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Objective

Develop a software tool to provide utility planners,  
program managers, consultants, architects and engineers in 
California with a means of balancing and integrating energy 
efficiency (EE), demand Response (DR) and photovoltaics
(PV) in existing [and new] homes on the path to ZNE.
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Team/Roles

DEG
Prime Contractor

DEG
Prime Contractor

DEG
Prime Contractor

NREL
BEopt Development

NREL
BEopt Development

NREL
BEopt Development

DEG
Measures, Costs, Calibration

E3
Utility Cost Tests

CSI RD&D 
Funding

PG&E Match 
Funding Energy and Environmental Economics, Inc

• Developer of E3 Calculator
• Developer of CPUC Avoided Costs
• Standard Practice Manual expertise

Davis Energy Group
• Building America program team lead
• ZNE project design/assessment (PG&E)
• ZNE Technical Potential Analysis  (CPUC)

National Renewable  Energy Laboratory
• Developer of BEopt
• Residential Energy Analysis
• DOE Building America Program lead
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BEopt Versions 

BEopt‐CA (Ex) New Capabilities 
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Final Deliverables

Final Report
To be posted on the CSI‐RD&D website soon

BEopt v2.2
Posted on the BEopt website (beopt.nrel.gov)



What Is BEopt?
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Building Energy Optimization
Based on Hour-by-Hour Simulations BEopt beopt.nrel.gov
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BEopt

• Runs detailed hour‐by‐hour simulations

• Accurately accounts for interactions (e.g., 
glass type and HVAC)

• Evaluates realistic (discrete) options

• Finds optimal designs from base case to 
zero net energy 

• Identifies near‐optimal alternative designs

• Building America occupancy/operating 
assumptions and climate‐specific reference 
buildings

EnergyPlus

SDHW

PV

EPW
Heating,
Cooling

Lighting,
Appliances

Optimal
Building
Designs

BEopt

BEopt (EnergyPlus)
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Geometry

Site

Options

Input

Output

Run

BEopt
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Drawing Tool – quick/accurate input 
of detailed building geometryBEopt Input
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Site Inputs – weather, financing, 
utility rates, incentives, etc.BEopt Input
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Category

Options

Options – operation, 
envelope, equipment

~1000 options (in ~100 categories)

BEopt Input



16

Cost/Energy Graph

End-Use Graph

Options Graph

Results – multiple designs, 
selected individual designsBEopt Output



Validation, Simulation Engines
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Reference
Building

PV 
More Efficient 

Building Designs

Zero Net
Energy

Cost/Energy GraphBEopt Output
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Parametrics
(~750,000 simulations)

Optimization  
(~750 simulations)

Sequential Search:

Exhaustive Enumeration:

Validation
Search technique correctly finds the least‐cost curve
(No parametric  points below the curve)

~1,000x fewer simulations

Validation
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Validation

Community‐Based
Calibration

Exhaustive 
Enumeration

BEopt Test Suite

ASHRAE 140Simulation Engines
(DOE2, EnergyPlus)

Optimal Search

End‐Use 
Disaggregation

Option Sensitivity
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BEopt Test Suite

• Systematically sweeps through technology options for each 
BEopt category (tens of thousands of building simulations)

• Test suite results are stored in a database; differences can 
be quickly visualized and filtered



22

California Simulation Engine (CSE)

Preliminary
BEopt/CSE
Connection

Potential applications for BEopt (CSE): 
(1) compare CSE to EnergyPlus via the BEopt Test Suite 
(2) parametric (and optimization) capabilities for CSE that could be 

used in Title 24 development 
(3) potential front end for a CSE‐based Title 24 user tool 



23

Q & A



Retrofit Analysis, Measures 
and Costs
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Retrofit Analysis
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Retrofit Application Type
• Options Screen

o Existing building tab
o Options/costs tailored for existing building
o Age of existing equipment
o Equipment replacement choices

