opt-CA (Ex) : A Tool for Optimal
Integration of EE, DR and PV
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David Springer
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Craig Christensen, Scott Horowitz
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Background




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.

NATIONAL RENEWABLE ENERGY LABORATORY 5



Team/Roles

DEG
Prime Contractor

CSI RD&D
Funding >

NREL
BEopt Development

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

DE

Measures, Costs, Calibration

PG&E Match >

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

Funding

E3
Utility Cost Tests

NATIONAL RENEWABLE ENERGY LABORATORY 6

Energy and Environmental Economics, Inc

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




BEopt Versions

BEopt-CA (Ex) New Capabilities

)
BEopt

Building Energy Optimization
with Hour-by-Hour Simulations

LiNREL

Mational Renewable Energy Laboratory
15013 Denver West Parkway
Golden, CO 20401

wharw nrel.gov

Project type
(0 Standard Application type:
) Building America 71 New Construction
@ Calfomia Metrics @ Retrofit

[7] Do net ask again

NATIONAL RENEWABLE ENERGY LABORATORY




Final Deliverables

BEopt v2.2 Final Report

Posted on the BEopt website (beopt.nrel.gov) To be posted on the CSI-RD&D website soon
; BE . BEopt-CA (Ex):
eags” op A Tool for Optimal Integration of
HOME FEATURES DOWNLOAD ~ FORUM EE, DR and PV in EXiSting

California Homes

Craig Christensenand Scott Horowitz, Jeff
Maguire, and Paulo Tabares Velasco

#® BEopt 2.2.0.0 setup file (Windows Vista and higher) National Renewable Energy Laboratory

Download BEopt

The latest release of BEopt is Version 2.2.0.0 (March 5, 2014).

David Springer, Peter Coates and Christy Bell
Davis Energy Group

Snuller Price, Priya Sreedharan, and

Katie Pickrell

Energy + Environmental Economics

NATIONAL RENEWABLE ENERGY LABORATORY 8



What Is BEopt?




BEO t Building Energy Optimization beopt.nrel.gov
p Based on Hour-by-Hour Simulations

NATIONAL RENEWABLE ENERGY LABORATORY 10



BEopt

BEopt (EnergyPlus)

Optimal
EnergyPlus SI=Jal— Byilding

Heating, Designs

Cooling

Lighting,
Appliances

NATIONAL RENEWABLE ENERGY LABORATORY

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

11



BEopt

Input BT

Geometry | {g]

Run

Site &

Options |E]

12
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BEopt Input

Drawing Tool — quick/accurate input
of detailed building geometry

e C o
[ stab

. Crawlspace

Unfinished

Crawlspace Height

Basement Height

Basement

Finished
Basement

Erase

Attached Walls
[ Left-Facing
[ Right-Facing

[] Back-Facing

4

I

Scale: 1cell = 11t

NATIONAL RENEWABLE ENERGY LABORATORY

Front

Beds Baths 2  TotalFinished 2680 sqft

No emors.

13



BEopt Input

Site Inputs — weather, financing,
utility rates, incentives, etc.

Building Payment
EPW Location |CZ01RV2.epw ~ | Tipe © Tax Deductible Loan ) Loan () Cash
Temain Cash Payment 0.0 %
Loan Interest Rate 65 %
Economics Loan Period b years
Project Analysis Period 30 years Marginal Income Tax Rate, Federal 280 i
inflation Rate 24 % Marginal Income Tax Rate, State 53 i
Discount Rate (Real) 30
Cther
Material Cost Multiplier 1.00 :
Incertives [ PV ] [ Hfficiency
Labor Cost Multiplier 1.00
Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met+o-Gross Ratio 50.0 % Litiity @ PGAE
Program Cost (Present Value) 100 &/home
Blectricty | Natural Gas | il I F‘mpane|
Lkility Rates PV Compensation
) Simple @ Detailed @ Met Metering () Feed-in Tanff
Qs onby
_ Annual Excess Sellback Fate
© OpenEl Pacfic Gas & Bectric Co ~ |[2) (4[] el B o
= il Electrici st
_ i 0.04396  S/AWh
() User Specified | Sample Tiered Rate o= || 3 @ User Specfied
Fuel Ezcalation (Real) 000  Ayear Energy Factars
Source/Site Ratio 3.150
Carbon Factar 1530 bAWH

NATIONAL RENEWABLE ENERGY LABORATORY
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Options — operation,

BEOpt Inpl.It envelope, equipment

E] Option @ [hﬂﬁ.ﬁﬁen}hh ] @ Framlglf:g F]actnr @ Install Ga
-ft~2-R/Btu ac
[=)- Building - ) )
. Orertation RN EEEE S 2) Uninsulated, 2x4, 16in o.c. 3.6 0.25
Neighbors Bz 3] 3) Uninsulated, 2x6, 24 in o.c. 3.7 0.22
- General Operation 4) R-7 Fiberglass Batt, Gr-3, 2x4, 16 in o.C. 8.3 0.25
-- Heating Set Point 225572 50 5) R-7Fiberglass Batt, Gr-2, 24, 16 in o.c. 8.7 0.25
- Cooling Set Point [zsPs56 785 w1112 6) R-7 Fiberglass Batt, Gr-1, 2%4, 16 in o.c. 8.9 0.25
- Natural Ventilation [1EY 2 4] = 7) R-11 Fiberglass Batt, Gr-3, 24, 16 in o.c. 9.6 0.25
- Interior Shading (24567 8) R-11Fiberglass Batt, Gr-2, 2x4, 16 in o.c. 10.1 0.25
- Walls %) R-11 Fiberglass Batt, Gr-1, 2x4, 16in o.c. 10.5 0.25
12345678 o IEIRFREITS : :
.. Double Woo .2 3456783 1111213141' I e B s TR e
. CMU = ———— sl ERar ) R-13 Fiberglass Batt, G ;
.. 5P s3] L 4 2} R-13 Fiberglass Batt, Gr-1, D
. ICF Category 3) R-15 Fiberglass Batt, G
- Other ) R-15 Fiberglass Batt, G ; \
- Wall Sheathing (B2 4 356738501112 ) R-15 Fit-ergla ss Batt, Gr-1, 24, 16 in 0 O t|0nS
.. Exterior Finish (23458 75 w011 3 24 p
C;illrrtemnal Walls [[2345¢678& 5 0pR1z12141 R-19 Fiberglass Batt, Gr
= ings./Roofs
B ) ! R-19 Fiberglass Batt, Gr-1,
- Unfinished Attic [1z224s5H7 2510111212141 o e
. Roof Material LEz256783 w1213 I Al I EER i L E
- Radiant Bamier 1 20) R-21Fiberglass Batt, G ,24in 0.0
= Foundation/FAoors 21) R-21 Fiberglass Batt, Gr-1, 26, 24 in o.c.
.. Slab Blzz4557%swi11213141 22) R-13 Cellulose, Gr-3, 2x4, 16in o.C. 10.3 0.25
- Finished Basement 234567383 w0i11213 23) R-13 Cellulose, Gr-2, 2x4, 16 in 0.c. 10.9 0.25
- Crawlspace Blzz4567 2310111212141 1 mn | 3
- Carpet H & | Wood stud walls are standard wood stud framed walls with cavity insulation.
[ Thermal Mass When batt insulation must be compressed to fit within the cavity (e.g. R153in a 5.5 26 cavity), R-values reflect this effect.
= Windows & Doors
FE r — 1 T Gr = Grade of batt installation quality (1, 2, or 3) as descrbed in RESNET's "2006 Mortgage Industry Mational Home Energy
F \I\ 1 Rating Systems Standards."

~1000 options (in ~100 categories)

NATIONAL RENEWABLE ENERGY LABORATORY 15



BEopt Output

Results — multiple designs,
selected individual designs

3,200 -]
3,100 -|
3,000 -|
2,900 - b
2,800 -|
2,700 -|
2,600 -|
2,500 -]

Cost/Energy Graph

E

2,400
2,300 -]
2,200 -]
2,100 -]
2,000 -]
1,900 -]
1,800 -

Energy Related Costs, Annualized($/vr)

T T T
-10 10 20 30 40 50 &0
Source Energy Savings (%/yr)

2198 E3[=]
20~ 218.4 Adj
o End-Use Graph
= —
g (433) Misc. (G)
= Lg. Appl. (G)
8 1321 B Hot Water (G)
§ I Hesating (G)
E a5 Il Cocling (E)
g HVAC Fan/Pump (E)
2 Lights (E)
P B Lg. Appl. (E)
B ‘Vent Fan (E)
Bl Misc. (E)
D_

E10 Benchmark

lter 32, Pt 16

a8

Building E1

Orientation :

Neighbors | [

General Operation &
Heating Set Point
Cooling Set Point

Humidity Set Point

Matural Ventilation

Interior Shading
wialls &

‘wood Stud

‘wiall Sheathing
Exterior Finish
Interzonal wialls
Ceilings/Roofs El
Unfinished Attic
Roof Material
Radiant Barrier
Foundation/Floors El
Unfinished Basement
Interzonal Floor
Carpet

Thermal Mass
windows & Doors B
‘window Areas
‘wlindows

Eaves

Overhangs

Airflow B

Lir Leakage :
Mechanical Ventilation ;
Space Conditioning &
Central Air Conditioner
Furnace

Ducts

Ceiling Fan
Dehumidifier

\wiater Heating EI
\wiater Heater }

Option

Numbers

meLy 238

EE

»

E k

Options Graph

Batt, Gr-1, 2x6, 24 ino.c.

