
 

ABSTRACT 

MENDON VRUSHALI VASU. Energy Modeling and Analysis of the WRCNC Building on 

NCSU‟s Centennial Campus. (Under the direction of Dr. Herbert M. Eckerlin). 

 

This study compares the actual and projected energy consumption for the Wildlife Resources 

Commission‟s North Carolina headquarters building located on the Centennial Campus of 

the North Carolina State University and, suggests a new strategy for applying LEED ratings 

to the energy performance of buildings.  In the initial part of the study, monthly building 

energy consumption data from August 2005 to May 2009 and energy-saving measures taken 

by the building mechanical engineers from March 2007 to October 2008 are recorded. When 

compared with the early design energy use projections, the actual energy consumption was 

still much higher.  

In the second part of the study, a detailed energy model of the building reflecting changes 

made to the building was built and simulated using EnergyPlus. The results were then 

compared to the actual energy consumption of the building. According to ASHRAE 

Guideline 14-2002, the EnergyPlus model is considered calibrated. Thus, it is suggested that 

energy models used by LEED for rating purposes need to be verified and a more accurate 

rating system adopted, one that places emphasis on actual energy consumption rather than 

solely on projections. 

  



 

Energy Modeling and Analysis of the WRCNC Building on NCSU‟s Centennial Campus 

 

 

by 

Vrushali Vasu Mendon 

 

 

A thesis submitted to the Graduate Faculty of 

North Carolina State University 

in partial fulfillment of the  

requirements for the degree of 

Master of Science 

 

Mechanical Engineering 

 

 

Raleigh, North Carolina 

2009 

 

APPROVED BY: 

 

_______________________________  ______________________________ 

        James W. Leach, Ph.D., P.E.          Stephen D. Terry, Ph.D., P.E. 

 

 

_______________________________ 

Herbert M. Eckerlin, Ph.D.,P.E. 

   Chair of Advisory Committee 



 

ii 

 

DEDICATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my parents.. 



 

iii 

 

BIOGRAPHY 

Vrushali was born near Mumbai, the financial heart of India. As a child she was fascinated 

by machines and was sure she wanted to be a mechanical engineer when she grew up. She 

completed her B.S. in Mechanical Engineering from the University of Mumbai and worked 

as a Design Engineer in a HVAC firm for a couple of years. Vrushali‟s quest for further 

education brought her to NC State University in the fall of 2007. Her research interests are 

Energy and „everything machines‟. Upon graduation, Vrushali is moving to the Pacific 

Northwest to pursue a career in Energy. 



 

iv 

 

ACKNOWLEDGMENTS 

I want to express my gratitude to Dr. Herbert Eckerlin for giving me the opportunity to work 

on a topic so close to my heart and for supporting me despite the obstacles we had to face 

throughout this project. I would like to thank Mr. Kevin Ball for introducing us to the 

building and the problems it had been facing and also for the building operation data and his 

input from time to time. I want to thank Mr. Michael Shelton for continuing to support us 

with data and his observations after Mr. Ball left the building. 

I want to thank Mr. Chuck Ladd from Williard Ferm Architects for providing the technical 

guidance and background information of the building. I also want to thank Mr. Alex Mcenzie 

from the University Facilities department for helping me find the building construction 

drawings and specifications which form the basis of this research. 

I especially want to mention Rahul for the support and words of encouragement throughout 

my Masters and Neha for the wonderful conversations we had. I want to thank Neha and 

Priya for making me a part of their family in the USA. 

Finally, I want to thank my parents and my family for always believing in me and supporting 

me. This would not have been possible without them. 

  



 

v 

 

TABLE OF CONTENTS 

LIST OF TABLES .................................................................................................................. vii 

LIST OF FIGURES ............................................................................................................... viii 

1. Introduction ....................................................................................................................... 1 

1.1 Background .................................................................................................................................. 1 

1.2 Building Energy Efficiency Initiatives ......................................................................................... 7 

1.2.1 American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) ..... 7 

1.2.2 Leadership in Energy and Environmental Design (LEED) ....................................................... 8 

1.3 The Wildlife Resource Commission Building ............................................................................ 12 

1.4 Purpose of Research ................................................................................................................... 13 

