $1,338,916

Estimated Cost of Measures in Climate Zone 4

% of Homes 

Without 

Measure

Cost of Measure

Number of 

Homes Built in 

Zone 4

Total Cost in 

Zone 4

Sealed housewrap -- horizontal seams 18.65% $76.0 29,000 $411,046

Sealed housewrap -- all seams 18.65% 122.0 29,000 659,837

Sealed electrical boxes 37.30% 48.0 29,000 519,216

4 CFM25 duct leakage 16.90% 66.0 29,000 323,466

Crawl space walls: R-13 to R-15 1.50% 37.5 29,000 16,313

Mass wall: R-10 to R-5 0.95% -135.0 29,000 -37,193

Basement walls: R-13 to R-15 3.80% 37.5 29,000 41,325

Total $1,934,010

Estimated Energy Savings in Climate Zone 4

Measures for Climate Zone 4

% of Homes 

Without 

Measure

Energy Savings

Number of 

Homes Built in 

Zone 4

Total Cost in 

Zone 4

Sealed housewrap and elec boxes 37.30% $30.0 29,000 $324,510

4 CFM25 duct leakage 16.90% 46.0 29,000 225,446

Crawl space walls: R-13 to R-15 1.50% 6.0 29,000 2,610

Mass wall: R-10 to R-5 0.95% -7.0 29,000 -1,929

Basement walls: R-13 to R-15 3.80% 13.0 29,000 14,326

Total $564,964
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Table 5: Estimated Costs and Energy Savings for 2018 North Carolina Energy Code Measures 

(continued) 

Estimated Cost of Measures in Climate Zone 5 *

% of Homes 

Without 

Measure

Cost of Measure

Number of 

Homes Built in 

Zone 5

Total Cost in 

Zone 5

Sealed housewrap -- horizontal seams 18.65% $76.0 2,000 $28,348

Sealed housewrap -- all seams 18.65% 122.0 2,000 45,506

Sealed electrical boxes 37.30% 48.0 2,000 35,808

4 CFM25 duct leakage 16.90% 66.0 2,000 22,308

Crawl space walls: R-13 to R-19 4.00% 37.5 2,000 3,000

Basement walls: R-13 to R-19 9.00% 50.5 2,000 9,090

Total $144,060

Estimated Energy Savings in Climate Zone 5

Measures for Climate Zone 5

% of Homes 

Without 

Measure

Energy Savings

Number of 

Homes Built in 

Zone 5

Total Cost in 

Zone 5

Sealed housewrap and elec boxes 37.30% $27.9 2,000 $20,826

4 CFM25 duct leakage 16.90% 44.0 2,000 14,872

Crawl space walls: R-13 to R-15 4.00% 3.0 2,000 240

Basement walls: R-13 to R-19 9.00% 10.0 2,000 1,800

Total $37,738

*  Climate Zone 5 has more homes with crawl spaces and basements than Climate Zones 3 and 4.  

 

Table 6: Summary of Projected Additional Costs and Energy Savings 

Climate Zone 3 Climate Zone 4 Climate Zone 5 Grand Total

Projected Cost for All Measures $9,529,521 $1,934,010 $144,060 $11,607,591

Annual Energy Savings for All Measures 1,338,916 564,964 37,738 $1,941,617

Total Energy Savings over 30 Years $58,248,505

Simple Payback Period (years) 6.0

Annual Rate of Return on Mortgage Investment 47%  

Table 6 above summarizes the projected total net impact.  The approximately $11.6 million in additional 

construction costs would generate an annual savings of about $1.9 million, which would provide an 

attractive rate of return, well within the goal set by the committee of a simple payback period of 7 years 

or less.  The return to the homeowner who is offsetting the invested downpayment with annual net 

energy savings (energy savings – mortgage costs) is quite high at 47% per year.  The total energy savings 

over a 30-year mortgage are over $58 million, which does not include future increases in energy prices. 
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Appendix A1 

 

Summary of Appalachian State University Survey  

of New Homes in North Carolina 

 



23 

 

Summary of 2015-2016 Survey of New Home Construction 

The 2012 North Carolina Energy Code has been in effect for approximately 4 years.  A recent survey 

conducted by Appalachian State University conducted site visits to 250 new homes in the state.  The 

survey found the following: 

Most builders are complying with R-value requirements for ceilings, walls, and floors; however, the 
insulation quality is often not a Grade I, as shown in Table 1. 

