2013 Title 24
Nonresidential ACM Reference Manual

Notes to Reviewers:

This draft of the Nonresidential ACM starts with the July PAC workshop. Tracked changes are relative to
earlier versions of the 2013 ACM, which include both COMNET and 2008 NACM rules.

Grey Shaded This is material from the California NACM that has not yet been integrated into the
document.
NOTES RED NOTES ARE USED TO IDENTIFY MATERIAL OR MARK PLACES WHERE MATERIAL HAS

BEEN MOVED TO AN APPENDIX BUT NOT SIGNIFICANTLY CHANGED.

WISGERtEINIGRIGRE Text indicates documentation requirement, to be moved to separate section per CEC
requirements.

Questions? Comments? Contact John Arent at jarent@archenergy.com.




Table of Contents

1.

3.

Overview 1-1

1.1  Purpose 1-1

1.2 Modeling Assumptions 1-1

1.3  Scope 1-1

1.4  Organization 1-1

1.5 California ACM 1-2

1.6  Compliance 1-3
1.6.1  Type of ProjeCt SUBMITIAL.........ccooiiiiiiiie e e e e e e e e e e e e 1-3
1.6.2 Scope of ComplianCe CalCUIAtIONS ........iiiiiii e aeaaaas 1-3
1.6.3 ClIMALE ZONES ... ittt e e ettt ettt e e e e e e e ee et et e be bbb b e e e e e e e e eaeeeesnbbnbaa e e e s 1-5
1.6.4  Time Dependent ValUBLION .........cooviiiiiiiiiiiei e e et s s e e e e e e e e e e et e s s e s e e e aeeeeaaentennn e eeens 1-5

1.7  Approval Process 1-5
IO 0 RO 1Y o] o] o= 11T ] I @ 1 =T o] ] 1-5
A Y o L= T o | Y o] o (0 Y | P 1-6
1.7.3 (O T 11T oo TS 1-7
1.7.4  Decertification of Compliance Software Programs ..........cceeeieeeeiieieieeiiiiiiin s seeeeee e 1-7

1.8 Vendor Requirements 1-9
1.8.1  Availability t0 COMMUSSION. .. .ciiuuitiiiiiiiiie et e e e e e e e e aaa e e e e aat e e e e eaae e e eeeannns 1-9
1.8.2 S al {0 (ol=Ta = a1 [=T o [o VST U o] o Lo o A 1-9
1.8.3 L0 L] G0 o] o Lo AP RP 1-9
1.84 Compliance Software Vendor DeMONSIIAtION .........c.uuuuuuuiiaiieeeeie et 1-9
General Modeling Procedures 2-1

2.1  General Requirements for Data from the User 2-1
211 (CT=T LT = TSP RTTTTTRT R 2-1
2.1.2 01 o T I =) Y7=1 o] o TSI B LYol ] ) Ao ] o 1 2-1
2.1.3 SPACe USe ClasSIfICALION ......cccuuiiiiiiiiii e e e e e e e e e e e e e e aanas 2-1
2.1.4  Treatment of Descriptors Not Fully Addressed By This Document ...........ccoeeevvvviiiieeeeiiiineeeennnnnn, 2-1

2.2  Thermal Zones, HVAC Zones and Space Functions 2-2
221 DEFINMILIONS ...ttt et e e ettt et e e e e e e e e e e e 2-2

2.3  Software Modeling Requirements for Zones 2-3
2.3.1 Required Zone Modeling Capabiliti©S ..........ciiiiii e 2-3
2.3.2 Modeling Requirements for Unconditioned SPaces ...........coviviiiiiiiiiiiiiiiieeiiie e e 2-4
2.3.3 Space Use Classification CONSIAEratioNsS .........cc.uuuiiieiiiiiieeiiiies e e e e e e e aans 2-4

2.4 Unmet Load Hours 2-4

2.5 Calculation Procedures 2-6

2.6 HVAC Capacity Requirements and Sizing 2-8
2.6.1 Specifying HVAC Capacities for the Proposed DeSIgN.........c..uoviiiiiiiiiiiiiiiin et eaians 2-8
2.6.2 Sizing Equipment in the Standard DeSIgN.........c..uuiiiiiiiiiiieee e 2-8

2.7  Ventilation Requirements 2-9
Software Requirements 3-1

3.1  General Requirements 3-1
3.1.1 Yoo ] o1 TR 3-1
3.1.2  Calculation METNOOS ........uiiiiiiiiiii ittt et e e e e e e e e e e e e n e 3-1
3.1.3 ClIMALE DALA.......eieieeeiiitite ettt e e e e ettt et et e o e e e e e e e eeeeebebaba e e e e e e e e eeaeesanabenna e e e s 3-2
3.1.5 Time Dependent Valued (TDV) ENEIQY .....iiiiiiuitiieiiiiiiiee et e e eeeee e e e e tas s e e aaan e e e eannneseenannnnnaaes 3-2
316 TREIMAI IMBSS ...ttt bbbttt ettt e e e e e e e e e e e e e e 3-2
3.1.7 Modeling SPace TEMPEIALUIE .........iiieiiiieieee e ee e e e et e e e e et e e e et r e e aata e e e eaann e e eaeestnaaaeeanen 3-2
3.1.8 Heat Transfer between Thermal ZONES..........ouviiiiiiiiii i 3-3
3.1.9 Control and Operating SChEAUIES .........oiiiiiiii e e 3-3
3.1.10  LOAdS CalCUIALION ...ttt ettt ettt e e e e e e e e e e e ee e bt bbb e e e e e e e e aeeeeeseebnanns 3-3
00 A 3 =3 = 0 SRS 0 0 11 = 4o o P 3-4
00 I 2 |V = g =T 11 o LU £ =T Vg o | P 3-6




4.

5.

3.2

Special Documentation and Reporting Requirements
3.21 Building ENVEIOPE .....ovviiiii e
3.2.2 Interior Lighting ......coovviiiiii e
3.2.3 EXterior LiIghting.........uoiiiiiiiii e
3.24 INfiltration Data ..........cooeuviuiiiiiee e
3.25 HVAC Exceptional Conditions.............ccuviieeiiieiieeieneeeiiiiinn,

3.3 ASHRAE Standard 140-2007 Tests
3.4 Reference Method Tests

34.1 Compliance Margin TESES ......c.uuviviiiiiiiieiieiiie e e
3.4.2 Ruleset Implementation TeStS.........ccccvvviviiiiiiiiiiiiiiiee e,
3.5 California Calculation Procedures

Content and Format of Standard Reports

4.1 Overview
41.1 (O] o111 o |
4.1.2 FOrMat. ... e
4.2 Electronic Format: XML
4.3 Hard Copy Format: PDF

Building Descriptors Reference

5.1 Overview

General INfOrmation ........civiiiiie e

5.1.1 Definition of Building DesCriptors............cveeiiieeeeeveveeeiieininnnnn.
5.1.2 HVAC SYStEM Map ....cceveiiiiee e e
5.1.3  Organization of Information.............cccceevviiiiiiiiiiin e
5.2  Project Data
5.2.1 General INformation ...
5.2.2 Building Model Classification.................cceeeeiiiiieieeierieeiiiin,
5.2.3 Geographic and Climate Data .........cccccooeevvviiiieiieiiiiiceciiiie e
5.2.4  Site CharaCteriStiCS .......cccoiiiiiiiiiiiiiii e
5.25 CalENAAr ... .o
5.3  Thermal Zones
5.3.1  General Information ...........ccccuuviiiiiiiiiiiiiee e
5.3.2 Interior Lighting ........ovvveiieiiie e
5.3.3 Receptacle LOads ........coccevuiiiiiiiiiiieeceieeeee e
5.3.4  OCCUPANES ...uuiiiiiiiee ettt ettt e e
5.35 INFIREFALION ... e
5.3.6 Natural Ventilation ............ccociiiiiiiiiiiee s
5.3.7  Thermal MassS.......ccoooiiiiiiiiiiiii e
5.4  Space Uses
Lo PO PE SR UUUR PR
5.4.2 OCCUPANTES ...ttt eeaas
5.4.3 Interior Lighting .......covvvveiiiie e
5.4.4  Daylighting Control............couuuiiiiiiniiieeeee e e e ee e
545 Receptacle LOAadS ........cooceviiiiiiiiiii e

5.4.6 Commercial Refrigeration Equipment
5.4.7 Elevators, Escalators and Moving Walkways

5.4.8 PrOCESS, GaAS ...iiiiiiiiii e
5.5  Building Envelope Data
5.5.1 Y = L = |
5.5.2 Construction ASSEMDBIIES........cccvviiiiiiiiiic e,
5.5.3 RO S i
554 EXTErior WallS .....cooviieiiiiiee e
5.5.5 =L (o] [0 T0 )
5.5.6 D0 T0] £
5.5.7 FENESIIAtiON.....ieiiiii e

5.5.8 Below Grade WallS ........coooveiiiiiiiieieceee e




55.9 Slab Floors in Contact With GrOUNG ...........ouuiiiii e e s 5-62

5.5.10 Heat Transfer between Thermal ZONES...........uueu i eeeeeeaaes 5-64
5.6 HVAC Zone Level Systems 5-65
5.6.1 Space Temperature CONLIOl........ciiiiiuii e e e e e a e e e aa e e aeeen s 5-65
5.6.2  Terminal DEVICE DALA ........c.uuuuuuiiiiii ettt e e e e e e et et ae bbb e e e e e aaaeeeenennns 5-66
5.6.3  TermiNal HEAtING .....coeeeeiieie et e e e e e e et ettt e e e e e e e eeeeeeaetetana e e s eeeeeeeeenennes 5-67
5.6.4  BaSEDoard HEAL.........ccooiiiiiiee e 5-69
5.6.5 Z0ONE LEVEI AIN FIOW ...ttt e et et e e e ta bbb e e e e e e e 5-69
5.7 HVAC Secondary Systems 5-76
5.7.1 BasiC SYsStem INfOrMALION .......coouuuiiiiii e e e e e e e et e e aea e eeaens 5-80
B.7.2  SYSEM CONIIOIS ..uuiiieieeiie e e ettt e e s e e s e e et et e e ate s aneeeeeaeeeeeantetsnn i aaeeaeeeeeeenesnns 5-82
5.7.3 = g IS A1 (=] 0 £ 1S ST PTTUOPPPRRTPPPIN 5-88
5.7.4  Outdoor Air Controls and ECONOMIZENS .........uuuuuuiiiiiiiiieieiiiii et eaaaeeeeeens 5-101
5.75 (70T ] 100 IS} V] (] 10 1S PRSP 5-104
5.7.6 [ 1= = A 0 TR AS] (T o PR 5-128
5.7.7 Humidity Controls and DEVICES .......ccciiuiiiiiiiiii ettt e e e e e e e e e e ara s 5-138
5.8 HVAC Primary Systems 5-142
5.8.1 BOIIBIS ..ttt ettt e et e e e e e e e e e e e 5-142
LS 7 O o111 1= £ PP P URUPURP RPN 5-146
LTS TR T o o] o T 10 111/= T S RPEPPRPPRN: 5-156
5.8.4  Water-Side ECONOMIZEIS .......uuuiiiiiiiiiiii ittt e e e e e e e e s e 5-162
5.85 [ U100 o T TP PPPPPTR 5-164
LS TG T I 4 =Y 0 = VIS (o= Vo = RPN 5-168
5.8.7 Heat RECOVEIY EQUIPMENT ......iiiiiiie ettt e et e e e e e e et e e e e e e e e e et s e e e e aran s 5-172
5.8.8 [ P Y= T T= (o =T 1 4 1= o | PP 5-172
5.9  Miscellaneous Energy Uses 5-174
LT TS R VT o (= gl o == 1 Vo PR 5-174
5.9.2 Q=] T o] ] o U 5-183
5.9.3 SWIMMING POOIS ... et e e e e et e e e e e et e e e e e tae e e eastaaaaaaes 5-184
5.9.4  Other EIECHICIY USE ..uuuiiiiiiiiii it e e e e e e e e e e e e e et e e e e e aaaan s 5-184
5.0.5  OFNEr GAS USB.. ittt ettt ettt et e e e e e e e e e e e e 5-184
5.10 On-Site Power Generation 5-185
5.11 Common Data Structures 5-185
5111 SCREAUIE ...ttt bbbttt e e e e e e e e e e e e e e 5-185
Lo A o o] o £ TS PPPURUPURPRR RN 5-186
L0 I G T S 10 [ = (ot 1= To 0 0= 1 YR 5-186
LN A @ o 1= T o 1 g To TN 1Yo o 0 =3 SRR 5-186
LTS ST @ o =1 o 11 [0 ] = To [ SR 5-186
5.11.6  CONStruCtioN ASSEMDIY ....eeveiiiiiiii e e e e e e e e e e et e e e e aeaeeaaea 5-186
5.11.7  Fenestration CONSIIUCTION .......tuut ettt ettt e e e e e e e e e eeeae bbb s e e e eaaaeaeenees 5-186
LR S B |V = = g - | PR TSPUUPRPPPPPRIN 5-186
5.11.9  SIAD CONSLIUCTION ...ttt ettt et e et et e e e e aeaeesaesaa e s aennanee 5-187
5.11.10  EXIErior SUMaCE PrOPeItiES. ... i it e e eie ettt e e e e e e e e e e e et s e e e e eaeereanees 5-187
511,11 OCCUPANT HEAE RALE ... .ciiiiiii ettt e e et s e e e eaeeraan s 5-187
5.11.12  FUMNItUIre @Nd CONMENES .....uuuiiiiiiiiieiiiiee et e e e e e e et e e et e e e e e e e e e e e s e e s aas s annnenaes 5-187
5.11.13  Reference POSItION iN @ SPACE.....cccciiuiii i e e e e e e e s 5-187
5.11.14  TWO DIMENSIONAI CUINVE......uuiiiiiiiiiieiiie ittt e e e e e e e e e s e e e e e 5-187
5.11.15  Three DIMENSIONAI CUIVE ......uuuiiiiiiiiiieiitee ettt e e e e e e e e e s e e s e e enanees 5-187
5.11.16  Temperature ReSet SChEAUIE .........coovuiiiiii e 5-188

Table of Figures and Tables

Figure 1 — Hierarchy of Space Functions, HVAC Zones and Thermal Zones ...........ccccoovvviviiiiiiiiiiiin e 2-3




Figure 2 — Calculation Process for Title 24 Compliance and ReacCh .............ooovvuiiiiiiiii i 2-7

Figure 3 — INFOrMAatioN FIOW ........iiiiiiiii et e e e e e e e e e e e e eet e e e e aata e e e eeabt e e aeesnenaaes 5-1
Figure 4 — Example Stepped Daylight CONtIOl..........cooiiiiiiii e e e e s 5-30
Figure 5 — Example DIimming Daylight CONIOl ...........ccuuiiiiiiiiiii e e e s 5-31
Figure 6 — Dual Maximum CONtrol SEQUENCE .........iiiiiiiiei ettt e e e e et e e e ee e e e e eaan s 5-70
Figure 7 — SAT Cooling Setpoint Reset based on Outdoor Air Temperature (OAT)..c.ccovveeveiviviieiiiiiieeeee e 5-85
Figure 8 — Example of SAT heating setpoint reset based on outdoor air temperature (OAT). ......cceeevevieeennnn. 5-87
Table 1: COMPLIANCE OPLIONS ......ui ittt et e et e e e e et e e ettt e et et e aesas e e e easan s eeaesbtnaaeeantaaaes 1-4
Table 2 — INput TYPES aNd RESIIHCHIONS ......cvueiiiiiiii e e e e e aa e e e e et e e e e e et e e aeeaaaaaes 3-6
Table 3-ClIMate ZONES TESLEA .......ooeiiiiiit ettt e e e e e et e et e abe bbb e e e e e e e aeeaeeeeeebbeaananns 3-13
Table 4 — Baseling RUNS fOF TESE CASES .....uuuuuiiiiiiiiiiiiieiie e et ettt ettt et e e e e e e e e e e e aa e s ae s sinaeranes 3-24
Table 5 — HVAC SYSEEM MAP ...ciieieiieiiiiiiis st e e ettt s es e e e e e e et et e et e s et e e e eeeeeaeestasaaaeaeeeeeeeeeeesentnennnaenns 5-2
Table 6 — HVAC SyStemM DESCIIPLONS .. .ciiuiiieeiiiiii et e et e e e e et e e e e et e e e e et s e e aeata s e eee st eeaeesnanaerees 5-2
Table 7- Lighting SPECITICALION ......ciieeii i et e e e et e e et e e e e e e e e e e aaa e e e eeaeann s 5-20
Table 8 — Light Heat Gain Parameters for Typical Operating Conditions..............oovvvviiiiiiiniieeeeeee e, 5-24
Table 9 — USDOE Requirements for Refrigerated Casework (KWh/d)............ccooiiiiiiiiiiiiiii e, 5-34
Table 10 — Default Power for Walk-In Refrigerators and Freezers (W/ft2)........coovvvveveiiiiiiiin e 5-35
Table 11 — Unit Energy Consumption Data for Elevators, Escalators and Moving Walkways ....................... 5-39
Table 12 — Standard Design Building Below-Grade Wall Construction AssemblieS..........ccccceeeeveviiieeieennnnnn. 5-62
Table 14 — Baseline Building Terminal HEat TYPE ......uuueuiiiie it e e e et s s e e e e e e e e e eeeaeenennnn s 5-68
Table 16 — System #3 and SysStem #4 DESCHPHONS ......uuuuiii i e e s e e e eeeeeeaeaaennnns 5-77
Table 17 — SYStem #5 DESCIPLION. .. .eeeteitiiie e et e ettt ettt ee e e e et et et e e et s e s e e e e e eeeeeeaaesrannaaaeeaeaeeaeerenesnnnnnnnns 5-78
Table 18 — SYStemM #6 DESCIIPLION. .. ..euueetiiie s e e e e et et ee et e e e et e e e e e e et e s e e e e e eeeeeeaaesrannaaaeeaeeeeaeerenesnennnnnes 5-78
Table 19 — SyStem #7,8 DESCIIPLION. ... ..ttt e e e e et e e e e ata e e e eeaa e e e eeaan e eeaeernn s 5-79
Table 20 — SyStEM #9O DESCIIPLION. .....uui ittt e e e e e e e e e e et a e e aesaa e e e eaaa e eeeetan e eeaeernn s 5-79
Table 21 — SyStem #10 DESCHPLION. .. ...uuutu et et e ee ittt ee e e e e e e e e e e aee e a e s e e e aeeeeereaaesrannaaseeaeaeeererenesnnnnnnnes 5-79
Table 22 — SyStemM #11 DESCIIPIION . ......iiiiiti ittt e e e e e e e e e ettt raeaeata e e e eeaa e e e eeaan e aeeeesnn s 5-80
Table 23 — Baseline BUilding SYSTEM TYPE ...oieiiiiiiieiieie ittt s e s e e e e e e e e e e an e e e e e e e eeeeeenesnnnnnnn s 5-81
Table 24 — Building Descriptor Applicability for Fan SYSIEMS......ccccuuiiiiiiiiiii e 5-88
Table 25 — Baseline Building Fan Control Method ...........cooiiviiiiiiiii e e 5-90
Table 26 — Minimum Nominal Efficiency for EIeCtric MOtOrS (%0) ...evvveurereiiiiiiie et e e e e 5-92
Table 27 — Fan Curve Default ValUES.............ueeiiiiiiiiiiiie ettt et e e e 5-93
Table 28 — Cooling Source for Baseline Building SYStEM .........cccoviiiiiiiiiiiiiiie e e e e 5-104
Table 29 —Cooling Capacity Curve COEffiCIENTS..........uuueiiiii e e e e e e 5-107
Table 30 — Default Coil BYPASS FACLOIS .....cuuuiiiiiiiiieei et s e e e e e e e e et e e e e taa e e e e aaaaaeeeeanen 5-107
Table 31 — Coil Bypass Factor Airflow Adjustment FacCtOr..........coooviiiiiiiiiiiiie e 5-109
Table 32 — Coil Bypass Factor Temperature Adjustment FACIOr ..........uuuiiiiiiieiciiieeeie e e e 5-109
Table 33 — Coil Bypass Factor Part Load AdjuStMENt FACLOr ..........c.uuiiiiiiiiiiieieiiii e eee e e e e eaee 5-109
Table 34 — Cooling System Coefficients for EIR-FT .........coiiiiiiiiiiiieeiis e e e e e e ee e 5-111
Table 35 — Cooling System Coefficients for EIR-FPLR ........cccoiiiiiiiii e 5-114
Table 36 — Cooling System Coefficients for Part-Load Factor (PLF) Correlation (EnergyPIus) ................... 5-114
Table 37 — DUCE LEAKAGE FACLOIS ......vuuuieiiiei e e e e e iee ettt e e e s e e e e et e e e aee et s et e e e e e eeeaeesaastsnnaneeaseeeaeeeeenesnennnnn 5-118
Table 38 — Baseline Building CONAENSET TYPE ....coivvieiiieiiiie i e e ettt s e s e e e e e e e e eee et an e e e s eeeaeeeeeaessennnnn 5-121
Table 39 — Part Load Curve Coefficients — Evaporative Cooler Effectiveness............cccceeeviiiiiieiiiiiiiiiinnnnnn, 5-123
Table 40 — Heating Source for Baseling BUIlAING..........uuuiiiiiiee e e e e e e e s e e e eeeeeeaeenennens 5-128
Table 41 — Furnace Efficiency Curve COeffiCIENTS ..........uiiiiiiii i e 5-131
Table 42 — Heat Pump Capacity Adjustment Curves (CAP-FT) ...oouvuueiiiiiiieii e e eeeee et an e e e e e e aeeeeeneeeennens 5-133
Table 43 — Heat Pump Heating Efficiency AdJustment CUIVES ...........ovuieiiiiiiieeeeeceieeii s eevee e 5-135
Table 44 — Liquid Desiccant Unit PerformanCe CUINVES .........ccuuuiiiiiiiiiieieiiiiie e ee et eeeeei e e ee e e e e aaanaeeaaeneen 5-141
Table 45 — Default Minimum Unloading RatiOS ...........uuuuiiiiiiie e e e e s e e e aeeeeeaeeeennens 5-145
Table 46 — Type and NUMDBEr Of CRIllErS ........ i e eaeen 5-147
Table 47 — Default Minimum Unloading RaAtIOS .........iiiiiuiiieiei e e e e e e e e e e e e eaeen 5-148
Table 48 — Default Capacity Coefficients — Electric Air-Cooled Chillers.............ccovvvvviiiiiii e, 5-150
Table 49 — Default Capacity Coefficients — Electric Water-Cooled Chillers..............couucieieiiiiiieeeieveeiiiiinnen, 5-150
Table 50 — Default Capacity Coefficients — Fuel- & Steam-Source Water-Cooled Chillers.............c.c.ccceee. 5-150

