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I. [bookmark: _Toc323732617][bookmark: _Toc329953805]
Introduction
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 VII shall be performed and results summarized in the forms contained in Appendix A.
II. [bookmark: _Toc323732618][bookmark: _Toc329953806]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:
Opaque envelope
Glazing
Lighting
Daylighting
Receptacle loads
HVAC System Parameters
III. [bookmark: _Toc323732619][bookmark: _Toc329953807]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 2008. 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:
[image: Small Office]
Small Office Building: 
 (
fig 1- Small Office 
)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 further details refer Appendix A.

 (
fig.2- Medium Office 
)[image: Medium Office]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.
[image: Large Office] (
fig.3- Large Office 
)
Large Office Building: 
The large office building has twelve floors and a basement floor with glass windows with a window to wall ratio of 40% on the above-grade walls. The 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.


[image: Stand-Alone Retail]Stand-Alone Retail: 
 (
fig.4- 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 façade 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.
  
 (
fig.5- Primary School 
)[image: PrimarySchool]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 and space function. The zones are served by various system types. For further details refer Appendix A.
[image: Fast-food Restaurant]
Fast-food Restaurant: 
 (
fig.6- 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 façade. Window to wall ratio varies for each façade. The building is served by packaged air conditioning unit. For further details refer Appendix A.
[image: Warehouse]
Warehouse Building:  
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.
 (
fig.7- Warehouse 
)
[image: ]Strip Mall Building:  
 (
fig 8: Strip Mall Building 
)The stripmall 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 façade and has an overall window to wall ratio of 10.5% . For further details refer Appendix A.

IV. [bookmark: _Toc323732620][bookmark: _Toc329953808]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 1-Climate Zones Tested
	Climate Zone
	Example City

	1
	Arcata

	6
	Long Beach

	7
	San Diego Lindbergh

	15
	Palm Springs-Intl

	16
	Blue Canyon


			





V. [bookmark: _Toc323732621][bookmark: _Toc329953809]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
VI. [bookmark: _Toc323732622][bookmark: _Toc329953810]Test Criteria
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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: 
TDV%= (TDVb – TDVn)/TDVb
Where, TDV% is the TDV % variation, 
TDVn is the annual TDV for test case number n and
TDVb 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,
1. When Reference Model TDV%r  ≤ 1%, Allowed Maximum Applicant Model TDV%a  =1%
2. When Reference Model TDV% r > 1%, Allowed Applicant Model TDV%a  shall be within ± 10% of Reference Model TDV%r
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.
VII. [bookmark: _Toc323732623][bookmark: _Toc329953811]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. 
 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 2- 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:

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.
14. 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.
15. 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.
16. 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.
17. 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.
18. 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.
19. 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.
20. 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.
21. 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
22. 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.
23. 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.
24. 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.
25. 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.
26. 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.
27. 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.
28. 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.
29. 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.
30. 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.
31. 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.
32. 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.
33. Envelope Glazing Test/Large Office-CZ-7, WWR of 60% with overhang on South Façade- 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.
34. 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.
35. 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
36. 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.
37. 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.
38. 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.
39. 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.
40. 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.
41. 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
42. 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.
43. 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.
44. 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.
45. 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.
46. 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.
47. 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.
48. 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.
49. 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.
50. 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.
51. 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.
52. 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.
53. 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.
54. 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.
55. 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.
56. 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.
57. 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.
58. 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.
59. 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.
60. 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.
61. 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.
62. 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.
63. 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.
64. 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.
65. 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.
66. 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.
67. 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.
68. 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.
69. 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.
70. 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.
71. 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
72. 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.
73. 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.
74. 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.
75. 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.
76. 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.
77. 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.
78. 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:
0. Packaged Terminal Air Conditioner
0. Packaged Terminal Heat Pump
0. Packaged Single Zone System
0. Packaged VAV System
0. Single duct built-up VAV system
0. Fan coil units
0. Water loop heat pump
0. Evaporative cooling system
0. Natural ventilation 
0. Hydronic radiant system
0. Under-floor air distribution system
0. Variable refrigerant flow (VRF) system
1. HVAC Test Cases
79. 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.  
80. 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.   
1. 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.  
1. 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.   
1. 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.  
1. 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.   
1. 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.  
1. 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.   
1. 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.  
1. 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.   
1. 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.  
1. 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.   
1. 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. 
1. 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. 
1. HVAC Test/ PSZ, 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. 
1. 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. 
1. 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. 
1. HVAC Test/ PSZ, 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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.
1. 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. 
1. 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.
1. 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. 
1. 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.
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 
1. 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. 


