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op-ti-mal

/aptamal/

adjective

best or most favorable; optimum.
"seeking the optimal solution"

0.00240% 4
0.00220%+
0.00200% + optimal
0.00180%+
0.00160%+
0.00140%+
0.00120%+
0.00100%+
0.00080% 4
0.00060%

0.00040% 4

0.00020%

0.00000% T T T f T T T T T T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000




B E 0 Building Energy Optimization
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The Path to Zero Net Energy
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What is BEopt?

Plug-and-Play Optimization Software

Heating
Cooling
Lighting
Appliances
Other Efficiency
PV/SHW

Optimal
=] o]o) dll—> Building

Designs

EnergyPlus
(DOE2)

Energy Use
Utility Bills

(beopt.nrel.gov)

Features:

* Design, parametric, optimization
* New construction and retrofit

* Detailed cost database

* Rapid building drawing tool

* Detailed utility rates (tiered, time-of-
use, real-time pricing)

* PV compensation (net-metering,
feed-in tariffs)

*  Utility cost effectiveness tests

* PV/efficiency incentives

* Demand response

e HPXML export

* Schedule wizard

*  Output visualization

*  Metrics: LCC, NPV, SPP, LCOE, CO2

e Batch simulations

* Library manager
EnergyPius



Schedule

Tool Research and Model Dev. BEopt v1.0

Development BEopt v2.0

I/

2001 2010 2014

CPUC (FY11-14) CPUC (FY14-15)

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

incentives, etc. SEEM validation

Partner Contributions

CEC (FYO8-FY09)

BEopt w/Micropas
CPS Energy (FY12 BPA (FY14

San Antonio BEopt follow-on

analysis

ARRA (FY10-11)
Updated platform,

batch simulations
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The Optimal Path
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BEopt

BEopt 2.0.0.6 - Sample - new construction optimizations [Standard, New Construction]
Graphs  Help

File Screen Case Run Reports  Tools

= E Input:|:| @ | output ik

3] Chicago, E+ |[@] Phoenix, E= | [@] Chicago, DOE2 | [@] Phosnix, DOE2|
nalysis: | Optimization ~| Reference: |BlO Benchmark v| Cost Group: | Default ~| Sim Engine: | EnergyPlus -
This case contains cutput associated with these inputs and therefore inputs are disabled. To medify inputs, either clear the existing output or create a new case.
Beds 3 +| Bahs Total Finished | 2496] st

Spaces
B Lvino

. Garage

Attached Walls
[ Left-Facing
[] Right-Facing
[] Back-Facing

No emors.

1

<
Scale: 1cell =14t Front




BEopt

® BEopt 2.0.06 - New Project [Standard, New Construction]
File Screen  (Case PRun  Reports  Tools  Help