Table 51 — Default Efficiency EIR-FT Coefficients — Air-Cooled Chillers ..........ccccoovveiviiiiiiiiiiieeeeiicie e 5-152




Table 52 — Default Efficiency EIR-FT Coefficients — Water-Cooled Chillers ..............ccveiiiiiiiiieiiiieiiiiinn, 5-152

Table 53 — Default Efficiency EIR-FPLR Coefficients — Air-Cooled Chillers..........c.ccoovviiiiiiiiiiiiiiiiiiie e, 5-152
Table 54 — Default Efficiency EIR-FPLR Coefficients — Water-Cooled Chillers..........cccccoovvviiiiiiiiiiiiiineeeennn, 5-152
Table 55 — Default FIR-FPLR coefficients — Fuel- & Steam-Source Water-Cooled Absorption Chillers....... 5-154
Table 56 — Default FIR-FPLR coefficients — Engine Driven Chillers ...........coooeiiiiiiiiiiiiiiieciieeeevse e 5-154
Table 57 — Default FIR-FT coefficients — Fuel- & Steam-Source Water-Cooled Absorption Chillers ........... 5-154
Table 58 — Default FIR-FT coefficients — Engine Driven Chillers............ccoeiiiiiiiiiiiiieiie e 5-154
Table 59 — Default Capacity Coefficients — COOlING TOWEIS........coiiiiiiiiiiiiiiie e eeaeen 5-159
Table 60 — Default Efficiency TWR-FAN-FPLR Coefficients — VSD on Cooling Tower Fan ........................ 5-161

Table 61 — Default Part-Load CIRC-PUMP-FPLR Coefficients — VSD on Circulation PUmp ...........cc.ccceeee. 5-168
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1.Overview

1.1 Purpose

This document is the California Nonresidential ACM Reference Manual. It explains the requirements for
approval of nonresidential compliance and Compliance Software in California. Approved software is used
for two purposes: to demonstrate minimum Compliance with the California energy efficiency standards
and to achieve beyond-code energy performance needed to qualify for Reach standards. The procedures
and processes described in this manual are designed to provide consistency and accuracy while
preserving the integrity of the process of Compliance and Reach. This manual addresses software for
nonresidential buildings, hotels & motels, and high-rise residential buildings as outlined in Title 24, Part 6,
Subchapter 5, 8§ 140.1. A separate ACM Reference Manual applies to low-rise residential buildings. The
approval process for nonresidential software programs is specified in Title 24, Part 1, § 10-101 through 8
10-110 of the California Code of Regulations.

1.2 Modeling Assumptions

When calculating annual energy use, it is necessary to make assumptions about how the proposed
building is operated. Operating assumptions include thermostat settings, number of occupants, receptacle
loads, process loads, hot water loads as well as schedules of operation for HYAC systems, lighting
systems and other systems. Sometimes these data are known with some certainty and other times (for
instance for speculative buildings), it is necessary to make estimates. Some of these inputs are
prescribed (they are fixed for both the proposed design and for the baseline building and can't be
changed), while others are defaults for California Compliance and for California Reach.

1.3 Scope

This manual is intended to be used for nonresidential buildings that are seeking a building permit for new
construction or are seeking recognition under California’s Reach program.

The long-term goal of this manual is to define modeling rules and procedures for all conceivable design
features that may be incorporated in buildings. The authors recognize, however, that this goal cannot be
fully achieved due to limitations in the development energy simulation algorithms, and due to the natural
lag time between the introduction of an advanced energy efficiency measure or device and the
development of algorithms to simulate its performance.

The goal of the manual is to provide methods that are as consistent and accurate as possible. This goal
can best be achieved if the manual is a ‘living document,’” changing and growing as increasing amounts of
information and better modeling methods become available.

1.4 Organization

This document is organized in five chapters and several appendices, as described below:

Chapter Description
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1. Overview The purpose, organization, content, and intent of the
manual (this chapter).

2. General Modeling Procedures An overview of the modeling process, outlining the
modeling rules and assumptions that are
implemented in the same way for both the standard
design and the proposed design, and procedures for
determining system types and equipment sizes.

3. Software Requirements Requirements for the simulation engines and
software shells that are used to make calculations,
and special reporting requirements for non-standard
building features.

4. Content and Format of Standard Reports The content and organization of the standard reports
that need to be produced by qualifying software.

5. Building Descriptors Reference The acceptable range of inputs for the proposed
design and a specification for the standard design.

In addition, a number of appendices are provided that contain reference material that support definition of
the standard design. The numbering for these appendices generally aligns with the section numbers in
the main manual that reference the appendices.

1.5 California ACM

The reference procedures and method described in this manual establish the basis of comparison for all
software. The approval process ensures that a minimum level of energy efficiency is achieved regardless
of the software used. This is accomplished

e by having candidate software pass a series of Reference Method comparison tests,

e by specifying input which may be varied in the compliance process for credit and which inputs are
fixed or restricted,

¢ by defining standard reports output requirements, and
¢ by software vendor-certification to the requirements in this manual.

The Nonresidential ACM Reference Manual is an approved document, separate from the formally
adopted ACM regulations. This gives the Commission the flexibility to incorporate new modeling
procedures or features, or fix any errata, within the code cycle. The document is said to be in continuous
maintenance. Software may be certified with the capability of modeling specific building systems or
features.

The Commission's purpose in approving additional capabilities is to accommodate new technologies
which have only begun to penetrate the market and new modeling algorithms. Newly added capabilities
which evaluate measures already in relatively common use shall have their standard design for the
measure based on the common construction practice (or the typical base situation) for that measure since
common practice is the inherent basis of the standards for all measures not explicitly regulated. For
example, the Commission has no interest in an optional capability that evaluates the energy impacts of
dirt on windows unless a new technology produces substantial changes in this aspect of a building
relative to buildings without this technology. The burden of proof that an additional capability should be
approved lies with the applicant.

Companion documents which are helpful to prepare software for certification include the latest editions of
the following Commission publications:
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e Energy Efficiency Standards

o Appliance Efficiency Regulations

¢ Nonresidential Compliance Manual

¢ Nonresidential Alternative Calculation Method (ACM) Manual
o Reference Nonresidential Appendices

o Reference Joint Appendices

In this manual the term "Standards” means the Building Energy Efficiency Standards, Title 24, Part 6 of
the California Code of Regulations. The term "compliance” means that a building design in an application
for a building permit complies with the "Standards" and meets the requirements described for building
designs therein.

There are a few special terms that are used in this Manual. The Commission approves the use of
software for compliance. Commission approval means that the Commission accepts the applicant's
certification that software meets the requirements of this Manual. The proponent of candidate software is
referred to as a vendor. The vendor shall follow the procedure described in this document to publicly
certify to the Commission that the software meets the criteria in this document for:

e Accuracy and reliability when compared to the Reference Method; and

e Suitability in terms of the accurate calculation of the correct energy budget, the printing of
standardized forms, and the documentation on how the program demonstrates compliance.

In addition to explicit and technical criteria, Commission approval will also depend upon the Commission's
evaluation of:

e Enforceability in terms of reasonably simple, reliable, and rapid methods of verifying compliance and
application of energy efficiency features modeled by the software and the inputs used to characterize
those features by the software users.

o Dependability of the installation and energy savings of features modeled by the software. The
Commission will evaluate the probability of the measure actually being installed and remaining
functional. The Commission shall also determine that the energy impacts of the features that the
software is capable of modeling will be reasonably accurately reflected in real building applications of
those features. In particular, it is important that the software does not encourage the replacement of
actual energy savings with theoretical energy savings due to tradeoffs allowed by the software.

For the vendor, the process of receiving approval of software includes preparing an application, working
with the Commission staff to answer questions from either Commission staff or the public, and providing
any necessary additional information regarding the application. The application includes the four basic
elements outlined below. The Commission staff evaluates the software based on the completeness of
the application and its overall responsiveness to staff and public comment.

The four basic requirements for approval include:
1. Required capabilities:
Software shall have all the required input capabilities explained in Chapter 2.

Software may be meet software requirements and documentation requirements described in Chapter
3.

2. Accuracy of simulation:

The software shall demonstrate acceptable levels of accuracy by performing and passing the required
certification tests discussed in Chapter 6.

The software vendor performs the certification tests in Chapter 6. The vendor conducts the specified
tests, evaluates the results and certifies in writing that the software passes the tests. The
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Commission will perform spot checks and may require additional tests to verify that the proposed
software is appropriate for compliance purposes.

When energy analysis techniques are compared, two potential sources of discrepancies are the
differences in user interpretation when entering the building specifications, and the differences in the
software's algorithms (mathematical models) for estimating energy use. The approval tests minimize
differences in interpretation by providing explicit detailed descriptions of the test buildings that must
be analyzed. For differences in the software's algorithms, the Commission allows algorithms that
yield equivalent results.

3.. Program support:

The vendor shall provide ongoing user and enforcement agency support as described in the
Nonresidential ACM Approval Manual.

The Commission may hold one or more workshops with public review and vendor participation to allow for
public review of the vendor's application. Such workshops may identify problems or discrepancies that
may necessitate revisions to the application.

Commission approval of software programs is intended to provide flexibility in complying with the
Standards. However, in achieving this flexibility, the software shall not degrade the standards or evade
the intent of the Standards to achieve a particular level of energy efficiency. The vendor has the burden
of proof to demonstrate the accuracy and reliability of the software relative to the reference method and to
demonstrate the conformance of the software to the requirements of this manual.

1.6 Compliance

1.6.1 Type of Project Submittal

Software shall require the user to identify the type of project; either Compliance or Reach. The software
shall require the user to choose one of the following options:

¢ New Building or Addition Alone. Software may do this by treating an addition alone as a new building,
but an addition modeled in this way shall be reported on all output forms as an Addition (modeled
alone).

e Addition Plus Alteration of Existing Building. (if software is approved for this optional capability)

e Alteration of Existing Building (if software is approved for this optional capability)

1.6.2 Scope of Compliance Calculations

For each building or separately permitted space, software shall also require the user to identify the scope
of the compliance submittal from the following list:

¢ Envelope only

e Mechanical only

e Envelope and Lighting

¢ Envelope and Mechanical

e Lighting and Mechanical

e Envelope, Lighting and Mechanical

Each of these situations requires specific assumptions, input procedures and reporting requirements.
Modeling assumptions are documented in Chapter 5. Reporting requirements are documented in Chapter
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4. Software shall only produce compliance reports specific to the scope of the submittal determined for
the run. For example, an Envelope Only scope run is only allowed to produce ENV forms and PERF
forms that are designated Envelope Only.

The information about installed service water heating system(s) is included in the mechanical compliance
submittal forms. Software shall calculate the energy use for both the proposed system(s) and the
reference system(s) [TDV energy budget] and provide the results on the PERF forms. The energy budget
is calculated in accordance with Section 5.9 (Service Water Heating--Required capabilities) of this
manual. If the energy used by the proposed water heating system(s) is less than the energy budget, the
credit may be traded off for other building features. Alternatively, for high-rise residential buildings, users
may show service water heating compliance by meeting the prescriptive requirements of § 150.1(f)(8).
When the compliance for the service water heating is shown prescriptively, tradeoff between the service
water heating and other building components is not allowed.

When a building has a mixed scope of compliance, such as a speculative building where all the envelope
is being permitted but the core includes lighting as well as portions of the envelope, two (or more)
compliance runs shall be performed and forms from different runs shall be submitted for the appropriate
spaces. The scope of submittal for the building core compliance run will be Envelope & Lighting and the
scope of submittal for the compliance run for the remainder of the building will be Envelope Only.

The following modeling rules apply for when the scope of the compliance calculations do not include one
of the following: the building envelope, the lighting system or the mechanical system.

Table 1: Compliance Options

Cases Modeling Rules for Proposed Design Modeling Rules for Standard Design
(All):

No Envelope The envelope shall be modeled The envelope shall be identical to the

Compliance according to the as-built drawings and proposed design.

specifications of the building or as it
occurs in the previously-approved
Lighting and compliance documentation of the
Mechanical building. All envelope features and
inputs required for software by this
manual shall be entered.

Mechanical Only

Note: A partial permit application involving no envelope compliance creates an
exceptional condition. This requires either a copy of the previous envelope
compliance approval or an equivalent demonstration by the applicant (to the
satisfaction of the local enforcement agency) that the building is conditioned and an
occupancy permit has previously been issued by the local enforcement agency. The
exceptional condition list shall indicate the presence of an existing or previously-
approved envelope documentation and a form shall be produced to document the
existing envelope. Software shall not produce envelope (ENV) compliance forms
when the user selects this option.

No Mechanical Software shall model the baseline The mechanical systems shall be
Compliance building HVAC system according to the identical to the proposed design.
rules in Chapter 5.

Envelope Only

Envelope and Lighting

No Lighting Previously-approved lighting plans with The baseline building lighting system
Compliance approved lighting compliance forms may  shall be identical to the proposed design.
be entered. The exceptional conditions

list on the PERF-1 form shall indicate

Mechanical Only that previously-approved lighting plans

Envelope Only

Overview Compliance
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and compliance forms shall be

Envelope and resubmitted with the application.

Mechanical

In the absence of approved lighting plans  The baseline building lighting system
and lighting compliance forms, the shall be identical to the proposed design.
software shall model the baseline

building lighting system.

1.6.3 Climate Zones

The program shall account for variations in energy use due to the effects of the sixteen (16) California
climate zones and local weather data. Climate information for compliance simulations shall use one of
sixteen (16) data sets described in Reference Joint Appendix JA2.

1.6.4 Time Dependent Valuation

The candidate software shall calculate the hourly energy use for both the standard design and the
proposed design by applying a TDV factor for each hour of the reference year. TDV factors have been
established by the CEC for residential and nonresidential occupancies, for each of the climate zones, and
for each fuel (electricity, natural gas, and propane). The procedures for Time Dependent Valuation of
energy are documented in Reference Appendix JA3.

1.7 Approval Process

1.7.1 Application Checklist

The following items shall be included in an application package submitted to the Commission for software
approval:

e Compliance Software Vendor Certification Statement. A copy of the statement contained in Appendix
A, signed by the software vendor, certifying that the software meets all Commission requirements,
including accuracy and reliability when used to demonstrate compliance with the energy standards.

e Computer Runs. Copies of the computer runs specified in Chapter 3 of this manual on machine
readable form as specified in Chapter 3 to enable verification of the runs.

e Help System and/or User's Manual. The vendor shall submit a complete copy of the help system
and/or software user's manual, including material on the use of the software for compliance purposes.

¢ Copy of the Compliance Software and Weather Data. A machine readable copy of the software for
random verification of compliance analyses. The vendor shall provide weather data for all 16 climate
zones.

e TDV Factor Documentation. The software shall be able to apply the TDV multipliers described in
Reference Appendix JA3.

e Application Fee. The vendor shall provide an application fee of $2,000.00 (two thousand dollars) as
authorized by § 25402.1(b) of the Public Resources Code, made out to the "State of California" to
cover costs of evaluating the application and to defray reproduction costs.

A cover letter acknowledging the shipment of the completed application package should be sent to:

Executive Director
California Energy Commission
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1516 Ninth Street, MS-39
Sacramento, CA 95814-5512

Two copies of the full application package should be sent to:

Compliance Software Nonresidential Certification
California Energy Commission

1516 Ninth Street, MS-26

Sacramento, CA 95814-5512

Following submittal of the application package, the Commission may request additional information
pursuant to Title 24, Part 1, 8 10-110. This additional information is often necessary due to complexity of
software. Failure to provide such information in a timely manner may be considered cause for rejection or
disapproval of the application. A resubmittal of a rejected or disapproved application will be considered a
new application, including a new application fee.

1.7.2 Types of Approval

This Manual addresses two types of software approval: full program approval (including amendments to
programs that require approval), and approval of new program features and updates.