All but one home with observable window NFRC values were in compliance, many homes had U-
factors and Solar Heat Gain Coefficients substantially below the energy code maximum. 

Slab insulation was required in Climate Zones 4 and 5, but was missing in 24% of homes where 
observation was possible.  Where installed, the quality of the installation was sometimes quite low.  
Photos of typical installation practices are shown in Figure 1. 

The average air leakage rate was 3.91 ACH50, which was 22% lower than the code maximum of 5 
ACH50.  Only 8 (12%) of the 67 homes tested did not meet the code’s prescribed air leakage rates.  
The air leakage test is an option as an alternative to meeting a complete visual inspection of all 
measures.  

The average duct leakage rate 
was 5.85 CFM25 per 100 
square feet of conditioned 
area, just barely below the 
maximum of 6 CFM25.  Of 
the 65 homes tested, 24 
(37%) exceeded the 
maximum. However, North 
Carolina allows testing duct 
leakage to the exterior (using 
combined blower door and 
duct testing blower).  For this 
test, the average leakage rate 
was 2.9 CFM 25/ 100 square 
feet and no home exceeded 
the maximum of 6 CFM25. 

In a total of 81% of the 137 
homes with field 
observations about location 
of supply ductwork, at least 
half of the supply ducts were in unconditioned attics. 

Figure 1: Good and Poor Quality Slab-on-Grade Insulation  

(with 2” termite inspection strip at top) 

QUALITY WORK POOR 

DETAILI

NG 

POOR FINISH EXCEEDINGLY POOR 



24 

 

Appendix A2 

 

Discussion of Economic Analysis Measures 
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Discussion of Economic Analysis Measures 

During the discussions of the working group, some of the committee members supported the idea that 

energy efficiency measures with Simple Payback Periods of 7 years or less are acceptable for inclusion in 

the energy code.  The Simple Payback Period is not the best criteria for measuring the value of an 

investment.  It ignores the time rate of money (such as the interest rate on a mortgage loan), the actual 

cash flow of the investment, and the increase in expenses over time (such as escalating costs for 

energy).   

Consider the cash flow for an efficiency measure that adds $700 to the principal and saves $100 per year 

in energy costs.  The Simple Payback Period is $700 / $100 = 7 years.  Is this investment a good deal for 

the homeowner? 

The homeowner would pay extra on the down payment and a little extra on the mortgage costs each 

year.  They would also reap the benefits of the energy savings, which could well increase over time.  

Thus the limit of a maximum 7-year Simple Payback Period does not really provide a fair evaluation of an 

investment in energy efficiency.  We feel a fairer measure is the rate of return which could be calculated 

over a 7-year period rather than over the 30-year mortgage.  Table 2 shows the cash flow for an energy 

efficiency investment for the above measure that provides a 7-year payback.  The cash flow assumes 

that the additional cost for the energy measures is wrapped into a household mortgage.  The 

assumptions are: 

 Additional cost of the home = $700  (extra cost of the efficiency 

measures) 

 Mortgage rate = 4.5% (current rates are 3.5 to 3.875%; higher rate 

covers other loan costs) 

 Term of the loan = 30-years 

 Down payment = 25% of principal = $175 (initial cost of investment) 

 Remaining principal = $525 

 Total annual loan payments on remaining principal  = $32/ year 

 Annual energy savings = $100, assumed to escalate at 0.5% per year  

 Net Savings in Year 1 = $ 

 100 – $32 = $68  (Energy savings – Mortgage payment) 

The annual rate of return on the investment: 