1.5 Scope of Research ...................................................................................................................... 14 

2. The Wildlife Resources Commission NC Headquarters (WRCNC) ............................... 15 

2.1 Climate of North Carolina .......................................................................................................... 16 

2.2 WRCNC Building Design .......................................................................................................... 16 

2.2.1 Daylighting .............................................................................................................................. 17 

2.2.2 Underfloor Air Distribution System ........................................................................................ 23 

2.3 WRCNC Building layout ........................................................................................................... 25 

2.4 WRCNC Building Equipment Details ........................................................................................ 30 

2.4.1 A note about Condensing Boilers ............................................................................................ 32 

3. Building Energy Performance ......................................................................................... 34 

3.1 Building Energy Performance from 2006-2008 ......................................................................... 34 

3.1.1 Comparison of actual data with Commercial Buildings Energy Consumption Survey 

(CBECS) ........................................................................................................................................... 35 

3.2 Changes made to the Wildlife Building and the resulting Energy Savings ................................ 36 

3.3 Current Building Energy Performance ....................................................................................... 42 

4. Energy Modeling ............................................................................................................. 45 

4.1 Design Stage Energy Modeling Projections ............................................................................... 45 

4.2 Energy Simulation software survey ............................................................................................ 50 

4.2.1 An introduction to EnergyPlus ................................................................................................ 51 

4.3 Energy Model ............................................................................................................................. 52 



 

vi 

 

4.3.1 Constructing a model ............................................................................................................... 52 

4.3.2 Building zoning ....................................................................................................................... 58 

4.3.3 Building Loads and Schedules ................................................................................................ 65 

4.3.4 HVAC system .......................................................................................................................... 66 

4.4 Daylighting Simulation .............................................................................................................. 67 

4.5 Simulation and Results ............................................................................................................... 74 

4.6 Model Calibration ....................................................................................................................... 77 

4.7 Baseline Model ........................................................................................................................... 80 

5. Data Analysis ................................................................................................................... 83 

5.1 Comparison of Early Design Projections with Actual Performance .......................................... 83 

5.2 Comparison of EnergyPlus Projections with Actual Performance ............................................. 85 

5.3 Discussion about Real Time and TMY Weather data ................................................................ 86 

6. Conclusions and Recommendations ................................................................................ 89 

6.1 Energy Modeling and LEED ...................................................................................................... 89 

6.2 The link between Design and Construction ................................................................................ 91 

6.3 Recommendations ...................................................................................................................... 93 

7. REFERENCES ................................................................................................................... 94 

APPENDICES ........................................................................................................................ 97 

Appendix A: Sample LEED Credit sheet (source: USGBC website)..................................... 98 

Appendix B: Energy Usage Survey at WRCNC................................................................... 102 

Appendix C: DAYSIM Materials Properties File Code ....................................................... 104 

Appendix D: Selected EnergyPlus Code .............................................................................. 105 

 

 

    



 

vii 

 

LIST OF TABLES 

Table 1.1 Summary of LEED Categories and points .............................................................. 10 
Table 1.2 LEED Rating awarded based on points earned ...................................................... 10 

Table 1.3 Energy and Atmosphere category points break-down ............................................ 12 
Table 2.1 Wildlife Building equipment details ....................................................................... 31 
Table 4.1 Energy modeling alternatives ................................................................................. 47 
Table 4.2 Daysim results for the Main space post-processing................................................ 70 
Table 4.3 Daysim results for the North-east space post-processing ....................................... 71 

Table 4.4 Daysim results for the South-west space post-processing ...................................... 72 
Table 4.5 Daysim results for the South-east space post-processing ....................................... 73 
Table 4.6 Actual v/s model projected monthly energy consumption ..................................... 79 

Table 4.7 Baseline energy projections for the WRCNC building .......................................... 81 
  

  



 

viii 

 

LIST OF FIGURES 

Figure 1.1 World Energy Production (Source: EIA International Energy Statistics) ............... 2 
Figure 1.2 World Energy Consumption (Source: EIA International Energy Statistics) ........... 2 