If software vendors make a change to their programs as described below, the Commission shall again
approve the program. Additionally, any software change that affects the energy use calculations for
compliance, the modeling capabilities for compliance, the format and/or content of compliance forms, or
any other change which would affect Compliance or Reach requires another approval.

Changes that do not affect Compliance or Reach, such as changes to the user interface, may follow a
simplified or streamlined procedure for approval. To comply with this simpler process, the software
vendor shall certify to the Commission that the new program features do not affect the results of any
calculations performed by the program, shall notify the Commission of all changes and shall provide the
Commission with one updated copy of the program and Help System/User's Manual. Examples of such
changes include fixing logical errors in computer program code that do not affect the numerical results
(bug fixes) and new interfaces.

1.7.2.1 Full Approval & Re-Approval of Compliance Software

The Commission requires program approval when candidate software has never been previously
approved by the Commission, when the software vendor makes changes to the program algorithms, or
when any other change occurs that in any way affects the compliance results. The Commission may also
require that all currently approved software be approved again whenever substantial revisions are made
to the Standards or to the Commission's approval process.

The Commission may change the approval process and require that all software be approved again for
several reasons including:

e If the standards undergo a major revision that alters the basic compliance process, then software
would have to be updated and re-approved for the new process.

¢ If new analytic capabilities come into widespread use, then the Commission may declare them to be
required software capabilities, and may require all software vendors to update their programs and
submit them for re-approval.

When re-approval is necessary, the Commission will notify all software vendors of the timetable for
renewal. A new version of this manual will be published and the Commission will provide instructions for
re-approval.

Re-approval shall be accompanied by a cover letter explaining the type of amendment(s) requested and
copies of other documents as necessary. The timetable for re-approval of amendments is the same as
for full program approval.
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1.7.2.2 Approval of New Features & Updates

Certain types of changes may be made to previously approved nonresidential software through a
streamlined procedure, including implementing a computer program on a new machine and changing
executable program code that does not affect the results.

Maodifications to previously approved software including new features and program updates are subject to
the following procedure:

e The software vendor shall prepare an addendum to the Compliance Supplement or software user's
manual, when new features or updates affect the outcome or energy efficiency measure choices,
describing the change to the software. If the change is a new modeling capability, the addendum
shall include instructions for using the new modeling capability for compliance.

e The software vendor shall notify the Commission by letter of the change that has been made to the
software. The letter shall describe in detail the nature of the change and why it is being made. The
notification letter shall be included in the revised Compliance Supplement or software user's manual.

e The software vendor shall provide the Commission with an updated copy of the software and include
any new forms created by the software (or modifications in the standard reports).

The Commission will respond within 45 days. The Commission may approve the change, request
additional information, refuse to approve the change, or require that the software vendor make specific
changes to either the Compliance Supplement addendum or the software program itself.

With Commission approval, the vendor may issue new copies of the software with the Compliance
Supplement addendum and notify software users and building officials.

1.7.3 Challenges

Building officials, program users, program vendors, Commission staff or other interested parties may
challenge any nonresidential software approval. If any interested party believes that a compliance
program, an algorithm or method of calculation used in a compliance program, a particular capability or
other aspect of a program provides inaccurate results or results which do not conform to the criteria
described in his manual, the party may initiate the challenge of the program.

1.7.4 Decertification of Compliance Software Programs

The Commission may decertify (rescind approval of) an alternative calculation method through the
following means:

o All software programs are decertified when the Standards undergo substantial changes which occur
about every three years.

¢ Any software can be decertified by a letter from the software vendor requesting that a particular
version (or versions) of the software be decertified. The decertification request shall briefly describe
the nature of the program errors or "bugs" which justify the need for decertification.

¢ Any "initiating party"” may commence a procedure to decertify an software according to the steps
outlined below. The intent is to include a means whereby unfavorable software tests, serious
program errors, flawed numeric results, improper forms and/or incorrect program documentation not
discovered in the certification process can be verified, and use of the particular software version
discontinued. In this process, there is ample opportunity for the Commission, the software vendor
and all interested parties to evaluate any alleged problems with the software program.

NOTE 1: The primary rationale for a challenge is unfavorable software tests, which means that for some
particular building design with its set of energy efficiency measures, the software fails to meet the criteria
used for testing software programs described in Chapter 3.
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NOTE 2: Flawed numeric results where the software meets the test criteria in Chapter 3, in particular
when software fails to properly create the baseline building.

Following is a description of the process for challenging software or initiating a decertification procedure:

1. Any party may initiate a review of software's approval by sending a written communication to the
Commission's Executive Director. (The Commission may be the initiating party for this type of review
by noticing the availability of the same information listed here.)

The initiating party shall:

e State the name of the software and the program version number(s) which contain the alleged
errors;

¢ |dentify concisely the nature of the alleged errors in the software which require review;

o Explain why the alleged errors are serious enough in their effect on analyzing buildings for
compliance to justify a decertification procedure; and,

¢ Include appropriate data on any media compatible with Windows XP or above and/or information
sufficient to evaluate the alleged errors.

2. The Executive Director shall make a copy or copies of the initial written communication available to
the software vendor and interested parties within 30 days.

3. Within 75 days of receipt of the written communication, the Executive Director may request any
additional information needed to evaluate the alleged software errors from the party who initiated the
decertification review process. If the additional information is incomplete, this procedure will be
delayed until the initiating party submits complete information.

4. Within 75 days of receipt of the initial written communication, the Executive Director may convene a
workshop to gather additional information from the initiating party, the software vendor and interested
parties. All parties will have 15 days after the workshop to submit additional information regarding the
alleged program errors.

5. Within 90 days after the Executive Director receives the application or within 30 days after receipt of
complete additional information requested of the initiating party, whichever is later, the Executive
Director shall either:

e Determine that the software need not be decertified; or,
e  Submit to the Commission a written recommendation that the software be decertified.

6. The initial written communication, all other relevant written materials, and the Executive Director's
recommendation shall be placed on the calendar and considered at the next business meeting after
submission of the recommendation. The matter may be removed from the consent calendar at the
request of one of the Commissioners.

7. If the Commission approves the software decertification, it shall take effect 60 days later. During the
first 30 days of the 60-day period, the Executive Director shall send out a Notice to Building Officials
and Interested Parties announcing the decertification.

All initiating parties have the burden of proof to establish that the review of alleged software errors should
be granted. The decertification process may be terminated at any time by mutual written consent of the
initiating party and the Executive Director.

As a practical matter, the software vendor may use the 180- to 210-day period outlined here to update the
software program, get it re-approved by the Commission, and release a revised version that does not
have the problems initially brought to the attention of the Commission. Sometimes the software vendor
may wish to be the initiating party to ensure that a faulty program version is taken off the market
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1.8 Vendor Requirements

Each vendor shall meet all of the following requirements as part of the software approval process and as
part of an ongoing commitment to users of their particular program.

1.8.1 Availability to Commission

All software vendors are required to submit at least one fully working program version of the software to
the California Energy Commission. An updated copy or access to the approved version of the software
shall be kept by the Commission to maintain approval for compliance use of the software.

The Commission agrees not to duplicate the software except for the purpose of analyzing it, for verifying
building compliance with the compliance software, or to verify that only approved versions of the software
are used for compliance.

1.8.2 Enforcement Agency Support

Software vendors shall provide a copy of the software User’s Manual / Help System to all enforcement
agencies who request one in writing.

1.8.3 User Support

Software vendors shall offer support to their users with regard to the use of the software for Compliance
or Reach purposes. Vendors may charge a fee for user support.

1.8.4 Compliance Software Vendor Demonstration

The Commission may request software vendors to offer a live demonstration of their software's
capabilities. One or more demonstration may be requested before approval is granted.
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2. General Modeling Procedures

2.1 General Requirements for Data from the User

2.1.1 General

This document lists the building descriptors that are used in the compliance simulation. Users must
provide valid data for all descriptors that that do not have defaults specified and that apply to parts of the
building that must be modeled.

2.1.2 Building Envelope Descriptions

The user shall provide accurate descriptions for all building envelope assemblies including exterior walls,
windows, doors, roofs, exterior floors, slab-on-grade floors, below grade walls and below grade floors.
The user shall provide data for all of the required descriptors listed in section 5.5 that correspond with
these assemblies. However, the following exceptions apply:

o Exterior surfaces whose azimuth orientation and tilt differ by no more than 45° and are otherwise the
same may be described as a single surface or described using multipliers. This specification would
permit a circular form to be described as an octagon.

2.1.3 Space Use Classification

The user must designate space use classifications that best match the uses for which the building or
individual spaces within the building are being designed. Space use classifications determine the default
or prescribed occupant density, occupant activity level, receptacle power, service water heating, lighting
load, area-based minimum outdoor ventilation air, daylighting setpoints, and operating schedules used in
the analysis. Process loads and refrigeration loads are also provided for applicable space types.

The user must specify the space use classifications using either the complete building or area category
methods but may not combine the two types of categories within a single analysis. The building area
method assigns assumptions based on average values that occur within typical buildings of the
designated type. The complete building method is recommended for use when detailed space planning
information is unavailable. More than one building area category may be used in a building if it is a mixed-
use facility.

The area category method uses the area category categories in the standard design, which were
developed for lighting requirements. The area category method requires area category entry of floor area
and space use designations. The area category method can be used whenever design information is
available with the necessary detail.

The user may override the default assumptions for some building descriptors dependent on the space
use classification with supporting documentation. Details are provided in section 5.4 of this manual.

2.1.4 Treatment of Descriptors Not Fully Addressed By This Document

The goal for this document is to provide input and rating rules covering a full range of energy-related
features encountered in commercial buildings. However, this goal is unlikely to ever be achieved due to
the large number of features that must be covered and the continuous evolution of building materials and

General Modeling Procedures General Requirements for Data from the User



General Modeling Procedures - Page 2-2

technologies. For compliance and for Reach code, building features or systems not covered in this
manual must apply for approval via the Exceptional Calculation method to the Commission. However, this
manual may be amended with provisions to model additional features or HVAC systems during the code
cycle. When this occurs, it is the responsibility of the software vendor to pass the necessary acceptance
tests and apply for approval for the new building feature(s).

2.2 Thermal Zones, HVAC Zones and Space Functions

2.2.1 Definitions

A thermal zone is a space or collection of spaces within a building having sufficiently similar space
conditioning requirements so that those conditions could be maintained with a single thermal controlling
device. A thermal zone is a thermal and not a geometric concept: spaces need not be contiguous to be
combined within a single thermal zone. However, daylighting requirements may prevent combining non-
contiguous spaces into a single thermal zone.

An HVAC zone is a physical space within the building that has its own thermostat and zonal system for
maintaining thermal comfort. HVAC zones are identified on the HVAC plans. HVAC zones should not be
split between thermal zones, but a thermal zone may include more than one HVAC zone.

A space function is a sub-component of a thermal zone that has specific standard design lighting
requirements and for which there are associated defaults for outside air ventilation, occupancy,
receptacle loads, and hot water consumption. An HVAC zone may contain more than one space function.
Appendix 5.4A has a list of the space functions that may be used with the software. Daylighted areas
should generally be defined as separate space functions, even if they have the same classification from
Appendix 5.4A, so that lighting reductions due to daylighting can be determined at the appropriate
resolution.

Figure 1 shows the hierarchy of space functions, HVAC zones and thermal zones.
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Space Space Space Space
Function Function Function Function

Space Space Space Space
Function Function Function Function

Figure 1 — Hierarchy of Space Functions, HVAC Zones and Thermal Zones

2.3 Software Modeling Requirements for Zones

2.3.1 Required Zone Modeling Capabilities

For California compliance, software shall accept input for and be capable of modeling a minimum of fifty
(50) thermal zones, each with its own control. Software shall also be capable of reporting the number of
control points at the building level. When the number of control points is not greater than twenty (20) the
compliance software shall have one HVAC zone per control point. Compliance software may use zone
multipliers for identical zones. When the number of zones exceeds twenty (20), then (and only then)
thermal zones may be combined subject to a variety of rules and restrictions.
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2.3.2 Modeling Requirements for Unconditioned Spaces

Unconditioned space is enclosed space that is neither directly nor indirectly conditioned. Examples
include stairways, warehouses, unoccupied adjacent tenant spaces, attached sunspaces, attics and crawl
spaces.

Unconditioned spaces shall be modeled if they are part of the permitted space. All applicable envelope
information shall be specified in a similar manner to conditioned space.

If unconditioned space is not a part of the permitted space, the space may be either explicitly modeled or
its impact on the permitted space may be approximated by modeling the space as outdoor space and
turning off solar gains to the demising wall that separates the permitted space from the adjacent
unconditioned space. For unconditioned spaces that are explicitly modeled, all internal gains and
operational loads (occupants, water heating, receptacle, lighting and process loads) shall be modeled as
specified in Appendix 5.4A.

Return air plenums are considered indirectly conditioned spaces and shall be modeled as part of the
adjacent conditioned space with equipment, lighting and occupant loads at zero.

Indirectly conditioned spaces can either be occupied or unoccupied. For spaces that are unoccupied,
such as plenums, attics or crawlspaces, lighting, receptacle and occupant loads shall be zero. For spaces
that can be occupied, such as stairwells or storage rooms, modeling assumptions shall be taken from
Appendix 5.4A.

2.3.3 Space Use Classification Considerations

Thermal zones shall contain no more than ten different space use classifications, provided the spaces
have similar space conditioning requirements. If the building area method is used, each thermal zone
must be assigned to one and only one building area category. For space classifications that are combined
in a single thermal zone, the spaces must meet all of the following conditions:

¢ Use the same HVAC operation schedule. Spaces that have a difference in full-load equivalent
operating hours (FLEOH) of 40 or more shall not be combined.

e Use the same space temperature schedule.

e Have similar internal load power densities. Combined lighting, receptacle, and process equipment
power densities that differ by no more than 2.0 W/ft2 or a factor of two shall be considered similar.

¢ Have similar occupant densities. Occupant densities (i.e., densities represented in floor area per
occupant [under peak design conditions]) that differ by no more than a factor of three shall be
considered similar.

o A separate category shall exist for each change in efficiency standard level in the Appliance
Efficiency Regulations and in §110.2.

2.4 Unmet Load Hours

This manual uses the term “Unmet Load Hours” (UMLH) as a criterion for sizing equipment, for qualifying
natural ventilation systems, and for other purposes. The concept of unmet load hours applies to individual
thermal zones but is summed for hours whenever any thermal zone in the building has unmet loads. For
a thermal zone, it represents the number of hours during a year when the HVAC system serving the
thermal zone is unable to maintain the set point temperatures for heating and/or cooling. During periods
of unmet loads, the space temperature drifts above the cooling setpoint or below the heating setpoint. A
thermal zone is considered to have an unmet load hour if the space is outside the throttling range for
heating or cooling. The throttling range is defined in Chapter 5 as the space temperature difference
between no cooling and full cooling or between no heating and full heating. The throttling range is fixed
at 2°F for simulating both the standard design and proposed design.
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An unmet load hour occurs only during periods when the HVAC system is scheduled to operate. One
hour with unmet loads in one or more thermal zones counts as a single unmet load hour for the building.
If unmet load hours for more than one thermal zone coincide (occur at the same hour), they count as only
one unmet load hour for the building. Therefore, the unmet load hours for the building will never be less
than the worst thermal zone.

Unmet load hours can occur because fans, air flows, coils, furnaces, air conditioners or other equipment
is undersized. Unmet load hours can also occur due to user errors including mismatches between the
thermostat setpoint schedules and HVAC operating schedules or from other input errors, for instance,
high internal gains or occupant loads. The term, as used in this manual, only addresses equipment that is
undersized. It is the responsibility of the user to address other causes of unmet load hours in the
proposed design.
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2.5 Calculation Procedures

The general calculation procedure is illustrated in Figure 2. The proposed design TDV energy use is
compared to the standard design.
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10.

11.

12.

13.

Figure 2 — Calculation Process for Title 24 Compliance and Reach

The process begins with a detailed description of the proposed design. Information is provided in
enough detail to enable an estimate of annual energy use for a typical weather year. This
information includes the building envelope, the lighting systems, the HVAC systems, the water
heating systems and other important energy-using systems. This collection of information is
referred to in this manual as building descriptors. Details on the building descriptors are provided
in Chapter 5.

Before the calculations are performed, some of the building descriptors are modified for the
proposed design to incorporate prescribed modeling assumptions. Prescribed modeling
assumptions include occupant density, equipment power density, ventilation rates and water
heating loads.

The next step is to make a simulation of the proposed design to determine how well the heating
and cooling loads are being satisfied. The indicator is unmet load hours, the number of occupied
hours during the year when the space temperature in one or more zones is below the heating set
point temperature or greater than the cooling set point temperature. A large number of hours
indicates that the equipment is undersized.

Test the number of unmet load hours and proceed only if the hours are less than or equal to 300
for the year of the proposed design simulation.

If the unmet load hours are greater than 300 for the year, then the proposed building simulation
model is adjusted by the user to reduce the unmet load hours to less than or equal to 300. If the
problem is heating, then the size of the boiler or furnace may need to be increased. If the problem
is cooling, then the size of the coils or chillers may need to be increased. It is up to the designer
to adjust equipment sizes as necessary; in some cases adjusting the zone airflows may solve the
unmet load issue.

If the unmet load hours are less than or equal to 300, then the final simulation is performed. If no
changes are made in the model, this may be the same simulation in step 3. These calculations
produce the results that are compared to the standard design, which is calculated in steps 7
through 16.

Create the standard design following the rules in this manual. The standard design has the same
floor area, number of floors and spatial configuration as the proposed design; however, systems
and components are modified to be in minimum compliance with the standard design. The HVAC
systems for the standard design are established according to rules in this manual and depend on
the primary building activity (residential or non-residential), the floor area, and the number of
stories. See Section 5.1.

Sizing calculations are performed for the standard design and heating equipment is oversized by
25% and cooling equipment by 15%.

The standard design is simulated to determine the number of unmet load hours. This process is
the same as performed for the proposed design in step 3.

The number of unmet load hours for the standard design is then tested to see if they are greater
than 300. This is not likely to occur since the heating and cooling equipment is oversized by 15%
for cooling and 25% for heating in step 8.

If the unmet load hours are greater than 300, then equipment capacity in the standard design is
increased so that the unmet hours are less than or equal to 300. See the discussion below on
how equipment sizes are increased.

Once the tests on unmet load hours are satisfied, then the energy consumption of the standard
design is calculated. If the tests on unmet hours are satisfied the first time through, this step is the
same as step 9.

Finally, the proposed design TDV energy use and standard design TDV energy use are
compared for compliance or Reach.

General Modeling Procedures Calculation Procedures
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2.6 HVAC Capacity Requirements and Sizing

To ensure that the simulated space-conditioning loads are adequately met, adequate capacity must be
available in each of the components of the HVAC system; e.g., supply-air flow rates, cooling coils,
chillers, and cooling towers. If any component of the system is incapable of adequate performance, the
simulation may understate the required energy inputs for space conditioning and report unmet load hours.
Adequate capacities are required in the simulations of both the proposed design and standard design.
The subsections below describe the procedures that shall be followed to ensure that both versions of the
design are simulated with adequate space-conditioning capacities.

