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Acronyms and Abbreviations 

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers 

BECP Building Energy Codes Program 

BTO Building Technologies Office 

DOE U.S. Department of Energy 

EIA Energy Information Administration 

FEMP Federal Energy Management Program 

HVAC Heating, Ventilating, and AirȤConditioning 

LCC Life-Cycle Cost 

NIST National Institute of Standards and Technology 

PNNL Pacific Northwest National Laboratory 

UPV Uniform Present Value 

SWH Service Water Heating 
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Highlights 

Moving to the ASHRAE Standard 90.1-2013 (ASHRAE 2013) edition from Standard 90.1-2010 

(ASHRAE 2010) is costȤeffective for the State of Nevada. The table below shows the state-wide 

economic impact of upgrading to Standard 90.1-2013 in terms of the annual energy cost savings in dollars 

per square foot, additional construction cost per square foot required by the upgrade, and life-cycle cost 

(LCC) per square foot. These results are weighted averages for all building types in all climate zones in 

the state, based on weightings shown in Table 4. The methodology used for this analysis is consistent 

with the methodology used in the national cost-effectiveness analysis
1
. Additional results and details on 

the methodology are presented in the following sections.  

Average Savings, Construction Cost and LCC 

(Weighted by Climate Zone and Building Type) 

Annual Cost Savings, $/ft
2
  $0.103  

Added Construction Cost, $/ft
2
  ($1.254) 

Publicly-owned scenario LCC Savings, $/ft
2
 $2.82 

Privately-owned scenario LCC Savings, $/ft
2
 $2.10 

The report provides analysis of two LCC scenarios:  

¶ Scenario 1, representing publiclyȤowned buildings, considers initial costs, energy costs, maintenance 

costs, and replacement costsðwithout borrowing or taxes. 

¶ Scenario 2, representing privatelyȤowned buildings, adds borrowing costs and tax impacts. 

Figure 1 compares annual energy cost savings, first cost for the upgrade, and net annualized LCC savings. 

The net annualized LCC savings per square foot is the annual energy savings plus the annualized value of 

first cost savings under scenario 1. Figure 2 shows overall state weighted net LCC results for both 

scenarios. When net LCC is positive, the updated code edition is considered costȤeffective.  

 
Figure 1.  State-wide Weighted Costs and Savings 

 
Figure 2.  Overall Net Life-Cycle Cost Savings 

                                                      
1
 National cost-effectiveness report: https://www.energycodes.gov/development/commercial/cost_effectiveness. 
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CostȤEffectiveness Results for  
ASHRAE Standard 90.1-2013 in Nevada 

This section summarizes the cost-effectiveness analysis results. Life-Cycle Cost (LCC) savings is the 

primary measure DOE uses to assess the economic impact of building energy codes.  Savings are 

computed for two scenarios: 

¶ Scenario 1 (publicly-owned) includes costs for initial equipment and construction, energy, 

maintenance and replacement and does not include loans or taxes. 

¶ Scenario 2 (privately-owned) includes the same costs as scenario 1, plus the initial investment is 

financed through a loan amortized over 30 years with corresponding federal and state corporate 

income tax deductions for interest and depreciation.  

Both scenarios include the residual value of equipment with remaining useful life at the end of the 30 

years.  Totals for building types, climate zones, and the state overall are averages based on Table 4 

weightings. Factors such as inflation and discount rates are different between the two scenarios, as 

described in the Cost-Effectiveness Methodology section. 

LCC is affected by many variables, including the applicability of individual measures in the code, 

measure costs, measure lives, replacement costs, state cost adjustment, energy prices, and so on. The LCC 

could be negative for a building type in a climate zone based on the interaction of these variables, but the 

code is considered cost-effective as long as the weighted state-wide LCC is positive.  

Table 1 shows that the value today of the total LCC savings over 30 years for buildings in scenario 1 

averages $2.82 per square foot for Standard 90.1-2013. 

Table 1.  LCC Savings for Nevada, Scenario 1 ($/ft
2
) 

 

Table 2 shows that the LCC savings over 30 years averages $2.10 per square foot for scenario 2. 

Table 2.  LCC Savings for Nevada, Scenario 2 ($/ft
2
) 

 

Climate Zone Small Office Large Office
Stand-Alone 

Retail

Primary 

School
Small Hotel

Mid-Rise 

Apartment

All Building 

Types

3B $1.79 $28.06 $2.18 $4.69 $1.61 $0.73 $3.01

5B $0.80 $2.89 $2.14 $3.57 $1.17 $0.44 $1.87

State Average $1.60 $23.24 $2.17 $4.56 $1.43 $0.73 $2.82

Climate Zone Small Office Large Office
Stand-Alone 

Retail

Primary 

School
Small Hotel

Mid-Rise 

Apartment

All Building 

Types

3B $1.54 $18.87 $1.41 $4.07 $1.46 $0.75 $2.21

5B $1.05 $2.32 $1.56 $3.34 $1.19 $0.52 $1.55

State Average $1.45 $15.70 $1.44 $3.98 $1.35 $0.75 $2.10
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Energy Cost Savings  

Table 3 shows that the primary benefit of Standard 90.1-2013ðannual energy cost savingsðaverages 

$0.103 per square foot for both scenarios. 