– Today, Wear Out, or Either
o HVAC replacement capacity choice

– Same as Existing, Autosize, or Fixed Size
o Default reference: “Existing (w/ Min Replace)”

• Site Screen
o Payment types: tax deductible loan, loan, or cash

Retrofit Analysis
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Retrofit Analysis
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Retrofit Analysis
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Retrofit Analysis
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Retrofit Analysis
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Retrofit Analysis

Retrofit Measures and Costs
• Include measures that are most likely to be used in standard 

California retrofits
o Older equipment (Inefficient ACs, Furnaces, Appliances)
o Older envelope components (uninsulated walls/ceilings/floors, single glazed windows)
o Non‐central space conditioning systems (Window ACs, Mini‐Split Heat Pumps)

• Retrofit specific labor costs include details not included in 
other cost data

• Compliments NREL’s National Residential Efficiency Measure 
Database (www.nrel.gov/ap/retrofits/)
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Retrofit Analysis
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Retrofit Analysis



Incentives
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Incentives
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Incentives
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Incentives
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Incentives
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Incentives
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Incentives
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Incentives



Demand Response
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Demand Response
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Demand Response

Signal type:
o Daily avg TDV
o Daily max TDV
o Daily avg temperature
o Daily max temperature

Events can occur on:
o All days
o Weekdays only
o Weekends only
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Demand Response
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Demand Response

Old New
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Demand Response

Old

New
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Demand Response
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Demand Response
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Demand Response
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Demand Response
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Q & A
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Project Types
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Project Types

California Metrics Project Type
• Site Screen

o CA climate zone weather files
o Net‐to‐gross ratio and program cost inputs (utility cost tests)
o CA climate zone utility and region inputs (avoided costs)
o Default marginal state income tax
o Default net‐metered annual excess sellback rates
o CSI PV rebate program specified/enabled by default

• Optimization/Output Screen
o Utility cost test metrics

– TRC, PCT, RIM, or PAC
– Net Present Value (NPV) or Benefit‐Cost Ratio (BCR)

o TDV energy metric



Utility Tariff Capabilities
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Utility Tariff Capabilities
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Utility Tariff Capabilities



58

Utility Tariff Capabilities
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Utility Tariff Capabilities
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Utility Tariff Capabilities
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Utility Tariff Capabilities
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Utility Tariff Capabilities
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Utility Tariff Capabilities



Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests

Component TRC PCT PAC RIM
Energy and capacity Benefit ‐ Benefit Benefit

Additional resource savings Benefit ‐ ‐ ‐

Non‐monetized benefits ‐ ‐ ‐

Equipment and install costs Cost Cost ‐ ‐

Program overhead costs Cost ‐ Cost Cost

Incentive payments ‐ Benefit Cost Cost

Bill Savings ‐ Benefit Cost
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Utility Cost Effectiveness Tests

1. Integrated approach: Integrating the cost-effectiveness 
assessment into BEopt so that it can optimize across 
measures to maximize criteria such as TRC

2. External calculator approach: Values from BEopt are 
exported to a version of the E3 Calculator to calculate 
cost test values, treating the retrofit as a single 
measure

We implemented both approaches to provide full flexibility 
to users and to facilitate reporting through the CPUC 
process 

Two Approaches:
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Utility Cost Effectiveness Tests

Beopt output: Hourly 
load impact (savings 
between reference 
building and retrofit)

Hourly avoided costs

X 

Utility bill 
determinants

X 

kWh

Hour

Hour

$/kWh

=

=

Yearly avoided 
cost benefits 

Yearly bill 
savings 

 All 
years and 
convert 
into NPV

TRC, RIM, 
PAC 
benefits 

 All 
years and 
convert 
into NPV

PCT benefits
RIM costs 

Hour

$/kWh

BEOPT provides hourly energy savings information about the proposed retrofit that is used 
to calculate avoided cost benefits & bill impacts 

Measure cost and program information feed into the cost side of the tests. 
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Avoided Cost Components

Energy purchases or 
generation cost

Generation Capacity

T&D Capacity

Ancillary Services 
Procurement

GHG Emissions

Losses

• Reduced RPS procurement

Three-Day Avoided Cost Snapshots

Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests
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Utility Cost Effectiveness Tests



Example Analysis
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Example Analysis

Typical

Illustrative

Typical

Illustrative
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Example Analysis

Example analysis results are shown to demonstrate new BEopt capabilities. 
The results are not intended as policy analysis; in fact, they are sensitive to 
a number of assumptions and could change significantly over a range of 
plausible inputs.

