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40 Years: Energy and Quality of Life
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Sustainability is the defining challenge

ABuildings in U.S.
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I 67% of all building
floor space in 2030
has yet to be built
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Energy Consumption and Production

Commercial Site Energy
Consumption by End Use
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Presentation summary

AUncertainty Quantification
AAutotune

ATrinity Tests

AResults
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Presentation summary

AUncertainty Quantification
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From Visual Analytics and Simulations
To Actualized Energy Savings in the Marketplace

ATitan is th
fastest buildings energy
model simulator

A 500,000+ EnergyPlus
building simulations in
less than an hour

A 125.1 million U.S.
buildings could be
simulated in 2 weeks

A 8 million simulations for
DOE ref. buildings

A Publicly available
resource
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20 Inputs Sampled

Field

Class Name Short Default Min Max
Name
CLGSETP SCH SC CL6  Field6 23 16.1 29.9
Schedule: SC HT4  Field4 16 112 20.8
Compact -
HTGSETP SCH SC HT6  Field6 22 15.4 28.6
Back Space Lights Li BaSp  Watts per Zone 9 6.3 11.7
Floor Area
Core_Retail Lights Li CoRt  Watts per Zone 18.5 12.95 24.05
Floor Area
Lights Front Entry Lights Li FrEn Watts per Zone 12 8.4 15.6
Floor Area
Front Retail Lights Li FrRt Watts per Zone 18.5 12.95 24.05
Floor Area
Point Of Sale Lights Li POS Watts per Zone 18.5 12.95 24.05
Floor Area
BackSpace MiscPlug Eq BaSp  Watts per Zone 8.2 5.74 10.66
Floor Area
CoreRetail MiscPlug Eq CoRt  Watts per Zone 3.3 2.31 4.29
Electric Floor Area
Equipment FrontRetail MiscPlug Eq FrRt Watts per Zone 3.3 2.31 4.29
Floor Area
PointOfSale MiscPlug Eq POS Watts per Zone 22 154 28.6
Floor Area
Back Space Infil ZF BaSp  Flow per Ext 0.00033  0.00023  0.000429
Surface Area 1
Front Entry Infil ZF FrEn  Air Changes 1.1 0.77 1.43
per Hour
Zonelnfil: Front_Entry Infil ZF FrRtA  Constant Term 0 0 1
FlowRate Coefficient
Front Retail Infil ZF FrRtC  Flow per Ext 0.00033 0.00023 0.000429
Surface Area 1
Point Of Sale Infil ZF POS Flow per Ext 0.00033  0.00023  0.000429
Surface Area 1
SZ DSOA DS BaSp  Outdr Airflow  0.0008 0.00056 0.00104
DsgnSpec: Back_ Space per Area
OutdrAir SZ DSOA Core Retail DS CoRt  OQutdr Airflow  0.00175 0.00122  0.002275
per Area 5
Sizing: Sizing:Parameters Sz Heat Heating Sizing 1.25 0.875 1.625
Parameters Factor
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Effect

Sensitivity  analysis

A20 factors, all 2-way interactions discoverable
with1024 simulations (778 degrees of freedom left for the error term)

(Intercept) = . . .« e Month
SC CL6 29.9 - Jan
SC _CL6 23 - Feb
SC _CL6_29.9:Sz Heat 1.625 - . Mar
Sz_Heat_1.625 4 socene - Apr
SC_CL6_23:Sz_Heat_1.625 - - May
Li_CoRt_24.05 - . Jun

SC_CL6_29.9:Li_CoRt_24.05 - .l

SC_CL6_23:Li_CoRt_24.05

+ Aug
DS_CoRt_0.002275 — ) Sep
SC_HT6_28.6:5z_Heat_1.625 - oct

C

SC_CL6_29.9:DS_CoRt_0.002275 - swscoe N
ov
SC_HT6_28.6 -
Dec
SC_CL6_23:DS_CoRt_0.002275 - oo
| | | |
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Sesntivity  analysis

Alndividual effects on any output

Electric Gas
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156 inputs effect on 96 outputs
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Determine inputs to calibrate

. Large
Restaurant Hospital Large Hotel Office
#lnputs 49 227 110 85
#Groups 49 146 71 45
Secondary Small Sl
School Small Hotel Office alon_e
Retail
#lnputs 231 282 72 59
#Groups 128 136 61 56
A B C D
1 Class Object Field Default
2 Lights Bakery Lights Watts per Zone 18.29
3 |Lights Deli_Lights Watts per Zone 18.29
4 |ElectricEquipment Bakery MiscPlug_Ec Design Level 11244
5 ElectricEquipment Deli_MiscPlug_Equi| Design Level 12105
6 GasEquipment Bakery MiscGas_Eq Design Level 5622
7 GasEquipment Deli_MiscGas _Equip Design Level 6053
8 Exterior:Lights Exterior Facade Ligh Design Level 13577
5 Zonelnfiltration:Desig Bakery_Infiltration Flow per Exteri 0.000302
10 Zonelnfiltration:Desig Deli_Infiltration Flow per Exteri 0.000302
11 |Schedule:Compact CLGSETP_SCH Field4 30
12 Schedule:Compact  CLGSETP_SCH Field 7 30
13 |Schedule:Compact CLGSETP_SCH Field 9 24
14 Schedule:Compact  CLGSETP_SCH Field 11 30
15 |Schedule:Compact HTGSETP_SCH Field4 15.6
16 Schedule:Compact  HTGSETP_SCH Field 7 15.6
17 |Schedule:Compact HTGSETP_SCH Field 9 21
18 Schedule:Compact  HTGSETP_SCH Field 11 15.6

Medium Midrise Primary Quick
Office  Apartment School Service
81 155 166 54
38 82 113 54
Strip Mall Stz Warehouse TOTAL
Market
113 78 47 1809
89 73 45 1143
E F G H I 1
Minimum Maximum Distribution Type Group Constraint
12.803 23.777 uniform float
12.803 23.777 uniform float
7870.8  14617.2 uniform float
8473.5 15736.5 uniform float
3935.4 7308.6 uniform float
4237.1 7868.9 uniform float
9503.9 17650.1 uniform float
0.000211 0.000393 uniform float GOOO1
0.000211 0.000393 uniform float GOOO1
21 39 uniform float CAl
21 39 uniform float CA2 HA2-CA2<-1
16.8 31.2 uniform float CA3 HA3-CA3=<-1
21 39 uniform float CA4 HAL-CA4=<-1
10.92 20.28 uniform float HAL
10.92 20.28 uniform float HAZ2
14.7 27.3 uniform float HA3
10.92 20.28 uniform float HA4



MLSuite example

AEnergyPlus i 2-10 mins for an annual simulation

I'- ALL OBJECTSIN CLASS

No, !-Do System Sizing

Erng irar v Erng g i Ervni noarirms §

A~E+ - 4 seconds Al agent as surrogate model,
90x speedup, small error, brittle

Order 1 with 15 Hidden Unit FFNN
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