[bookmark: _Ref323731623]Table 2- Baseline Runs for Test Cases
	Test Case No.
	Test Case
	Baseline Model

	1
	Envelope Test Medium OfficeCZ-15 Roof Insulation
	Medium Office CZ-15 Baseline

	2
	Envelope Test Medium OfficeCZ-15 Wall Insulation
	

	3
	Envelope Test Medium OfficeCZ-15 Floor Slab Insulation
	

	4
	Envelope Test Medium OfficeCZ-15 Infiltration
	

	5
	Envelope Test Medium OfficeCZ-16 Roof Insulation
	Medium Office CZ-16 Baseline

	6
	Envelope Test Medium OfficeCZ-16 Wall Insulation
	

	7
	Envelope Test Medium OfficeCZ-16 Floor Slab Insulation
	

	8
	Envelope Test Medium OfficeCZ-16 Infiltration
	

	9
	Envelope Test Medium OfficeCZ-6 Roof Insulation
	Medium Office CZ-6 Baseline

	10
	Envelope Test Medium OfficeCZ-6 Wall Insulation
	

	11
	Envelope Test Medium OfficeCZ-6 Floor Slab Insulation
	

	12
	Envelope Test Medium OfficeCZ-6 Infiltration
	

	13
	Envelope Test Small OfficeCZ-15 SolarReflectance-Low Slope
	Small Office CZ-15 SolarReflectance-Low Slope Baseline

	14
	Envelope Test Small OfficeCZ-16 SolarReflectance-Low Slope
	Small Office CZ-16 SolarReflectance-Low Slope Baseline

	15
	Envelope Test Small OfficeCZ-6 SolarReflectance-Low Slope
	Small Office CZ-6 SolarReflectance-Low Slope Baseline

	16
	Envelope Test Small OfficeCZ-15 SolarReflectance-Steep Slope
	Small Office CZ-15 SolarReflectance-Steep Slope Baseline

	17
	Envelope Test Small OfficeCZ-16 SolarReflectance-Steep Slope
	Small Office CZ-16 SolarReflectance-Steep Slope Baseline

	18
	Envelope Test Small OfficeCZ-6 SolarReflectance-Steep Slope
	Small Office CZ-6 SolarReflectance-Steep 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
	Medium Office CZ-15 Baseline

	23
	Envelope Glazing Test Medium OfficeCZ-15 Window SHGC
	

	24
	Envelope Glazing Test Medium OfficeCZ-15 Window U&SHGC
	

	25
	Envelope Glazing Test Medium OfficeCZ-16 Window U
	Medium Office CZ-16 Baseline

	26
	Envelope Glazing Test Medium OfficeCZ-16 Window SHGC
	

	27
	Envelope Glazing Test Medium OfficeCZ-16 Window U&SHGC
	

	28
	Envelope Glazing Test Medium OfficeCZ-6 Window U
	Medium Office CZ-6 Baseline

	29
	Envelope Glazing Test Medium OfficeCZ-6 Window SHGC
	

	30
	Envelope Glazing Test Medium OfficeCZ-6 Window U&SHGC
	

	31
	Envelope Glazing Test Large OfficeCZ-7 WWR 20%
	Large Office CZ-7 Baseline

	32
	Envelope Glazing Test Large OfficeCZ-7 WWR 60%
	

	33
	Envelope Glazing Test Large OfficeCZ-7 WWR 60% with South overhang
	

	34
	Envelope Glazing Test Large OfficeCZ-1 WWR 20%
	

	35
	Envelope Glazing Test Large OfficeCZ-1 WWR 60%
	

	 
	
	 

	36
	Lighting Tests Medium OfficeCZ-15 low LPD
	Medium Office CZ-15 Baseline

	37
	Lighting Tests Medium OfficeCZ-15 high LPD
	

	38
	Lighting Tests Medium OfficeCZ-16 low LPD
	Medium Office CZ-16 Baseline

	39
	Lighting Tests Medium OfficeCZ-16 high LPD
	

	40
	Lighting Tests Medium OfficeCZ-6 low LPD
	Medium Office CZ-6 Baseline

	41
	Lighting Tests Medium OfficeCZ-6 high LPD
	

	 
	
	 