Figure 1.3 US Energy Production (Source: EIA US Energy Statistics) ................................... 3 
Figure 1.4 US Energy Consumption (Source: EIA US Energy Statistics) ............................... 4 
Figure 1.5 Cost of Energy in Btu/ 2000 USD (Source: EIA US Energy Statistics) ................. 5 
Figure 1.6 Energy Consumption by Sector (Source: EIA US Energy Statistics) ..................... 6 
Figure 1.7 Greenhouse Emissions by Sector (Source: EPA Greenhouse Emissions 2007) ..... 6 

Figure 2.1 North Carolina Wildlife Resource Commission Head Quarters, Raleigh, NC ..... 15 
Figure 2.2 Daylight Penetration Simulation (15) .................................................................... 18 
Figure 2.3 Detail of daylighting glazing with lightshelves ..................................................... 19 

Figure 2.4 Actual photograph of an exterior lightshelf at the WRCNC building ................... 20 
Figure 2.5 Function of an exterior lightshelf .......................................................................... 20 
Figure 2.6 Actual photograph of an interior lightshelf at the WRCNC building ................... 22 

Figure 2.7 Function of an interior lightshelf ........................................................................... 22 
Figure 2.8 Schematic of a UFAD system ............................................................................... 24 

Figure 2.9 Orientation of the WRCNC building ..................................................................... 25 
Figure 2.10 Mechanical Chase at the WRCNC building ........................................................ 26 
Figure 2.11 WRCNC Ground floor layout ............................................................................. 27 

Figure 2.12 WRCNC First floor layout .................................................................................. 27 
Figure 2.13 WRCNC Second floor layout .............................................................................. 28 

Figure 2.14 WRCNC Third floor layout ................................................................................. 29 
Figure 2.15 WRCNC Fourth floor layout ............................................................................... 29 

Figure 2.16 WRCNC Fifth floor layout .................................................................................. 30 
Figure 2.17 Schematic of a Condensing Boiler ...................................................................... 32 

Figure 2.18 Variation of Efficiency with Return Water Temperature (Source: 

www.lochinvar.com)............................................................................................................... 33 
Figure 3.1 Wildlife building energy consumption for 2006-2008: Electricity ....................... 34 

Figure 3.2 Wildlife building energy consumption for 2006-2008: Natural Gas .................... 35 
Figure 3.3 WRCNC building electricity consumption for 2006 v/s 2008 .............................. 43 

Figure 3.4 WRCNC building Natural Gas Consumption for 2006 v/s 2008 .......................... 44 
Figure 4.1 Energy consumption for Alternative-4 .................................................................. 48 

Figure 4.2 Actual v/s projected energy performance (Electricity) ......................................... 49 
Figure 4.3 Actual v/s projected energy performance (Natural Gas) ....................................... 49 
Figure 4.4 North Elevation of the WRCNC building ............................................................. 54 

Figure 4.5 North Elevation of the WRCNC building model .................................................. 54 
Figure 4.6 South Elevation of the WRCNC building ............................................................. 55 
Figure 4.7 South Elevation of the WRCNC building model .................................................. 55 
Figure 4.8 East Elevation of the WRCNC building ................................................................ 56 

Figure 4.9 East Elevation of the WRCNC building model ..................................................... 56 
Figure 4.10 West Elevation of the WRCNC building ............................................................ 57 



 

ix 

 

Figure 4.11West Elevation of the WRCNC building model .................................................. 57 
Figure 4.12 Ground floor Plan ................................................................................................ 59 
Figure 4.13 Ground floor energy model zoning ..................................................................... 59 
Figure 4.14 First floor Plan ..................................................................................................... 60 

Figure 4.15 First floor energy model zoning .......................................................................... 60 
Figure 4.16 Second floor Plan ................................................................................................ 61 
Figure 4.17 Second floor energy model zoning ...................................................................... 61 
Figure 4.18 Third floor Plan ................................................................................................... 62 
Figure 4.19 Third floor energy model zoning ......................................................................... 62 

Figure 4.20 Fourth floor Plan.................................................................................................. 63 
Figure 4.21 Fourth floor energy model zoning ....................................................................... 63 
Figure 4.22 Fifth floor Plan .................................................................................................... 64 

Figure 4.23 Fifth floor energy model zoning .......................................................................... 64 
Figure 4.24 Sample heating schedule for cell offices ............................................................. 66 
Figure 4.25 Google SketchUp model used for Daysim .......................................................... 69 