2.6.1 Specifying HVAC Capacities for the Proposed Design
As shown in

Figure 2, the proposed design shall have no more than 300 unmet load hours. If this requirement is
violated, the software shall require the user to make changes to the proposed design building description
to bring the unmet load hours equal to or below 300. This process is not automated by the software.
There are two tests that must be met:

e Space loads must be satisfied: Space temperatures in all zones must be maintained within one half of
the throttling range (1°F with a 2°F throttling range) of the scheduled heating or cooling thermostat
setpoints. This criterion may be exceeded for no more than 300 hours for a typical year.

e System loads must be satisfied: Plant equipment must have adequate capacity to satisfy the HVAC
system loads. This criterion may be exceeded for no more than 300 hours for a typical year.

If either the space or system loads do not meet the above criteria, the equipment in the proposed design
shall be resized by the user such that the criteria are met. If the space conditioning criteria are not met
because the HVAC equipment in the proposed design lacks the capability to provide either heating or
cooling, equipment capable of providing the needed space conditioning must be modified by the user.
The type of equipment added or modified will depend on the type of HVAC system in the proposed design
and the judgment of the energy analyst.

Equipment sizes for the proposed design shall be entered into the model by the energy analyst and shall
agree with the equipment sizes specified in the construction documents. When the simulations of these
actual systems indicate that specified space conditions are not being adequately maintained in one or
more thermal zone(s), the user shall be prompted to make changes to equipment sizes or zones as
necessary. This occurs when the unmet load hours exceed 300 for the year. The use of equipment sizes
that do not match the actual equipment sizes as indicated on construction documents triggers an
Exceptional Condition that is noted on the compliance forms.

2.6.2 Sizing Equipment in the Standard Design

Equipment in the standard design is automatically oversized by the program (25% for heating and 15%
for cooling). If the automatic oversizing percentage is not sufficient to meet demands, then Unmet load
hours are evaluated at the building level by looking at the unmet load hours for each of the thermal zones
being modeled. One hour with unmet loads in one or more thermal zones counts as a single unmet load
hour for the building. Therefore, the unmet load hours for the building will never be less than the worst
thermal zone.

If the number of total unmet load hours for cooling and/or heating exceeds 300, then equipment
capacities of cooling and/or heating equipment must be increased by the software incrementally.

1. The first step is to determine whether heating or cooling unmet load hours are the bigger
problem. If heating unmet load hours are the bigger problem, upsize the heating equipment
capacity. If cooling UMLH is the problem, upsize the cooling equipment capacity.

General Modeling Procedures HVAC Capacity Requirements and Sizing
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2. If the cooling is undersized, the equipment is resized by first increasing the design airflow of all
zones with significant unmet load hours (greater than 150 for an individual zone) by 10%,
increasing the design airflow of all zones with some unmet load hours (between 50 and 150) by
5%. Then the equipment capacity for the system(s) serving the affected zones is increased to
handle the increased zone loads. For central plant the chiller(s) are towers are resized
proportionally to handle the increased system loads.

If heating is undersized, the same procedure is followed, with zones resized first, then heating
secondary equipment and then boilers as necessary.

The capacity of the boiler or furnace shall be increased in 2% increments and the simulation re-run until
the loads are met. For heat pumps the capacity of the coil is increased so that the additional load is not
met by auxiliary heat.

2.7 Ventilation Requirements

Design decisions regarding outside air ventilation shall be based on Section 120.1 of the Standards. If
local codes do not apply, minimum values from Appendix 5.4A shall be used. Chapter 5.6 of the ACM has
additional information on the ventilation requirements used in the building descriptors for the proposed
and standard design. While no compliance credit can be claimed for reducing ventilation rates in the
proposed design below the required levels, the user can specify higher ventilation rates in the proposed
design.

General Modeling Procedures Ventilation Requirements
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3. Software Requirements

This chapter contains the software requirements for candidate Title 24 software that must be verified by
acceptance testing. The tests fall into the following categories:

e Tests to verify that the software is evaluating thermal loads and the response of the HVAC systems to
these loads in a manner that is acceptable. These tests reference ASHRAE Standard 140-2007,
Standard Method of Test for Evaluation of Building Energy Analysis Computer Programs.

e Tests that verify that compliance software is capable of modeling envelope, lighting, HYAC and water
heating efficiency features and provides precise estimates of energy tradeoffs and reasonably
accurate predictions of building energy consumption.

e Tests to verify that the baseline building is created correctly, e.g. that the baseline HVAC system is
properly specified, that other components of the baseline are correctly defined and that rules that fix
and restrict inputs (such as schedules and plug loads) are properly applied.

3.1 General Requirements

3.1.1 Scope
The Compliance Software must satisfy the requirements contained in this section.
The Compliance Software shall be capable of modeling at least 50 thermal zones.

The Compliance Software shall be capable of modeling at least 15 separate HVAC systems.

3.1.2 Calculation Methods

The Compliance Software shall calculate the annual consumption of all end uses in buildings, including
fuel and electricity for:

e HVAC (heating, cooling, fans, and ventilation);

e Lighting (both interior and exterior);

o Receptacles and miscellaneous electric;

e Service water heating;

e Process energy uses;

e Commercial refrigeration systems; and

o All other energy end uses that typically pass through the building meter.

The Compliance Software shall perform a simulation on an hourly time interval (at a minimum) over a one
year period (8760 hours) with the ability to model changes in weather parameters, schedules, and other
parameters for each hour of the year. This is achieved by specifying a 24-hour schedule for each day of
the week plus holidays.

Software Requirements General Requirements
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3.1.2.1 Calculating Design Loads

The software shall be capable of performing design load calculations for determining required HVAC
equipment capacities and air and water flow rates using accepted industry calculation methods for the
standard design.

3.1.2.2 Checking Simulation Output for Unmet Loads

The software shall be capable of checking the output of the energy analysis module for the proposed
design to ensure that space conditions are maintained within the tolerances specified (maximum of 300
unmet load hours per year).

3.1.2.3 Adjusting Capacities

For the baseline building, the software shall be capable of modifying capacities, temperatures or flow
rates for baseline building HVAC system components causing excessive unmet loads hours according to
the procedures in Chapter 2.

3.1.2.4 Error Handling

The software shall identify error conditions when unmet loads exceed 300 hours, prevent completion of
the compliance analysis, and provide information to the user describing the error that has occurred and
what steps the user should take to remedy the situation.

3.1.3 Climate Data

The Compliance Software shall perform simulations using the official California Energy Commission
weather files and design conditions documented in Joint Appendix 2.

The Compliance Software shall calculate solar radiation on exterior surfaces on an hourly basis from the
values of direct normal irradiance and diffuse horizontal irradiance contained in the climate data, taking
ground reflectance into account.

3.1.5 Time Dependent Valued (TDV) Energy

The Compliance Software shall be capable of applying the Energy Commission TDV multipliers for each
hour of the simulation. See California Joint Appendix 3.

3.1.6 Thermal Mass

The calculation procedures used in the Compliance Software shall account for the effect of thermal mass
on: loads due to occupants, lights, solar radiation, and transmission through building envelope; amount of
heating and cooling required to maintain the specified space temperature schedules; and variation in
space temperature.

3.1.7 Modeling Space Temperature

The Compliance Software shall incorporate a dynamic simulation of space temperature which accounts
for:

e Dynamics in change in heating and cooling setpoint temperatures;
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o Deadband between heating and cooling thermostat settings;
e Temperature drift in transition to setback or setup thermostat schedules;
e Temperature drift in periods when heating or cooling capability are scheduled off;

e Temperature drift when heating or cooling capability of the system is limited by heating or cooling
capacity, air flow rate, or scheduled supply air temperature; and

¢ Indirectly conditioned thermal zones, where the temperature is determined by internal loads, heat
transfer through building envelope, and heat transfer between thermal zones.

3.1.8 Heat Transfer between Thermal zones

The Compliance Software shall be capable of modeling heat transfer between a thermal zone and
adjacent thermal zones.

The Compliance Software shall account for the effect of this heat transfer on the space temperature,
space conditioning loads, and resulting energy use in the thermal zone and in the adjacent thermal
zones.

3.1.9 Control and Operating Schedules

The Compliance Software shall be capable of modeling control and operating schedules which can vary
by:

e The hour of the day;

e The day of the week; and

¢ Holidays treated as a special day of the week.

The Compliance Software shall be capable of explicitly modeling all of the schedules specified in
Appendix 5.4B of this manual.

3.1.10 Loads Calculation

The loads calculations described in this section relate to the simulation engine and not to the procedure
used the design engineer to size and select equipment.

3.1.10.1 Internal Loads

The Compliance Software shall be capable of calculating the hourly cooling loads due to occupants,
lights, receptacles, and process loads.

The calculation of internal loads shall account for the dynamic effects of thermal mass.

The Compliance Software shall be capable of simulating schedules for internal loads in the form given in
Appendix 5.4B.

The simulation of cooling load due to lights shall account for:

o The effect of the proportion radiant and convective heat, which depends on the type of light, on the
dynamic response characteristic; and

e A portion of heat from lights going directly to return air, the amount depending on the type and
location of fixture.
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3.1.10.2 Building Envelope Loads

The Compliance Software shall calculate heat transfer through walls, roofs and floors for each thermal
zone, accounting for the dynamic response due to thermal characteristics of the particular construction as
defined in the Building Descriptors in Chapter 5.

The calculation of heat transfer through walls and roofs shall account for the effect of solar radiation
absorbed on the exterior surface, which depends on orientation and absorptance of the surface.

The Compliance Software shall calculate heat transfer through windows and skylights, accounting for
both temperature difference and transmission of solar radiation through the glazing.

Calculation of cooling load due to transmission of solar radiation through windows and skylights shall
account for:

¢ The angular incidence of the direct beam sunlight and the angular and spectral dependence of the
solar properties.

e The variation of thermal properties of the fenestration system with ambient temperature.
e Orientation (azimuth and tilt of surface).

e The effect of shading from overhangs side fins, louvers or neighboring buildings or terrain.

3.1.10.3 Infiltration

The Compliance Software shall be capable of simulating infiltration that varies by the time of day and day
of the week. Schedules are provided in Appendix 5.4B.

3.1.10.4 Natural Ventilation

The Compliance Software shall be capable of simulating natural ventilation.

3.1.11 Systems Simulation

3.1.11.1 General

The Compliance Software shall be capable of modeling:

e The baseline building systems defined in Chapter 5,

e The lighting, water heating, HVAC and miscellaneous equipment detailed in Chapter 5
e All compulsory and required features as detailed in Chapter 5

The capability to model multiple zone systems shall allow at least 15 thermal zones to be served by one
multiple zone system.

The Compliance Software shall be capable of modeling plenum air return.

3.1.11.2 HVAC Zone Level Systems

The Compliance Software shall be capable of simulating the effect on space temperature and energy use
of:

e Limited capacity of terminal heating devices;
e Limited capacity of terminal cooling devices; and

e Limited rate of air flow to thermal zones.
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3.1.11.3 HVAC Secondary Systems and Equipment

The Compliance Software shall be capable of simulating the effect on energy use and space temperature
in thermal zones served by the HVAC system of:

e Limited heating capacity of an HVAC system; and

e Limited cooling capacity of an HVAC system.

The simulation of HYAC systems shall account for:

e Temperature rise of supply air due to heat from supply fan, depending on the location of the fan;
e Temperature rise of return air due to heat from return fan;

e Temperature rise of return air due to heat from lights to return air stream; and

e Fan power as a function of supply air flow in variable air volume systems.

3.1.11.4 HVAC Primary Systems and Equipment

The Compliance Software shall be capable of simulating the effect on energy use of limited heating or
cooling capacity of the central plant system.

If the Compliance Software is not capable of simulating the effect of limited heating or cooling capacity of
the central plant system on space temperature in thermal zones dependent on the central plant system
for heating and cooling, then it shall issue a warning message when loads on the central plant system are
not met.

3.1.11.5 Equipment Performance Curves

The Compliance Software shall be capable of modeling the part load efficiency and variation in capacity
of equipment as follows:

e Furnaces as a function of part load;
e Boilers as a function of part load, supply hot water temperature, and return hot water temperature;

e Water-cooled compressors including heat pumps and chillers as a function of part load, evaporator
fluid, or air temperature and condensing fluid temperature;

e Air-cooled compressors including heat pumps, direct expansion cooling and chillers as a function of
part load, ambient dry-bulb temperature, and wet-bulb temperature returning to the cooling coil;

e Evaporative cooling systems as a function of ambient wet-bulb temperature; and

e Cooling towers as a function of range and ambient wet-bulb temperature.

3.1.11.6 Economizer Control

The Compliance Software shall be capable of modeling integrated air- and water-side economizers.

3.1.11.7 Air Side Heat-Recovery

The Compliance Software shall be capable of modeling heat recovery between the exhaust air stream
and the outside air stream. The software shall account for auxiliary energy uses associated with heat
recovery systems, including pumping energy, frost control, and system control.
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3.1.11.8 Heat-Recovery Water Heating

The Compliance Software shall be capable of modeling heat recovery water heating from the following
sources:

e Double bundled chiller;
o Refrigerant desuperheater as part of a packaged HVAC unit;
¢ Heat exchanger on the condenser water loop; and

e Heat-recovery water-to-water heat pump operating off of the condenser or chilled water loop.

3.1.11.9 Heat-Pump Water Heaters

The Compliance Software shall be capable of modeling heat-pump water heaters. The algorithm must
allow the evaporator coil to be located in:

e Any thermal zone;
e Any plenum; and

e Qutside air.

3.1.12 Managing User Input

This section addresses the processes of data entry and the validation of user input data that can be
performed prior to and independent of the energy simulation.

3.1.12.1 Building Descriptor Inputs and Restrictions

Building descriptors are discussed in Chapter 5. There are three types of inputs as shown in Table 2:
compulsory, required and unsanctioned. Compulsory inputs must always be specified by the user for any
compliance run. Required inputs shall be supported by the Compliance Software but they may not be
applicable for all compliance runs. Some software may still be certified for compliance if it doesn’t support
some of the inputs listed in this manual; however, the software will only be certified for a limited scope
commensurate with its capabilities. Unsanctioned inputs are inputs that are not addressed in this manual;
these are not discussed in Chapter 5.

All inputs shall conform to the input conditions and restrictions specified in Chapter 5. Four levels of
restriction are specified for building descriptors. The most limiting restriction is a prescribed value. This is
an input that must be used in all instances, with no variation. A critical default may be overridden, but
when it is, the user must provide special documentation. A default is provided for convenience and may
be overridden by the user with no special documentation. For many inputs there is no restriction. The
relationship between input types and restrictions is shown in Table 2.

Table 2 — Input Types and Restrictions

Input Type Prescribed Critical Default Default No Restriction
Compulsory n.a. n.a. n.a. v
Required v v v v
Unsanctioned n.a. n.a. n.a. v

Restrictions apply to all required inputs. The software user interface shall: 1) clearly indicate when a
building descriptor has an associated default, 2) indicate what the default value is, and 3) provide a
convenient means for the user to over-ride the default. When critical default values are overridden, the
software interface shall notify the user that documentation of the revised assumption is required.
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No restrictions are specified for unsanctioned inputs. The use of unsanctioned inputs may require an
Exceptional Calculation Procedure application be submitted for the building system or features.

Compliance Software may not provide default assumptions other than those specified in Chapter 5.
However, the software may assist the user in describing the proposed design by displaying typical values
for building descriptors, provided deliberate action by the user is necessary before a displayed value is
used.

3.1.12.2 Data Validation

Compulsory Input Checks

The software shall check to ensure that valid entries have been made for all compulsory building
descriptors before the user is permitted to proceed with the next step in the compliance process.
Appendix 5.0 and Chapter 5 specify the compulsory building descriptors. Examples of compulsory inputs
are climate zone, floor area, and area category classification.

Handling of Missing Inputs

If a required input is missing or invalid, the software shall: 1) notify the user that the input is missing or
invalid, 2) identify the input field(s) with missing or invalid data, and 3) prevent the user from moving to
the next step of the compliance process. The software may provide additional information designed to
help the user correct the deficiency.

Validity Checks
The software shall check all user inputs to ensure that the following conditions are met:

e Simulation Tool Limits Inputs do not exceed the minimums or maximums for the parameters
permitted by the simulation engine.

e Compliance Rule Limits Inputs do not exceed minimums or maximums for the descriptors specified in
Chapter 5 of this document.

e Simulation Tool Discrete Options Inputs correspond with valid discrete or list options for parameters
available in the simulation engine.

e Compliance Rule Discrete Options Inputs correspond with valid discrete options provided for in
Chapter 5.

Handling Invalid Input

When invalid data is entered, the software shall: 1) notify the user of the invalid input, 2) identify the
nonconforming input field, and 3) prevent execution of the next step of the compliance run; i.e.,
generating the input description for the proposed design. The software may provide additional information
designed to help the user correct the deficiency.

Consistency Checks

The consistency checks described above are intended to identify errors and oversights in user input and
thereby help ensure that the building description is complete and interpretable by the energy analysis
program. Examples of consistency checks include that window should not exceed the areas of wall in
which they are contained and that the necessary plant equipment has actually been connected to the
secondary HVAC systems. The software may include additional consistency checks as needed.

Handling Inconsistent Input

If the proposed design fails a consistency check, the software shall: 1) notify the user that an
inconsistency exists, 2) identify the specific consistency check that has been failed, 3) identify the
inconsistent input fields, if feasible, and 4) prevent execution of the next step of the compliance process;
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i.e., generating the input description for the proposed design. The software may provide additional
information designed to help the user correct the deficiency.

3.2 Special Documentation and Reporting Requirements

(THIS INFORMATION COULD PROBABLY BE SUMMARIZED IN A TABLE — ALL BUILDING DESCRIPTORS OF TYPE
“CRITICAL DEFAULT” REQUIRE DOCUMENTATION IF THE DEFAULT VALUE IS OVERRIDDEN. THE REPORTING
REQUIREMENTS SHOWN HERE HAVE NOT BEEN FINALIZED, BUT ARE REPRESENTATIVE OF THE TYPE OF
EXCEPTIONAL FEATURES THAT REQUIRE DOCUMENTATION.)

3.2.1 Building Envelope

3.2.1.1 Roof Radiative Properties

The user shall enter three-year aged roof reflectance and emittance for roofs that have been certified by
the Cool Roof Rating Council.

3.2.1.2 Ground Reflectance

When specific design features are incorporated to increase or reduce reflectance for the purpose of
enhancing daylighting, there can be variation between the proposed design and the standard design,
when appropriately documented. In cases where the default value is overridden, the user is required to
submit documentation identifying the test procedure that was used to establish the non-default values.

3.2.1.3 Exterior Wall Surface Properties

The default value for emittance is 0.90. The default value for reflectance is 0.30. There is no default for
roughness. The default values may be overridden only in cases when the lower reflectance can be
documented by manufacturers’ literature or tests.

3.2.2 Interior Lighting

3.2.2.1 Regulated Interior Lighting Power

Complete lighting plans and space plans are required for the tailored method. Prescriptive compliance
forms for the tailored method shall be developed and these shall be verified by the plans examiner.

With the tailored lighting method, the software shall make an entry in the special features section on the
California compliance forms that the tailored lighting method has been used to determine the lighting
power for this space and that all necessary prescriptive tailored lighting forms and worksheets
documenting the lighting and its justification shall be provided as part of the compliance documentation
and be approved independently.