SI5T3

B E 5761
E 51623
5391

s0

£2127
$174
50

50
87,657
$1538

50

5745
£355

£5.788
£3373
3243
51842

406

52617

m

Winyl, Tight
R-15 Fiberglass Batt, Gr-1, 2x6, 24 ino.c., R-5 XF

Ceiling R-49 Fiberglass, Vented
Asphalt Shingles, Medium
Mone

\whale wall R-10 XPS
F-38 Fiberglass Batt
B0% Carpet

15.0% F20 B40 L20 R20

Double-Pane, High-Gain Low-E, Mon-metal Frame
21t

Mone

2 ACHSD
Exhaust

SEER 16 (2 Stage)

Gas, 32.5% AFUE

In Finished Space
Benchmark

25 pints/day, Standalone

(Gas Tankless, Condensing =

$116,632

Ref Point
Cumert Point
Awailable Options

Total Present Value

= Higher Option Mumber
— Lower Option Number

NATIONAL RENEWABLE ENERGY LABORAT




Validation, Simulation Engines




BEopt Output

Cost/Energy Graph

3200+
2880+
25604

2240
Reference

1920 Building

1600

1280

Total Annual Cost ($fyr)

960

640+

A

3204

Building Designs

More Efficient

A

/

Zero Net
Energy

v

CiEL
=
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

PV

v

NATIONAL RENEWABLE ENERGY LABORATORY

| | |
30 40 &0

Source Energy Savings (%)

I I I I
60 70 80 90 100
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Validation

3200+ Validation
Search technique correctly finds the least-cost curve

B (No parametric points below the curve)

25604

2940 Exhaustive Enumeration: Parametrics
(~750,000 simulations)

Total Annual Cost ($/yr)

Sequential Search: Optimization S O Fewa i G
= (~750 simulations) :
0 1 | 1 | I 1 | 1 |
0 10 20 30 40 50 60 70 80 90

Source Energy Savings (%)

NATIONAL RENEWABLE ENERGY LABORATORY



Validation

Simulation Engines
(DOE2, EnergyPlus)

Optimal Search

Community-Based
Calibration

Option Sensitivity

NATIONAL RENEWABLE ENERGY LABORATORY

ASHRAE 140

Exhaustive
Enumeration

End-Use
Disaggregation

BEopt Test Suite

nual Gost ($1yr)

7

oy i i Dptiriton ~1,000x feser simulations
(~750 simulations)

E)

Source Energy Savings (%)

Stockton - Electricity

" 2224sqft, 2-story, Crawl, Attic,
Garage

20



BEopt Test Suite

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

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

[+ S Tex s v TR, A T o)

Item 1
8.5
Test Suite: 2013-11-27 v 8
SmEngne:  [EnegyPls v i
v/l FY(E)
rem 2 6.5 (vl Hot Water (P)
6 (|l Hot water (0)
TestSute:  [20134127 - 2°° @ M Hot Water (€)
z 5 [v| @ Heating (P)
SimEngine: Z.s M Heating (0)
& s |l Heating (E)
o 3.5 1 L. Appl. (G)
5} 3 [v| @ VentFan (E)
o vl HVAC Fan/Pump (E)
o 2.5 )
Filt = R (vl La. Appl. (E)
= A v Lights (E)
Buiding Type: | Typical - 515 VI M Cooling (E)
£ 4 v Misc. (G)
Cimste - = '
/Geometry | 001 - Atlanta, 2story, 1800, = Qs v/l Misc. (E)
Category: (Al Categories) - 0 [v| @ Hot Water (G)
-0.5 |l Heating (G)
Data: Energy Use -
-1
Goon e
-2
[¥] Hide options without simulation results —EgggggggggggE3§§235%E%§§€E§382355%5§§
RGOV EEEEEC 325 3EREREECE5225533w% 2
‘étv-n-o ‘li"'-'v'c'u;‘" ng§5255£“53=5““°g§3';z
== == o =5 P £ E
®53 888 252223832 d5FsfF5 0 2CEEE S g
T o222 N s n -~ E>%TSB8 0 o ad ac 2535
° 2 =ZEEE5VE < _gO0gga =] T s “EBBa
i 2 SOEEER 2 3 ] = e =
o =) B = s = = 33
“ a = £ W E [
& € Lo
z (5] <5
2
o]
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California Simulation Engine (CSE)

B Modified list of

- technologies based on
Options CSE capabilities
Library

(SQlite db)

Generates CSE inputs
in appropriate format

Bldgdesc.xml Inputs.ribd
Preliminar B N
y //_ CSE simulation \ Cbeccexe
BEopt/CSE ~ o (e33)
Connection

Qutput.xml Outputs.csv

Con automate coll of
CSE engine

Parses CSE output

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

NATIONAL RENEWABLE ENERGY LABORATORY



NATIONAL RENEWABLE ENERGY LABORATORY

Q&A
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Retrofit Analysis, Measures

and Costs




Retrofit Analysis

BEopt-dev 2.2.0.0

BEopt

Building Energy Optimization
with Hour-by-Hour Simulations

LiNREL

Mational Renewable Energy Laboratory

15013 Denver West Parkoway
Golden, CO 30401
wierw nrel .gov
Project type:
© Standard lication tvpe:
{©) Building America ™) New Construction
@ Calfomnia Metrics i@ Retrofit

[] Do not ask again

NATIONAL RENEWABLE ENERGY LABORATORY
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Retrofit Analysis

Retrofit Application Type

e Options Screen
Existing building tab
Options/costs tailored for existing building
Age of existing equipment
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)”
e Site Screen
o Payment types: tax deductible loan, loan, or cash

© O o O

NATIONAL RENEWABLE ENERGY LABORATORY
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Retrofit Analysis

File
[ =

Bnalysis:

Screen  Case  Run  Reports  Tools  Help

H  bput 412 @ Output: |x Run: P

Optirmization = Reference: Existing (w/ Min Replace) = Cost Group: Default

Existing Iﬂa‘ermce | stat | Optimization |

*  Sim Engine:

DOE2

=)

&1 Building

i Walls

- Pirflow

#- General Operation
- Ceilings/Roofs
- Foundation/Hoors
+- Thermal Mass
Windows & Doors
- Space Cnmitlmng
B ol A Conctorer
.. Fumace :
. Blectric Baseboard 1
-~ Boiler Hzz4567:
- Ducts 12345 chl:
. Air Source Heat Pump Bzz4567¢
. Ground Source Heat Pump Bzz4567¢
- Celling Fan [(Hz4567¢

+- Water Heating

NATIONAL RENEWABLE ENERGY LABORATORY

Cooling Output Capacity | Autosize

Option @ [Y.:?:s] @ Compressor @

1) MNone

2) SEER & 8 1 Stage
4) SEER 13 8 1 Stage
5) SEER 14 8 1 Stage
§) SEER 15 8 1 Stage
7) SEER 15 8 1 Stage
&) SEER 16 (2 Stage) 8 2 Stage
§) SEER 17 8 2 Stage
10) SEER 18 8 2 Stage
11) SEER 21 8 2 Stage
12 ) SEER 24.5 8 War. Speed

Cycling Lifetime
[frac] [Years]
0.20 16
0.20 16
0.07 16
0.07 16
0.07 16
0.07 16
0.11 16
0.11 16
0.11 16
0.11 16
0.25 16

27



Retrofit Analysis

File  Screen  Case  Run  Reports  Teols  Help

O@ & d ot 41 E @ Output: | Run: P
Analysis: Optimization * Reference: Existing (w/ Min Replace) =~  Cost Group: Default *  Sim Engine: | DOE2 i

Bxsing Reference  Stat | Optimization |

E] Cooling Output Capacity | Same As Bxdsting

#- Building Opti Repla C Cycli Lifeti
i _ n epiace ompressor yCiung erme
gE;'IEﬁ' Operation @ @ @ [frac] [Years]
- s 1) Maone Today -
[+- Ceilings/Roofs : : —
" F iation/H i Wear OQut ¢ 1 5tage
4 Thermal Mass 3) SEER 14 Today - 1 Stage 0.07 16
& Windows & Doors 4] SEER 15 Today - 1 Stage 0.07 16
- Airflow 5) SEER 16 Today - 1 Stage 0.07 16
= Space Conditicning i) SEER 16 (2 Stage) Today - 2 Stage 0.11 16
® Central Air Conditioner : 7) SEER 17 Today - 2 Stage 0.11 16
F”"‘E'FE 8) SEER 18 Today - 7 Stage 0.11 16
E:ri”c LT 9) SEER 21 Today - 2 Stage 0.11 16
-.. Boiler
. Dudls 10 ) SEER 24.5 Today - Var. Speed 0.25 16

.. Air Source Heat Pump

.. Ground Source Heat Pump
... Ceiling Fan

[+- Water Heating

NATIONAL RENEWABLE ENERGY LABORATORY 28



Retrofit Analysis

File  Screen  Case  RBun  Reports  Teols  Help
O | nput 3|50 | Output: b Run: P
Analysis: Optimization = Reference: Existing (w/ Min Replace) = Cost Group: Default *  Sim Engine: | DOE2 =
| Existing | Reference | Stat | Optimization |
E] Cooling Qutput Capacity |Musil& - ‘
- Building = ——
g i Option Replace Compressor Cycling Lifetime
--Eerﬂd Operation @ @ @ [frac] [Years]
"Wdls 1) Mone Today -
o CE'F Ii"gl wl t",Hls SEER 13 15t
" i a v L aJfage
__ Window= & Doors SEER 15 1 Stage
.. Airflow SEER 16 1 Stage
- Space Conditicning ) SEER 16 (2 Stage) Either 2 Stage
® Certtral Air Conditioner [ BENEEEY - - 7) SEER17 Today - 2 Stage 0.11 16
Fuma_ce 1 2El4587¢ 8) SEER 18 Today - 2 Stage 0.11 16
- Blectric Baseboard : 9) SEER 21 Today -~ 2 Stage 0.11 16
N Hz:es567¢ 10) SEER 24.5 Today - Var. Speed 0.25 16
-~ Dudts [ E ' ! P
- Air Source Heat Pump “2 2145871
. Ground Source Heat Pump Blz:4567¢
.. Ceiling Fan :E3456?£
[+- Water Heating
NATIONAL RENEWABLE ENERGY LABORATORY 29



Retrofit Analysis

Building Payment
EFW Location |CZ01RVZ.epw "]E] Type @ Tax Deductible Loan () Loan () Cash
Temain Cash Payment 0.0 kA
Loan Interest Rate &5 i
Economics Loan Period 5 YEars
Project Analysis Period 30 years Marginal Income Tax Rate, Federal 280 4
inflation Rate 24 % Marginal Income Tax Rate, State 93 g
Discount Rate (Real) 30
Cther
Material Cost Multiplier 1.00 :
Incertives [ PV ] [ Efficiency
Labaor Cast Multiplier 1.00
Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met+o-Gross Ratio s0o0 % Lty @ PG&E
Program Caost (Present Value) 100 &/home
Electricty | Matural Gas | il I F‘mpane|
Lkilty Rates PV Compensation
() Simple @ Detailed @ Met Metering () Feed-n Tanff
[0 Us onby
_ Annual Excess Sellback Fate
i@ OpenEl Pacific Gas & Bectric Co "]  Retail B o
= il Electrici at
_ e 0.04396  S/AWh
() User Specified | Sample Tiered Rate o= || 3 @ User Specfied
Fuel Escalation (Real) 0.00 %fyear Energy Factors
Source/Site Ratio 3.150
Carbon Factaor 1530 bAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Retrofit Analysis

Retrofit Measures and Costs

* |nclude 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)

e Retrofit specific [abor costs include details not included in
other cost data

e Compliments NREL's National Residential Efficiency Measure
Database (www.nrel.gov/ap/retrofits/)

NATIONAL RENEWABLE ENERGY LABORATORY 31



Retrofit Analysis

National Residential Efficiency Measures Database

About the Database
All Measures
Airflow
Ceilings/Roofs
Foundation/Floors
Lighting
Major Appliances
Miscellaneous
Space Conditioning
walls
Water Heating
Windows & Doors

Application Developer
Tools

Change Log
Data Dictionary
XML File Download
Simulation Protocols
Glossary
Help
Submit Comments
Submit Data

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.