Figure 4.26 Annual Simulated Energy Performance of the WRCNC building ...................... 75 
Figure 4.27 Energy use break down for the WRCNC building .............................................. 75 

Figure 4.28 EnergyPlus simulated Energy Performance v/s Actual 2008 Energy Performance 

(Electricity) ............................................................................................................................. 76 
Figure 4.29 EnergyPlus simulated Energy Performance v/s Actual 2008 Energy Performance 

(Natural Gas) ........................................................................................................................... 76 
Figure 4.30 Simulated Baseline v/s As-built energy performance of the WRCNC building . 82 

Figure 5.1 Actual 2008 energy consumption v/s Early Design projections ........................... 84 
Figure 5.2 Actual 2008 energy consumption v/s EnergyPlus projections .............................. 85 

Figure 5.3 Observed dry bulb temperature v/s TMY3 temperature for Raleigh .................... 87 
  



 

1 

 

1. Introduction 

This research analyzes the energy performance of the Wildlife Resource Commission 

(WRCNC) Building located on the Centennial Campus of the North Carolina State 

University. This building is a high performance building that employs various energy 

efficiency measures. This study investigates the energy modeling projections made during 

the design stage and compares them with actual building performance. It also investigates the 

accuracy of energy modeling projections by modeling the WRCNC Building with 

EnergyPlus and compares the output with the actual energy performance. Various changes 

made to the WRCNC Building to improve energy performance along with respective energy 

savings are discussed and further energy performance improvisations are suggested.  

 

1.1 Background 

We are at a crucial junction today with regards to energy and global warming. The 

population of the world has increased by 13.5% from 5,978,000,000 to 6,787,000,000 in the 

last decade alone (1). A rise in population obviously brings about a rise in the demand for 

basic necessities like food and shelter and above all, an ever increasing demand for energy. 

Figure 1.1 represents the World Energy Production from 1980 to 2006 and Figure 1.2 

represents the World Energy Consumption for the same period (2). The world has seen an 

increase of approximately 65% in energy demand from 1980 to 2006. Thus far the supply has 

been able to match the demand though this may not be the case in future.  
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Figure 1.1 World Energy Production (Source: EIA International Energy Statistics) 

 

 

 
Figure 1.2 World Energy Consumption (Source: EIA International Energy Statistics) 
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Meanwhile, the population of the United States increased from 281,421,906 in 2000 to 

304,059,724 in 2008 (3), an 8% increase. The population of the US accounted for 4.4% of 

the World population in 2008. Figure 1.3 represents the US Energy Production from 1980 to 

2006 and Figure 1.4 represents US Energy Consumption for the same period (4). The figures 

indicate that while US Energy Production increased from approximately 67 to 72 Quadrillion 

Btu from 1980 to 2006, the Consumption went up from approximately 79 to 100 Quadrillion 

Btu in the same period. Thus, the gap between US energy produced and energy consumed 

increased from 15% in 1980 to 28% in 2006. This implies that the US has to depend on other 

energy sources to meet almost a third of its energy needs as of 2006.  

 

 
Figure 1.3 US Energy Production (Source: EIA US Energy Statistics) 
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Figure 1.4 US Energy Consumption (Source: EIA US Energy Statistics) 

 

 

With the demand for energy rising continuously and the supply not being able to satisfy the 

demand, cost of energy is rising rapidly. Figure 1.5 represents the cost of energy from 1980 

to 2006 (4). In 1980, $2,000 could purchase approximately 15,000 Btu while this number fell 

to 9,000 Btu/$2,000 in 2006. This implies a 33% rise in the cost of energy from 1980 to 

2006. 
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Figure 1.5 Cost of Energy in Btu/ 2000 USD (Source: EIA US Energy Statistics) 

 

The rising cost of energy has made it necessary for energy to be used as efficiently as 

possible and the pressure is now on the industry to develop more energy efficient and 

environmentally friendly options.  

