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DISCLAIMER 
 
This report is provided by the Texas Engineering Experiment Station (TEES) as required under Section 
388.003 (e) of the Texas Health and Safety Code and is distributed for purposes of public information. The 
information provided in this report is intended to be the best available information at the time of 
publication. TEES makes no claim or warranty, express or implied, that the report or data herein is 
necessarily error-free. Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not constitute or imply its endorsement, 
recommendation, or favoring by the Energy Systems Laboratory or any of its employees. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the Texas Engineering 
Experiment Station or the Energy Systems Laboratory
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EXECUTIVE SUMMARY 
 
These days, building energy performance simulation (BEPS) is widely used to predict building energy 
use in the process of building designs. Thermal zones in BEPS impacts building system efficiency and 
(i.e., HVAC, lighting, and equipment systems) and performance as a basic unit to control indoor space. 
For the modeling of thermal zones, conventional design methods have been used to determine thermal 
zone designs in practice. However, the advances of building technology and control require more 
sophisticated zoning methods in BEPS to be wise in controls and reduce energy waste.  

In previous research, many studies discussed the importance of thermal zoning methods. However, the 
details of the impact of thermal zoning were not fully investigated, especially in different HVAC 
systems, occupant usage intensities, and climates. These factors would significantly affect the energy 
efficiency in building operations. Therefore, Kim (2020) explored the impact of thermal zoning methods 
under different buildings and climate conditions (i.e., hot-humid, and cold-humid) to support proper 
thermal zoning determination.  

Therefore, this report contains detailed information of the reference simulation models used in Kim 
(2020), including thermal zoning methods (i.e., single-zone, five-zone, and detailed zone models), 
HVAC systems (i.e., Packaged Single Zone (PSZ) system, Packaged Variable Air Volume (PVAV) 
system), and Occupant usage Intensity (i.e., : 100%-for-24hrs / 0%-for-24hrs / ASHRAE Standard 90.1-
2016 schedule).  
 
The reference models (i.e., single-zone, five-zone models) for DOE-2.1e were developed based on the 
USDOE prototype parameters (PNNL and U.S.DOE 2019), which were used to compare the impact on 
energy use due to thermal zone models. The detailed zone models were modeled based on the Oak 
Ridge National Laboratory (ORNL) research (Im et al. 2019; Im and New 2018) to represent a detailed 
space programs and usage in an office building.  
 
The four reference simulation models are described in Section 2 and Appendix A for the DOE-2.1e 
program, including the BDL descriptions and simulation boundary and input conditions.  
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1 INTRODUCTION 
 
In building energy performance simulations (BEPS), thermal zoning determines which parts of a building 
are controlled by a single thermostat (i.e., heating, cooling, lighting, and ventilation). Therefore, proper 
thermal zoning impacts building energy use and efficiency. This report provides detailed information to 
support the previous study conducted by Kim (2020). In this report, details about simulation cases are 
included for different HVAC systems and occupant usage intensities in hot-humid and cold-humid climates 
(i.e., Houston, TX, and Chicago, IL), including:  
 

• Thermal zoning method: single-zone, five-zone, and detailed zone model 
• HVAC system type: Packaged Single Zone (PSZ) system, Packaged Variable Air Volume 

(PVAV) system  
• Occupant usage Intensity: 100%-for-24hrs / 0%-for-24hrs / ASHRAE Standard 90.1-2016 

schedules  
 
In this study, the USDOE prototype parameters (PNNL and U.S.DOE 2019) were adopted and modified to 
compare the energy performance depending on thermal zone designs. The detailed zone models were 
developed based on the Oak Ridge National Laboratory (ORNL) research (Im et al. 2019; Im and New 
2018) to represent a detailed office building.  
 
In this report, four reference simulation models are presented for the DOE-2.1e program, including for the 
BDL descriptions in Section 2 to provide detailed information of thermal zoning models.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

7 

2 SIMULATION DESCRIPTION 

2.1 DOE-2.1E Simulation Cases for the Small Office Building 
 
In this study, three types of thermal zoning models were analyzed using the PSZ and PVAV systems. These 
models were operated using three occupant usage intensities to control the HVAC, lighting, and equipment 
systems. Table 1 shows the simulation combinations for the small office building in the DOE-2.1E 
program.  