With support from the U.S. Department of Energy, NREL developed this tool to help users determine the most
cost-effective retrofit measures for improving energy efficiency of existing homes. Learn more about the database.

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

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

Data dictionary

XML file download

Simulation Protocols

Glossary

Guide for Application Developers /-
Development Document /4

Version: v3.0.0
Webmaster | Security & Privacy | Disclaimer | NREL Home

NATIONAL RENEWABLE ENERGY LABORATORY
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Retrofit Analysis

National Residential Efficiency Measures Database

4 Retrofits Home
About the Database
All Measures
Airflow
Ceilings/Roofs
Foundation/Floors
Lighting
Major Appliances
Miscellaneous
Space Conditioning
walls
~Exterior Finish
-Wall Sheathing
~Wood Stud
Water Heating

Windows & Doors

Submit Questions/C t

Retrofit Measures for Wood Stud
Here you will find the data for Wood Stud measures available in the National Residential Efficiency Measures
Database. Each measure consists of a before-component, an after-component, and the estimated cost to implement
the measure. The measures are listed alphabetically based upon the name of the before-component. Where multiple
costs are indicated they must be combined to obtain total measure cost (e.qg., fixed ($) and normalized ($/sf)
costs).

Filter on Before- Component:

Uninsulated, 2x4, 16 in o.c. -

Filter on After-Component:

All Components -

Viewing 18 Wood Stud Measure(s) of 90

Insulate with Loose Fill through Exterior {(Non-Brick):

Uninsulated, 2x4, 16 in o.c. R-132 Cellulose, Gr-1, 2x4, 16 in o.c. Measure Cost

Application Developer Properties: _ Properties: ) -
Tools » Cavity Depth: 2.5 in » Cavity Depth: 2.5 in Units Range Average
Change Log « Cavity Insulation Nominal « Cavity Insulation Nominal £/ft~2 Exterior | 1.5 -

2.4

Pt Doy R-value: h-f~2-R/Btu R-value: 13.0 h-ft~2-R/Btu Wwall 3.1
» Cavity Insulation Type: « Cavity Insulation Type:
AMLElle Download * Framing Factor: 0.25 frac cellulose
Simulation Protocols « Install Grade: * Framing Factor: 0.25 frac
Gloecy » Stud Size:_2x4 ir|xi_r| . IrlstaII_Grade: 1 ]
» Stud Spacing: 16.0 in * Stud Size: 2x4 in x in
Heh + Stud Spacing: 16.0 in
Submit Comments Lifetime:

Submit Data

* 000 Years

Performance Standards:

Meets IECC 2009 (1A, 1B, 1C,
24, 2B, 2C, 3A, 3B, 3C, 44, 4B)
Meets IECC 2012 (1A, 1B, 1C,
24, 28, 2C)

Lifetime:

999 Years

Insulate with Loose Fill through Exterior (Brick):

Uninsulated, 2x4, 16 in o.c.

R-13 Cellulose, Gr-1, 2x4, 16 in o.c. | Measure Cost

Properties: Properties: .
* Cavity Depth: 3.5 in * Cavity Depth: 3.5 in Units Range | Average
* Cavity Insulation Nominal * Cavity Insulation Nominal $/ft~2 Exterior

NATIONAL RENEWABLE ENERGY LABORATORY

2-4.1 3.2

R-value: h-ft~2-R/Btu R-value: 12.0 h-ft~2-R/Btu wall
Cavity Insulation Type: # Cavity Insulation Type:
Framing Factor: 0.25 frac cellulose

Install Grade:
Stud Size: 2x4 in % in
Stud Spacing: 16.0 in

Framing Factor: 0.25 frac
Install Grade: 1

Stud Size: 2x4 in % In
Stud Snarinas 16 0 in
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Incentives

Building Payment
EFW Location |CZ01RVZ.epw "]E] Type @ Tax Deductible Loan () Loan () Cash
Temain Cash Payment 0.0 kA
Loan Interest Rate &5 i
Economics Loan Period 5 YEars
Project Analysis Period 30 years Marginal Income Tax Rate, Federal 280 4
inflation Rate 24 % Marginal Income Tax Rate, State 93 g
Discount Rate (Real) 30
Cther
Material Cost Multiplier 1.00 :
Incertives [ PV ] [ Efficiency
Labaor Cast Multiplier 1.00
Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met+o-Gross Ratio s0o0 % Lty @ PG&E
Program Caost (Present Value) 100 &/home
Electricty | Matural Gas | il I F‘mpane|
Lkilty Rates PV Compensation
() Simple @ Detailed @ Met Metering () Feed-n Tanff
[0 Us onby
_ Annual Excess Sellback Fate
i@ OpenEl Pacific Gas & Bectric Co "]  Retail B o
= il Electrici at
_ e 0.04396  S/AWh
() User Specified | Sample Tiered Rate o= || 3 @ User Specfied
Fuel Escalation (Real) 0.00 %fyear Energy Factors
Source/Site Ratio 3.150
Carbon Factaor 1530 bAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Incentives

-

& PV Incentives

:

Tax credits and rebates can be defined below for photovoltaics.

Tax Credits | Rebates

Federal -
Percent of Capital Cost

Mote: ¥ converting from 270 AC to 8/W DC, a derate factor of 0.77 is recommended.
For example, the C5l program is $0.20:°W AC x 0.77 = 50.154°W DC.

[

Simulated Peformance 0.000 &AWh Define Tiers

Mz Amourt g
Max Percent of Capital Cost W
Apply incentive to reference

e

NATIONAL RENEWABLE ENERGY LABORATORY



Incentives

-

& PV Incentives

Tax Credits Febates

Tax credits and rebates can be defined below for photovoltaics.

Federal -

Amourt
Percent of Capital Cost

Capacity

Simulated Performance

Mz Amourt
Max Percent of Capital Cost
Apply incentive to reference

0.000 AW DC

Mote: ¥ converting from 270 AC to 8/W DC, a derate factor of 0.77 is recommended.
For example, the C5l program is $0.20:°W AC x 0.77 = 50.154°W DC.

[

M (& (&

g |z

ol = =
i

Define Tiers

ine Tiers

Define Tiers

NATIONAL RENEWABLE ENERGY LABORATORY

Close
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Incentives

Tax credits and rebates can be defined below for photovoltaics.

State -

7] Amount $

[7] Percent of Capital Cost
Capacity D154 S/WDC

Mote: ¥ converting from 270 AC to 8/W DC, a derate factor of 0.77 is recommended.
For example, the C5l program is $0.20:°W AC x 0.77 = 50.154°W DC.

[] Simulated Pedormance 0.030 &AWh

Mz Amourt g
Max Percent of Capital Cost W
Apply incentive to reference

Define Tiers

M (& (&

g |z

ol = =
i

ine Tiers

[

Define Tiers

Close

NATIONAL RENEWABLE ENERGY LABORATORY
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Incentives

#

Tax credits and rebates can be defined below for photovoltaics.

Aebate

|

State -

] Amournt 0.00
["] Percent of Capital Cost 0.00
[] Capacity 0.154

Mote: ¥ converting from W AC to 8/°W DC, a derate factor of 0.7

7is recommended.
For example, the C5l program is $0.20:°W AC x 0.77 = 50.154°W DC.

Define Tiers

Define Tiers

ne Tiers

0 (@ [
T |T| |3

Simulated Peformance 0.030 &AWh 1 Define Tiers
Incentive Term h
Escalation (Mominal) 0.0
Mz Amourt g
Max Percent of Capital Cost W
Apply incentive to reference
Help Close

NATIONAL RENEWABLE ENERGY LABORATORY
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Incentives

# Whole-House Efficiency Incentives

N

Tax credits and rebates can be defined below for while-house efficiency packages.

Federal, Electricity -

] Amournt
[] Percent of Capital Cost

[] Simulated Peformance

Mz Amourt 4,000
Max Percent of Capital Cost
Apply incentive to reference

0.00
0.00
0.000
3
%

L1 Define Tiers
[ Define Tiers

[ Define Tiers

Close

NATIONAL RENEWABLE ENERGY LABORATORY
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Incentives

#& Whole-House Efficiency Incentives

] Amount

Tax credits and rebates can be defined below for while-house efficiency packages.