Figure 1.6 and Figure 1.7 illustrate the Energy consumption and Greenhouse Emissions by 

sector. The building sector accounts for 41% of total energy consumption and 48% of 

greenhouse emissions (4), (5).Considering the building sector is the largest contributor of 

greenhouse emissions and also the largest consumer of energy among all sectors, this sector 

plays a crucial role in US energy economics.  
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Figure 1.6 Energy Consumption by Sector (Source: EIA US Energy Statistics) 

 

 
Figure 1.7 Greenhouse Emissions by Sector (Source: EPA Greenhouse Emissions 2007) 
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1.2 Building Energy Efficiency Initiatives 

Various standards have been implemented in the last few years to encourage energy efficient 

building construction. State construction codes are pressing for better energy performance 

with every passing year.  

1.2.1 American Society of Heating, Refrigeration and Air Conditioning Engineers 

(ASHRAE) 

ASHRAE is one of the largest societies of engineers and ASHRAE standards are one of the 

most widely used standards in industry today. ASHRAE Standard 90, the Energy Standard 

for Buildings, was first introduced in 1975 with the purpose of providing minimum 

requirements for energy-efficient design of buildings (6). It is further divided into 90.1 which 

is the Energy Standard for Buildings except low rise Residential buildings and 90.2 which is 

the Energy Standard for low rise Residential buildings. Revised editions of this standard have 

since been published in 1980, 1989, 1999, 2001, 2004 and 2007 with a new edition being 

published every three years since 2001. Successive editions of this standard have 

increasingly stringent energy compliance requirements keeping in mind the current energy 

scenario.  

ASHRAE launched the „Architecture 2030 Challenge‟ in January 2006 that calls for all new 

constructions and  major renovations to reduce their Greenhouse Gas (GHG) Emissions by 

50% immediately, increasing this reduction to 60% in 2010, 70% in 2015, 80% in 2020, 90% 
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in 2025 and all new construction be carbon neutral by 2030 (7). The agency intends to 

achieve these reductions by making the „baseline building‟ definition very stringent (7). 

ASHRAE is also planning an energy label initiative called Building Energy Quotient 

(Building EQ) that will serve to bridge the gap between design stage projections and actual 

performance. A two-step approach is planned wherein an „asset‟ rating will be awarded at the 

design stage based on simulated energy performance and an „operational‟ rating will be 

awarded based on actual energy consumption of a building (8). The initiative is still in the 

pilot stage with the prototype been unveiled at the ASHRAE 2009 Annual Conference in 

Louisville, KY. Widespread availability of the „As Designed‟ and „In Operation‟ labels is 

anticipated in 2010 (8). 

1.2.2 Leadership in Energy and Environmental Design (LEED) 

Considering the growing public interest in sustainability, various initiatives are being 

introduced in this direction. US Green Building Council‟s LEED is one such initiative. The 

Wildlife Resources Commission North Carolina Head Quarters (WRCNC building) is 

designed to comply with LEED requirements and hence, LEED is explained in greater detail 

in this thesis. 

LEED was designed by the US Green Building Council (USGBC) to be a third-party 

verification system of a building‟s environmental performance. It was first introduced in 

1998 and has since expanded to include different rating systems for different applications as 

follows (9): 
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¶ LEED for New Construction 

¶ LEED for Existing Buildings 

¶ LEED for Commercial Interiors 

¶ LEED for Core and Shell 

¶ LEED for Homes 

¶ LEED for Neighborhood Development 

¶ LEED for Schools 

¶ LEED for Retail 

Its popularity has been increasing since its inception. By 2009, 15,000 buildings had applied 

for LEED Certification and 1,946 were granted a rating (10).  

The LEED Certification process is based on a points system. A building is awarded points 

based on certain features in each of the seven LEED rating system categories. Table 1.1 

summarizes the categories along with the maximum number of points that can be awarded in 

each category respectively. Appendix A is a sample LEED 2009 credit sheet for „New 

Construction‟ used by buildings applying for LEED certification (9). USGBC awards a 

LEED Rating to the building based on the total number of points it earns. Table 1.2 

summarizes LEED Ratings along with points needed to achieve each rating respectively (9). 
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Table 1.1 Summary of LEED Categories and points 

Sr. No LEED Category Maximum points 

1. Sustainable Sites (SS) 26 

2. Water Efficiency (WE) 10 

3. Energy and Atmosphere (EA) 35 

4. Materials and Resources (MR) 14 

5. Indoor Environmental Quality (IEQ) 15 

6. Innovation in Design (ID) 6 

7. Regional priority (RP) 4 

 Total points possible 110 

 