 

Table 2-1 Simulation Cases used for the analysis 

Location Zoning Model HVAC 
Type 

Modeling Schedule Type (Weekdays) Avg. 
WWR Occupancy Lighting Equipment   Set-point  Set-back 

Houston 
TX 

ㆍ Single- zone 
  

ㆍ Five-zone 
 

ㆍ Detailed-zone 
 

PSZ 1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

H: 70oF 
C: 75oF 

H: 60oF 
C: 85oF 

21% 

PVAV 1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

H: 70oF 
C: 75oF 

H: 60oF 
C: 85oF 

21%  

Chicago 
IL 

ㆍ Single- zone  
 

ㆍ Five-zone 
 

ㆍ Detailed-zone 
 

PSZ 1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

H: 70oF 
C: 75oF 

H: 60oF 
C: 85oF 

21% 

PVAV 1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

1) 90.1-2016 
2) 100%24hrs 
3) 0% 24 hrs 

H: 70oF 
C: 75oF 

H: 60oF 
C: 85oF 

21%  

* Weekend schedules set to minimum operating rates in the simulation schedules (i.e., occupancy=0.0; lighting=0.18; 
equipment=0.20; infiltration=off; ventilation fan=0.0; set-temperature: heating 60oF, cooling 85oF) (PNNL & U.S.DOE, 2019b).  

* Window-to-wall (WWR) ratio in the small office models was 21% on average. Window fraction was 24.4% for the South and 19.8% 
for the other three orientations (e.g., east, west, north).  

 
 
In this section, among hundreds simulation combinations, the DOE-2 BDL input files for five-zone models 
using the PSZ and PVAV systems in Houston, TX, and Chicago, IL are selected and listed to provide more 
modeling information in the DOE-2.1e program.  
 
 Reference Model 1: Five-Zone Model in Houston, TX (PSZ System) 
 Reference Model 2: Five-Zone Model in Houston, TX (PVAV System) 
 Reference Model 3: Five-Zone Model in Chicago, IL (PSZ System) 
 Reference Model 4: Five-Zone Model in Chicago, IL (PVAV System) 
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2.2 Houston, TX: Thermal Zoning Models 
 

2.2.1 Reference Model 1: Five-Zone Model in Houston, TX (PSZ System) 
In this section, the DOE-2 BDL input file for the PSZ system for “Case 1: Single-Zone Model in Houston, 
TX” is described. The DOE-2 reference model is based on the U.S.DOE commercial prototype models with 
five zones (PNNL and U.S.DOE 2019).   
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2.2.2 Reference Model 2: Five-Zone Model in Houston, TX (PVAV System) 
In this section the DOE-2 input file for "Case 2: Five-Zone Model in Houston, TX” is described.  
 

 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

22 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

23 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

24 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

25 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

26 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

27 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

28 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

29 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

30 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

31 

 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

32 

 
 
 
 
 
 



Page 

September 2023 TEES Energy Systems Laboratory, The Texas A&M University System 
 

 

33 

2.3 Chicago, IL: Thermal Zoning Models 
 
 

2.3.1 Reference Model 1: Single-Zone Model in Chicago, IL (PSZ System) 
In this section the DOE-2 input file for "Case 1: Five-Zone Model in Chicago, IL” is described.  
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2.3.2 Reference Model 2: Five-Zone Model in Chicago, IL (PVAV System) 
In this section the DOE-2 input file for "Case 2: Five-Zone Model in Chicago, IL” is described.  
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Appendix A: Simulation Information 
 
Appendix A describes the detailed information to support DOE-2.1e models modified based on the 
U.S.DOE commercial prototype buildings for Standard 90.-2016.  The tables in Appendix A provide 
further information for the boundary conditions (i.e., walls, roof, ground, etc.) and internal heat gains.  
 