Tax Credits Rebates

State, Electricity -

[] Percent of Capital Cost

Simulated Performance

0.00

0.00

Tier #

Min Blec. Savings [%]

1

10

2

30

Mz Amourt

4,000

Max Percent of Capital Cost
Apply incentive to reference

o

L))
$5h

0.2

[ Define Tiers

L1 Define Tiers

[ Define Tiers

0

Elzc. Savings [%]

100

Help

NATIONAL RENEWABLE ENERGY LABORATORY
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Demand Response

Building Payment
EFW Location |CZ01RVZ.epw "]E] Type @ Tax Deductible Loan () Loan () Cash
Temain Cash Payment 0.0 kA
Loan Interest Rate &5 i
Economics Loan Period 5 YEars
Project Analysis Period 30 years Marginal Income Tax Rate, Federal 280 4
inflation Rate 24 % Marginal Income Tax Rate, State 93 g
Discount Rate (Real) 30
Cther
Material Cost Multiplier 1.00 :
Incertives [ PV ] [ Efficiency
Labaor Cast Multiplier 1.00
Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met+o-Gross Ratio s0o0 % Lty @ PG&E
Program Caost (Present Value) 100 &/home
Electricty | Natural Gas | il I F‘mpane|
Lkilty Rates PV Compensation
() Simple @ Detailed @ Met Metering () Feed-n Tanff
[0 Us onby
_ Annual Excess Sellback Fate
i@ OpenEl Pacific Gas & Bectric Co "]  Retail B o
= il Electrici at
_ e 0.04396  S/AWh
() User Specified | Sample Tiered Rate o= || 3 @ User Specfied
Fuel Escalation (Real) 0.00 %fyear Energy Factors
Source/Site Ratio 3.150
Carbon Factaor 1530 bAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Demand Response

® [emand Response

Enable demand response signals

Mumber of everts 10

Signal type | Daily max TDV

Events can occur on [W&d{daﬁ anhy

Help

NATIONAL RENEWABLE ENERGY LABORATORY

Signal type:

o}
o
o}
o

Daily avg TDV

Daily max TDV

Daily avg temperature
Daily max temperature

Events can occur on:

o
o}
o}

All days
Weekdays only
Weekends only

44



Demand Response

Houly Dailt | Monthiy | Profii | DMap | Baspiot | POF | coF | D |

W Autoscale when zooming and panning

60

Daily Averages

Climate zone 1 with extemnalities (Electric)
b

10

Jan Feb Mar Apr May

NATIONAL RENEWABLE ENERGY LABORATORY

Jul

Aug

Oct

Dec
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Demand Response

Old

NATIONAL RENEWABLE ENERGY LABORATORY

2456
34 543
4 El
12 3ENS 6
12 3EYS 6

et ([t |t
Foa | P || P
L

New
/- Major Appliances
. Refrigerator 1234586
- Cooking Range
- Dishwasher
- Clothes Washer 123056
- Clothes Dryer
[=- Major Appliances Operation
. Refrigerator Schedule
- Cooking Range Schedule 1 |
. Dishwasher Scheduls
. Clathes Washer Schedule 1
.. Clathes Dryer Schedule 1

46



Demand Response

- Operation

.. Heating Set Point

. Cooling Set Point

.. Mizc Electic Loads

- MISC L1as Loads

- Mizc Hot " ater Loads
- Matural Yentilation

- |nterior Shading

Old

[lza:flse7saito
Mz aFls & 7= a0
lza:Mls67 35|

1

==
ol | D | oL || D
AR
on
o

NATIONAL RENEWABLE ENERGY LABORATORY

New

- Mizcellaneous

(= Mol

... Bxtra Refrigerator

... Freezer

-.. Pool Heater

. Pool Pump

... Hat Tub/Spa Heater
. Hat Tub/Spa Pump
. Well Pump

... (3as Fireplace

.. Gas Grill

... (Gas Lighting

.. COther Bectric Loads

- Other Hot Water Loads
scellaneous Operation

. Bxtra Refrigerator Schedule

... Freezer Schedule

-. Pool Heater Schedule

. Pool Pump Schedule

... Hat Tub/Spa Heater Schedule
.. Hat Tub/Spa Pump Schedule
.. Well Pump Schedule

.. (333 Fireplace Schedule

... Gas Grill Schedule

... (3as Lighting Schedule

.. Other Blectric Loads Schedule
... Other Hot Water Loads Schedule

56 78 91011121314 15]
36785
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Demand Response

Major Appliances
.. Refrigerator [1zz24
. Cooking Range [z3a4
Clothes Washer
‘... Clothes Diyer 123

- Major Appliances Operation

-... Refrigerator Schedule 1

- Cooking Range Schedule

. Clothes Washer Schedule 1

‘... Clothes Dryer Schedule 1

NATIONAL RENEWABLE ENERGY LABORATORY

Option @ Annual kWh DR Automatic Control Cost

[kWhfyear]
1) Mone
2) Benchmark
3) 0.8 xBenchmark

[5]

Falze £379.00
False £954,00

41 318 Annual kwh 318.0 False S379.00
57 290 Annual kWh 2590.0 False £959,00
6] 290 Annual kWh, DR control 290.0 True  %1,159.00
Option @ Schedule @ DR Schedule @ DR Control

1) Standard

2) Demand Response, manual shift to non-peak hours
3) Demand Respanse, manual shift to evening hours
4) Demand Response, automatic shift to evening hours

View TH
View 74| View 74|
View T View 3]

manual
manual

automatic

48



Demand Response

® Schedule Wizard - Demand Response, manual shift to non-peak hours - Schedule @lﬁﬂ
Compare:  Current Option - -

0.148 Hour Values Compare Values -
1 (12am-1am) 0.015 0.020
2 (1am-Zam) 0.007 0.009
- 3 (Zam-3am) 0.005 0.007
0111 4 (3am-2am) 0.003 0.004
5 (4am-5am) 0.003 0.004
& (Bam-Gam) 0.010 0.013

. 7 (Bam-7am) 0.020 0.027 E
E _I_ & (7am-Bam) 0.031 0.041
E 0.074 ' 9 (8am-am) 0.058 0.077
E — I_ ] 10 (Sam-10am}) 0.065 0.086
- | _I_ H 11 (10am-11am) | 0.056 0.074
— | ] 12 (1am-12pm) | 0.042 0.064

0.037 = . |13 {12pm-1pm) 0.041 0.055 B
- | |14 [1pm-Zpm}) 0.046 0.061
B 15 (Zpm-3pm) 0.03& 0.000
: B 16 (3pm-dpm) 0.038 0.000
17 (4pm-5pm) 0.038 0.000

053 345678 010111213141516 17 18 192021222324 |10 (9pm-pm) 0.049 0.000 -

NATIONAL RENEWABLE ENERGY LABORATORY
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Demand Response

® Schedule Wizard - Demand Response, automatic shift to evening hours - Schedule o ([ e
Compare:  Current Option - -

0.15 Hour Values Compare Values -
1 (12am-1am) 0.015 0.015
2 (1am-Zam) 0.007 0.007
3 (2am-3am) 0.005 0.005
0113 . 4 (Jam-d4am) 0.003 0.003
5 (4am-5am) 0.003 0.003
6 (5am-6am) 0.010 0.010

- 7 (6am-7am) 0.020 0.020 E
E n 8 (7am-8Bam) 0.031 0.031
% 0.075 9 (8am-Gam) 0.058 0.058
3 ] 10 (3am-10am) | 0.065 0.065
- J— 11 (10am-11am) | 0.056 0.056
_|H — 12 (Nam-12pm) | 0.048 0.048

0.0375 |—"__ ] 13 (1Zpm-1pm) | 0.041 0.041 B
| |14 (1pm-Zpm) 0.046 0.046
15 (Zpm-3pm) 0.036 0.000
16 (3pm-4pm) 0.038 0.000
_'—)_)_'_r 17 (&pm-5pm) 0.038 0.000

053 34567 8 910111213141516 17 1819202122 2324 | & (opm-Gpm) 0.049 0.000 -

NATIONAL RENEWABLE ENERGY LABORATORY
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Demand Response

- Major Appliances Operation

. Refrigerator Schedule

. Cooking Range Schedule

. Clothes Washer Schedule

i Clothes Dinyer Schedule 1 HEER

Option @ Schedule @ DR Schedule @ DR Penetration Rate 3 DR Control

1) Standard View ﬁ
2 ) Demand Response, manual shift to non-peak hours Viewﬁ Viewﬁ 1.0 manual
3) Demand Response, manual shift to evening hours WView ﬁ WView ﬁ 1.0 manual
4) Demand Response, automatic shift to evening hours Viewﬁ Viewﬁ automatic

1.0
Demand Response, automatic shift to evening hours, 30% m H m 3

NATIONAL RENEWABLE ENERGY LABORATORY
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Project Types

BEopt-dev 2.2.0.0

BEopt

Building Energy Optimization
with Hour-by-Hour Simulations

LiNREL

Mational Renewable Energy Laboratory

15013 Denver West Parkoway
Golden, CO 30401
wierw nrel .gov
Project type:
© Standard lication tvpe:
{©) Building America ™) New Construction
@ Calfomnia Metrics i@ Retrofit

[] Do not ask again

NATIONAL RENEWABLE ENERGY LABORATORY
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Project Types

California Metrics Project Type

e Site Screen

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

e 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

O O O O O

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Tariff Capabilities

Building Maortgage

EPW Location |CZ03RV2.epw v]@ Down Paymert 0.0 %z

Temain Mortgage Interest Rate 40 i

Matural Gas Hookup Mortgage Period 30 years
EeuCs Marginal Income Tax Rate. Federal 280 4

Project Analysis Period 0 years Marginal Income Tax Rate, State 53 i

Inflation Rate 24 %L

Discount Rate (Real) 30 4 Cther

Material Cost Muliplier 1.00 Inoentives | pv || Eficency

Labar Cost Multiplier 1.00 Demand Response [ Signals ]
Calfomia Metrics CA Climate Zone

Met+to-Gross Ratio 50.0 % Liiity @ PGAE

Program Cost (Present Value) 100 S/home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F'ropane|

|Ltility Rates PV Compensation
(7 Simple @ Detailed @ Met Meteing () Feed-n Tarff
@ OpenEl Pacific Gas & Blectic Co  ~ ] Tn;:rc;;fji:ﬁﬂate
_ 0.043% SAWh
() User Specfied |CPUC ED TOU PGAE | X @ User Specified
Fuel Ezcalation (Real) 000  Avear Enengy Factors
Source/Site Ratio 3150
Carbon Factor 1530 IbAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Tariff Capabilities

Building Maortgage

EPW Location |CZ03RV2.epw v]@ Down Paymert 0.0 %z

Temain Mortgage Interest Rate 40 i

Matural Gas Hookup Mortgage Period 30 years
EeuCs Marginal Income Tax Rate. Federal 280 4

Project Analysis Period 0 years Marginal Income Tax Rate, State 53 i

Inflation Rate 24 %L

Discount Rate (Real) 30 4 Cther

Material Cost Muliplier 1.00 Inoentives | pv || Eficency

Labar Cost Multiplier 1.00 Demand Response [ Signals ]
Calfomia Metrics CA Climate Zone

Met+to-Gross Ratio 50.0 % Liiity @ PGAE

Program Cost (Present Value) 100 S/home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F'ropane|

|Ltility Rates PV Compensation
(7 Simple @ Detailed @ Met Meteing () Feed-n Tarff
@ OpenEl Pacific Gas & Blectic Co  ~ ] Tn;:rc;;fji:ﬁﬂate
_ 0.043% SAWh
() User Specfied |CPUC ED TOU PGAE | X @ User Specified
Fuel Ezcalation (Real) 000  Avear Enengy Factors
Source/Site Ratio 3150
Carbon Factor 1530 IbAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Tariff Capabilities

® Utility Rate Wizard

=5

This rate is provided by OpenEl. Values can't be changed.

