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What is BEopt?

(beopt.nrel.gov)

Plug-and-Play Software

Heating
Cooling
Lighting
Appliances
Other Efficiency
PV/SHW

Optimal
BEopt ~& Building

Designs

EnergyPlus

(DOE2)

AN

Energy Use
Utility Bills

NATIONAL RENEWABLE ENERGY LABORATORY

Features:

e New construction and retrofit

e Single-family and (soon) multifamily
* Design, parametric, optimization
e Detailed cost database

e Rapid building drawing tool

e Detailed utility rates

e PV compensation

e PV/efficiency incentives

e Demand response

e HPXML export

e Schedule wizard

e Qutput visualization

e Batch simulations

e Library manager




BEopt Timeline

Tool Research and Model Dev. BEopt v1.0

Development BEopt v2.0

/ / >
2001 2010 2014
Partners CPUC (FY11-14) CPUC (FY14-15)

Retrofit analysis, utility BPA (FY13-14) Multifamily
cost effectiveness tests, EnergyPlus vs.

incentives, etc. SEEM validation

CEC (FYO8-FY09)

BEopt w/Micropas
CPS Energy (FY12 BPA (FY14

San Antonio BEopt follow-on

analysis

BPA (FY15-16)
ARRA (FY10-11) BEopt/EnergyPlus
Updated platform, model enhancements
batch simulations
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BEopt GUI
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drawing tool for quick/accurate

BEopt Input - GEOmEtry detailed building geometry
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BEOpt |nput _ Geometry drawing tool for quick/accurate

detailed building geometry
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BEopt Input - Site

weather, financing, utility
rates, incentives, etc.

Building Maortgage
EFW Location | USA_GA_Atlanta-Hartsfield-Jacksor ~ | (R3] Down Payment o %
Temain Mortgage Interest Rate 40 e
Matural Gas Hookup Mortgage Period 30 years
Berrrons Marginal Income Tax Rate, Federal 280 kA
Project Analysis Period 0 years Marginal Income Tax Rate, State 0.0 kA
Inflation Rate 24 %
Discount Rate (Real) 30 % Cither
Material Cost Muttiplier 1.00 Incentives (B pv || Eficeney
Labor Cost Muttiplier 1.00 Demand Response
Blectricty | Natural Gas I il I Propane |
Litility Rates PV Compensation
@ Simple () Detailed @ Net Metering () Feed-n Tarff
() User Specified Fied 2.00 &/month Annual Excess Sellback Rate
@ State Average Marginal | 0.1054 | SA&Wh B Retail Electricty Cost 010543 | $/A&Wh
(7) Mational Average Average | 0.1124 | £&Wh [0} User Specified
Fuel Escalation (Real) 000  %fyear Energy Factors
Source/Site Ratio 3.150
Carbon Factor 1530  Ib/kWh
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Project Info
Building Name
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BEopt Input - Options

operation, envelope, equipment
options from Measures Database
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- Roof Material
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- Finished Basement
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[+]- Thermal Mass

- Windows & Doors
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Option @ R-Assembly EI Framing Factor EI Install Ga
[h-ft~2-R{Btu] [frac]
2} Uninsulated, 24, 16 in o.c. 3.6 0.25
3} Uninsulated, 2x8, 24 in o.c. 3.7 0.22
4) R-7 Fiberglass Batt, Gr-3, 2x4, 16 in 0.C. 8.3 0.25
5) R-7 Fiberglass Batt, Gr-2, 2x4, 16 in o.c. 8.7 0.25
£ ) R-7Fiberglass Batt, Gr-1, 2x4, 16 in o.c. 8.9 0.25
71 R-11Fiberglass Batt, Gr-3, 2x4, 16 in o.c. 9.6 0.25
8 ) R-11 Fiberalass Batt, Gr-2, 2x4, 16 in 0.C. 10.1 0.25
53] R-11 Fiberaglass Batt, Gr-1, 2x4, 16 in 0.C. 10.5 0.25

i-13 Fiberglass Batt, G
-13 Fiberglass Batt, Gr-1,
R-15 Fiberglass Batt, Gr-3
R-15 Fiberglass Batt, G
R-15 Fiberglass Batt, Gr-1,

R-1% Fiberglass Batt, Gr-
R-1% Fiberglass Batt, Gr- (
R-19 Fiberglass Batt, Gr-1, 2x
R-21 Fiberglass Batt, Gr-3

1 Fiberglass Batt, G

21) R-21Fiberglass Batt, Gr-1, 2x6, 24 in 0.c.
22) R-13 Cellulose, Gr-3, 2x4, 16 in o.c. 10.3 0.25
23 ) R-13 Cellulose, Gr-2, 2w4, 16 in o.C. 10.9 0.25
4| m | 3

Wood stud walls are standard wood stud framed walls with cavity insulation.
When batt insulation must be compressed to fit within the cavity (2.0. R19in a 5.5 246 cavity), R-values reflect this effect.