	42
	Daylighting Tests Large OfficeCZ-7 Continuous Dimming
	Large Office CZ-7 Baseline

	43
	Daylighting Tests Large OfficeCZ-7 Continuous Dimming and high VT
	

	44
	Daylighting Tests Large OfficeCZ-7 Stepped Dimming
	

	45
	Daylighting Tests Large OfficeCZ-7 Stepped Dimming and high VT
	

	46
	Daylighting Tests Large OfficeCZ-7 WWR-20%,Continuous Dimming
	Large Office CZ-7 WWR 20% Baseline

	47
	Daylighting Tests Large OfficeCZ-7 WWR-20%,Continuous Dimming and high VT
	

	48
	Daylighting Tests Large OfficeCZ-7 WWR-20%,Stepped Dimming
	

	49
	Daylighting Tests Large OfficeCZ-7 WWR-20%,Stepped Dimming and high VT
	

	50
	Daylighting Tests Large OfficeCZ-7WWR-60%,Continuous Dimming
	Large Office CZ-7 WWR 60% Baseline

	51
	Daylighting Tests Large OfficeCZ-7 WWR-60%,Continuous Dimming and high VT
	

	52
	Daylighting Tests Large OfficeCZ-7 WWR-60%,Stepped Dimming
	

	53
	Daylighting Tests Large OfficeCZ-7 WWR-60%,Stepped Dimming and high VT
	

	54
	Daylighting Tests Large OfficeCZ-1 Continuous Dimming
	Large Office CZ-1 Baseline

	55
	Daylighting Tests Large OfficeCZ-1 Continuous Dimming and high VT
	

	56
	Daylighting Tests Large OfficeCZ-1 Stepped Dimming
	

	57
	Daylighting Tests Large OfficeCZ-1 Stepped Dimming and high VT
	

	58
	Daylighting Tests Large OfficeCZ-1 WWR-20%,Continuous Dimming
	Large Office CZ-1 WWR-20% Baseline

	59
	Daylighting Tests Large OfficeCZ-1 WWR-20%,Continuous Dimming and high VT
	

	60
	Daylighting Tests Large OfficeCZ-1 WWR-20%,Stepped Dimming
	

	61
	Daylighting Tests Large OfficeCZ-1 WWR-20%,Stepped Dimming and high VT
	

	62
	Daylighting Tests Large OfficeCZ-1WWR-60%,Continuous Dimming
	Large Office CZ-1 WWR-60% Baseline

	63
	Daylighting Tests Large OfficeCZ-1 WWR-60%,Continuous Dimming and high VT
	

	64
	Daylighting Tests Large OfficeCZ-1 WWR-60%,Stepped Dimming
	

	65
	Daylighting Tests Large OfficeCZ-1 WWR-60%,Stepped Dimming and high VT
	

	66
	Daylighting Tests Stand Alone Retail CZ-7 Skylight VT
	Stand Alone Retail CZ-7 Baseline

	67
	Daylighting Tests Stand Alone Retail CZ-7 SRR-5% 
	

	68
	Daylighting Tests Stand Alone Retail CZ-7 SRR-5% and high VT
	

	69
	Daylighting Tests Stand Alone Retail CZ-1 Skylight VT
	Stand Alone Retail CZ-1 Baseline

	70
	Daylighting Tests Stand Alone Retail CZ-1 SRR-5% 
	

	71
	Daylighting Tests Stand Alone Retail CZ-1 SRR-5% and high VT
	

	 
	 
	 

	72
	Equipment test Medium OfficeCZ-15 low EPD
	Medium Office CZ-15 Baseline

	73
	Equipment test Medium OfficeCZ-15 high EPD
	

	74
	Equipment test Medium OfficeCZ-16 low EPD
	Medium Office CZ-16 Baseline

	75
	Equipment test Medium OfficeCZ-16 high EPD
	

	76
	Equipment test Medium OfficeCZ-6 low EPD
	Medium Office CZ-6 Baseline

	77
	Equipment test Medium OfficeCZ-6 high EPD
	

	
	
	

	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

	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
	FanCoil Test Strip Mall CZ-6 Low Eff
	FanCoil Strip Mall CZ-6 Baseline

	110
	 FanCoil 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

	120
	VRF Test Strip Mall CZ-16 High Eff
	

	
	
	



VIII. [bookmark: _Toc329953812]Results Documentation	
The applicant shall perform simulations for all tests specified in Section VII and report results in the forms provided in Appendix A. 
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