Rate Mame E-1 - Baszeline Region 5

Description  This schedule is applicable to single-phase and polyphase residential service in single-  »

Ltility Name Pacific Gas & Electric Co
Fixed Charge 0 %/month

Minimum Charge 0 &/month

Energy Charges

phase and polyphase service in common areas in @ multifamily complex; and to all
singlephase and polyphase fam service on the premises operated by the person
whose residence is supplied through the same meter.

family dwellings and in flats and apatments separately metered by PG&E; to single- H

Reference: hitp://www pge com/tarniffsAm2/pdf /ELEC_SCHEDS_E-1 pdf -

Weekday

Morning

May

Weekend

Afterncon Morning Afternooen
32 4 5868 7 8 3%

May

Jun

Jun

Jul

Jul

Aug

Sap

Y R R R P
R S R R P (N
| | |t ot [
Y R R R P
R S R R P (N
| | |t ot [
Y R R R P
R S R R P (N

MNaow

Peiod 1 [Peiod2 | -

Mazx Max

kWh $#kWh kKWh $%kWh -\=: HkWh

Y R R R P
JEFGY [ R R [
Y R R R P
R S R R P (N

R S R R P (N
| | |t ot [
| | |t ot [
Y R R R P
I RS R Y P (Y
| | |t ot [
Y R R R P
R S R R P (N
| | |t ot [
Y R R R P
JEFGY [ R R [
| | |t ot [
Y R R R P
JEFGY [ R R [
| | |t ot [
Y R R R P
R S R R P (N
| | |t ot [

Y R R R P
R S R R P (N
| | |t ot [
Y R R R P
R S R R P (N
| | |t ot [
Y R R R P
JEFGY [ R R [

Period 4 Period 3 Period & Period 7 Period 8 Period 9 Period 10 Period 11 Period 12

Teri [i53]fer2 |1z Jpazm ][ ||

] | |

Ter2 [roaffo.rs0s | [1s6]fosos | [ ]|

| N N I | | |/ |

rers. pos]fozzsn] fr_Joczem] [

| N N I | | N /N |

Terd [s59 osemr| e Joseem] [ ]|

| I N | O |

rers [_Joosn] [_Joosem] [

| I N | O |

e [ L JL I I ]

| N A |
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Utility Tariff Capabilities

Building Mortgage
EPW Location |CZ10RV2.epw v]@ Down Payment 0.0 gE
Temain Mortgage Interest Rate 4.0 i
Matural Gas Hookup Maortgage Period 30 years
Economics Marginal Income Tax Rate, Federal 280 %
Project Analysis Period an years Marginal Income Tax Rate, State 53 *
Inflation Rate 24 %
Discount Rate (Real) 30 s Cther
Material Cost Mutiplier 1.00 Incentives M Py || Eficency
Labor Cost Multiplier 1.00 Demand Response [ Signals ]
Calfornia Metrics CA Climate Zone
Met+o-Gross Ratio 50.0 % Ltiity @ SCE (") SDGAE
Program Caost (Present Value) 100 &/home
Blectricty | Natural Gas I il | Propane |
Lkilty Rates PV Compensation
7 Simple @ Detailed @ Met Meteing () Feed-n Tarff
(") OpenEl Southem Calfomia Ediso o Tni:c;:ij::;ﬂate
@ User Specfied |CPUC ED TOU PGRE | (k] (3¢)[7] @ User Specified 08 | e
Fuel Escalation (Real) 0.00 Yfyear Energy Factors
Source/Site Ratio 3.150
Carbon Factor 1530 IbAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Afternoon

Morning

4
i
1
1
i
i
3

URL: http://en openei.org/wiki/Data:E1e 71 17f5c5-4fb4-2611-826f5084b548

Description

Afternoon

v

£/month
&/month

[ Time-of-Use and/or Tiered

Time-of-Use and/or Tiered
| Real-Time Pricing (8760)

CPUC ED TOU 5CE (2)
SCE Regioni 9

0
5

Rate Mame
Lkility Name
Fixed Charge
Minimum Change
Rate Type
Energy Charges

® Ltility Rate Wizard

10 1
1
1
1
1
1
&

k]
i
1
i
i
i
3

]
i
1
i
i
i
3

7

€

3

4

2

2

E]
i
1
i
i
i
3

7
i
1
i
i
i
3

E
i
1
i
i
i
3

3
1
1
1
i
1
3

1z

i

1

i

i

i

3
(3|3 |3 3|3 |3 (3|3 |3[3(3(3(3|3|3|3|3|3|3[3[2[3|3
Aug (3333|333 [3[3[33 |3 |3 |3|3|2|3|3[3[3|3 (3|33
(333|323 (3|3 |3[3(3[(3[F|F)3|3|3|2|3[3[3[3]3
i i jififijafajijijifajafijijajajifijafijafij|1i
1111 jafafafifija|ajij1j1jajafj1fjaf{1f{1(fi}i
ijijijijijajafafajifijajajijajajajajajafajafiji

Jan
Feb
Mar
Apr
May
Jun
Jul
Sep
Oct
Now
Dec

10 1
i
1
1
1
i
3

)

g

7

[]
[]
[]
[]
[]
[]

1111 fi]1
1[1[1]1[1]1

€
1
1
1
i
1
3

KWh  $kWh
0. 408

Max

S B ) I

L)
-
L]
o4
-
[x]
-
=
-
(=]
-

JEY [N N U

3
J3(3|3 |3 3|33 (3|2 |3|5(5(a(a|5|5|S5|a|3|2[3[2[3|3

Aug (33|33 |3|3|3[3[3[3|5|5|3|35|5|5|a|a|3[3 |3 /3|3)|3

4l

8

KWh  $kWh
0.162

Max

(3|3 |3 |32 |22 |2 |3|a(a(a(a|=|a|a|a|2|2[3[3[3]3

(i (a(i|ijijijiji|t
1111111 [1([1[1
iTj1jijijajijafafiji
Max
KWh  $/kWh

0.21

Jan
Feb
Mar
Apr
May
Jun
Jul

Sep
Oct

Now

Dec

Period 1

kWh $kWh
0.14

Max

Utility Tariff Capabilities
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| [ cancel

Save

Help
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Utility Tariff Capabilities

Rate Name
Lkility Name

Fixed Charge

Sample Real-Time Pricing Rate (2)

Sample Ltility
9 £/month

Minimum Charge 0 %/month

ﬁ

Description  Sample file defined by BEopt.

Rate Type |Real-Time Pricina 8760 .|
Energy Crirges LA
| Real-Time Pricing (87
0.84 Hour Value i~
1 0.04625 |
2 0.0444
3 0.03885
4 0.0407
0.63 5 0.029
6 0.03885
7 0.0407
3 0.0407
E 9 0.0407
£ ouz 10 0.0444
E 11 0.04995
=
w 12 0.0518
13 0.0518
14 0.0481
15 0.04625
16 0.04625
17 0.0518
18 0.05735
19 0.0555
20 0.0592
A N N5735 Z
Save || Cancel

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Tariff Capabilities

Building Maortgage

EPW Location |CZ03RV2.epw v]@ Down Paymert 0.0 %z

Temain Mortgage Interest Rate 40 i

Matural Gas Hookup Mortgage Period 30 years
EeuCs Marginal Income Tax Rate. Federal 280 4

Project Analysis Period 0 years Marginal Income Tax Rate, State 53 i

Inflation Rate 24 %L

Discount Rate (Real) 30 4 Cther

Material Cost Muliplier 1.00 Inoentives | pv || Eficency

Labar Cost Multiplier 1.00 Demand Response [ Signals ]
Calfomia Metrics CA Climate Zone

Met+to-Gross Ratio 50.0 % Liiity @ PGAE

Program Cost (Present Value) 100 S/home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F'ropane|

|Ltility Rates PV Compensation
(7 Simple @ Detailed @ Met Meteing () Feed-n Tarff
@ OpenEl Pacific Gas & Blectic Co  ~ ] Tn;:rc;;fji:ﬁﬂate
_ 0.043% SAWh
() User Specfied |CPUC ED TOU PGAE | X @ User Specified
Fuel Ezcalation (Real) 000  Avear Enengy Factors
Source/Site Ratio 3150
Carbon Factor 1530 IbAWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Tariff Capabilities

Building Mortgage
EPW Location |CZ03RVZ.epw v]@ Down Payment BT R
Temain Mortgage Interest Rate 40 i
Natural Gas Hookup Mortgage Period 30 years
i Marginal Income Tax Rate, Federal 230 %
Project Analysis Period a0 years Marginal Income Tax Rate, State 5.3 i
Inflation Rate 24 %
Discount Rate (Real) 30 g Cther
Material Cost Multiplier 1.00 Incentives | PV || Eficency
Labor Cost Muttipliar 1.00 Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met+o-Gross Ratio 00 @ % Ltiity @ PGAE
Program Cost (Present Value) 100 S/home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F‘rupane|
Lkility Rates PV Compensation
") Simple @ Detailed ) MNet Metering @ Feed-n Tariff
(7) OpenEl Pacific Gas & Blectic Co cl Hourly Value 012000 | SV
Escalation (Real) 000  %iyear
R [CPUC ERMIRHEIE M ] [E] Mote: Applies to full {not excess) PV production.
Fuel Escalation (Real) 000  dyear Energy Factors
Source/Site Ratio 3150
Carbon Factor 1530 Ib/kWh