Table 3.  Annual Energy Cost Savings for Nevada ($/ft
2
) 

 

Construction Weighting of Results  

Energy and economic impacts were determined and reported separately for each building type and climate 

zone. CostȤeffectiveness results are also reported as averages for all prototypes and climate zones in the 

state. To determine these averages, results were combined across the different building types and climate 

zones using weighting factors shown in Table 4. These weighting factors are based on the floor area of 

new construction and major renovations for the six analyzed building prototypes in stateȤspecific climate 

zones. The weighting factors were developed from construction start data from 2003 to 2007 based on an 

approach developed by Jarnagin and Bandyopadhyay (McGraw Hill Construction 2007, Jarnagin and 

Bandyopadhyay 2010). 

Table 4.  Construction Weights by Building Type 

 

Incremental Construction Cost  

Cost estimates were developed for the differences between Standard 90.1-2010 and Standard 90.1-2013 

as implemented in the six prototype models. Costs for the initial construction include material, labor, 

commissioning, construction equipment, overhead and profit. These costs were developed using a 

commercial cost estimation firm, engineering design consultants and RS Means 2012 and 2014 cost data 

(RS Means 2012a,b,c, 2014a,b,c; Hart et al. 2015). The costs were developed at the national level and 

then adjusted for local conditions using a state construction cost index (Means 2014c). Table 5 shows 

incremental initial cost for individual building types in stateȤspecific climate zones and weighted average 

costs by climate zone and building type for moving to Standard 90.1-2013 from Standard 90.1-2010.  

The incremental cost is negative for some building types and climate zones because of fewer lighting 

fixtures, or due to the downsizing of heating, ventilating, and airȤconditioning (HVAC) equipment.  

¶ Fewer light fixtures are required when the allowed lighting power is reduced.  

¶ Smaller equipment sizes can result from the lowering of heating and cooling loads due to other 

efficiency measures, such as more wall insulation.  

Climate Zone Small Office Large Office
Stand-Alone 

Retail

Primary 

School
Small Hotel

Mid-Rise 

Apartment

All Building 

Types

3B $0.066 $0.069 $0.116 $0.172 $0.099 $0.059 $0.098

5B $0.090 $0.053 $0.143 $0.177 $0.101 $0.049 $0.125

State Average $0.071 $0.066 $0.122 $0.173 $0.100 $0.059 $0.103

Climate Zone
Small 

Office 

Large 

Office

Stand-Alone 

Retail

Primary 

School

Small 

Hotel

Mid-Rise 

Apartment

All Building 

Types

3B 18.1% 3.0% 37.9% 7.9% 1.1% 15.0% 82.9%

5B 4.3% 0.7% 10.2% 1.0% 0.7% 0.2% 17.1%

State Average 22.3% 3.8% 48.0% 8.9% 1.8% 15.2% 100.0%
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The national cost-effectiveness report contains detailed descriptions of how costs were developed for 

individual efficiency upgrades (Hart et al. 2015). Where cost is negative it represents a reduction in first 

costs and a savings that is included in the net LCC savings.  

Table 5.  Incremental Construction Cost for Nevada ($/ft
2
) 

 

Simple Payback 

Simple payback is the total incremental first cost divided by the annual savings, where the annual savings 

is the annual energy cost savings less any incremental annual maintenance cost. Simple payback is not 

used as a measure of cost-effectiveness as it does not account for the time value of money, the value of 

energy cost savings that occur after payback is achieved, or any replacement costs that occur after the 

initial investment. However, it is included in the analysis for states who wish to use this information. 

Table 6 shows simple payback results in years for both scenarios. 

Table 6.  Simple Payback for Nevada (Years) 

  

Climate Zone Small Office Large Office
Stand-Alone 

Retail

Primary 

School
Small Hotel

Mid-Rise 

Apartment

All Building 

Types

3B ($0.106) ($25.869) ($1.486) ($0.044) $0.439 $0.610 ($1.536)

5B $1.691 ($1.017) ($0.639) $1.136 $0.970 $0.704 $0.116

State Average $0.237 ($21.114) ($1.307) $0.094 $0.658 $0.612 ($1.254)

Climate Zone
Small 

Office 

Large 

Office

Stand-Alone 

Retail

Primary 

School

Small 

Hotel

Mid-Rise 

Apartment

All Building 

Types

3B Immediate Immediate Immediate Immediate 4.3 10.0 Immediate

5B 18.8 Immediate Immediate 6.0 9.4 13.9 5.6

State Average 3.6 Immediate Immediate 0.7 6.4 10.0 Immediate
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Overview of the Cost-Effectiveness Methodology 

This analysis was conducted by Pacific Northwest National Laboratory (PNNL) in support of the U.S. 