 
Table A-1 Summary of Small Office Model Construction  

# Type 
Houston (2A) Chicago (5A) 

U-Value  
(Btu/hr-ft2-F) 

SHGC U-Value  
(Btu/hr-ft2-F) 

SHGC 

1 Roof 0.526 0.0257 
(0.027) 

- 0.526 0.0202 
(0.021) 

- 
2 Ceiling 0.027 - 0.021 - 
3 External wall 0.087 (0.089) - 0.050 (0.051) - 
4 Interior wall 0.442 - 0.442 - 
5 Ground floor* 0.415 (F-0.730) - 0.415 (F-0.520) - 
6 Window** 0.52 (0.54) 0.249 (0.25) 0.367 (0.38) 0.365 (0.38) 
7 Glass door** 0.52 (0.54) 0.249 (0.25) 0.367 (0.38) 0.365 (0.38) 
8 Opaque door 0.370 (0.037) - 0.370 - 

* Note: The numbers in brackets are code-compliance for Standard 90.1-2016. U-value and SHGC were extracted from DOE-2.1e 
LV-C and LV-D reports. U-values included air films.  

* Ground floor is slab-on-grade (unheated) both for Houston and Chicago models, which used 8” concrete slab with carpet pad. As of 
August 2020, DOE updated the prototype models using F-factor for underground calculations. Before then, U-value used for 
underground calculations. The construction of F-factor insulation can be found in Standard 90.1-2016, Table A6.3.1.  

** Hypothetical window with weighted U-factor and SHGC used based on the PNNL prototype models. The weighting process is 
described in Thornton et al. (2011).  

 
 
Table A-2 Houston (2A): Small Office Model Material Layers 

# Type Material Layers (Outside to Inside) 
1 Attic roof    Asphalt shingles, 5/8” plywood 
2 Ceiling insulation   Insulation (R-35.4), 15/8” gypsum board 
3 External slab 8” with carpet   7 7/8” normal-weight concrete floor, carpet pad 
4 Exterior wall   1” stucco, 5/8” gypsum board, insulation (R-9), 5/8” gypsum board 
5 Interior wall   ½” gypsum board, ½” gypsum board 
6 Exterior roof soffit    5/8” plywood 
7 Window    Glass 1576, air 2 1/16”, Glass 102 (U-value 0.58, SHGC 0.25) 
8 Glass door  U-value 0.58, SHGC 0.25 
9 Swinging door   Opaque door panel 

 
 
Table A-3 Chicago (5A): Small Office Model Material Layers 

# Type Material Layers (Outside to Inside) 
1 Attic roof    Asphalt shingles, 5/8” plywood 
2 Ceiling insulation   Insulation (R-45.98), 5/8” gypsum board 
3 External slab 8” with carpet   7 7/8” normal-weight concrete floor, carpet pad 

4 Exterior wall   
1” stucco, 5/8” gypsum board, insulation (R-17.43), 5/8” gypsum 
board 

5 Interior wall   ½” gypsum board, ½” gypsum board 
6 Exterior roof soffit    5/8” plywood 
7 Window    Glass 8652, air ½”, Glass 102 (U-value 0.41, SHGC 0.38) 
8 Glass door  U-value 0.41, SHGC 0.38 
9 Swinging door   Opaque door panel 
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Table A-4 Average Monthly Ground Temperature in DOE-2.1e and EnergyPlus  

Month Houston (CZ 2A, °F) Chicago (CZ 5A,°F) Reference 
January 69.314 67.838 PNNL and 

U.S.DOE 
(2014) 

February 69.224 67.604 
March 69.368 67.604 
April 69.512 37.838 
May 69.692 68.180 
June 73.634 72.050 
July 74.300 73.184 

August 74.444 73.526 
September 74.480 73.634 

October 70.448 69.944 
November 69.818 68.954 
December 69.458 68.342 

 
 

Table A-5 Internal Heat Gain Inputs in DOE-2.1e and EnergyPlus Simulation Tests 

Heat sources DOE-2.1e EnergyPlus Reference 

Occupancy - 450W/person   

- 200ft2/person 

- 450W/person   

- 200ft2/person 

ASHRAE (2017) 

Electrical equipment 0.63 W/ft2 0.63 W/ft2 ASHRAE (2017) 

Internal lighting 0.79 W/ft2 0.79 W/ft2 ASHRAE (2017) 

Task lighting Not modeled Not modeled N/A 
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