3.2.2.2 Indoor Lighting Power (see 5.4.4)

Compliance software shall print all applicable lighting forms and report the lighting energy use and the
lighting level (Watts/ft?) for the entire project. Compliance software shall report “No Lighting Installed” for
nonresidential spaces with no installed lighting. Compliance software shall report “Default Residential
Lighting” for residential units of high rise residential buildings and hotel/motel guest rooms.
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If the modeled Lighting Power Density (LPD) is different than the actual LPD calculated from the fixture
schedule for the building, Compliance software shall model the larger of the two values for sizing the
mechanical systems and for the compliance run. Compliance software shall report the larger value on
PERF-1. Lighting levels schedules shall be adjusted by any lighting Control Credit Watts, if input by the
user.

Lighting power is not modeled in unconditioned spaces that are modeled, but lighting in those spaces is
required to meet the prescriptive requirements for regulated unconditioned spaces such as commercial
and industrial storage spaces and parking garages. When these types of spaces are entered the
compliance software must report in the Special Features section that these spaces must comply with the
prescriptive requirements for such spaces.

3.2.2.3 Design lllumination Setpoint

Spaces that have low design illuminance levels, below the ranges specified in Appendix 5.4A, shall
provide documentation that show the design illuminance to be used as the daylight illumination setpoint.

3.2.2.4 Primary and Secondary Daylighted Area

The default primary daylight area for sidelighting is a band near the window with a depth equal to the
distance from the floor to the top of the window. The default secondary daylight area for sidelighting is a
band beyond the primary daylighted area that extends a distance double the distance from the floor to the
top of the window. Other daylight areas may be defined with appropriate documentation.

3.2.2.5 Light Heat Gain Distribution

Values within the ranges of Table 8 may be used when following the rules in the 2009 ASHRAE HOF.
Other values may be used when manufacturers’ literature and/or testing data is available, and adequate
documentation is provided to the California Energy Commission.

3.2.3 Exterior Lighting

If the lighted fagcade area exceeds exterior wall area or if door linear footage exceeds 25% of building
perimeter, the software shall produce a warning.

3.2.4 Infiltration Data

When credit is taken for reductions in infiltration (see above), test results or research reports shall be
provided that document and support the inputs used for the baseline building and the proposed design.

3.2.5 HVAC Exceptional Conditions

3.2.5.1 Equipment Sizing

When the any proposed equipment size for secondary equipment or central plant equipment does not
match the equipment size listed on construction documents, an exceptional condition shall be reported on
compliance forms.
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3.2.5.2 Custom Occupant, Fan, Heating or Cooling Schedules

Custom hourly schedules may be used with appropriate documentation from project schedules. The
default schedules from Appendix 5.4B apply unless they are overridden. The user must ensure that the
HVAC schedule operating hours serve all of the occupied spaces, and spaces should not be combined
when their weekly occupancy varies by more than 40 full load equivalent operating hours (FLEOH).

3.2.5.3 Equipment Performance Curves

(Is documentation required if non-default HYAC equipment performance curves are used? For example,
COOL-CAP-FT, COOL-EIR-FT, etc.)

(Note documentation required if credits for fault detection and diagnostics and/or airflow testing are
taken.)

For equipment with a capacity less than or equal to 135,000 Btu/h, but larger than 65,000 Btu/h, the user
may not enter data on the temperature dependent equipment performance. However, the compliance
software vendor may work with manufacturers to collect such data and build this data into the compliance
software. The user may either select equipment for which the compliance software vendor has collected
or use the defaults.

3.2.5.4 Natural Ventilation

The air flow rate for the proposed design shall be determined using sound engineering methods and
supporting documentation shall be provided.

3.2.5.5 Condenser Flow Type

The default is fixed condenser flow for water-cooled condensers. If the variable-flow is selected, the
software must indicate that supporting documentation is required on the output forms.

3.2.5.6 Evaporative Cooling Performance Curves

User may input curves or use default curves. If defaults are overridden, the software must indicate that
supporting documentation is required on the output forms.

3.2.5.7 Condenser Heat Recovery Effectiveness

As designed. The software must indicate that supporting documentation is required on the output forms if
heat recovery is specified.

3.2.5.8 Boiler Heat Loss

Default is 2% for electric boilers and heat-exchangers and 0% for fuel-fired boilers. If the user overrides
the default, supporting documentation is required.

3.2.5.9 Boiler Minimum Unloading Ratio

If the user does not use the default value the software must indicate that supporting documentation is
required on the output forms.

3.2.5.10 Chiller Minimum Unloading Ratio

. If the user does not employ the default values, supporting documentation is required.
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3.2.5.11 Cooling Tower Setpoint Control

If the user does not use the default control, supporting documentation is required.

3.2.5.12 Exterior Lighting Control

Documentation should be provided for lighting controls other than standard and evidence should be
provided to support the reduction in lighting power (PAF).

3.3 ASHRAE Standard 140-2007 Tests

This method of testing is provided for analyzing and diagnosing building energy simulation software using
software-to-software and software-to-quasi-analytical-solution comparisons. The methodology allows
different building energy simulation programs, representing different degrees of modeling complexity, to
be tested by comparing the predictions from other building energy programs to the simulation results
provided by the Compliance Software in question.

Compliance software must pass ASHRAE 140-2007 tests, but these tests are not part of the Reference
Method.

3.4 Reference Method Tests

The previous suite of tests, based on ASHRAE Standard 140-2007, verifies that the simulation engine
produces appropriate models of fundamental building physics and predicts interactions between system
components. Each test requires a simulation to be run. The tests in this section are intended to verify that
the software correctly constructs the proposed design and baseline buildings and correctly applies the
proposed design input restrictions specified in Chapter 5 and Appendix 5.0. A set of quantitiative tests
verifies that the candidate compliance software can accurately predict energy tradeoffs bre

3.4.1 Compliance Margin Tests

This document details the eligibility requirements for an applicant simulation program for use as
compliance software under the 2013 ACM. A series of quantitative tests called the Compliance Margin
Tests shall be performed and results compared against predetermined Reference results to demonstrate
that the applicant software is acceptable for use in code compliance. There are a total of 168 tests. All the
test cases described in Section VIl shall be performed and results summarized in the forms contained in
Appendix A.

3.4.1.1 Overview

The applicant software shall perform a suite of Compliance Margin Test Cases to demonstrate that their
performance is acceptable for code compliance. The applicant software test results shall be compared
against a base case called the Reference tests. The Reference Test case is the corresponding match of a
particular test case simulated already on EnergyPlus (v.7.0) engine. The Reference Model results, as
determined by the Commission, are tabulated in Appendix A.

The test cases will assess the applicant software’s sensitivity to various inputs ranging from envelope
thermal conductance to HVAC system performance. Each case tests the impact of the input component
on building end use energy and annual TDV. The following seven input components will be tested
through a series of _ tests:

e Opagque envelope
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e Glazing
e Lighting
o Daylighting

¢ Receptacle loads

o HVAC System Parameters

3.4.1.2 Reference Model

The Reference Method tests are performed on seven Prototype Models which are a subset of the DOE
Prototype Building Models developed by PNNL for analysis of ASHRAE Standard 90.1. The Reference
Models are EnergyPlus model input files of the DOE prototype models, modified to comply with the
requirements of Title-24 2013. The Reference Models will be the reference baseline runs for the test
cases. The applicant software shall replicate the seven building models using the same inputs as the
Reference Models. The models so replicated will be the applicant baseline models for the test cases.

A summary of the Reference Models is provided in Appendix A. Detailed EnergyPlus input files of the
Reference models are available from the California Energy Commission’s Building Energy Efficiency
Software Consortium webpage http://www.energydataweb.com/consortium/PACdocsNR.aspx.

Reference Models used for the test cases are:

¢ Small Office Building:

This is a single story building of area 5500 square feet with punched
windows distributed evenly across all facades. There are five thermal
zones in this building served by packaged air conditioning units. For fig 1- Small Office
further details refer Appendix A.

¢ Medium Office Building:

This Reference model is a three storied rectangular building with an
overall area of 53600 square feet. It has a window to wall ratio of 33%
with fenestration distributed evenly across all four facades. The zones are
served by DX cooling and Gas furnace heating with electric reheat. For
further details refer Appendix A.

fig.2- Medium Office
e Large Office Building:

The large office building has twelve floors and a basement floor with glas
windows with a window to wall ratio of 40% on the above-grade walls. Th
total area of the building is 498,600 square feet. The HVAC system type
used is centrifugal chillers and gas boiler. For further details refer
Appendix A.

=)
N

e Stand-Alone Retail:

The stand-alone retail is a single story rectangular building measuring
178 ft by 139 ft. The total area is 24695 square feet. Windows are
located only on the street facing fagade and occupy 25.4% of that
facade. The building is divided into five thermal zones which are served
by various system types as described in Appendix A.

fia.4- Stand-Alone Retail
e Primary School:

The primary school building is a single story building with a total floor
area of 73, 960 square feet. It has a window to wall ratio of 35% with
ribbon windows across all facades. Thermal zoning is as per exposure
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and space function. The zones are served by various system types.
For further details refer Appendix A.

e Fast-food Restaurant:

The fast food restaurant Model has one floor of area 2500 square feet.
Windows are located on the east, south and west sides of the dining
zone fagade. Window to wall ratio varies for each fagade. The building
is served by packaged air conditioning unit. For further details refer
Appendix A.

¢ Warehouse Building: fig.6- Fast food Restaurant

The warehouse building has a total area of 49,495 square feet. It has
three zones with office and storage spaces. The office spaces have
punched windows. For further details refer Appendix A.

e  Strip Mall Building:

The strip mall building has a total area of 22,500 square feet. It has ten
zones each with rooftop units. The building has windows in the street
facing facade and has an overall window to wall ratio of 10.5% . For
further details refer Appendix A.

fig.7- Warehouse

3.4.1.3 Climate Zones

The Reference Method Test cases use five of the 16 California climate zones. Most tests are performed
on two or three climate zones to capture the sensitivity of the input characteristic to extremes in weather
conditions. The test cases are performed on climate zones 6, 15 and 16 which represent mild, hot and
cold climates respectively. Daylighting tests are performed on climate zone 7 which has a high annual
daylighting potential and climate zone 1, representative of climate with least annual daylighting potential.

Table 3-Climate Zones Tested

Climate Zone Example City

1 Arcata

6 Long Beach

7 San Diego Lindbergh
15 Palm Springs-Intl

16 Blue Canyon

Software Requirements Reference Method Tests
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3.4.1.4 Labeling Computer Runs

Each test case used for the compliance test is labeled uniquely to make it easier to keep track of the runs
and to facilitate analysis. The following scheme is used:

Envelope Test/Medium Office -CZ-15, Roof Insulation

Input Characteristic

Climate Zone

Prototype Model Type

Test Component

3.4.1.5 Test Criteria

Applicant software vendors shall perform a series of computer runs. Each of these runs shall be a
systematic variation of the applicant base case model as described in Section VII. The applicant test case
results will be compared to the reference results to verify that applicant software meets the requirements
of the ACM. Simulation results for each test case will be compiled in forms provided in Appendix A.
Compiled results will include annual site energy consumption for each end-use, overall site energy
consumption, total unmet load hours and annual TDV and % variation of annual TDV and total end use
site energy.

The annual TDV % variation shall be calculated using the formula:
TDVy,= (TDV, — TDV,))/TDV,

Where, TDV,y, is the TDV % variation,

TDV, is the annual TDV for test case number n and

TDV, is the annual TDV for the base case run.

In order to be accepted, the applicant software should fulfill the passing criteria as determined by the
Commission:

For each test case,
When Reference Model TDVy, < 1%, Allowed Maximum Applicant Model TDVy,, =1%

When Reference Model TDVy, > 1%, Allowed Applicant Model TDV,,, shall be within + 10% of Reference
Model TDVo,

Where, the subscript “a” represents the applicant results and “r" represents the reference results.

If any of the tests fail to meet these criteria, the applicant software will not be accepted for compliance
use.

3.4.1.6 Compliance Margin Test Cases

Test cases assess the energy impact of one or more of the building or system input characteristics on the
baseline model. Each test suite consists of a series of unique test cases aimed to test the impact of a
specific characteristic on building energy performance. Simulations are grouped according to test criteria
and sub-grouped based on the reference model type to allow for direct comparison of results. For each
test case, the applicant software will modify the applicant baseline model with specific inputs as described
in the Test Case description section.
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The test cases are simulated on multiple California weather files to evaluate the sensitivity of the building
or system input to extremes in climate. Results of the test case runs and the TDV percent variation over
the baseline run shall be compiled and compared against the reference results.

Each test case described in this section shall be compared against a baseline run. The baseline runs for
each of the test cases are provided in Table 4 — Baseline Runs for Test Cases. A summary of the
baseline reference Models is provided in Appendix A. Detailed EnergyPlus input files of the Reference
baseline and test case models are available from the California Energy Commission’s, Building Energy
Efficiency Software Consortium webpage http://www.energydataweb.com/consortium/PACdocsNR.aspx.

Test cases:
e Envelope Test

1. Envelope Test/Medium Office-CZ-15, Roof Insulation- This case tests the impact of modifying
Roof assembly overall U value in climate zone 15. Roof assembly U value is increased 20% more
than the baseline case.

2. Envelope Test/Medium Office-CZ-15, Wall Insulation- This case tests the impact of modifying
Wall assembly overall U value in climate zone 15. Wall assembly U value is modeled 20% more
than the baseline case.

3. Envelope Test/Medium Office-CZ-15, Floor Slab Insulation- This case tests the impact of a
slab on grade floor with vertical perimeter insulation in climate zone 15. The baseline case has
floor slab with no insulation.

4. Envelope Test/Medium Office-CZ-15, Infiltration- This case tests the impact of increasing the
envelope infiltration by 5% compared to baseline case in climate zone 15.

5. Envelope Test/Medium Office-CZ-16, Roof Insulation- This case tests the impact of modifying
Roof assembly overall U value in climate zone 16. Roof assembly U value is increased 20% more
than the baseline case.

6. Envelope Test/Medium Office-CZ-16, Wall Insulation- This case tests the impact of modifying
Wall assembly overall U value in climate zone 15. Wall assembly U value is modeled 20% more
than the baseline case.

7. Envelope Test/Medium Office-CZ-16, Floor Slab Insulation- This case tests the impact of a
slab on grade floor with vertical perimeter insulation in climate zone 15. The baseline case has
floor slab with no insulation.

8. Envelope Test/Medium Office-CZ-16, Infiltration- This case tests the impact of increasing the
envelope infiltration by 5% compared to baseline case in climate zone 16.

9. Envelope Test/Medium Office-CZ-6, Roof Insulation- This case tests the impact of modifying
Roof assembly overall U value in climate zone 6. Roof assembly U value is increased 20% more
than the baseline case.

10. Envelope Test/Medium Office-CZ-6, Wall Insulation- This case tests the impact of modifying
Wall assembly overall U value in climate zone 6. Wall assembly U value is modeled 20% more
than the baseline case.

11. Envelope Test/Medium Office-CZ-6, Floor Slab Insulation- This case tests the impact of a slab
on grade floor with vertical perimeter insulation in climate zone 6. The baseline case has floor
slab with no insulation.

12. Envelope Test/Medium Office-CZ-6, Infiltration- This case tests the impact of increasing the
envelope infiltration by 5% compared to baseline case in climate zone 6.

13. Envelope Test/Small Office-CZ-15, Low Sloped Roof, Solar Reflectance- This case tests the
impact of modifying the reflectivity of the roof in climate zone -15. Here, aged solar reflectance of
the roofing product is increased by 20% compared to a low sloped base case roof.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Envelope Test/Small Office-CZ-16, Low Sloped Roof, Solar Reflectance- This case tests the
impact of modifying the reflectivity of the roof in climate zone -16. Here, aged solar reflectance of
the roofing product is increased by 20% compared to a low sloped base case roof.

Envelope Test/Small Office-CZ-6, Low Sloped Roof, Solar Reflectance- This case tests the
impact of modifying the reflectivity of the roof in climate zone -6. Here, aged solar reflectance of
the roofing product is increased by 20% compared to a low sloped base case roof.

Envelope Test/Small Office-CZ-15, Steep Sloped Roof, Solar Reflectance- This case tests
the impact of modifying the reflectivity of the roof in climate zone -15. Here, aged solar
reflectance of the roofing product is increased by 20% compared to a steep sloped base case
roof.

Envelope Test/Small Office-CZ-16, Steep Sloped Roof, Solar Reflectance- This case tests
the impact of modifying the reflectivity of the roof in climate zone -16. Here, aged solar
reflectance of the roofing product is increased by 20% compared to a steep sloped base case
roof.

Envelope Test/Small Office-CZ-6, Steep Sloped Roof, Solar Reflectance- This case tests the
impact of modifying the reflectivity of the roof in climate zone -6. Here, aged solar reflectance of
the roofing product is increased by 20% compared to a low sloped base case roof.

Envelope Test/Primary School-CZ-15-Heavy Construction- In this case, the impact of
envelope mass on energy consumption in climate zone 15 is tested. The test case is modeled
with a Solid concrete wall and compared against the light weight construction baseline.

Envelope Test/Primary School-CZ-16-Heavy Construction- In this case, the impact of
envelope mass on energy consumption in climate zone 16 is tested. The test case is modeled
with a Solid concrete wall and compared against the light weight construction baseline.

Envelope Test/Primary School-CZ-6-Heavy Construction- In this case, the impact of envelope
mass on energy consumption in climate zone 6 is tested. The test case is modeled with a Solid
concrete wall and compared against the light weight construction baseline.

Envelope Glazing Test

Envelope Glazing Test/Medium Office-CZ-15, Window U value- This case tests the impact of
reducing the window U value by 20% compared to baseline window U value on climate zone 15.
The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.

Envelope Glazing Test/Medium Office-CZ-15, Window SHGC value- This case tests the
impact of reducing the window SHGC value by 20% compared to baseline SHGC on climate zone
15. The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.

Envelope Glazing Test/Medium Office-CZ-15, Window U & SHGC value- This case tests the
impact of reducing the window U and SHGC values by 20% compared to baseline on climate
zone 15. The intent is to test the sensitivity of the software to modifications in heat transmitted
into the space through fenestration.

Envelope Glazing Test/Medium Office-CZ-16, Window U value- This case tests the impact of
reducing the window U value by 20% compared to baseline window U value on climate zone 16.
The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.

Envelope Glazing Test/Medium Office-CZ-16, Window SHGC value- This case tests the
impact of reducing the window SHGC value by 20% compared to baseline SHGC on climate zone
16. The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.
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27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Envelope Glazing Test/Medium Office-CZ-16, Window U & SHGC value- This case tests the
impact of reducing the window U and SHGC values by 20% compared to baseline on climate
zone 16. The intent is to test the sensitivity of the software to modifications in heat transmitted
into the space through fenestration.

Envelope Glazing Test/Medium Office-CZ-6, Window U value- This case tests the impact of
reducing the window U value by 20% compared to baseline window U value on climate zone 6.
The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.

Envelope Glazing Test/Medium Office-CZ-6, Window SHGC value- This case tests the impact
of reducing the window U value by 20% compared to baseline window U value on climate zone 6.
The intent is to test the sensitivity of the software to modifications in heat transmitted into the
space through fenestration.

