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Acronyms and Abbreviations

ASHRAE American Society of Heating, Refrigerating and-8onditioning Engineers
BECP Building Energy Codes Program

BTO Building Technologies Office

DOE U.S. Department of Energy

EIA Energy Information Administration

FEMP FederdEnergy Management Program

HVAC Heating, Ventilating, and AfConditioning

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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Hi ghl i ght s

Moving to theASHRAE Standard®0.1-:2013(ASHRAE 2013)editionfrom Standard0.1-2010

(ASHRAE 2010)is coskffectivefor the State of Nevadd@he tablebelowshows the stateide

economic impact of upgrading 8andard0.1-2013in terms of the annual energy cost savings in dollars
per square foot, additional construction cost per square foot required by the upgrdifie,cyot cost
(LCC) per square foofTheseresults are weighted averages for all building types in all climate zones in
the state, based on weightings showmable4. The methodology used for this analysis is consistent
with the methodologysedin the national coseffectiveness analysisAdditional results and details on

the methodology are presented in the following sections.

Average SavingsConstruction Cost andLCC
(Weighted by Climate Zone and Building Type)

Annual Cost Savings, $ft $0.103
Added Construction Cost, $ft ($1.254)
Publicly-owned scenariaCC Savings $/ft* $2.82
Privatelyowned scenario LCGavings $/ft $2.10

The report provides analysis of two LCC scenarios:

9 Scenario 1 representing publicBpwned buildings, considers initial costs, energy costs, maintenance
costs, and replacement c@stwithout borrowing or taxes.
9 Scenario 2 representing privatefpwnedbuildings, adds borrowing costs and tax impacts.

Figurel 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 sawérntpe annualized value of

first cost savingsinderscenario 1Figure2 shows overall state weighted net LCC results for both

scenarios. When net LCC is posititiee updatedodeeditionis considered cogiffective.
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($1.00) <
($1.20) $0.50 —
($1.40)
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Energy First Net LCC Scenario 1: Scenario 2:
Savings Costs Savings Publicly-Owned Privately-Owned
Figure 1. Statewide Weighted Costs and Savings Figure 2. Overall Net LifeCycle Cost Savings

! National costeffectiveness reporhttps:/www.energycodes.gov/development/commercial/cost_effectiveness
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CodHf fectiveness Results for
ASHRAE andXald-AD 1li3lNev ada

This sectiorsummarizeshe costeffectivenesanalysis resultd.ife-Cycle Cost (LCC) savings is the
primary measure DOE uses to asses&tiomomic impact of building energy codetavings are
computed for two scenarios:

9 Scenario 1 (publiclyowned)includes costs for initial equipment and construction, energy,
maintenance and replacement and does not include loans or taxes.

1 Scenario 2 (privaely-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 bhabéztion
weightings.Factors such as inflation and discount rates are different between the two scenarios, as
described in the Cos#iffectiveness Methodology section.

LCC is affected by many variables, includithg applicabity of individual measures in the code,
measure costspeasure liveseplacement costs, state cadfustmentenergy prices, and so arheLCC
could benegative for a building type in a climate zone based on the interactiorsefuhgablesbut the
code is considered cestfective as long as the weighted staide LCC is positive.

Tablel shows that the value today of the total LCC savings oveedsyfor buildings in scenario 1
average$2.82per square foot fastandar®0.1-2013

Table 1. LCC Savingsfor Nevada Scenario 1 (%)

Stand-Alone  Primary Small Hotel Mid-Rise  All Building

Retall School Apartment Types

Climate Zone Small Office Large Office

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

Table2 shows that the LCC savings over 30 years averd@d€®per square foot for scenario 2.
Table 2. LCC Savinggor Nevada Scenario 2 (%)

Stand-Alone  Primary Small Hotel Mid-Rise  All Building

Climate Zone Small Office Large Office Retail School Apartment Types

$1.54 $18.87 $4.07 $1.46 $0.75 $2.21
$1.05 $2.32 $3.34 $1.19 $0.52 $1.55
State Average $1.45 $15.70 $3.98 $1.35 $0.75 $2.10
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Energy Cost Savings

Table3 shows that the primary benefit of Standard SD13 annual energy cost savirfysaverages
$0.103per square foot for both scenarios.

Table 3. Annual Energy Cost Savindsr Nevada($/ft?)

Stand-Alone  Primary Small Hotel Mid-Rise  All Building

Climate Zone Small Office Large Office Retail School Apartment 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

Construction Weighting of Results

Energy and economic impacts were determined and reported separately for each building type and climate
zone. Cogkffectiveness 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 showriliable4. These weighting factors are based on the floor area of

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

zones. Thaeveighting 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 Wights by Building Type

Small Large Stand-Alone  Primary Small Mid-Rise  All Building
(0)ji[el) Office Retail School Hotel Apartment Types

37.9% 7.9% 15.0% 82.9%
10.2% 1.0% 0.2% 17.1%

48.0% 15.2% 100.0%

Climate Zone

State Average 22.3%

Incremental Construction Cost

Cost estimates were developed for the differences bet@teadard 90-2010and Standar80.1-: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 aibasts and RS Means 2012 and 2014 cost data
(RS Means 2012a,b,c, 2014a,b,c; Hart et al. 201%).costs were developed at the national level and
then adjusted for local conditions using a state construction cost index (Means Za5.shows
incremental initial cost for individual building types in si&peecific climate zones and weighted average
costs by climate zone and building type for moving to Stan@@dd2013from Standard 90-201Q

The incremental cos$ negative for some building types and climate zdrezsiuse ofewer lighting
fixtures, or due tothe downsizing of heating, ventilating, anddzanditioning (HVAC) equipment
1 Fewer light fixturesare required when the allowed lighting power is reduced.