 

Table 1.2 LEED Rating awarded based on points earned 

Total Points earned LEED Rating awarded 

40-49 LEED Certified 

50-59 LEED Silver 

60-79 LEED Gold 

80 and above LEED Platinum 

 

The subject research focuses on the energy usage of the WRCNC building which was 

designed to be certified as LEED Gold and hence, deals primarily with the „Energy and 
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Atmosphere (EA)‟ category. A building can earn a maximum of 35 points in the „LEED: EA‟ 

certification category alone. This category accounts for almost a third of the total LEED 

points and is a crucial area in the rating system. Table 1.3 details the break-down of points in 

the EA category (9). A maximum of 19 points are awarded to a building if it betters the 

baseline energy performance by 48% for new construction and 44% for existing building 

renovation.  

Since USGBC awards a LEED rating to a building before the building is occupied, the points 

awarded in the EA category for „Optimization of Energy Performance‟ is not based on 

actual energy consumed by the building. USGBC uses simulated energy performance to 

evaluate the performance of a building in this category and awards points accordingly.  

The baseline performance is obtained by simulating the energy performance of a building 

with the same load characteristics as the actual design but complying only with ASHRAE 

90.1 standard minimum required energy performance. The „baseline‟ model is constructed as 

described in Appendix G-„Performance Rating method‟ of the ASHRAE 90.1 standard. The 

simulated energy performance of this model is considered as the „Baseline Energy 

Performance‟ and is used as the basis for comparison and evaluation. A second computer 

model is constructed to reflect all the energy efficient features implemented in the actual 

building design. The simulated energy performance of the second model is compared with 

the baseline energy performance and the improvement in energy performance over baseline 

is calculated. USGBC awards points based on percentage savings yielded as detailed in 

Appendix A.  
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Table 1.3 Energy and Atmosphere category points break-down 

Sr. No. Description Points 

Prerequisite 1 Fundamental Commissioning of Building Energy Systems  

Prerequisite 2 Minimum Energy Performance  

Prerequisite 3 Fundamental Refrigerant Management  

Credit 1 Optimize Energy Performance 1 to 19 

Credit 2 On site Renewable Energy 1 to 7 

Credit 3 Enhanced Commissioning 2 

Credit 4 Enhanced Refrigerant Management 2 

Credit 5 Measurement and Verification 3 

Credit 6 Green power 2 

 Total 35 

 

This research examines the role of energy simulation in LEED and evaluates the difference 

between simulated energy performance and actual energy performance of the WRCNC 

building.  

1.3 The Wildlife Resource Commission Building  

The subject of this research is the headquarters of the Wildlife Resource Commission in 

North Carolina (WRCNC). This building is located on the Centennial Campus of the North 

Carolina State University in Raleigh, NC. The construction on this building began in 2001 

and was completed in April 2005. The building was occupied in August 2005. The architects 
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of the building are Williard Ferm Architects, Raleigh and the Mechanical and Electrical 

Engineering design was provided by Padia Consulting Inc, Cary. The day-lighting and 

structural consultants were T.C. Howard and Wayne Place from the School of Design at the 

North Carolina State University. 

The building is 75,000 ft
2
 in area and has a 236 parking spaces parking deck. It has five 

stories and is built along an east-west axis. It serves a dual purpose as an office building as 

well as an educational center and hence has different activity zones like office spaces, 

classrooms, auditoriums and exhibit galleries.  

The Wildlife building was one of the first green buildings to be built in North Carolina and is 

owned by the State of North Carolina. It is a sustainably designed facility. The definition of 

„sustainably designed facility‟ is a building and surrounding environs designed using energy 

efficient features, providing natural lighting,  incorporating reusable and renewable resources 

that are non-toxic, require low maintenance and are congruent with the natural characteristics 

of the site and cause minimum adverse impact to the environment (11). 

1.4 Purpose of Research 

The purpose of the research is to compare actual energy performance with design stage 

energy consumption projections and investigate the reason behind the differences. Energy 

Modeling programs which are increasingly being used to simulate energy performance are 

explored and EnergyPlus is used to model energy performance. The simulated energy 

performance is then compared with the actual energy performance. This research investigates 
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the various stages in building design and the difference in energy consumption between the 

design stage and the post-occupancy stage. The Energy modeling tools used in this research 

have been validated to justify their use in the design stage. 