Envelope Glazing Test/Medium Office-CZ-6, Window U & SHGC value- This case tests the
impact of reducing the window U and SHGC values by 20% compared to baseline on climate
zone 6. The intent is to test the sensitivity of the software to modifications in heat transmitted into
the space through fenestration.

Envelope Glazing Test/Large Office-CZ-7, WWR of 20%- In this case, the impact of reducing
the window to wall ratio is tested. The test case is compared against the baseline which has a
WWR of 40%. This case is tested for climate zone 7.

Envelope Glazing Test/Large Office-CZ-7, WWR of 60%- In this case, the impact of increasing
the window to wall ratio is tested. The test case is compared against the baseline which has a
WWR of 40%. This case is tested for climate zone 7.

Envelope Glazing Test/Large Office-CZ-7, WWR of 60% with overhang on South Fagade- In
this case, the impact of shading the south facing windows by a two feet deep overhang is tested.
This case is tested for climate zone 7.

Envelope Glazing Test/Large Office-CZ-1, WWR of 20%- In this case, the impact of reducing
the window to wall ratio is tested. The test case is compared against the baseline which has a
WWR of 40%. This case is tested for climate zone 1.

Envelope Glazing Test/Large Office-CZ-1, WWR of 60%- In this case, the impact of increasing
the window to wall ratio is tested. The test case is compared against the baseline which has a
WWR of 40%. This case is tested for climate zone 1.

Lighting Test

Lighting Test/Medium Office-CZ-15, low lighting power density- This case tests the impact of
reducing the lighting power density of interior lights by 20% compared to baseline. This case is
tested on climate zone 15.

Lighting Test/Medium Office-CZ-15, high lighting power density- This case tests the impact
of increasing the lighting power density of interior lights by 20% compared to baseline. This case
is tested on climate zone 15.

Lighting Test/Medium Office-CZ-16, low lighting power density- This case tests the impact of
reducing the lighting power density of interior lights by 20% compared to baseline. This case is
tested on climate zone 16.

Lighting Test/Medium Office-CZ-16, high lighting power density- This case tests the impact
of increasing the lighting power density of interior lights by 20% compared to baseline. This case
is tested on climate zone 16.

Lighting Test/Medium Office-CZ-6, low lighting power density- This case tests the impact of
reducing the lighting power density of interior lights by 20% compared to baseline. This case is
tested on climate zone 6.
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41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Lighting Test/Medium Office-CZ-6, high lighting power density- This case tests the impact of
increasing the lighting power density of interior lights by 20% compared to baseline. This case is
tested on climate zone 6.

Daylighting Test

Daylighting Test/Large Office-CZ-7, Daylight sensors with Continuous Dimming- This case
tests the impact of daylighting. Daylight sensors with continuous dimming is modeled in a large
office building type with a WWR of 40% and results compared against Large office Prototype
model , both modeled for climate zone 7.

Daylighting Test/Large Office-CZ-7, Daylight sensors with Continuous Dimming and
windows with high VT- This case tests the impact of daylighting. Daylight sensors with
continuous dimming are modeled in a large office building type with a WWR of 40%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model, both modeled for climate zone 7.

Daylighting Test/Large Office-CZ-7, Daylight sensors with Stepped Dimming- This case
tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a large
office building type with a WWR of 40% and results compared against Large office Prototype
model, both modeled for climate zone 7.

Daylighting Test/Large Office-CZ-7, Daylight sensors with Stepped Dimming and windows
with high VT- This case tests the impact of daylighting. Daylight sensors with stepped dimming
are modeled in a large office building type with a WWR of 40%. The visible transmittance of
windows is increased to improve the daylighting potential. This case is tested on large office
Prototype model, both modeled for climate zone 7.

Daylighting Test/Large Office-CZ-7,WWR of 20%, Daylight sensors with Continuous
Dimming- This case tests the impact of daylighting. Daylight sensors with continuous dimming is
modeled in a large office building type with a WWR of 20% and results compared against Large
office Prototype model , both modeled for climate zone 7.

Daylighting Test/Large Office-CZ-7, WWR of 20%, Daylight sensors with Continuous
Dimming and windows with high VT--This case tests the impact of daylighting. Daylight
sensors with continuous dimming are modeled in a large office building type with a WWR of 20%.
The visible transmittance of windows is increased to improve the daylighting potential. This case
is tested on large office Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-7, WWR of 20%, Daylight sensors with Stepped Dimming-
This case tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a
large office building type with a WWR of 20% and results compared against Large office
Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-7, WWR of 20%, Daylight sensors with Stepped Dimming
and windows with high VT- This case tests the impact of daylighting. Daylight sensors with
stepped dimming are modeled in a large office building type with a WWR of 20%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-7,WWR of 60%, Daylight sensors with Continuous
Dimming- This case tests the impact of daylighting. Daylight sensors with continuous dimming is
modeled in a large office building type with a WWR of 60% and results compared against Large
office Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-7, WWR of 60%, Daylight sensors with Continuous
Dimming and windows with high VT- This case tests the impact of daylighting. Daylight
sensors with continuous dimming are modeled in a large office building type with a WWR of 60%.
The visible transmittance of windows is increased to improve the daylighting potential. This case
is tested on large office Prototype model in climate zone 7.
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52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Daylighting Test/Large Office-CZ-7, WWR of 60%, Daylight sensors with Stepped Dimming-
This case tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a
large office building type with a WWR of 60% and results compared against Large office
Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-7, WWR of 60%, Daylight sensors with Stepped Dimming
and windows with high VT- This case tests the impact of daylighting. Daylight sensors with
stepped dimming are modeled in a large office building type with a WWR of 60%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model in climate zone 7.

Daylighting Test/Large Office-CZ-1, Daylight sensors with Continuous Dimming- This case
tests the impact of daylighting. Daylight sensors with continuous dimming is modeled in a large
office building type with a WWR of 40% and results compared against Large office Prototype
model , both modeled for climate zone 1.

Daylighting Test/Large Office-CZ-1, Daylight sensors with Continuous Dimming and
windows with high VT- This case tests the impact of daylighting. Daylight sensors with
continuous dimming are modeled in a large office building type with a WWR of 40%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model, both modeled for climate zone 1.

Daylighting Test/Large Office-CZ-1, Daylight sensors with Stepped Dimming- This case
tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a large

office building type with a WWR of 40% and results compared against Large office Prototype
model , both modeled for climate zone 1.

Daylighting Test/Large Office-CZ-1, Daylight sensors with Stepped Dimming and windows
with high VT- This case tests the impact of daylighting. Daylight sensors with stepped dimming
are modeled in a large office building type with a WWR of 40%. The visible transmittance of
windows is increased to improve the daylighting potential. This case is tested on large office
Prototype model, both modeled for climate zone 1.

Daylighting Test/Large Office-CZ-1,WWR of 20%, Daylight sensors with Continuous
Dimming- This case tests the impact of daylighting. Daylight sensors with continuous dimming is
modeled in a large office building type with a WWR of 20% and results compared against Large
office Prototype model , both modeled for climate zone 1.

Daylighting Test/Large Office-CZ-1, WWR of 20%, Daylight sensors with Continuous
Dimming and windows with high VT--This case tests the impact of daylighting. Daylight
sensors with continuous dimming are modeled in a large office building type with a WWR of 20%.
The visible transmittance of windows is increased to improve the daylighting potential. This case
is tested on large office Prototype model in climate zone 1.

Daylighting Test/Large Office-CZ-1, WWR of 20%, Daylight sensors with Stepped Dimming-
This case tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a
large office building type with a WWR of 20% and results compared against Large office
Prototype model in climate zone 1.

Daylighting Test/Large Office-CZ-1, WWR of 20%, Daylight sensors with Stepped Dimming
and windows with high VT- This case tests the impact of daylighting. Daylight sensors with
stepped dimming are modeled in a large office building type with a WWR of 20%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model in climate zone 1.

Daylighting Test/Large Office-CZ-1 ,WWR of 60%, Daylight sensors with Continuous
Dimming- This case tests the impact of daylighting. Daylight sensors with continuous dimming is
modeled in a large office building type with a WWR of 60% and results compared against Large
office Prototype model in climate zone 1.
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Daylighting Test/Large Office-CZ-1, WWR of 60%, Daylight sensors with Continuous
Dimming and windows with high VT- This case tests the impact of daylighting. Daylight
sensors with continuous dimming are modeled in a large office building type with a WWR of 60%.
The visible transmittance of windows is increased to improve the daylighting potential. This case
is tested on large office Prototype model in climate zone 1.

Daylighting Test/Large Office-CZ-1, WWR of 60%, Daylight sensors with Stepped Dimming-
This case tests the impact of daylighting. Daylight sensors with stepped dimming is modeled in a
large office building type with a WWR of 60% and results compared against Large office
Prototype model in climate zone 1.

Daylighting Test/Large Office-CZ-1, WWR of 60%, Daylight sensors with Stepped Dimming
and windows with high VT- This case tests the impact of daylighting. Daylight sensors with
stepped dimming are modeled in a large office building type with a WWR of 60%. The visible
transmittance of windows is increased to improve the daylighting potential. This case is tested on
large office Prototype model in climate zone 1.

Daylighting Test/Stand Alone Retail-CZ-7, with skylights with high VT- In this case the
impact of daylighting with skylights is tested. Daylight potential is improved by increasing the
visible transmittance of the skylight glass. Standalone retail building in climate zone 7 is tested in
this case.

Daylighting Test/Stand Alone Retail-CZ-7, with SRR of 5%- In this case the impact of
daylighting with skylights is tested. Daylight potential is improved by increasing the SRR to 5%
compared to baseline SRR of 1.3%. Standalone retail building in climate zone 7 is tested in this
case.

Daylighting Test/Stand Alone Retail-CZ-7, with SRR of 5% and skylights with high VT - In
this case the impact of daylighting with skylights is tested. Daylight potential is improved by
increasing the SRR to 5% compared to baseline SRR of 1.3%, and visible transmittance of
skylight glass. Standalone retail building in climate zone 7 is tested in this case.

Daylighting Test/Stand Alone Retail-CZ-1, with skylights with high VT-- In this case the
impact of daylighting with skylights is tested. Daylight potential is improved by increasing the
visible transmittance of the skylight glass. Standalone retail building in climate zone 1 is tested in
this case.

Daylighting Test/Stand Alone Retail-CZ-1, with SRR of 5%-%- In this case the impact of
daylighting with skylights is tested. Daylight potential is improved by increasing the SRR to 5%
compared to baseline SRR of 1.3%. Standalone retail building in climate zone 1 is tested in this
case.

Daylighting Test/Stand Alone Retail-CZ-1, with SRR of 5% and skylights with high VT - In
this case the impact of daylighting with skylights is tested. Daylight potential is improved by
increasing the SRR to 5% compared to baseline SRR of 1.3%, and visible transmittance of
skylight glass. Standalone retail building in climate zone 1 is tested in this case.

Equipment Test

Equipment Test/Medium Office-CZ-15, with low Equipment Power Density- This case tests
the impact of reducing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 15.

Equipment Test/Medium Office-CZ-15, with high Equipment Power Density- This case tests
the impact of increasing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 15.

Equipment Test/Medium Office-CZ-16, with low Equipment Power Density- This case tests
the impact of reducing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 16.
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75.

76.

77.

78.

Equipment Test/Medium Office-CZ-16, with high Equipment Power Density- This case tests
the impact of increasing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 16.

Equipment Test/Medium Office-CZ-6, with low Equipment Power Density- This case tests
the impact of reducing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 6.

Equipment Test/Medium Office-CZ-6, with high Equipment Power Density- This case tests
the impact of increasing the equipment power density by 20% compared to baseline. This case is
tested on climate zone 6.

Equipment Test/Fast food Restaurant-CZ-6, with high Process Load- This case tests the
impact of increasing the electric process load by 5% compared to baseline. This case is tested on
climate zone 6.

The System test suit comprises of test cases for 12 different HVAC system types like:

79.

80.

81.

82.

83.

84.

85.

86.

o Packaged Terminal Air Conditioner
Packaged Terminal Heat Pump
Packaged Single Zone System
Packaged VAV System

Single duct built-up VAV system
Fan coil units

Water loop heat pump

Evaporative cooling system
Natural ventilation

Hydronic radiant system

Under-floor air distribution system

O O O 0O O O o o o o o

Variable refrigerant flow (VRF) system
HVAC Test Cases

HVAC Test /PTAC, Stripmall-CZ-6, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

HVAC Test /PTAC, Stripmall-CZ-6, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

HVAC Test /PTAC, Stripmall-CZ-15, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

HVAC Test /PTAC, Stripmall-CZ-15, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

HVAC Test /PTAC, Stripmall-CZ-16, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

HVAC Test /PTAC, Stripmall-CZ-16, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

HVAC Test /PTHP, Stripmall-CZ-6, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

HVAC Test /PTHP, Stripmall-CZ-6, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.
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87. HVAC Test /PTHP, Stripmall-CZ-15, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

88. HVAC Test /PTHP, Stripmall-CZ-15, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

89. HVAC Test /PTHP, Stripmall-CZ-16, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

90. HVAC Test /PTHP, Stripmall-CZ-16, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

91. HVAC Test/ PSZ, Stripmall-CZ-6, Low Efficiency- This case tests the impact of modifying a set
of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

92. HVAC Test/ PSZ, Stripmall-CZ-6, High Efficiency- This case tests the impact of modifying a set
of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

93. HVAC Test/ PSZz, Stripmall-CZ-15, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

94. HVAC Test/ PSZ, Stripmall-CZ-15, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

95. HVAC Test/ PSZ, Stripmall-CZ-16, Low Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements lower than the 2008 Title 24 baseline.

96. HVAC Test/ PSZz, Stripmall-CZ-16, High Efficiency- This case tests the impact of modifying a
set of parameters with efficiencies and requirements higher than the 2008 Title 24 baseline.

97. HVAC Test/PVAV, Medium Office-CZ-6, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

98. HVAC Test/PVAV, Medium Office-CZ-6, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

99. HVAC Test/PVAV, Medium Office-CZ-15, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

100. HVAC Test/PVAV, Medium Office-CZ-15, High Efficiency- This case tests the impact
of modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

101. HVAC Test/PVAV, Medium Office-CZ-16, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

102. HVAC Test/PVAV, Medium Office-CZ-16, High Efficiency- This case tests the impact
of modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

103. HVAC Test /VAV, Large Office-CZ-6, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

104. HVAC Test /VAV, Large Office-CZ-6, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.
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105. HVAC Test /VAV, Large Office-CZ-15, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

106. HVAC Test /VAV, Large Office-CZ-15, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

107. HVAC Test /VAV, Large Office-CZ-16, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

108. HVAC Test /VAV, Large Office-CZ-16, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

109. HVAC Test/FanCoil, Stripmall-CZ-6, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

110. HVAC Test/FanCoil, Stripmall-CZ-6, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

111. HVAC Test/FanCoil, Stripmall-CZ-15, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

112. HVAC Test/FanCoil, Stripmall-CZ-15, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

113. HVAC Test/FanCoil, Stripmall-CZ-16, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

114. HVAC Test/FanCoil, Stripmall-CZ-16, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

115. HVAC Test/VRF , Stripmall-CZ-6, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

116. HVAC Test/VRF, Stripmall-CZ-6, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

117. HVAC Test/VRF , Stripmall-CZ-15, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

118. HVAC Test/VRF, Stripmall-CZ-15, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.

119. HVAC Test/VRF , Stripmall-CZ-16, Low Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements lower than the 2008 Title 24
baseline.

120. HVAC Test/VRF, Stripmall-CZ-16, High Efficiency- This case tests the impact of
modifying a set of parameters with efficiencies and requirements higher than the 2008 Title 24
baseline.
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Table 4 — Baseline Runs for Test Cases

Test
Case Test Case Baseline Model
No.
1 | Envelope Test Medium OfficeCZ-15 Roof Insulation
2 | Envelope Test Medium OfficeCZ-15 Wall Insulation
3 | Envelope Test Medium OfficeCZ-15 Floor Slab Medium Office CZ-15 Baseline
Insulation
4 | Envelope Test Medium OfficeCZ-15 Infiltration
Envelope Test Medium OfficeCZ-16 Roof Insulation
6 | Envelope Test Medium OfficeCZ-16 Wall Insulation
- | Envelope Test Medium OfficeCZ-16 Floor Slab Medium Office CZ-16 Baseline
Insulation
8 | Envelope Test Medium OfficeCZ-16 Infiltration
9 | Envelope Test Medium OfficeCZ-6 Roof Insulation
10 | Envelope Test Medium OfficeCZ-6 Wall Insulation ) ) )
Medium Office CZ-6 Baseline
11 | Envelope Test Medium OfficeCZ-6 Floor Slab Insulation
12 | Envelope Test Medium OfficeCZ-6 Infiltration
13 Envelope Test Small OfficeCZ-15 SolarReflectance-Low | Small Office CZ-15 SolarReflectance-Low
Slope Slope Baseline
14 Envelope Test Small OfficeCZ-16 SolarReflectance-Low | Small Office CZ-16 SolarReflectance-Low
Slope Slope Baseline
15 Envelope Test Small OfficeCZ-6 SolarReflectance-Low | Small Office CZ-6 SolarReflectance-Low
Slope Slope Baseline
16 Envelope Test Small OfficeCZ-15 SolarReflectance- Small Office CZ-15 SolarReflectance-Steep
Steep Slope Slope Baseline
17 Envelope Test Small OfficeCZ-16 SolarReflectance- Small Office CZ-16 SolarReflectance-Steep
Steep Slope Slope Baseline
18 Envelope Test Small OfficeCZ-6 SolarReflectance- Small Office CZ-6 SolarReflectance-Steep
Steep Slope Slope Baseline
19 | Envelope Test Primary SchoolCZ-15 Heavy Envelope Test Primary SchoolCZ-15 Light
20 | Envelope Test Primary SchoolCZ-16 Heavy Envelope Test Primary SchoolCZ-16 Light
21 | Envelope Test Primary SchoolCZ-6 Heavy Envelope Test Primary SchoolCZ-6 Light
22 | Envelope Glazing Test Medium OfficeCZ-15 Window U
23 Envelope Glazing Test Medium OfficeCZ-15 Window
SHGC Medium Office CZ-15 Baseline
o Envelope Glazing Test Medium OfficeCZ-15 Window
U&SHGC
25 | Envelope Glazing Test Medium OfficeCZ-16 Window U
26 Envelope Glazing Test Medium OfficeCZ-16 Window
SHGC Medium Office CZ-16 Baseline
27 Envelope Glazing Test Medium OfficeCZ-16 Window