O &E Input ﬁ@@ Output: |8 Run: P

Analysis: Design *  Reference: My Design *  CostGroup: Default -
My Design
[;][L] @ Option @ R-Assembly @ Framing Factor El Install Grade Cost
Building [h-ft~2-R/Btu] [frac] [%/ft~2 Exterior Wall]
-
; B 1) None
Opﬁdmn
--\\‘dls 2) Uninsulated, 2%4, 16 in o.c. 3.6 0.25 A §1.84
B \\ood Stud [123456785 01[HI314151617181520212223242 3) Uninsulated, 2x5, 24 in o.c. 3.7 0.22 NA $1.76
. Double Wood Stud 4) R-7Fiberglass Batt, Gr-3, 214, 16 in o.c, 8.3 0.25 3 £2.41
MU 1 5) R-7 Fiberglass Batt, Gr-2, 2w4, 16 in o.c. 8.7 0.25 2 §2.43
-SIP &) R-7Fiberglass Batt, Gr-1, 2x4, 16 in 0.c. 8.9 0.25 1 $2.46
-ICF 1 7) R-11Fiberglass Batt, Gr-3, 2x4, 16 in o.c. 9.6 0.25 3 §2.49
Cther 8) R-11 Fiberglass Batt, Gr-2, 2x4, 16 in o.c. 10.1 0.25 2 251
WE 2T iHzas56785 10112 9) R-11Fiberglass Batt, Gr-1, 2¢4, 16 in o.c. 10.5 0.25 1 §2.54
Edenoﬂr F'H'Shr Bzzasereson 10) R-13 Fiberglass Batt, Gr-3, 2x4, 16 i 10.3 0.25 3 52,53
E]Cﬁll = IDErglass batt, ar-J, T in o.C. . . .
&) Foundation/Hoors 11) R-13 Fiberglass Batt, Gr-2, 2x4, 16 in o.c. 10.9 0.25 2 52.55
- Thermal Mass R-13 Fiberglass Batt, Gr-1, 24, 16 in o.c. 1
=- Windows & Doors 13) R-15 Fiberglass Batt, Gr-3, 2x4, 16 in o.c. 10.9 0.25 3 £2.57
Lo Window Areas 14) R-15 Fiberglass Batt, Gr-2, 2x4, 16 in o.c. 11.7 0.25 2 5§2.5%
-Windows [1224Fc785101112131415161718132021222323]  15) R-15 Fiberglass Batt, Gr-1, 24, 16 in o.c. 12.2 0.25 1 §2.62
i 16) R-19 Fiberglass Batt, Gr-3, 2x6, 24 in o.C. 13.4 0.22 3 258
A:;'ﬂo"ema”gs i 17) R-19 Fiberglass Batt, Gr-2, 2x6, 24 in o.C. 14.6 0.22 2 $2.60
=] oW
2 P 18 ) R-19 Fiberglass Batt, Gr-1, 2x6, 24 in o.C. 15.5 0.22 1 $2.62
- Air Leakage [Tz34s5H7 89 w11121314]
{... Mecharical Ventilation o 19) R-21Fiberglass Batt, Gr-3, 26, 24 in o.c. 14.6 022 3 £2.61
(- Major Appliances 20) R-21Fiberglass Batt, Gr-2, 216, 24 in o.c. 16.1 0.2z 2 £2.64
[+~ Lighting 21) R-21Fiberglass Batt, Gr-1, 2x6, 24 in o.c. 17.2 022 1 £2.66
=5 Conditioning 22) R-13 Cellulose, Gr-3, 2%4, 16 in o.c. 10.3 0.25 3 £2.55
- Central Air Conditioner 1H:456785710 23) R-13 Cellulose, Gr-2, 2x4, 16 in o.c. 10.9 025 2 §2.57
-Fumace 24) R-13 Cellulose, Gr-1, 264, 16 in o.c. 114 0.25 | £2.50
ke Bz:456725mwi1i2m 25) R-19 Cellulose, Gr-3, 2x6, 24 in o0.c. 14.0 0.22 3 52.64
- Blectric Baseboard 1 )
) 26) R-19 Cellulose, Gr-2, 246, 24 in 0.C. 15.3 0.22 2 $2.66
- Air Source Heat Pump “2 214567839 .
-Ground Source Heat Pump Bzzezscerssnunun 27 ) R-19 Cellulose, Gr-1, 2x6, 24 in o.c. 16.4 022 1 £2.69
. Ducts iz345007 8 & 01112 28 ) R-13 Fiberglass, Gr-3, 2x4, 16 in o.c. 10.3 0.25 3 52.36
-Ceiling Fan [[Hz45578s3w0111213 29) R-13 Fiberglass, Gr-2, 2x4, 16 in o.c. 10.8 0.25 2 §2.39
+- Water Heating 30) R-13 Fiberglass, Gr-1, 2x4, 16 in o.c. 114 0.25 1 s2.41
[+- Power Generation 31) R-19 Fiberglass, Gr-3, 2x6, 24in o.c. 14.0 022 3 £2.49
32) R-19 Fiberglass, Gr-2, 2u6, 24 in o.c. 15.3 0.22 2 £2.51
33) R-19 Fiberglass, Gr-1, 2x6, 24 in o.c. 164 0.22 1 52.54
Standard wood stud framed walls with cavity insulation. When batt insulation must be compressed to fit within the cavity [2.0. R15in a 5.5" 2x6 cavity), R-values refle:
q 1 3 Gr = Grade of batt installation quality {1, 2, or 3) as described in RESNETs "200& Mortgage Industry National Home Energy Rating Systems Standards.”