Gr = Grade of batt installation quality (1, 2, or 3) as described in RESNETs "2006 Mortgage Industry Mational Home Energy
Rating Systems Standards.”
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~1000 options (in ~100 categories)




BEopt Output

results for multiple designs,
selected individual designs
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Numbers

Awailable Options

50 East
S0 at 15t
80 TIF
S0 TEF
s0 60% RH
&0 Penchmark
e | Options Graph |26 e
28513 Vinyl, Light
22 E $761  R-19 Fiberglass Batt, Gr-1, 246, 24 in o.c., R-5 XF
iE 51,633 Ceiling R-49 Fiberglass, Vented
£3.911 Asphalt Shingles, Medium
50 None
52127 ‘whole \wall R-10 XPS
5174 R-38 Fiberglass Batt
s0  80% Carpet
50 15.0% F20 B40 L20 R20
57,657 Double-Pane, High-Gain Low-E, Nen-metal Frame
£1538 2it
50 None
E 5745 2 ACHSD
8355  Exhaust
55,788 SEER 16 (2 Stage)
53373 Gas, 92.5% AFUE
E B 53249 InFinished Space
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406 25 pints/day, Standalone
82617 Gas Tankless, Condensing
§116,632 Total Present Value
Ref Point
Curmrent Point = Higher Option Number
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RENEWABLE ENER




The Path to Zero Net Energy

Minimum-cashflow designs at various energy-savings levels

NATIONAL RENEWABLE ENERGY LABORATORY
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The Path to Zero Net Energy
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The Path to Zero Net Energy
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The Path to Zero Net Energy
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The Path to Zero Net Energy
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The Path to Zero Net Energy
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Validation
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Validation
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BEopt Website — http://beopt.nrel.gov

FEATURES
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License
Acknowledgements
Introduction
What is BEopt?
Path to Zerg Net En¢
Search Technigues
Special Cases
Near Optimal Solutio
Toolbars/Menus
BEogpt Toolbar
Case Input Toolbar
Case Qutput Toolbar
File Menu
Screen Menu
Case Menu
Run Menu
Reports Menu
Graphs Menu
Tools Menu
General Settings
Simulation Engine:
Cost/Energy Grapl

Helﬁ Menu

Login | Register

[Single pdf filel [Open in a new window]

-
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Welcome to the BEopt forum. BEopt developers will monitor the forum and try to respond to questions as time allows, but all users are encouraged to

participate in the discussions. You can also view the forum using the flat forum view.

Please consider attachina vour BEoot proiect file (*.BEont) if vou have a auestion specific to vour analvsis.

Publications

Forum
‘a BEopt Su
. General qu
‘a BEopt Re
- Requests f
‘h DView
L Questions
‘ﬁ Other
. Other topit

T

Here is a list of BEopt and related publications organized by topic.

General

® Using the BEopt Automated Residential Simulation Test Suite to Enable Comparative Analysis Between Energy Simulation Enginest (2014)
» Mew Version of BEopt Software Provides Analysis Capabilities for Existing Homes® (2011)

® BEopt Software for Building Energy Optimization: Features and Capabilities® (2006)

® BEopt: Software for Identifying Optimal Building Designs on the Path to Zero MNet Energy (2005)

Analysis & Case Studies

» Kaupuni Village: A closer look at the first net-zero energy affordable housing community in Hawaiit? (2012)

® Design and Evaluation of a Net Zero Energy Low-Income Residential Housing Development in Lafayette, Coloradod? (2012)
® A Method for Determining Optimal Residential Energy Efficiency Retrofit Packagesd (2011)

e Ducts in the Attic? What Were They Thinking? & (2010)

® preliminary Assessment of the Energy-Saving Potential of Electrochromic Windows in Residential Buildings® (2009)

® Searching for the Optimal Mix of Solar and Efficiency in Zero Net Energy Buildings® (2008)

® Habitat for Humanity Zero Energy Home: A Cold-Climate Case Study for Affordable Zero Energy Homestr (2008)

® Defining a Technology Pathway Leading to New Homes with Zero Peak Cooling Demand& (2006)

® Analysis of Residential System Strategies Targeting Least-Cost Solutions Leading to Net Zero Energy Homese (2006)
e Optimal Building Designs on the Path to Zero Net Energys (2004)
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National Residential Efficiency Measures Database :: NREL

About the Database
All Measures The National Residential Efficiency Measures Database is a publicly available, centralized resource of residential building
retrofit measures and costs for the U.S. building industry.