U&SHGC
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28

29

30

Envelope Glazing Test Medium OfficeCZ-6 Window U

Envelope Glazing Test Medium OfficeCZ-6 Window
SHGC

Envelope Glazing Test Medium OfficeCZ-6 Window
U&SHGC

Medium Office CZ-6 Baseline

31
32

33

34
35

Envelope Glazing Test Large OfficeCZ-7 WWR 20%

Envelope Glazing Test Large OfficeCZ-7 WWR 60%

Envelope Glazing Test Large OfficeCZ-7 WWR 60%
with South overhang

Envelope Glazing Test Large OfficeCZ-1 WWR 20%

Envelope Glazing Test Large OfficeCZ-1 WWR 60%

Large Office CZ-7 Baseline

36
37
38
39
40
41

Lighting Tests Medium OfficeCZ-15 low LPD

Lighting Tests Medium OfficeCZ-15 high LPD

Medium Office CZ-15 Baseline

Lighting Tests Medium OfficeCZ-16 low LPD

Lighting Tests Medium OfficeCZ-16 high LPD

Medium Office CZ-16 Baseline

Lighting Tests Medium OfficeCZ-6 low LPD

Lighting Tests Medium OfficeCZ-6 high LPD

Medium Office CZ-6 Baseline

42

43

44

45

46

47

48

49

50

51

52

53

54

Daylighting Tests Large OfficeCZ-7 Continuous
Dimming

Daylighting Tests Large OfficeCZ-7 Continuous
Dimming and high VT

Daylighting Tests Large OfficeCZ-7 Stepped Dimming

Daylighting Tests Large OfficeCZ-7 Stepped Dimming
and high VT

Large Office CZ-7 Baseline

Daylighting Tests Large OfficeCZ-7 WWR-
20%,Continuous Dimming

Daylighting Tests Large OfficeCZ-7 WWR-
20%,Continuous Dimming and high VT

Daylighting Tests Large OfficeCZ-7 WWR-20%,Stepped
Dimming

Daylighting Tests Large OfficeCZ-7 WWR-20%,Stepped
Dimming and high VT

Large Office CZ-7 WWR 20% Baseline

Daylighting Tests Large OfficeCZ-7WWR-
60%,Continuous Dimming

Daylighting Tests Large OfficeCZ-7 WWR-
60%,Continuous Dimming and high VT

Daylighting Tests Large OfficeCZ-7 WWR-60%,Stepped
Dimming

Daylighting Tests Large OfficeCZ-7 WWR-60%,Stepped
Dimming and high VT

Large Office CZ-7 WWR 60% Baseline

Daylighting Tests Large OfficeCZ-1 Continuous
Dimming

Large Office CZ-1 Baseline
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55

56

57

58

59

60

61

62

63

64

65

Daylighting Tests Large OfficeCZ-1 Continuous
Dimming and high VT

Daylighting Tests Large OfficeCZ-1 Stepped Dimming

Daylighting Tests Large OfficeCZ-1 Stepped Dimming
and high VT

Daylighting Tests Large OfficeCZ-1 WWR-
20%,Continuous Dimming

Daylighting Tests Large OfficeCZ-1 WWR-
20%,Continuous Dimming and high VT

Daylighting Tests Large OfficeCZ-1 WWR-20%,Stepped
Dimming

Daylighting Tests Large OfficeCZ-1 WWR-20%,Stepped
Dimming and high VT

Large Office CZ-1 WWR-20% Baseline

Daylighting Tests Large OfficeCZ-1WWR-
60%,Continuous Dimming

Daylighting Tests Large OfficeCZ-1 WWR-
60%,Continuous Dimming and high VT

Daylighting Tests Large OfficeCZ-1 WWR-60%,Stepped
Dimming

Daylighting Tests Large OfficeCZ-1 WWR-60%,Stepped
Dimming and high VT

Large Office CZ-1 WWR-60% Baseline

66
67

68

69
70

71

Daylighting Tests Stand Alone Retail CZ-7 Skylight VT

Daylighting Tests Stand Alone Retail CZ-7 SRR-5%

Daylighting Tests Stand Alone Retail CZ-7 SRR-5% and
high VT

Stand Alone Retail CZ-7 Baseline

Daylighting Tests Stand Alone Retail CZ-1 Skylight VT

Daylighting Tests Stand Alone Retail CZ-1 SRR-5%

Daylighting Tests Stand Alone Retail CZ-1 SRR-5% and
high VT

Stand Alone Retail CZ-1 Baseline

72
73

Equipment test Medium OfficeCZ-15 low EPD

Equipment test Medium OfficeCZ-15 high EPD

Medium Office CZ-15 Baseline

74
75

Equipment test Medium OfficeCZ-16 low EPD

Equipment test Medium OfficeCZ-16 high EPD

Medium Office CZ-16 Baseline

76
77

Equipment test Medium OfficeCZ-6 low EPD

Equipment test Medium OfficeCZ-6 high EPD

Medium Office CZ-6 Baseline

78

Equipment test Fast food RestaurantCZ-6 high Process
load

Fast food Restaurant CZ-6 Baseline

79 | PTAC Test Strip Mall CZ-6 Low Eff PTAC Strip Mall CZ-6 Baseline
80 | PTAC Test Strip Mall CZ-6 High Eff
81 | PTAC Test Strip Mall CZ-15 Low Eff PTAC Strip Mall CZ-15 Baseline
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82 | PTAC Test Strip Mall CZ-15 High Eff
83 | PTAC Test Strip Mall CZ-16 Low Eff PTAC Strip Mall CZ-16 Baseline
84 | PTAC Test Strip Mall CZ-16 High Eff
85 | PTHP Test Strip Mall CZ-6 Low Eff PTHP Strip Mall CZ-6 Baseline
86 | PTHP Test Strip Mall CZ-6 High Eff
87 | PTHP Test Strip Mall CZ-15 Low Eff PTHP Strip Mall CZ-15 Baseline
88 | PTHP Test Strip Mall CZ-15 High Eff
89 | PTHP Test Strip Mall CZ-16 Low Eff PTHP Strip Mall CZ-16 Baseline
90 | PTHP Test Strip Mall CZ-16 High Eff
91 | PSZ Test Strip Mall CZ-6 Low Eff PSZ Strip Mall CZ-6 Baseline
92 | PSZ Test Strip Mall CZ-6 High Eff
93 | PSZ Test Strip Mall CZ-15 Low Eff PSZ Strip Mall CZ-15 Baseline
94 | PSZ Test Strip Mall CZ-15 High Eff
95 | PSZ Test Strip Mall CZ-16 Low Eff PSZ Strip Mall CZ-16 Baseline
96 | PSZ Test Strip Mall CZ-16 High Eff
97 | PVAV Test Medium Office CZ-6 Low Eff PVAV Medium Office CZ-6 Baseline
98 | PVAV Test Medium Office CZ-6 High Eff
99 | PVAV Test Medium Office CZ-15 Low Eff PVAV Medium Office CZ-15 Baseline
100 | PVAV Test Medium Office CZ-15 High Eff
101 | PVAV Test Medium Office CZ-16 Low Eff PVAV Medium Office CZ-16 Baseline
102 | PVAV Test Medium Office CZ-16 High Eff
103 | VAV Test Large Office CZ-6 Low Eff VAV Large Office CZ-6 Baseline
104 | VAV Test Large Office CZ-6 Low Eff
105 | VAV Test Large Office CZ-15 Low Eff VAV Large Office CZ-15 Baseline
106 | VAV Test LargeOffice CZ-15 Low Eff
107 | VAV Test LargeOffice CZ-16 Low Eff VAV Large Office CZ-16 Baseline
108 | VAV Test LargeOffice CZ-16 Low Eff
109 | FanCaoil Test Strip Mall CZ-6 Low Eff FanCoil Strip Mall CZ-6 Baseline
110 | FanCoail Test Strip Mall CZ-6 High Eff
111 | FanCoil Test Strip Mall CZ-15 Low Eff FanCoil Strip Mall CZ-15 Baseline
112 | FanCoil Test Strip Mall CZ-15 High Eff
113 | FanCoil Test Strip Mall CZ-16 Low Eff FanCoil Strip Mall CZ-16 Baseline
114 | FanCoil Test Strip Mall CZ-16 High Eff
115 | VRF Test Strip Mall CZ-6 Low Eff PSZ Strip Mall CZ-6 Baseline
116 | VRF Test Strip Mall CZ-6 High Eff
117 | VRF Test Strip Mall CZ-15 Low Eff PSZ Strip Mall CZ-15 Baseline
118 | VRF Test Strip Mall CZ-15 High Eff
119 | VRF Test Strip Mall CZ-16 Low Eff PSZ Strip Mall CZ-16 Baseline
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120 | VREF Test Strip Mall CZ-16 High Eff

3.4.1.7 Results Documentation

The applicant shall perform simulations for all tests specified in Section VII and report results in the forms
provided in Appendix A.

3.4.2 Ruleset Implementation Tests

The Compliance Margin Tests in the Reference Method suite of tests verifies that the simulation engine
produces results that are within an acceptable range. The tests in this section are intended to verify that
the software correctly constructs the baseline model and applies rules of the 2013 Nonresidential ACM
appropriately to the proposed and baseline models. Evaluation of the modeling assumptions and baseline
building tests is qualitative.

3.4.2.1 Overview

The test runs described in this section represent the Title-24 2013 Non-Residential ACM code compliance
calculation and use the following Prototype Models- Small Office Building, Medium Office Building, Large
Office Building, Warehouse Building and Small Hotel. For further details on the Prototype Models, refer to
Section Il of the Software Compliance Specification document. Each of the baseline test cases shall be
created by modifying the Prototype Model as described in Section IV of this document. The modified
Prototype Model shall form the proposed case for each test run. The baseline model shall be generated
by compliance software as per the rules in the 2013 Nonresidential ACM. The baseline and proposed
model files for each of test cases shall then be evaluated to verify that:

e The baseline building envelope constructions are correctly substituted for exterior opaque surfaces
and fenestrations.

e Fenestration area in the baseline building is reduced in accordance with the 2013 Nonresidential
ACM Manual, when the proposed design fenestration area is greater than 40% of the exterior wall.

e Skylight area in the baseline building is adjusted in accordance with the 2013 Nonresidential ACM
Manual, when applicable.

o Default schedules of operation are applied for both the baseline building and the proposed design.

e The proposed and baseline cases use the same defaults or tailored inputs for internal loads as
required by the 2013 Nonresidential ACM Manual.

e The baseline building lighting system is correctly specified and that exterior lighting is modeled.

o Receptacle loads, process loads is modeled according to the rules in the 2013 Nonresidential ACM
Manual.

e The baseline building use the correct system types as prescribed in Table_ of the 2013
Nonresidential ACM Manual.

e An economizer (of the right type) is included in the baseline building if required.
e The primary and secondary baseline building systems are properly specified and sized.
e Fan brake horsepower is correctly specified for the baseline building.

o Prescribed modeling assumptions are applied for both the baseline building and the proposed design.
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e Overhangs are modeled in the proposed design for Run 7 but not the baseline building.
e Unconditioned spaces are modeled.
e Other baseline building specifications and/or modeling assumptions are correctly applied.

As the software developer verifies the above and other conditions, the input and output files should be
annotated with comments or other methods to demonstrate that the modeling rules specified in the 2013
Nonresidential ACM Manual are correctly applied. Software developers should use the output format
spreadsheets, included in Appendix B, to report the results of these tests. These annotated files shall
then be submitted to the Commission for further evaluation. Any errors discovered shall be corrected by
making modifications to the software; the runs shall be repeated; and the new results shall be annotated
for submittal to the Commission.

3.4.2.2 Labeling of Baseline Tests
The Baseline Tests are labeled using the format:
Baseline Fenestration Test/Medium Office -CZ-15, Exterior Envelope Run 01
Run name number

Climate Zone

Prototype Model Type

Test Type

3.4.2.3 Rule set Implementation Tests

The following tests shall be performed to verify that the compliance software correctly creates the
baseline model and applies modeling rules as per the requirements of the Nonresidential ACM 2013. The
proposed model shall be created by modifying the appropriate Prototype Model type. The Baseline Model
for each test case shall be generated automatically by the complaince software.

The intent of each test run, characteristics of the proposed model and inputs to be verified in the baseline
model are described below.
1. Baseline Exterior Envelope Test/Small Office-CZ-6, Run01- This test will verify that the applicant

software models the wall, floor and roof construction correctly in the baseline model and the
envelope and fenestration performance requirements for the baseline are modelled as per the
requirements of NACM 2013.

The proposed model is a small office building in climate zone 6 with the following envelope

characteristics-

o Low sloped concrete roof with assembly U value of 0.065, Aged Solar Reflectance of 0.75

and Thermal emittance of 0.78.

¢ Wood-framed wall with assembly U value of 0.090

o Mass floor with asssembly U value of 0.15.

e Fixed window with U factor of 0.25, RSHGC of 0.20 and V.T of 0.45.

The following inputs in the baseline model file shall be verified and reported in the output form
provided in Appendix B-

e Baseline roof, wall and floor construction assembly type

e Baseline roof, wall and floor overall U-value

e Baseline roof, wall and floor construction assembly layer inputs
e Baseline roof aged solar reflectance and thermal emittance.

e Window U value, SHGC and V.T
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2. Baseline Exterior Envelope Test/Small Office-CZ-15, Run02 — This test will verify that the
applicant software models the wall, floor, roof construction and fenestrations correctly and the
envelope performance requirements for the baseline are modelled as per the NACM 2013.

The proposed model is a small office building in climate zone 15 with the following envelope

characteristics-

e Steep sloped metal building roof with assembly U value of 0.055, Aged Solar Reflectance of
0.60 and Thermal emittance of 0.70.

¢ Metal- framed wall with assembly U value of 0.056

e Slab on grade floor with florr F factor of 0.70.

e Horizontal overhang of 2 feet on south facing windows and vertical fins of 2 feet on right and
left of west facing windows.

The following inputs in the baseline model file shall be verified and reported in the output form-

e Baseline roof, wall and floor construction assembly type

e Baseline roof, wall and floor construction assembly layer inputs

e Baseline roof, wall overall U-value

e Baseline floor slab F-factor.

e Baseline roof aged solar reflectance and thermal emittance.

¢ Window overhangs for south and west windows.

3. Baseline Exterior Envelope Test/Small Hotel-CZ-15, Run03 — This test will verify that the
applicant software models the wall, floor and roof construction correctly in the baseline model
and the envelope and fenestration performance requirements for the baseline are modelled as
per the requirements of NACM 2013.

The proposed model is a small hotel building in climate zone 15 with the following characteristics-

e Low sloped Metal building Roof with assembly U value of 0.055, Aged Solar Reflectance of
0.60 and Thermal emittance of 0.70

¢ Metal- framed wall with assembly U value of 0.8

e Mass Floor with asssembly U value of 0.052.

e Fixed windows in the first floor with U factor of 0.25, RSHGC of 0.20 and V.T of 0.47.

e Opearble windows in guest room windows with U factor of 0.42, RSHGC of 0.18 and V.T of
0.35.

The following inputs in the baseline model file shall be verified and reported in the output form-

e Baseline roof, wall and floor construction assembly type

e Baseline roof, wall and floor construction assembly layer inputs

e Baseline roof, wall and floor U-value

e Baseline roof aged solar reflectance and thermal emittance.

e Window U value, SHGC and V.T

4. Baseline Fenestration Test/Large Office-CZ-6, WWR Run04 - Run 04 tests whether the applicant
software determines the window area of the baseline model as per the rules in NACM 2013.

The proposed model is the Large office building in climate zone six with an overall window to wall
ratio (WWR) of 60% made of a continuous band of glass distributed evenly across all facades.
For this run, the building is rotated 15 degrees to the east in azimuth.

The following inputs in the baseline model file shall be verified and reported in the output form-
e Baseline WWR
5. Baseline Fenestration Test/Large Office-CZ-6, WWR Run05 - Run 05 tests whether the applicant
software determines the window area of the baseline model as per the rules in NACM 2013.

The proposed model is the Large office building in climate zone six with overall building WWR-
30% and 45% WWR in the western fagade.

The following inputs in the baseline model file shall be verified and reported in the output form-
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e Baseline WWR
6. Baseline Fenestration Test/Large Office-CZ-6, WWR Run06 - Run 06 tests whether the applicant
software determines the window area of the baseline model as per the rules in NACM 2013.

The proposed model is the Large office building in climate zone six with overall building WWR-
46% and 50% WWR in the west, 40% in South, 45% in East and 50% in the North facade.

The following inputs in the baseline model file shall be verified and reported in the output form-
e Baseline WWR

7. Baseline Skylight Test/Warehouse-CZ-6, Run07 — This tests verifies whether the applicant
software models the baseline skylight as per the performance requirements for skylights in NACM
2013.

The proposed model is a Warehouse building in climate zone six with the following
characteristics-
e  Curb mounted glass Skylight with U value 0.55 ,SHGC 0.20 and V.T 0.40.
The following inputs in the baseline model file shall be verified and reported in the output form-
e  Skylight U value, SHGC and VT.

8. Baseline Skylight Test/Warehouse-CZ-6, SRR Run08 — This test checks whether the applicant
software determines the skylight area of the baseline model correctly. The proposed model is a
Warehouse building in climate zone 6 with an overall Skylight to roof ratio (SRR) of 7%.

The following inputs in the baseline model file shall be verified and reported in the output form-
e Baseline SRR.

9. Baseline Skylight Test/Warehouse-CZ-6, SRR Run09- This test checks whether the applicant
software determines the skylight area of the baseline model correctly. The proposed model is a
Warehouse building in climate zone 6. The SRR of the proposed building is 15% and more than
75% of the building area gets daylighting from skylights or sidelights .

The following baseline inputs shall be verified:
¢ Baseline SRR, baseline total daylit area as a fraction of gross building area.

10. Baseline Skylight Test/Warehouse-CZ-6, SRR Runl10- This test checks whether the applicant
software determines the skylight area of the baseline model correctly. The proposed model is a
Warehouse building in climate zone 6. The SRR of the proposed building is 5% and 55% of the
building area gets daylighting from skylights or sidelights .

The following baseline inputs shall be verified:
¢ Baseline SRR, baseline total daylit area as a fraction of gross building area.

11. Baseline Occupancy Test/Medium Office-CZ-6, Whole Building Method Run11- This test verifies
whether the applicant software inserts the correct baseline inputs for schedules, occupant
density, equipment power density, lighting power density, hot water load and ventilation rates
using the whole building method and in accordance with NACM 2013. The proposed model is an
office occupancy with:

e Occupant Density- 100 ftzlperson
e Equipment Power Density- 1.34 W/ft*
e Lighting Power Density- 1.2 W/ft?
e Hot Water Load- 106 Btu/person
e Ventilation Rate- 0.15 cfm/ft®
The baseline model inputs shall be verified for-
e Schedules (verified shall include occupancy schedule, lighting schedule, receptacle
schedule, hot water schedule, infiltration schedule and elevator schedule)
¢ Occupant Density
e Equipment Power Density
e Lighting Power Density
e Hot Water Load

Software Requirements Reference Method Tests



Software Requirements - Page 3-32

12.

13.

14.