NATIONAL RENEWABLE ENERGY LABORATORY
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Utility Cost Effectiveness Tests




Utility Cost Effectiveness Tests

Key Question

Test ‘ Acronym ‘ Y — Summary Approach
Participant PCT Will the participants Companson of costs and benefits
cost test benefit over the measure | of the customer installing the
life? measure
Program PACT Will utility bills increase? | Companson of program
administrator administrator costs to supply-side
cost test resource costs
Ratepayer RIM Will utility rates Companson of administrator costs
impact measure increase? and utility bill reductions to supply-
side resource costs
Total resource TRC Will the total costs of Companson of program
cost test energy in the utility administrator and customer costs
service terntory to utility resource savings
decrease?
Societal cost SG Iz the ublity, state, or Companson of society’s costs of
test nation befteroffas a energy efficiency to resource
whole” savings and non-cash costs and
benehis

Source: Standard Practice Manual: Economic Analysis of Demand-Side Programs and Projects.
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Utility Cost Effectiveness Tests

Component TRC PCT PAC RIM
Energy and capacity Benefit Benefit  Benefit

Additional resource savings Benefit

Cost

Program overhead costs Cost - Cost Cost

Incentive payments Benefit Cost Cost

Non-monetized benefits

Equipment and install costs

Bill Savings Benefit Cost
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Utility Cost Effectiveness Tests

Two Approaches:

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
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Utility Cost Effectiveness Tests

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

$/kWhHourly avoided costs

2 Al TRC, RIM
X =  VYearlyavoided —> years and PAC1 ’
kWh cost benefits convert benefits
Beopt output: Hourly into NPV
load impact (savings Hour
between reference
building and retrofit)
N Utility bill
$/kWh
determinants > Al
Hour N Year!y bill years and PCT benefits
= savings > convert RIM costs
I into NPV
Hour

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

N
(ES) Energy+Environmental Economics
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Utility Cost Effectiveness Tests

$100
$90
580
570
560

Three-Day Avoided Cost Snapshots
$50

- a2l

$30
$20
$10

S0

+ T&D Cap aC ity Sat, Apr 25 Sun, Apr 26 Mon, Apr 27

® Energy m Losses W Ancillary Services ® Capacity m T&D = Environment m RPS Adder

+ Avoided Cost Components

+ Energy purchases or
generation cost

+ Generation Capacity

Levelized Value of Savings ($/MWh)

+ Ancillary Services

~ S700

Procurement g s
%550@ o

+ GHG Emissions £ sa00
:6‘5300 =]

+ Losses S 0

%5100

- Reduced RPS procurement LI

Mon, Aug 03 Tue, Aug 04 Wed, Aug 05

m Energy W Losses ® Ancillary Services m Capacity m T&D = Environment m RPS Adder

@) Energy+Environmental Economics
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Utility Cost Effectiveness Tests

Building Martgage
EPW Location [CZ1DH‘u’2.apw T]E] Down Payment 0.0 A
Temain Mortgage Interest Rate 4.0 .4
Matural Gas Hookup Mortgage Period &l years
Economics Marginal Income Tax Rate, Federal 280 %
Project Analysis Period a0 years Marginal Income Tax Rate, State 53 4
Inflation Rate 24 %
Discourt Rate (Real) 30 o Other
Material Cost Multipiier 1.00 P M ey || Efficiency
Labor Cost Muttiplier 1.00 Demand Response [ Signals ]
Calformia Metrics CA Climate Zone
Met4o-Gross Ratio 500 % Lty @ SCE () SDGAE
Program Cost (Present Value) 100 &/home
Blectricty | Natural Gas | Oil
Lkility Rates PV Compensation
) Simple @ Detailed @ Net Metering () Feed+n Tanif
Z) OpenEl Southem Calfomia Edisoi o Annual Excess Selback Aate

@ User Specfied |CPUC ED TOU PGAE

Fuel Escalation (Real)

0.00

~ [ HxE

SLiyvear

) Retail Blectricity Cost

014187 &4%Wh
@ User Specified
Energy Factors
Source/Site Ratio 3.150
Carbon Factor 1530 bAWhH
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Utility Cost Effectiveness Tests

Building Mortgage
EPW Location |CZ03RVZ.epw v]@ Down Paymert 0.0 5%
Temain Mortgage Interest Rate 40 i
Natural Gas Hookup Mortgage Period 30 years
Econamics Marginal Income Tax Rate, Federal 280 i
Project Analysis Period En years Marginal Income Tax Rate, State 53 i
Inflation Rate 24 %
Discount Rate (Real) 30 i Cther
Material Cost Multiplier 1.00 noentives B PV | [ Eficency
Labor Cost Multiplier 1.00 Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met-to-Gross Ratio 00 % Lkility @ PG&E
Program Cost (Present Walue) 100 /home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F‘n:npane|
|kility Rates PY Compensation
(7 Simple @ Detailed @ MNet Metering () Feed-n Tarff
@ OpenEl Pacific Gas & Bectic Co | T"i:f;:;fj::{:m
_ 0.14187  sA4Wh
(2 User Specified | Sample Tiersd Rate k|| ¥ E @ User Specified
Fuel Escalation (Real) 000  hvear Energy Factors
Source/Site Ratio 3.150
Carbon Factor 1530 lb/AWh
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Utility Cost Effectiveness Tests

Building Mortgage
EPW Location |CZ03RVZ.epw v]@ Down Paymert 0.0 5%
Temain Mortgage Interest Rate 40 i
Natural Gas Hookup Mortgage Period 30 years
Econamics Marginal Income Tax Rate, Federal 280 i
Project Analysis Period En years Marginal Income Tax Rate, State 53 i
Inflation Rate 24 %
Discount Rate (Real) 30 i Cther
Material Cost Multiplier 1.00 noentives B PV | [ Eficency
Labor Cost Multiplier 1.00 Demand Response [ Signals ]
Califomia Metrics CA Climate Zone
Met-to-Gross Ratio 00 % Lty @ PG&E
Program Cost (Present Walue) 100 /home Region @ Peninsula (") East Bay
Blectricty | Matural Gas | il | F‘n:npane|
|kility Rates PY Compensation
(7 Simple @ Detailed @ MNet Metering () Feed-n Tarff
@ OpenEl Pacific Gas & Bectic Co | T"i:f;:;fj::{:m
_ 0.14187  sA4Wh
(2 User Specified | Sample Tiersd Rate k|| ¥ E @ User Specified
Fuel Escalation (Real) 000  hvear Energy Factors
Source/Site Ratio 3.150
Carbon Factor 1530 lb/AWh
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Utility Cost Effectiveness Tests

Please select the cases to run:

® Run Simulations @

Case Name Type DView Y-fudz Metric X-huds Metric Stop at
My Case (2) Optimization | Total Resource Cost (1 ¥ | | TDV Eneray Savings (* v | | Zero Net Energy -
Energy Related Costs (S4T1)
Participant Cost Test (PCT)(5)
Program Administrator Cost (PAC) Test (5) << |eas
F-lati -- = Imi act Measure iHlME Test i&‘i
Total Resource Cost (TRC) Test ()
Help | FRun || Cancel |
# FRun Simulations @
Please select the cases to run:
Casze Name Type DView Y-Auis Metric XAz Metric Stop at
My Case (2) Optimization Total Resource Cost (1 + | | TDV Energy Savings (| v | | Zero Net Eneray -
CO2 Savings (3LAT)
Site Energy Savings (A7)
Source Eneragy Savings <% Less
Help | Run || Cancel |
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Utility Cost Effectiveness Tests

® BEopt-dev 2.2.0.0 - CPUC rates 022214 PCT gas 3 3000,1500 [California Metrics, New Construction]

File Screen Case Run Reports Toels Help Graphs
O pet & 5@ | ouput
[B] ster PGaE|[B] 2tier pGaE| @] Tou PaE| [B] 5 Tier SCE [ [B] 2 Tier scE [ [B] Tou scE | [@] 5ter Paae 2| [0 2ter Pase @] [B] ToU Pate 2| [0 5 Ter sE @) [ [B] 2 Tier sE 2 [ [B] ToU sCE2)]
Select: v Tools & &
E3(=]
Z 16,000
o
= 14,000
= Building n
£ 12,000 | General Operation F |
g Heating Set Point w0 TIF
2 10,000 Cooling Set Point D T6F
= Matural Ventilation H &0 Benchmark
S 8,000 Interior Shading 30 Benchmark
F 60004 ialls B
2 7 \wood Stud 53827 R-13 Fiberglass Batt, Gr-1, 2x4, 16ino.c.
= a000- \all Sheathing $1.942 0SB |
o Exterior Finish a 7,607 Vinyl, Light 3
= 2,000 Ceilings/Roofs &
-1 Unfinished Attic a 51,138 Ceiling R-30 Fiberglass, Vented
I 04 Roof Material 2] 53654 Asphalt Shingles, Medium
= > DDD{ Radiznt Barrier | [l &0 MNone
g ~eHHR Foundatien/Floors &
£ 4,000 | EERR 1 | $0  Uninsulated
a - - - - - - Carpet a3 s 80% Carpet L
] 20 40 60 20 100 1zo Thermal Mass B
TOV Energy Savings (%a/yr) Flocr Mass A 51,341 ‘Wood Surface
Exterior Wall Mass H 51,089 1/2in. Drywall
E]@ Partition Wall Mass E 51,147  1/2in. Drywall
Ceiling Mass 51,147 172in. Drywall
170+ 180 1672 Windows & Doors E]
\Window Areas B &0 15.0% F20 B40 L20 R20
Windows BE A 58450 Double-Pane, High-Gain Low-E. Non-metal Frame. Argo
e Eaves a 51285 2%
5 1 Overh S0 N
= Misc (G) e a one
a0 et g W 5 e
= lechanical Ventilation aust
g 1024 I Hot Vizter (G) Space Conditioning B
:’z Il Heating (G) Central Air Conditioner 2] 57187 SEER13
= Furnace [2] 52286 (Gas, TB% AFLE
. B Cooling (E) Ducls B $3342 15% Leakage, R-8
8 HVAC Fan/Pump (E) Ceiling Fan H 51842  Benchmark
s Lights (E) ‘water Heating B
) \wiater Heater $1821 (Gas Standard
2] Lo Appl. (B) Nistriburtinn a 41854 Ilninsulsted TrinkPranch Conner =2
W ent Fan (8) $60.231  Total Present Valus
Bl Misc. (E)
o Option [ | Ref Point
Mumbers [ ] Curment Point —— Higher Option Number
1st Selected Option lter 1, Pt 10 - Availebl Options — Lower Option Number
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Utility Cost Effectiveness Tests