 Annual Rate of Return for 30 years for Cash Flow Shown Below = 

40% per year 

 Annual Rate of Return for 7 years for Cash Flow Shown Below = 34% 

per year 

Table 2: Cash Flow for 

7-year Payback Energy 

Efficiency Measures 

Year Amount 

Begin -$175 

1 68 

2 69 

3 69 

4 70 

5 70 

6 71 

7 71 

10 72 

15 72 

20 73 

25 73 

30 74 
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Figure 2 compares using a similar analysis the Simple Payback Period to the annual rate of return for 

a variety of energy investments with different Simple Payback Periods.  As would be expected for 

the rate of return evaluated over just seven years, as the Simple Payback Period stretches beyond 7 

years, the return on the investment drops.  However, an investment with a 10-year payback still 

earns 13% annually when only seven 

years of savings are considered (and 

23% over 30 years).  Thus, a 10-year 

Simple Payback Period would still 

provide an excellent investment, even 

when only seven years of savings are 

taken into account. 

In summary, what many would 

consider an excellent investment – 

say an annual 15% return over 7 years 

of incoming revenue – has a Simple 

Payback Period of about 10 years, 

which is substantially higher than the 

7-year limit that the Energy Code 

Working Group is considering. 
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Figure 2: Payback Period vs. Annual Rate of Return 
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Appendix A3 

 

Analysis of Higher Efficiency Windows 
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Introduction to Window Efficiency Analysis 

We investigated the energy savings and costs of different window efficiency options.  For each option, 

we evaluated the base model 2-story house with 2,526 sq ft of conditioned space and 343 sq ft of 

windows.  A summary of the analysis of several cases is as follows. 

1. Change from U-0.35/ Solar Heat Gain Coefficient (SHGC)-0.30 to U-0.32/ SHGC-0.25 

 Extra costs: 

o From ENERGYSTAR estimates -- $0.24 per square foot 

o Dan Tingen window supplier (U-0.34 to U-0.30) -- $0.43/ square foot ($131 for 305 sq ft 

of glass) 

 Extra cost for 2,526 sq ft home with 343 sq ft of glass: Lower = $82, Higher = $148 

 Energy Savings for 2,526 sq ft home $18 per year in both Charlotte and Raleigh 

 Simple Payback Period: Lower = 4.6 years, Higher = 8.2 years 

 Annual Rate of Return for Mortgaged Costs = 11.9% to 32.4% 

 

2. Change from U-0.35/ SHGC-0.30   U-0.35 (remains the same)/ SHGC-0.25 

 From PlyGem estimates -- $0.13 per square foot – ($2 for a 3’ x 5’ window) 

 Extra cost for 2,526 sq ft home with 343 sq ft of glass = $46 

 Energy Savings for 2,526 sq ft home: $5 per year in both Charlotte and Raleigh 

 Simple Payback Period = 9.2 years 

 Annual Rate of Return for Mortgaged Costs = 27.3%  

 

3. Actual House Under Construction (by Dan Tingen) with U-0.34/ SHGC-0.23 windows currently 

a. Change to U-0.30 / SHGC-0.23 (remains the same) windows 

 From vendor estimates -- $131 for approximately 305 sq ft of windows 

 Energy Savings = $18 per year in both Charlotte and Raleigh (more details at end) 

 Simple Payback Period =7.3 years 

 Annual Rate of Return for Mortgaged Costs = 38.5%  

b. Change to U-0.34 (remains the same)/ SHGC-0.20 windows 

 From vendor estimates -- $33 for approximately 305 sq ft of windows 

 Energy Savings = $4.72 per year in both Charlotte and Raleigh (more details at end) 

 Simple Payback Period = 7 years 

 Annual Rate of Return for Mortgaged Costs = 40.7%  

 

Conclusions and Observations: 

1. Reducing window U-factors saves considerably more energy and dollars than reducing the Solar 

Heat Gain Coefficient. 

2. The annual rates of return and Simple Payback Periods appear to be reasonable. 

3. Injecting Argon gas into a sealed window unit is not an expensive process. 

4. The typical rate of escape for Argon gas is about 1% per year, so in 50 years, the efficiency gains may 

be reduced by half. 
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5. The process of adding more efficient spacers between windows does not add any time to the 

manufacturing process. 