15.

e Ventilation Rate
Baseline Occupancy Test/Large Office- CZ-6, Space by Space Method Run12- This test verifies
whether the applicant software inserts the correct baseline inputs for schedules, occupant
density, equipment power density, lighting power density, hot water load and ventilation rates in
accordance with NACM 2013. This run tests the capability of the applicant software to model
baseline inputs for multiple space types using the Space by Space method. The proposed model
is the Large office building in climate zone six with the following characteristics-
e First Floor- Retail space occupancy- Occupant Density 30 ft2/person, EPD-1W/ft?, LPD-
1W/ft?, Ventilation rate- 0.25 cfm/ft>, Hot Water Load- 120 Btuh/person.
e Second Floor- Medical occupancy- Occupant Density 100 ft2/person, EPD-1.5 W/ft?,
LPD-1W/ft*, Ventilation rate- 0.15 cfm/ft?, Hot Water Load- 160 Btuh/person.
e Third to 12th Floor North, South, West and East zones -Offices occupancy- Occupant
Density 150 ft2/person, EPD-1.5 W/ft*, LPD-0.75 W/ft?, Ventilation rate- 0.15 cfm/ft>, Hot
Water Load- 120 Btuh/person.
e Third and Fifth Floor Core zones- Lobby occupancy- Occupant Density 100 ft2/person,
EPD-0.5 W/ft?, LPD-1.5 W/ft?, Ventilation rate- 0.15 cfm/ft>.
e Fourth, Seventh, 10" and 12" Floor Core Zones- Conference occupancy- Occupant
Density 100 ft2/person, EPD-1.0 W/ft?, LPD-1.2 W/ft?, Ventilation rate- 0.15 cfm/ft?, Hot
Water Load- 60 Btuh/person.
e Sixth, Eighth Floor Core Zone- Restroom occupancy- Occupant Density 100 ft2/person,
EPD-0.2 W/ft?, LPD-0.5 W/ft?, Ventilation rate- 0.15 cfm/ft>.
e Ninth and 11" Floor Core Zones- Corridor occupancy- Occupant Density 100 ft2/person,
EPD-0.2 W/ft?, LPD-0.5 W/ft?, Ventilation rate- 0.15 cfm/ft>.
Baseline Tailored Lighting Method/Medium Office-CZ-6, Run13- This test verifies if the applicant
software applies the trade-off requirements of the Tailored Lighting Method appropriately.
Proposed Model is a medium office building in climate Zone 6 with the following chracteristics-
e Perimeter zones on all floors are modelled as main entry spaces using the Tailored
Lighting Method. The space has a general lighting of 0.5 W/ft2.
e Core zones on all floors are modelled as waiting spaces using the Tailored Lighting
Method. The space has a general lighting of 0.75 W/ft2 and decorative lighting of 0.2
WIft2.
Baseline Tailored Lighting Method/Medium Office-CZ-6, Runl14- This test verifies if the applicant
software applies the trade-off requirements of the Tailored Lighting Method appropriately.
Proposed Model is a medium office building in climate Zone 6 with the following chracteristics-
o Perimeter zones on all floors are modelled as main entry spaces using the Tailored
Lighting Method. The space has a general lighting of 0.8 W/ft2 and task lighting of 0.1
WIft2.
e Core zones on all floors are modelled as waiting spaces using the Tailored Lighting
Method. The space has a general lighting of 0.6 W/ft2 and decorative lighting of 0.2
Wift2.
Baseline Tailored Lighting Method/Medium Office-CZ-6, Run15- This test verifies if the applicant
software applies the trade-off requirements of the Tailored Lighting Method appropriately.
Proposed Model is a medium office building in climate Zone 6 with the following chracteristics-
e Perimeter zones on all floors are modelled as main entry spaces using the Tailored
Lighting Method. The space has a general lighting of 1.1 W/ft2 and task lighting of 0.2
WIft2.
e Core zones on all floors are modelled as waiting spaces using the Tailored Lighting
Method. The space has a general lighting of 0.5 W/ft2.

Software Requirements Reference Method Tests
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16.

17.

18.

19.

Baseline Lighting Control Test/Small Office-CZ-6, PAF Runl16- This test verifies if the applicant
software models lighting power density and schedules for eligible Califonia Power adjustment
factors as required by the NACM2013. The proposed model is a small office building (area=5500
sq ft) with demand responsive lighting controls. The model files shall be examined to verify
whether adjustment factors are applied as per the requirements in NACM 2013.

Baseline Lighting Control Test/Warehouse-CZ-6, Daylightcontrol Run17- This test verifies the
ability of the applicant software to model daylighting controls as per the requirements of the 2013
ACM. The proposed model is a warehouse building in CZ-6 with the following characteristics-

e The building has three spaces — Office, Fine Storage and Bulk Storage. The office space
gets daylighting from four windows. Fine Storage gets daylighting from skylights and bulk
storage gets both sidelighting from windows and skylighting.

o Daylighting controls are installed in primary and skylit daylit areas in all spaces and in the
secondary daylit area of the Bulk Storage.

e The installed general lighting power controlled by daylight controls is X Watts.

e The illuminance setpoint at Reference positions are-

The baseline model inputs shall be verified for-

e Daylight control type

e Reference position and illuminance setpoint .

Baseline Ext. Light, SHW Test/Large Office-CZ-6, Runl18- This test verifies if the NACM rules for
exterior lighting is applied accurately for Exterior lighting power, exterior lighting control and
schedules. This test also verifies if the Service hot Water systems are modelled correctly. The
proposed building is a large office building in climate zone 6, with the following characteristics-

a. Hot water load of 106 Btuh/person.

b. Thermal efficiency of 0.78

c. An exterior hardscape comprising of —

i. Driveway of dimensions 20x30 feet with lighting load of 1115 Watts
ii. Parking lot of dimensions 180x56 feet with lighting load of 6566 Watts
iii. 2 sidewalks of dimensions 6x30 feet with total lighting load of 977 Watts
iv. A building entrance door light of 90 Watts.
v. 50 square feet of hardscape ornamental light of 2 Watts.
vi. Lighting load of 6566 Watts on the building facade.
vii. Signage of 40 square feet with lighting load of 80 Watts.
Baseline HVAC Test/Small Office-CZ-6, System Type Runl19- This test checks if the applicant
software models the baseline HVAC system in accordance with the requirements of NACM 2013.
The proposed model is a small office building in climate zone 6 with the following characteristics-

e DX cooling

e Cooling COP-3.84

e Gas Furnace Heating

e Thermal Efficiency — 80%

e Constant Volume Fan

The following baseline model inputs shall be verified-

e HVAC System Type

¢ Heating and Cooling Type

e Heating and Cooling Efficiency

e System Sizing

e Maximum and minimum supply air temperature

e Fan Control Method

e Cooling and heating efficiency curve
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e Cooling, Heating and Fan Schedule
20. Baseline HVAC Test/Medium Office-CZ-6, System Type Run20- This test checks if the applicant
software models the baseline HVAC system in accordance with the requirements of NACM 2013.
The proposed model is a medium office building in climate zone 6 with the following
characteristics-
e Core, Mid and Top Bottom Zones (Cooling load= 110,000 Btuh)-Electric Heat pump and
constant volume fan.
e All Perimeter zones- DX Cooling and Hot water Boiler with reheat and variable volume
fan.
e Cooling Efficiency-
e Heating Efficiency —
The following baseline model inputs shall be verified-
e HVAC System Type

e Heating and Cooling Type

e Heating and Cooling Efficiency

e System Sizing

e Maximum and minimum supply air temperature
e Sat Reset Control

e Economizer Type and limits

e Fan Power

e Fan Control Method

¢ Cooling and heating capacity adjustment curve
¢ Cooling and heating efficiency curve

e Cooling, Heating and Fan Schedule

e Terminal heat type and capacity.

e Boiler type and Number of boilers

e Boiler Heat loss, boiler minimum unloading ratio
e Boiler Performance Curve

e Hot water supply and return temperature

e Boiler pump type

e Pump motor power and efficiency.

e Pump part load curve.

21. Baseline HVAC Test/Large Office-CZ-6, System Type Run 21- This test checks if the applicant
software models the baseline HVAC system in accordance with the requirements of NACM 2013.
The proposed model is a Large office building in climate zone 6 with the following characteristics-

e Basement Zone is a computer room with cooling only variable air volume system.
e All other zones have a Built-up VAV system.
e Cooling Efficiency-
e Heating Efficiency —
The following baseline model inputs shall be verified-
e HVAC System Type

¢ Heating and Cooling Type

¢ Heating and Cooling Efficiency

e System Sizing

e Maximum and minimum supply air temperature
e Sat Reset Control

e Economizer Type and limits
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Fan Power

Fan Control Method

Cooling, Heating and Fan Schedule

Terminal heat type and capacity.

Boiler type and Number of boilers

Boiler Heat loss, boiler minimum unloading ratio
Boiler Performance Curve

Hot water supply and return temperature

Boiler pump type

Pump motor power and efficiency.

Pump part load curve.

Chiller Type and Number of chillers

Chiller fuel, capacity and efficiency

Chiller Minimum Unloading ratio

Chiller cooling capacity and adjustment curves
Chilled water supply and return air temperature
Condenser Type

Cooling Tower Fan control type and horse power
Cooling Tower Set Point Control

Pump Control Type, Motor Power, Efficiency and design flow rate

22. Baseline HVAC Test/Warehouse-CZ-6, System Type Run22- This test checks if the applicant
software models the baseline HVAC system in accordance with the requirements of NACM 2013.
The proposed model is a Warehouse building in climate zone 6 with the following characteristics-

Zones are served by a gas furnace heat only system.
Heating Efficiency —

The following baseline model inputs shall be verified-

HVAC System Type

Heating and Cooling Type

Heating and Cooling Efficiency

System Sizing

Maximum and minimum supply air temperature
Sat Reset Control

Economizer Type and limits

Fan Power

Fan Control Method

Cooling, Heating and Fan Schedule

3.4.2.4 Results Comparison

The applicant shall perform all tests specified in Section IV and report the outputs in the forms provided

in Appendix B.

3.5 California Calculation Procedures

California recognizes that there are multiple options for calculating energy impacts of certain building
features, including:

Software Requirements California Calculation Procedures



Software Requirements - Page 3-36

e Duct efficiency

¢ Water heating for multi-family

e Heat transfer from slab-on-grade
e Daylighting

The approach taken for these building features is to specify the required inputs to the compliance
software, but allow the software to use its own algorithms or external procedures as appropriate. These
building features will be accompanied by a compliance test to verify that the software produces results in
reasonable agreement with the Reference Method.

DETAILS TBD.

Software Requirements California Calculation Procedures
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4. Content and Format of Standard Reports

NOTE! THIS CHAPTER WILL NEED REVISION FOR TITLE 24. THE CONTENT OF THE REPORTS MAY CHANGE BASED
ON THE NEEDS FOR COMPLIANCE ENFORCEMENT.

4.1 Overview

THE NUMBER, STRUCTURE AND CONTENT OF THE REPORTS WILL BE DETERMINED.

This chapter provides a summary of the requisite content and format of the Title 24 standard reports.
These reports standardize the way energy modeling output data is delivered to the California Energy
Commission, either in electronic or printed format. Electronically formatted output reports may be
uploaded to the CEC registry according to procedures TBD.

4.1.1 Content
CONTENT TBD.

4.1.2 Format
FORMAT TBD.

4.2 Electronic Format: XML

A POSSIBLE OPTION IS FOR THE COMPLIANCE SOFTWARE TO GENERATE REPORTS IN AN ELECTRONIC
FORMAT, SO THAT THEY MAY BE READILY UPLOADED TO THE COMMISSION OR OTHER APPROPRIATE AHJ.
THIS FEATURE HAS NOT YET BEEN INCLUDED IN THE SCOPE OF THE COMPLIANCE REPORTS. THE DETAILS
OF THE COMPLIANCE FORMS AND REPORTS NEED TO BE SPECIFIED.

4.3 Hard Copy Format: PDF

The compliance software will produce required compliance reports for new construction or alterations
projects. The following section provides examples of the automatically generated standard reports. These
examples are representative of a typical report output; however, they are not exhaustive.

CONTENTS TBD

Content and Format of Standard Reports Overview
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5.Building Descriptors Reference

5.1 Overview

This chapter specifies for each building descriptor the rules that apply to the proposed design and to the
standard design.

5.1.1 Definition of Building Descriptors

Building descriptors provide information about the proposed design and the standard design. In this
chapter, the building descriptors are discussed in the generic terms of engineering drawings and
specifications. By using generic building descriptors, this manual avoids bias toward one particular energy
simulation engine. The building descriptors in this chapter are compatible with commonly used simulation
software.

Each energy simulation program has its own way of accepting building information. EnergyPlus, for
instance, uses a comma delimited data file called an IDF file. DOE-2 uses BDL (building design
language) to accept information. It is the responsibility of the compliance software to translate the generic
terms used in this chapter into the “native language” of the simulation program. Figure 3 illustrates the
flow of information.

- User Interface

Modeling rules and

procedures manual Proposed Design —y,  Standard Design :
is written at this level Building Descriptors Building Descriptors :

i :" These native files Proposed Design Standard Design i
are in “simulator Simulator Input File Simulator Input File
language”

Weather files,

materials library, — 3, Energy Simulation Engine
etc.
: Proposed Design Standard Design :
., Simulator Results File Simulator Results File
l Output Reports L
Building Energy Energy Represen-
Summary Measures Results tations

. o
. S
...............................................................................................

Figure 3 — Information Flow
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5.1.2 HVAC System Map

The HVAC system in the standard design depends on the primary building activity, the size of the building
and the energy source used for heating in the proposed design. Details about these systems are provided
in subsequent sections.

Many of the building descriptors have a one-to-one relationship between the proposed design and the
standard design, for example, every wall in the proposed design has a corresponding wall in the standard
design. However, for HVAC systems, this one-to-one relationship generally does not hold. The HVAC
system serving the proposed design and the standard design may be completely different, each with
different components, etc.

HVAC system in the standard design shall be selected from Table 1 — HVAC System Map, and be based
on building type, number of floors, conditioned floor area, and heating source. Additionally, the selected
system shall conform to the descriptions in Table 2 — HVAC System Descriptions.

For systems 1, 3, 7, 10 and 11 each thermal zone shall be modeled with its own HVAC system. For
systems 5, 6, and 9, each floor shall be modeled with a separate HVAC system. Floors with identical
thermal zones can be grouped for modeling purposes. The standard design heating source is natural gas
where gas is available at the site. Where gas is not available the heating source is propane.

Table 5 — HVAC System Map

Building Type Standard Design System
Residential System 1 — PTAC

High-rise Residential and Hotel Guestrooms System 2 — Four-pipe fan coil (FPFC)
Nonresidential and 3 Floors or Less than <25,000 ft2 System 3 - PSZ AC

Nonresidential and 4 or 5 Floors and <25,000 ft2 or System 5 — PVAV with Reheat**

5 Floors or Less and 25,000 ft2 to 150,000 ft2

Nonresidential and More than 5 Floors or >150,000 ft2 System 6 — VAV with reheat**

Nonresidential and 3 Floors or Less and less than System 7 — Single Zone VAV
25,000 ft2 and zone cooling load >= 110,000 Btu/h*

Heated Only Storage System 9 — Heating and Ventilation
Total computer room design cooling load is over System 10 — CRAH Units

3,000,000 Btu/h or the non-computer loads are served
by System Types 5 or 6 (Packaged VAV or Built-up
VAV)

Computer rooms that do not meet the conditions for System 11 — CRAC Units
System 10, CRAH

* The single zone VAV system 7 applies to thermal zones with design cooling loads greater than 110,000 Btu/h (and
in 1/1/2014, 75,000 Btu/h, and 1/1/2016, 65,000 Btu/h). Thermal zones with smaller design cooling loads shall use
the package single zone system 3.

** For laboratory spaces in a building having a total laboratory exhaust rate greater than 5000 cfm, use a single
system of type 5 or 6 with a design supply air to room air temperature difference of 17F.

Note: A “Floor” is considered a “Habitable Story”, defined in the Standards as a story that is at least 50 percent above
grade.

Table 6 — HVAC System Descriptions

System No. | System Type Fan Control Cooling Type Heating Type

Building Descriptors Reference Overview
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1-PTAC Package terminal air | Constant volume DX Hot water fossil fuel boiler
conditioner

2 - FPFC Four-pipe fan coil Constant volume Chilled Water | Hot water fossil fuel boiler

3-PSZAC Package single zone | Constant volume DX Fossil fuel furnace

5 — PVAV reheat Package VAV reheat | Variable volume DX Hot water fossil fuel boiler

6 — VAV reheat VAV reheat Variable volume Chilled water Hot water fossil fuel boiler

7 — SZVAV Single Zone VAV Two-Speed* DX Fossil fuel furnace

9 — Heating Heating only Constant volume None Gas furnace

ventilation

10 — CRAH Units CR Air Handler Variable volume Chilled water N/A

11 — CRAC Units CR Air Conditioner Variable volume DX N/A

* The supply fan controls shall modulate down to a minimum of 2/3 of the full fan speed or lower at low cooling
demand, with a maximum part-load fan power of 40% at 2/3 fan speed.

There are several important exceptions to the HVAC mapping rules that apply to spaces with unusual
internal heat gains, different schedules, special pressurization requirements, or unique outside air needs.
These exceptions will typically apply to laboratories, data centers, and many spaces in healthcare
facilities. See Chapter 5 for the special requirements for these building types. The exceptions are
described below:

e Separate occupancies in mixed use buildings are served by separate standard design systems.
Examples include residential spaces located over retail and other similar conditions. See Chapter 2,
Space Use Classification Considerations, for a detailed description of when spaces with different
occupancies may be served by a single system. However, when the equivalent weekly full-load hours
between occupancies in mixed use buildings varies by more than 40 hours; occupancies shall be
served by separate HVAC systems.

o A separate standard design system shall serve laboratories or a group of laboratories with an exhaust
system designed for 5,000 cfm or more of air movement. The standard design system serving the
laboratory spaces shall be system 5 (PVAV with hot water reheat) or 6 (VAV with hot water reheat).
The PVAV or VAV system must be capable of reducing the exhaust and makeup air volume to 50%
of design values during unoccupied periods. This exception essentially requires VAV for both the
supply fan and the exhaust system.

e Spaces that do not trigger the laboratory exception above may still have a separate standard design
system. System 3 (PSZ-AC) shall serve spaces in the standard design (depending on the heating
source for the building) when one of the following conditions apply:

e Spaces on a floor have significantly different schedules or internal heat loads. Heat gain
differences of more than 10 Btu/h-ft* or operation schedule differences of more than 40
hours/week trigger this exception.

e Spaces on a floor have "special pressurization relationships, cross-contamination requirements,
or code-required minimum circulation rates". Many laboratory spaces with fume hoods would
likely trigger this exception.

These special systems serve just the spaces that trigger the exceptions. The rest of the building/floor is
served by the standard design HVAC system as indicated in Table 1.

Building Descriptors Reference Overview
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5.1.3 Organization of Information

Building descriptors are grouped under objects or building components. A wall or exterior surface (an
object) would have multiple building descriptors dealing with its geometry, thermal performance, etc. Each
building descriptor contains the following pieces of information.

Building Descriptor Title

Applicability
Definition

Units

Input Restrictions

Standard Design

Information on when the building descriptor applies to the proposed design
A definition for the building descriptor

The units that are used to prescribe the building descriptor. A “List” indicates that a
fixed set of choices applies and the user shall only be allowed to enter one of the
values in the list.

Any restrictions on information that may be entered for the proposed design

This defines the value for the “Standard Design” or baseline building is applied for this
building descriptor. A value of “Same as proposed” indicates that the building
descriptor is neutral; that is, the value is set to match the proposed design value. In
many cases, the value may be fixed, or may be determined from a table lookup. In
some cases the input may not be applicable: for example, heat recovery effectiveness
is not applicable because the standard design (baseline building) does not have heat
recovery.

5.2 Project Data

5.2.1 General Information

Project Name
Applicability
Definition

Units

Input Restrictions

Standard Design

Project Address
Applicability
Definition

Units

Input Restrictions

Standard Design

All projects

Name used for the project, if one is applicable
Up to 50 alphanumeric characters

Input is optional for the proposed design.

Not applicable

All projects

Street address, city, state, and zip code

Up to 50 alphanume