BEopt

® BEopt 2.0.06 - Sample - new construction optimizations [Standard, Mew Construction] o [P || 28

File  Screen  Case Run  Reports  Tools  Graphs  Help
O | nput £ 5@ | Output

0] Chicage, E+ [[I] Phosnix, E+ | [@] Chicags, DOE2 | [B] Phosnix, DOE2

Select: Max Savings - Reference: B10 Benchmark - Tools [& & -
E3[=]
-
= Building -
= Orientation | [ElI 5| 50 East Tl
2 Neighbers (K1 E S0 at15f
bS] Operation
2 Heating Set Point 80 T1F
5 Cooling Set Point 80 76F
E Humidity Set Point 50 B0%RH
= Misc Electric Loads S0 1.00
g Misc Gas Loads | H 50 1.00
= h Misc Hot \water Loads | H S0 1.00
o i Matursl Ventilation | [E 20 Benchmark E
" ! Interior Shading | H 50 Benchmark
E ! \ialls
5 i wood Stud 12] B 53,560 R-19 Fiberglass Batt, Gr-1, 2¢6, 24 in o.c.
< : Double \Wood Stud | Hll 50 None
! cMuU = S0 None
: SIP 50 None
10 0 10 20 30 a0 50 60 70 50 IcF | 50 None
Source Energy Savings (%/yr) Other (I S0 None
‘wall Sheathing 8 o 83180 0SB R-10XPS =
E]@ Exterior Finish |[Hl 515573  Stucco, Medium/Dark
Interzonal Walls 5758  R-19 Fiberglass Batt, Gr 1, 2x6, 24in 0.c., R-BXPS
290 - Ceilings/Roofs
Unfinished Attic [ 10] B 55959 Ceiling R-60 Fiberglass, Vented
Roof Material |[lE 53,911  Asphalt Shingles, Dark
Radiant Barrier [l 50 None
= 184 - Foundatien/Floors
= PV (B Unfinished Basement 7] $1.852  Whole Wall R-10 XPS
= 150.7 Misc. (G) Interzenal Floor $145  R-38 Fiberglass Bat
= (388) Carpet 50 80% Carpet
= Lg. Appl. (G)
o 1384 Thermal Mass
3 EE Hot Water (G) Floor Mass $2583 oo Surface
§ B Hesting (G) Exterior \wiall Mass 52183  1/2in. Drywall
I . Partition \»/zll Mass 51,962  1/2in. Drywall
S o2 B Cooling (E) Ceiling Mass 52025 12 in. Drywall
o HVAC Fan/Pump (E) ‘windows & Doors
3 Lights (E) window Areas & 5 &0 15.0% F20 B40 L20 R20
- \Windows ] £7.851 Double-Pane, Medium-Gain Low-E, Non-metal Frame, Argon ~
461 . Lo el ©) - - RS
W VentFzn (E) 8127027  Total Present Value
04 W Misc. (F) Option u Ref Paint
Numbers [ | Cument Point = Higher Option Number
Reference lter 50. Pt 16 m  Available Options — Lower Option Number

X: 82,80 (38/yr), Y: 2314.05 (S/yr)



BEopt GUI
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Live Demo



Prototype Analysis




2-Story
2500 sf
Climate-specific foundations

Basements Crawlspaces Slabs




Selected cities

Marine (C) Dry (B) Moist (A)