9 Smaller equipment sizes can result from the lowering of heating and cooling loads due to other
efficiency measures, such as maal insulation.
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The national costffectiveness report contains aiétd descriptions of how costs were developed for
individual efficiency upgrades (Hart et al. 2018)here cost is negative it represents a reduction in first
costs and a savings that is included in thedL@& savings.

Table 5. Incremental Construction Colstr Nevada($/ft?)

Stand-Alone  Primary Small Hotel Mid-Rise  All Building

Climate Zone Small Office Large Office Retail School Apartment Types

(30.106)  ($25.869)  ($1.486)  ($0.044)  $0.439 $0.610
$1.691 ($1.017)  ($0.639) $1.136 $0.970 $0.704
State Average $0.237 ($21.114) ($1.307) $0.094 $0.658 $0.612 ($1.254)

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 maintenariSienptespayback is not

used as a measure of ceffiectiveness as it does not account for the time value of money, the value of
energy cost savings that occur after payback is achievedhy replacement costs that occur after the

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

Table6 shows simple payback results in yefansboth scenarias

Table 6. Simple Paybackor Nevada(Years)

Small Large Stand-Alone  Primary Small Mid-Rise  All Building
(0)ji[ef) (0)ji[ef] Retail School Hotel Apartment Types

Climate Zone

3B Immediate Immediate Immediate Immediate 43 10.0
5B 18.8 Immediate  Immediate 6.0 9.4 13.9

State Average 3.6 Immediate Immediate 0.7 6.4 10.0 Immediate
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Overview ofEftfreecetCou®rtness Met hodol o

This analysis was conducted by Pacific Northwest National Laboratory (PNNL) in support of the U.S.
Depart ment of Energydés (DOE) Building Energy Code
implementation of energy efficient and cestective residentisand commercial building energy codes.

These codes help adopting states and localities establish minimum requirements feeticargty

building design and construction, as well as ensure significant energy savings and avoided greenhouse gas
emissionsLCC savings is the primary measure DOE uses to assess thgfeosveness of building

energy codes.

CostZ=ffectiveness

DOE uses standard economic LCC dgffectiveness analysis methods in comparing Standare280.3
andStandard 90-201Q A detaled coskffectiveness methodologyas used as described in detail in the
national reporfHart et al. 2015)Under this methodology, two metrics are used:

1 LCC Savings:LCC is the calculation of the present value of costs ove#&aead0period including
initial equipment and construction costs, energy savings, maintenance and replacement costs, and
residual value of components at the end of thgeglr period. A separate LCC is determined for
Standard 90-P010and for Standard 9022013. The LCC savings theStandard 90-2010LCC
minus the Standard 9@2013 LCC.

1 Simple Payback:While not a true co#&ffectiveness metric, simple payback is also calculated.
Simple payback is the number of years required for accumulated annual energy cost savingd to excee
the incremental first costs of a new code.

Two cost scenarios are analyzed:
1 Scenario lincludes the costs and savings listed above without borrowing or tax impacts.

9 Scenario 2incudes 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@amtlistes are also different, as
described inrable8.

The cosEffectiveness analysis compares the cost for new buildings meeting Standz2618.1
compared tmew buildings meeting Standard 92010. 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 documentedSHHASIRAE/IES Standard 902013
Determination of Energy Savings: Quantitative Analysislverson et al. 2014), and the ébst
effectiveness analysis documented\ational Coséffectiveness of ANSI/ASHRAE/IES Standard20.1
2013(Hart et al. 2015).

Building Prototypes and Energy Modeling

The coskffectiveness 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 modeprovide 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 HVA@sysbst

commonly used in commercial buildings. More information on the prototype buildings and savings
analysis can be found atww.energycodes.gov/development/commercial/90.1_models.
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Each prototype building is analyzed for each of the climate zoned fwithin the state. Using the U.S.

DOE EnergyPlusE software, t he Tablekarelsimilatedvitng pr ot ot
characteristics meeting the requirmts of Standard 9021010 and then modified to meet the

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

compared between the two sets of models.

Table 7. Building Prototypes

Building Prototype Floor Area (ft?) Number of Floors
Small Office 5,500 1
Large Office 498,640 13
StandAlone 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 ASHRAandard 90.1 and include eight primary climate zones, the hottest
being climate zone 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 indicatingaahy C indicating
marine.Figure3 shows the national climate zones. For this state analysis, saveaygalyzed 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 am adjoining state with more robust weather data.

Figure 3. National Climate Zones
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