High‐use Sacramento
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Example Analysis

4‐Tier Rate

2‐Tier Rate

TOU Rate
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Example Analysis

PCT

TRC

RIM



84

Example Analysis

Typical

Illustrative

Typical

Illustrative
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Example Analysis

Example analysis results are shown to demonstrate new BEopt capabilities. 
The results are not intended as policy analysis; in fact, they are sensitive to 
a number of assumptions and could change significantly over a range of 
plausible inputs.

High‐use Sacramento

High‐use Riverside

Low‐use Sacramento

Low‐use Riverside
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Example Analysis

4‐Tier

2‐Tier

TOU

PCT, Gas/Electric PCT, All‐Electric
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Example Analysis

Gas/Electric

TRC

All‐Electric

TRC



Conclusions
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New Capabilities for BEopt
Retrofit Analysis

• Retrofit Costs, Equipment Sizing, Remaining Life, 
Standards, Retrofit Timing

Incentives (rebates, tax credits)
• Whole‐House Efficiency
• Rooftop Solar PV

Demand Response
• Demand Response Schedules
• Peak‐Day Signals
• Uncommon Miscellaneous Electric Loads

Detailed Utility Tariffs
• Tiered, Time‐of‐Use, Real‐Time‐Pricing
• NEM and FIT

Utility Cost/Benefit Tests
• Participant (PCT), Total Resource (TRC), Ratepayer (RIM), 

Utility (PAC)



90

Potential applications of BEopt

• New construction 
applications: 
‐ ZNE goals analysis  * 
‐ ZNE building design *
‐ Title 24 development ***
‐ Title 24 compliance ***

• Retrofit applications:
‐ Energy efficiency program 
design 

‐ Energy efficiency program 
implementation **

‐ Demand response 
program design 

‐ Integrated demand side 
management 

* BEopt used in the ZNE Technology Potential analysis and in the utility ZNE programs  
** BEopt used for package development in the CEC large scale retrofit program
*** If BEopt integrated with the California Simulation Engine (CSE)

BEopt is a public tool, available for free download from the NREL website 
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ZNE building design 

• Supports integrated design for architects, developers 
and engineers

• Key features make BEopt an ideal tool for ZNE building 
design
o The integrated assessment of solar and energy efficiency
o Optimization features allow for very efficient analysis of many 

different building configurations 
o Relatively simple user interface and effort required to get a 

building modeled 
• BEopt is currently being used by consultants in the ZNE 

new construction utility programs 
Note: BEopt can be used in ‘non‐optimization’ mode to simply 
evaluate the performance of a particular building design
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Support ZNE program design 

• Utilities can use BEopt to design their residential 
new construction programs towards ZNE 

• BEopt provides an integrated assessment of solar 
and energy efficiency from an engineering and cost‐
effectiveness perspective 

• BEopt can analyze optimal new construction 
configurations to meet ZNE based on costs 
o Multiple ZNE metrics can be evaluated:  Source or site 
energy savings, TDV 

o BEopt was used by DEG in the recently completed ZNE  
Technology Potential analysis
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Future Work

BEopt Multifamily Modeling Capabilities
• CSI‐RD&D Solicitation 5
• US DOE cost match
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For More Information

craig.christensen@nrel.gov
scott.horowitz@nrel.gov

• Download BEopt 2.2

• Tutorial videos

• User forum

• Publications

• Help

beopt.nrel.gov
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Q & A