® BEopt-dev 2.2.0.0 - CPUC rates 022214 PCT gas 3 3000,1500 [California Metrics, New Construction]

File Screen Case Run Reports Toels Help Graphs

O pet & 5@ | ouput

(O] 5tier PaE | [B] 2tier PaaE| [B] ToU PGaE| [D] 5 Tier sCE | [B] 2 Tier scE | [B] Tou scE | [0 5tier PaE @) [B] 2tier PGaE (2)[ [B] ToU PGAE )| [@] 5 Tier SCE (2 | [B] 2 Tier SCE (2 [ [@] ToU sCE (2)]
Select: Max Savings * Tools: B fcal
E3(=]
Z 16,000
o
= 14,000
= Building n
£ 12,000 | General Operation F Tl
g Heating Set Point w0 TIF
2 10,000 Cooling Set Point D T6F
= Matural Ventilation 2= 80 Cooling Months Only
S 8,000 Interior Shading 2 30 Benchmark
F 60004 ialls B
g ! \wioed Stud 1 54084 R-21Fiberglass Batt, Gr-1, 2x6, 24 ino.c.
= a000- \w/all Sheathing §3191 0OSE, R-12 Polyiso |
o Exterior Finish a 7,607 Vinyl, Light 3
= 2,000 Ceilings/Roofs &
-1 Unfinished Attic a o] 52,196 Ceiling R-60 Fiberglass, Vented
E 0+ Roof Material A 53654 Asphalt Shingles, Medium
2 -2,000 ] SEpilEEEy b | Y-Auis 4 | Energy Related Costs, Annualized (5/yr) 80 MNone
g ! -
E 4000 | i Copy Image K-Axis 4 Energy Related Costs, Met Present Value (3) SB50  4ft R10 Perimeter, RS Gap XPS
o S 2'0 Export Image Hide Graph Points Energy Related Costs, Life Cycle Cost (S) S0 20% Carpet o
Export Data Hide Optimal Line Payback, Simple (yrs) §1,341 Wood Surface
Help Show Option Sensitivities Payback, Modified {yrs) g} ?ig 1:% :: gmz”
Set Scales... Modified Internal Rate of Return (%) 51,147 12in. Drywall
170+ 169.0
Levelized Cost of Energy, Source ($/MMBtu) 50 15.0% F20 B40 L20 R20
Participant Cost Test, Benefit-Cost Ratio (frac) g?;% g:{ublepane. Medium-Gain Low-E. Non-metal Frame. A
% 1364 — PVIE) Participant Cost Test, Net Present Value (§) ' 20 MNone
g i jg?) Misc. (G) Program Administrator Cost Test, Benefit-Cost Ratio (frac) 3 51147 1ACHSD
= 102 Lg. Appl. { Program Administrator Cost Test, Net Present Value (8) 8355 Exhaust
= ]
B I Hot \Water Ratepayer Impact Measure Test, Benefit-Cost Ratio (frac) $6385 SEER 1S
. 3
z B Heating (G Ratepayer Impact Measure Test, Net Present Value (§) 82134 Gas 925% AFUE
o ge B Cocling (E ) . 3 1] 83568 75% Leakage, R-3
] 258 187 HVAC Fa Total Resource Cost Test. Benefit-Cost Ratio (frac) 81842 Benchmark
E] i Total Resource Cost Test, Met Present Value (5) ”
&8 Lights (E) §2039 Gas Tankless il
4 Miztribuinn -] 0] 82 WA  R-R TrmkRranch Canner Timer
3 B Lo Appl (B)
B VentFan (E) 5114,354  Total Present Value
o I Misc. (E) Option [ | Ref Point
Mumbers [ ] Curment Point —— Higher Option Number
1st Selected Option fier 51, Ft31 ®  Available Options —  Lower Option Number

¥:130.70 (%a/yr), ¥: 329868 (S)
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Utility Cost Effectiveness Tests

® BEopt-dev 2.2.0.0 - CPUC rates 022214 PCT gas 3 3000,1500 [California Metrics, New Construction]

File Screen Case FRun

L=y = |

Reports

Input: 7 1 @

Tools  Help  Graphs

Output:

Building [

General Operation E
Heating Set Point

]+ ]

Cooling Set Point
Natural Ventilation
Interior Shading
ialls B
\woed Stud
‘izl Sheathing
Exterior Finish
Ceilings/Roofs B

[~Tn]

Unfinished Attic a

Roof Material 2]
Radiznt Barrier | [l
Foundaticon/Floors B
EECRN ' |
Carpet 5]
Thermal Mass B
Floor Mass
Exterior Wall Mass
Partition Wall Mass
Ceiling Mass
Windows & Doors B
Window Areas B
Windows B
Eaves 2]
Overhangs ;| H
Airflow [

Air Leakage a

Mechanical Ventilation 2]

Space Conditioning B
Central Air Conditioner H
Furnace [2]
Ducts
Ceiling Fan 2]

‘wiater Heating 1

‘wiater Heater

Nistribudinn a

Option

Numbers

Ref Point
Current Poirt
Available Options

(O] 5tier PaE | [B] 2tier PaaE| [B] ToU PGaE| [D] 5 Tier sCE | [B] 2 Tier scE | [B] Tou scE | [0 5tier PaE @) [B] 2tier PGaE (2)[ [B] ToU PGAE )| [@] 5 Tier SCE (2 | [B] 2 Tier SCE (2 [ [@] ToU sCE (2)]
Select: 1st Selected Optiol * Tools: B fcal

=

o

=

I 16,000

=

5 14,000 |

2

& 12,000

]

=

£ 10,000 |

3

o

5 8000 |

g

£ 6,000

2

S 4,000

g

3 2,000

]

o 0

=

2 : - - - - - -

= 1] eli} 40 &0 80 100 1z0

TOV Energy Savings (%a/yr)
1704

= 1364

< Misc. (G)

g

= Le. Appl. (G)

g 102 B Hot Viater (G)

= B Heating (G)

E’I I Cooling (E)

“;.:; 684 HVAC Fan/Pump (E)

: Lights (E)

2] B Lo tppl. (B)
Bl VentFan (E)
Bl Misc. (E)
04 .
1st Selected Option

BBee

53827
51,542
57,607

51138
53654

51241
51,089
51,147
51147

S0
58379
51286

S0

5443
5355

57187
52,286
53342
51842

51521
21 2Rd

TF
T6F
Benchmark
Benchmark

R-13 Fiberglass Batt, Gr-1, 2x4, 16 ino.c.
038
Winyl, Light

m

Ceiling R-30 Fiberglass, Vented
Asphalt Shingles, Medium
None

Uninsulated
B0% Carpet L

Wood Surface
142 in. Drywall
142 in. Drywall
1i2 in. Drywall

15.0% F20 B40 L20 R20

Double-Pane. Medium-Gain Low-E. Non-metal Frame, A
21t

None

7ACHS0
Exhaust

SEER 13

Gas, 78% AFUE
15% Leakage, R-8
Benchmark

Gas Standard
lninzulated TrinkRranch Canner

$60,120

Total Present Value

—— Higher Option Number
— Lower Option Number

¥: 0,00 (35/yr), ¥: 0,00 (§)
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Utility Cost Effectiveness Tests

® BEopt-dev 2.2.0.0 - CPUC rates 022214 PCT gas 3 3000,1500 [California Metrics, New Construction]
File Screen Case Run  Reports Tools Help Graphs

O d Input: 75} £ @ Qutput:

[B] 5ter PG2E|[B] 2tier PGa€ | [0 ToU PGAE| [B] 5 Tier SCE [ [B] 2 Tier 5cE | [B] Tou SCE | [@] 5tier P )| [B] 2tier P @) [B] TOU PGaE @ [ [B] 5 Tier SCE @ | [B] 2 Ter SCE @ [ [B] TOU SCE @
Select: - Tools [& &F
E3(=]
=
@
=
T 16,000 -
= Building -
2 14,000 General Operation & |
g Heating Set Point S0 TIF
& 12,000 Cooling Set Point 0 T6F
= Matural Ventilation 2z | 80 Coeling Months Only
10,000 - Interior Shading A &0 Benchmark
il ialls B
G 8000 wood Stud B 21 54084 R-21Fiberglass Batt. Gr-1. 2¢6. 24 in o.c.
E ‘wall Sheathing B 53191 OSB. R-12 Polyiso =
= 6,000 Exterior Finish =] 57607 Vinyl, Light T
3 Ceilings/Roofs B
g 4,000 - Unfinished Attic a 51,811 Ceiling B-43 Fiberglass. Vented
v Roof Material H 53654 Asphalt Shingles. Medium
2 2,000 - A Radiant Barrier . [l S0 MNone
g a" r = | Graph Display  » H ¥-Aois 4 Energy Related Costs, Annualized ($/yr)
= 0 . . = a ‘ 8550  4ft R10 Perimeter, RS Gap XPS
£ ] L] . Copy Image X-Rois 4 Energy Related Costs, Net Present Value (§) 50 B0% Carpet L
= 1) 20 4 . - "
Export Image H!dE Graph Points Energy Related Costs, Life Cycle Cost (§) $1341 Wood Surface
Export Data Hide Optimal Line Payback, Simple (yrs) S1.088  1/2in. Drywall
P - 51,147 12in. Dy Il
- Help Show Option Sensitivities Payback, Modified (yrs) 51,147 12 :: wa:zu
170 . Set Scales... Modified Internal Rate of Return (%)
. €0 15.0% F20 B40 L20 R20
Levelized Cost of Energy, Source ($/MMEtu) 88705 Double-Pane, Medium-Gain Low-E, Non-metal Frame, A
E 1364 — i Participant Cost Test, Benefit-Cost Ratio (frac) 1 ‘zg ﬁl:tne
= 110.9 Participant Cost Test, Met Present Value (5)
= (-220) Misc. (G) §1,147 1ACHS0
E : La. Appl. Program Administrator Cost Test, Benefit-Cost Ratio (frac) $955  Exhaust
g 1027 B Hot Wwater Program Administrator Cost Test, Net Present Value (§)
:’>‘ . 6,385 SEER15
E Bl Heating (G Ratepaver Impact Measure Test. Benefit-Cost Ratio (frac) 82194 Gas, 925% AFUE
S ge Il Cooling (I " Ratepayer Impact Measure Test, Net Present Value (5) 1] $3568 75% Leakage, R-8
@ 51842 Benchmark
g 16.7 HVAC Fary, | otal Resource Lost | est, Benehit-Lost Hatio (frac)
2 .
« 2] - :g:i;ﬂi Total Resource Cost Test, Net Present Value (§) 2%2‘23 ﬁfi:ﬂglﬂf‘f’rmnmmmh Pa— -
B VentFzn (E) 5113517 Total Present Value
ol B Misc. (B) Option ™ Ref Point
MNumbers | | Cument Pairt = Higher Option Number
st Selected Option lter 48, Pt 27 = Availzble Ontions — Lower Option Number