Airflow

Ceilings/Roofs With support from the U.S. Department of Energy, NREL developed this tool to help users determine the most

Foundation/Floors cost-effective retrofit measures for improving energy efficiency of existing homes. Learn more about the database.

Lighting By accessing the database, the user agrees to the terms and conditions of use.
Major Appliances

| View Data Now |
Miscellaneous
Space Conditioning Supporting Resources

Walls The following resources provide more information about the data and allow you to download the data.

Water Heating ¢ Data dictionary
¢ XML file download
¢ Simulation Protocols

Windows & Doors

Application Developer Tools e Glossary
Change Log ¢ Guide for Application Developers /4
Data Dictionary e Development Document £+

XML File Download
Simulation Protocols

Glossary

Help

Submit Comments
Submit Data

“The purpose is ... to provide a nation unified database
of residential building retrofit measures and associated
costs.”
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Measures Database — What’s Available

e Building component engineering properties

* Performance levels of building components
(IECC code, ENERGY STAR, Federal appliance
standards)

e Lifetimes of components
* Average and range of material and labor costs

 Combinations of reasonable efficiency measures
(i.e. improves efficiency, meets code and Federal
standards)

NATIONAL RENEWABLE ENERGY LABORATORY



Measures Database — Example

Replace Furnace:

Gas, 68% AFUE Gas, 98% AFUE Measure Cost
Properties: Properties: -

e AFUE: 0.68 Btu/Btu e AFUE: 0.98 Btu/Btu Units Range Average

e Fuel Type: gas e Fuel Type: gas $/kBtuh 17 - 34 24

¢ Max Supply Temp: 120.0 ¢ Max Supply Temp: 120.0

degrees F degrees F $ 680 - 1500 1100

Lifetime: Performance Standards:

e 20 Years e Exceeds Federal Standard 1992

e Exceeds Energy Star 2006
e Exceeds Federal Standard 2015

Lifetime:
e 20 Years

NATIONAL RENEWABLE ENERGY LABORATORY



Measures Database — Application

e Integrated in BEopt
* Data available as XML R ———

<sName>Insu1ate w1th Loase F111 thraugh Exterior (Non Brtck)</sName>
<dEntryDate>201@-08-31</dEntryDate>
</action>
or so twa re <action idActionTypeID="1" ActionID="711" idComponentTypelD="198">
<sName>Replace ﬁlndowcfsNume>
<dEntryDate>2010-07-15</dEntryDate>

d eve I o pe rs j:EEE;:nTrI:‘u tionTypelD="9" ActionID="712" idComponentTypelD="19@">

<sName=Add Storm Sash</sName>
<dEntryDate>2@11-84-27</dEntryDate>

</action>

<action idActionTypeID="1" Acti "974" idComponentTypelD="270@">
<sName>Replace Non-Electrlc Tank with Heat PumchsName>
<dEntryDate>2010-07-15</dEntryDate>

. e o </action>
® For more Info VIslt <action idActionTypelD="1" ActionID="975" idComponentTy )="270">
<sName>Replace Non-Electric Tank with Heat Pump4fsName>
. 1 <dEntryDate>2010-08-13</dEntryDate>
http://www.nrel.gov/ap/retrofits o Gere
<action idActionTypeID="1" Acti "976" idComponentTy 270" >

<sName>Replace Electric Tank w1th Heat Pumpc/sName>
<dEntryDate>2010-08-31</dEntryDate>

</action>

<action idActionTypelID="1" ActionID="978" idComponentTypelD="270">
<sName>Replace Electric Tank with Heat Pump</sName:
<dEntryDate>2010-08-31</dEntryDate>

</action>

<action idActionTypeID="1" ActionID="979" idC ntTypeID="27@">
<sName>Rep1ace Non-Electr1c Tnnk with Non-Electrlc Tank</sName>
<dEntryDate>201@-08-31</dEntryDate>

NATIONAL RENEWABLE ENERGY LABORATORY
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