Department of Energyôs (DOE) Building Energy Codes Program. DOE supports the development and 

implementation of energy efficient and cost-effective residential and commercial building energy codes. 

These codes help adopting states and localities establish minimum requirements for energy-efficient 

building design and construction, as well as ensure significant energy savings and avoided greenhouse gas 

emissions. LCC savings is the primary measure DOE uses to assess the costȤeffectiveness of building 

energy codes.  

CostȤEffectiveness  

DOE uses standard economic LCC costȤeffectiveness analysis methods in comparing Standard 90.1-2013 

and Standard 90.1-2010. A detailed costȤeffectiveness methodology was used as described in detail in the 

national report (Hart et al. 2015). Under this methodology, two metrics are used: 

¶ LCC Savings: LCC is the calculation of the present value of costs over a 30Ȥyear period including 

initial equipment and construction costs, energy savings, maintenance and replacement costs, and 

residual value of components at the end of the 30-year period. A separate LCC is determined for 

Standard 90.1-2010 and for Standard 90.1Ȥ2013. The LCC savings is the Standard 90.1-2010 LCC 

minus the Standard 90.1Ȥ2013 LCC. 

¶ Simple Payback: While not a true costȤeffectiveness metric, simple payback is also calculated. 

Simple payback is the number of years required for accumulated annual energy cost savings to exceed 

the incremental first costs of a new code.  

Two cost scenarios are analyzed:  

¶ Scenario 1 includes the costs and savings listed above without borrowing or tax impacts.  

¶ Scenario 2 incudes the same costs as scenario 1 plus financing of the incremental first costs through 

increased borrowing with tax impacts including mortgage interest and depreciation deductions. 

Corporate tax rates are applied. Economic analysis factors such as discount rates are also different, as 

described in Table 8.  

The costȤeffectiveness analysis compares the cost for new buildings meeting Standard 90.1Ȥ2013 

compared to new buildings meeting Standard 90.1Ȥ2010. The analysis includes energy savings estimates 

from building energy simulations and LCC and simple payback calculations using standard economic 

analysis parameters. The analysis builds on work documented in ANSI/ASHRAE/IES Standard 90.1Ȥ2013 

Determination of Energy Savings: Quantitative Analysis (Halverson et al. 2014), and the costȤ
effectiveness analysis documented in National CostȤeffectiveness of ANSI/ASHRAE/IES Standard 90.1Ȥ
2013 (Hart et al. 2015).  

Building Prototypes and Energy Modeling  

The costȤeffectiveness analysis uses six building types represented by six prototype building energy 

models. These six are a subset of 16 prototype building energy models and represent 80% of commercial 

floor space. These models provide coverage of the significant changes in ASHRAE Standard 90.1 from 

2010 to 2013 and are used to show the impacts of the changes on energy savings. The prototypes 

represent common construction practice and include the primary conventional HVAC systems most 

commonly used in commercial buildings. More information on the prototype buildings and savings 

analysis can be found at: www.energycodes.gov/development/commercial/90.1_models.  
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Each prototype building is analyzed for each of the climate zones found within the state. Using the U.S. 

DOE EnergyPlusÊ software, the six building prototypes summarized in Table 7 are simulated with 

characteristics meeting the requirements of Standard 90.1Ȥ2010 and then modified to meet the 

requirements of the next edition of the code (Standard 90.1Ȥ2013). The energy use and cost are then 

compared between the two sets of models. 

Table 7.  Building Prototypes 

Building Prototype Floor Area (ft²) Number of Floors 

Small Office 5,500 1 

Large Office 498,640 13 

Stand-Alone Retail 24,690 1 

Primary School 73,970 1 

Small Hotel 43,210 4 

Mid-Rise Apartment 33,740 4 

Climate Zones  

Climate zones are defined in ASHRAE Standard 90.1 and include eight primary climate zones, the hottest 

being climate zone 1 and the coldest being climate zone 8. Letters A, B, and C are applied in some cases 

to denote the level of moisture, with A indicating moist or humid, B indicating dry, and C indicating 

marine. Figure 3 shows the national climate zones. For this state analysis, savings are analyzed for each 

climate zone in the state using weather data from a selected city within the climate zone and state, or 

where necessary, a city in an adjoining state with more robust weather data. 

 

Figure 3.  National Climate Zones 