X:129.89 (%/yr), ¥: 1704413 (5)
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Utility Cost Effectiveness Tests

® BEopt-dev 2.2.0.0 - CPUC rates 022214 PCT gas 3 3000,1500 [California Metrics, New Construction]

File

Screen

L=y = |

Input: 7 1 @

Run Reports Tools Help  Graphs

Output:

(O] 5tier PaE | [B] 2tier PaaE| [B] ToU PGaE| [D] 5 Tier sCE | [B] 2 Tier scE | [B] Tou scE | [0 5tier PaE @) [B] 2tier PGaE (2)[ [B] ToU PGAE )| [@] 5 Tier SCE (2 | [B] 2 Tier SCE (2 [ [@] ToU sCE (2)]
Select: * Tools: B fcal
z O E3(=]
E -
£ 14,000 - L
-
2 12,000 e - Building @ P
I General Operation F |
B 10,000 =) Heating Set Point 80 TIF
= Cooling Set Point s T6F
@ 8,000 Natural Ventilation H 8D Benchmark
= Interior Shading 30 Benchmark
£ 6,000 Wialls Bl
=3 4000 \wioed Stud 53827 R-13Fiberglass Batt, Gr-1, 2x4, 16 inc.c.
g 1 ‘wiall Sheathing 51,942 0SB L
2 2.000 | Exterior Finizh a 57607 Vinyl, Light T
z Ceilings/Roofs &
= Unfinished Attic a 51,138 Ceiling R-30 Fiberglzss, Vented
E Roof Material 2] 53654 Asphalt Shingles, Medium
E -2,000 Radiznt Barrier | [l &0 MNone
= Foundaticon/Floors B
o -4,000 EERN 1 | &0 Uninsulated
o - Carpet 5] s0  B0% Carpet Lo
o 20 40 60 20 100 1zo Thermal Mass B
= TOV Energy Savings (%a/yr) Flocr Mass A 51,341 ‘Wood Surface
Exterior Wall Mass H 51,089 1/2in. Drywall
E]@ Partition Wall Mass E 51,147  1/2in. Drywall
Ceiling Mass 51,147 172in. Drywall
170+ 180 1672 Windows & Doors E]
\Window Areas B &0 15.0% F20 B40 L20 R20
Windows BE A 58450 Double-Pane, High-Gain Low-E. Non-metal Frame. Argo
e Eaves a 51285 2%
5 1 Overh S0 N
= Misc (G) e a one
= Lg. Appl. (G) Bir Lenkage a a s443 7ACHSD
= Mechanical Ventilation 8355 Exhaust
g 1024 I Hot Vizter (G) Space Conditioning B
:’z Il Heating (G) Central Air Conditioner 2] 57187 SEER13
= Furnace [2] 52286 (Gas, TB% AFLE
e B Cooling (B) Ducts B 53342 15% Leskage, R-2
8 HVAC Fan/Pump (E) Ceiling Fan H 51842  Benchmark
‘é Lights (E) Wwiater Heating E
@ ‘water Heater 51921 Gas Standard
2] Lo Appl. (B) Nistriburtinn a 41854 Ilninsulsted TrinkPranch Conner =2
W ent Fan (8) $60.231  Total Present Valus
Bl Misc. (E)
o Option [ | Ref Point
Mumbers [ ] Curment Point —— Higher Option Number
1st Selected Option fer 1. Ft10 ®  Available Options —  Lower Option Number
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Example Analysis

Table 3. PG&E Rates

itmmﬁvhhnni Party
{Proposed Rate Designs -
{PGAE Non-CARE
Typical ==
- Trasumonal Default - Toer
Illustrative L
=
Table 4, SCE Rates
i
I
i
jEnergy Division and Party Suam [ 5um | Sorm | in | win TOU On- |ToU O
|Proposed Rate Designs - 0o | Wk o | s | O | Baseine| Pk | Peak | A% Joustomer | M
ISCE Non-CARE T 12| 1 | 14 |Pesk|Peak|Peak|Peak|Peak| Credit | Suecharpe | Credit | Rate’ | Curge | &
Typical ==y T ET EA ET na | as
- Trarditianal Detault 3-Toer ualna| w3 198 08 50
" . Enc-State Defatt TOU 5] 23] 152] 200] 140 B4 | o5 | so
ustrative == (£ 6t State Opflnl 1T T 98 | o3 11]
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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.

Table 1. Climates
Climates Climate Zone Utility
Sacramento 12 PGEE
Riverside 9 SCE

Table 2. Energy Use Levels

Use Level

High

Low

House Size

(ft?)

Misc. Electrical Use
(% BEopt default')

3000

100

1500

50

NATIONAL RENEWABLE ENERGY LABORATORY
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xample Analysis

18,0004

16,000 -

14,000
12,000
. 10,000
4-Tier Rate
6,000

4,000 |

2,000

Participant Cost Test (PCT), Net Present Value ()

1] 20 40 60 80
TODV Energy Savings (%/yr)

18,0004
16,000

14,000 4

12,000 |
. 10,000
2-Tier Rate
5,000
4,000 -y
2,000

Participant Cost Test (PCT), Net Present Value ($)

T T
0 20 40 &80 80 100 120
TDV Energy Savings (%/yr)

18,000

16,000 -
14,000
12,000 -
10,000
TOU Rate

8,000

6,000

=

o

=)

=)
I

!

2,000

Participant Cost Test (PCT), Net Present Value ($)

T T T
1] 20 40 60 80 100 120
TDV Energy Savings (%/yr)
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Example Analysis

PCT

TRC

RIM

NATIONAL RENEWABLE ENERGY LABORATORY

Farticipand Cost Tect (PET), Ret Presont Walus (§)

Met Present Value ($)

Total Resource Cost (TRC) Test,

Ratepayer ImpactMeasure (RIM) Test, Net Present Value ($)

18,000
16,000
14,000

12000

-
g & B @S
S "N "R " )
g2 2 3 2 2
-3 = o o

=

18,000
16,000
14,000
12,000

10,000

L4
-3
=3
=3

14,000
12,000
10,000
8,000
6,000
4,000

2,000

-2,000

-4,000

] 20 &0 &0 80 100 121
TRV Frsrgy Savings (%/yr)

4-Tier

TOU
2-Tier

80 100 120

[} 20 40 60
TOV Energy Savings (%/yr)

100 120

L] 20 40 60 80
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Example Analysis

Table 3, PG&E Rates
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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.

Table 1, Climates
Climates Climate Zone Utiliity
Sacramento 12 PGAE
Riverside 9 SCE

Table 2. Energy Use Levels

+
House Size Misc. Electrical Use
Use Level
(Ft2) (% BEppt default')
q
High l 3000 100
Low | 1500 50
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High-use Sacramento

High-use Riverside

Low-use Sacramento

Low-use Riverside
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Example Analysis

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

NATIONAL RENEWABLE ENERGY LABORATORY

Participant (PCT), Total Resource (TRC), Ratepayer (RIM),
Utility (PAC)
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Potential applications of BEopt

* New construction e Retrofit applications:
applications: - Energy efficiency program
- ZNE goals analysis * design
- ZNE building design * - Energy efficiency program
- Title 24 development *** implementation **
- Title 24 compliance *** - 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
*** |f 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

e Supports integrated design for architects, developers
and engineers

o 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

e 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
e CSI-RD&D Solicitation 5
e US DOE cost match




For More Information

beopt.nrel.gov

-’ BEopt HNREL | ,\inioad BEopt 2.2

HOME FEATURES DOWNLOAD SUPPORT ~ CONTACT US

Login | Register

Home

BEopt Version 2.1.0.2 is now available for download. See the Features document for a high-level description of new features in the latest release. I Uto rl al VI d eOS

The BEopt™ (Building Energy Optimization) software provides capabilities to evaluate residential building designs and identify cost-optimal
efficiency packages at various levels of whole-house energy savings along the path to zero net energy.

BEopt can be used to analyze both new construction and existing home retrofits, through evaluation of single building designs, parametric
sweeps, and cost-based optimizations. Ser O ru I I I

BEopt provides detailed simulation-based analysis based on specific house characteristics, such
as size, architecture, occupancy, vintage, location, and utility rates. Discrete envelope and
equipment options, reflecting realistic construction materials and practices, are evaluated.

BEopt uses existing, established simulation engines (currently DOE2.2 or EnergyPlus). Simulation [ J P u bl ICatI O n S
assumptions are based on the Building America House Simulation Protocolsd,

The sequential search optimization technique used by BEopt:

* Finds minimum-cost building designs at different target energy-savings levels

# Identifies multiple near-optimal designs along the path, allowing for equivalent solutions [ ]

Help

based on builder or contractor preference

BEopt has been developed by the National Renewable Energy Laboratory® in support of the U. 5. Department of Energy Building America &
program goal to develop market-ready energy solutions for new and existing homes.

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