Warm-Humid
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Mixed-Fuel Homes

Energy Felated Costs, Annualzed [$hr|

2150
2,100
2,050 -
2,000 -
1,950 1
1,500 1
1,850 1
1,800 +
1,750 1
1,700 1

Energy Rating Index

) r/




Mixed-Fuel Homes

Annualzed Utiline Bills [$her

1st Selected Option lter 11, Pt 13

Bl Energy Charge (G)
Bl Energy Charge (E)
Bl Fixed Charge (G)
Bl Fixed Charge (E)

-
S



Building #
WENE S|

Wood Stud 5 | 5|

wall Sheathing
Exterior Finish
Ceilings/Roofs B
Unfinished Attic H
Roof Material
Radiant Barrier
Foundation/Floors B
Slab H
Carpet |
Thermal Mass
Windows & Doors &
Wwindow Areas
Windows
Interior Shading H
Door Area
Doors H
Eaves H
Owerhangs
Airflow E1
Air Leakage
Mechanical Ventilation H
MNatural Ventilation
Space Conditioning Bl
Central Air Conditioner

Furnace H

Ducts
Ceiling Fan
Dehumidifier
Space Conditioning Schedules
wiater Heating &
\water Heater
Distribution
Salar Water Heating
Solar Water Heating Azimuth
Solar Water Heating Tilt
Lighting E1
Lighting H
Appliances & Fixdures

Appliances & Fixtures Schedules
Miscellaneous

Miscellaneous Schedules
Power Generation

Option u
Numbers |

Ref Point
Current Poirt
Ayvailable Options

H

£535
50
50

50
50

£0
50

-£140

[=]
]

0 -530
50
50

£902
50
£0
50

£953

R-21 Fiberglass Batt, 2x6, 24 ino.c.
0SB
Winyl, Light

Ceiling R-38 Fiberglass, Gr-1, Vented
Asphalt Shingles, Medium
None

Uninsulated
% Carpet

F18B18L18R18

Low-E, Double, Non-metal, Air, L-Gain
Summer = 0.7, Winter =0.7

40 f°2

Fiberglass

21t

None

1 ACH50
Exhaust, 2013 ASHRAE 62.2
None

SEER 18

Gas, 30% AFUE
In Finished Space
MNational Average
MNone

Gas Tankless, Condensing
Uninsulated, TrunkBranch, Copper
Naone

Back Roof

Roof Pitch

100% LED

£3,062

— Higher Option Mumber
— Lower Option Number

Total Incremental Initial Cost










@ Mixed-Fuel Solar Homes




@ All-Electric Solar Homes




All-Electric Solar Homes

2,200 |
2150
2,100 | =
2,050
2,000 - =
1,950 |
1,900 - a™
1,850 | an

1,750,
1,700 -
1,650 -
1,600 -
1,550 -
1,500 -
1,450 -
1,400 -
1,350 -
1,300 -
1,250 -
1,200 -
1,150 -

Energy Related Costs, Annualzed [$her|

Energy Rating Index




Energy Related Costs, Annualzed ($hyr|

*For discussion/demonstration only. The example from analysis are not weighted by climate or fuel like the RESNET average.

2,200
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2,100
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1.950
1.900
1.850
1.800
1.750
1.700
1.650
1.600
1.550
1.500
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1,400
1.350
1.300
1.250
1.200

Average HERS Index

1,150

Current

w/ Solar w/o Solar
= - L
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] ) -
g " gt
35 40 45 50

Energy Rating Index

70

75



In general, cost-optimal
solutions are lower than
average HERS rating

issued in 2015.

Energy Related

Energy Finting Index

More Energy

Existing
Homes

Reference

Home T |

=
50 This Home
&0
fero Energy'
Home
'@' Less Energy

£2013 RESHET

*Sample rating representation.
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