6. The estimated costs for energy code efficiency improvements such as Argon gas and more efficient 

spacers are difficult to establish from current vendor estimates for completed window units because 

the more efficient units may not be produced on as large a scale as less efficient windows for some 

window companies.   

Comparison of Energy Savings and Economic Analysis for House Currently Under Construction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dan Tingen Homes -- Window Analysis

Base -- U-0.34/ 

SHGC-0.23 

windows

U-0.30/ 

SHGC-0.23

U-0.34/ 

SHGC-0.20

U-factor 0.34 0.30 0.34

SHGC 0.23 0.23 0.20

Energy Use ($/ year)

Heating $605 $587 $612

Cooling 387 387 375

Hot Water 419 419 419

Appliances and Lighting 865 865 865

Total $2,276 $2,258 $2,271

Energy Savings ($/year) 18.00 4.72

U-0.30/ 

SHGC-0.23

U-0.34/ 

SHGC-0.20

$131 $33

18 4.72

7.3 7.0

$581 $152 

38.5% 40.7%

$1,080,000 $283,200Savings for the state ($/yr for 60,000 homes)

Window U-value/ Solar Heat Gain Coefficient

Cost

Annual Energy Savings

Payback Period

30-Year Energy Savings

Rate of Return/ Year
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Appendix A4 

 

Analysis of Other Efficiency Measures 
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Summary of the Impact of the Measures for Individual Homes 

a. R-19 wall insulation in place of R-15 in Climate Zone 4 

i. We examined the costs and savings of going to 2x6 walls framed 24 inches on 

center.  According to builders and RS Means, the additional cost of framing and 

R-19 insulation is minimal.  The main cost is for jamb extenders for windows.  In 

many homes in North Carolina, jamb extenders would not be necessary, as the 

builders use drywall returns inside the window openings rather than wood trim. 

ii. RS Means estimates the cost of 2x4 walls framed 16 inches on center as $3.61 

per sq ft and 2x6 walls framed 24 inches on center as $3.64 per sq ft for a 

difference of only $0.03 per sq ft or $80 in additional costs for the model home. 

iii. The insulation costs we received estimated that R-19 batts were actually about 

$0.06 per sq ft cheaper than R-15 batts or $160 in savings for the model home. 

iv. The jamb extenders for the 2x6 walls added about $540 in cost in homes that 

did not use drywall returns.  

v. The total additional cost with jamb extenders is $480. 

vi. With overhead and profit, the total extra cost with jamb extenders would be 

$576, while for homes with drywall returns, the house with 2x6 walls may 

actually be cheaper, assuming walls can be framed 24 inches on center. 

vii. The estimated energy savings in Climate Zone 4 are $44 annually. 

viii. Simple Payback Period is instantaneous to 12.2 years. 

ix. Rate of return on mortgaged investment to homeowner:  Very high (with no 

added cost to 15% per year). 

 

2. Sealing and insulating a mechanical closet  

a. We assumed that the closet measures 4 feet by 6 feet with one of the narrow walls on 

the exterior.  We also assumed that the closet was on the second floor.  The ceiling 

would not have to be insulated, but we assumed that the homeowners would prefer 

that it was.  The floor over conditioned space below would need to be insulated.   

b. Assuming that one of the narrow walls is on the exterior, there would be 16 linear feet 

of wall or about 112 square feet.   The cost of installing R-15 wall insulation would be 

about $0.40 per sq ft, or about $50. 

c. There is no additional cost of installing attic insulation, since the attic would be insulated 

anyway. 

d. The cost of insulating the 24 sq ft floor would be $10. 

e. The cost of sill seal for the bottom plates is $0.10 per linear foot ($4.67 for a 50-foot roll 

retail).  Air sealing the base of the wall and the top plates would cost about $4 in 

materials and at most $10 of labor for a total of $14. 

f. The total labor and materials cost is $74. 

g. With 20% overhead and profit added, the cost would be about $90 for the sealed and 

insulated closet. 

h. Annual energy savings according to the computer model are $24.50 in Climate Zone 3, 

$22.8 in Climate Zone 4, and 47.30 in Climate Zone 5. 

i. Simple Payback Period ranges from 25% to 93%. 