1.5 Scope of Research 

Actual energy consumption data has been collected from utility bills from August 2005 to 

May 2009. Design stage Energy Modeling projections have also been obtained and actual 

energy performance is compared with simulated energy performance. The various changes 

made to the Wildlife Building are documented. A detailed energy model is built using 

EnergyPlus and this simulated energy performance is compared with actual energy 

consumption. Finally, the importance of Energy Modeling in rating systems like LEED is 

discussed and recommendations are made to improve this process. 
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2. The Wildlife Resources Commission NC Headquarters (WRCNC) 

Figure 2.1 North Carolina Wildlife Resource Commission Head Quarters, Raleigh, NC 

 

 

The WRCNC building serves as the North Carolina Headquarters. It is located on the 

Centennial Campus of the North Carolina State University, Raleigh, NC. The WRCNC 

building design is based on the idea of sustainable architecture and hence, efforts have been 
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made to minimize environmental impact during each stage of design and construction. It has 

a small building footprint to ensure minimum displacement of the natural landscape.  

2.1 Climate of North Carolina 

North Carolina is located in northern and western hemisphere. It is bound by the Atlantic 

Ocean on the east making the climate humid.  North Carolina has four distinct seasons; 

winters in Raleigh are short and mild with very little snow. Summers are hot and humid. Fall 

and spring are periods of transition with typically mild weather.  

Raleigh is located at 35х 46‟ N and 78х 38‟ W. It is categorized as Climate zone „4A‟ by 

ASHRAE (12) which implies it has a mixed-humid climate. The average warmest month is 

July and the average coolest month is January (13). January is also the average wettest month 

(13). The average summer temperatures are between 69х F and 88х F while the average 

winter temperatures are between 30х F and 49х F (13). Average annual precipitation is 46.4 

inches (13). 

2.2 WRCNC Building Design 

The design of the WRCNC building is based on the idea of sustainability. Various strategies 

are implemented to achieve the goal of minimum impact on the environment. To begin with, 

the building has a small footprint to reduce displacement of the surrounding earth during 

construction. The building has four complete floor levels, a partial floor ground level on the 
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west side and a partial fifth floor level on the east. The total area of the WRCNC building is 

75,000 ft
2
, with an adjacent parking garage with 236 parking spaces. 

The main energy saving strategies incorporated at the WRCNC building are described below. 

2.2.1 Daylighting 

Daylighting is the process of utilizing natural light as far as possible to reduce dependence on 

artificial lighting. It has been generating a lot of interest since green building design started 

gaining popularity. Incorporating daylighting is one of the more important energy saving 

features of the WRCNC Building. Different daylighting strategies are employed in buildings 

depending on their design and purpose. A detailed study was conducted by Dr. T. C. Howard 

and Dr. Wayne Place along with Dr. Jianxin Hu to evaluate the most suitable daylighting 

strategy for the WRCNC building (14).  

Since the WRCNC building is multi-storied, it restricted the daylighting strategy to side- 

daylighting. The building is built on true south along the east-west axis to maximize 

daylighting glazing on the north and south facades. Daylight penetration calculations carried 

out at this stage indicated that natural light could penetrate up to 30‟ inside the space from 

the window on one side. This limited the total width of the WRCNC building to 60‟. Thus, 

the length of the building had to be increased to yield the total required floor area. Figure 2.2 

further illustrates this point. The completed WRCNC building is 210‟ in length and has a 

width of 60‟.  
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The WRCNC building has a dark central core as illustrated in Figure 2.2 that does not have 

access to any daylighting glazing. This area is located on each level at the same place and 

hence, areas like restrooms, elevators and telecommunication rooms that are sparsely used 

and do not have a high illumination requirement are located in the dark core.  

 

 
Figure 2.2 Daylight Penetration Simulation (15) 

 

 

The WRCNC building has high ceilings and a high amount of glazing on the North and 

South facades to gather maximum natural light. The gross glass to floor ratio for the building 

is 20%. The South glazing has exterior lightshelves and shading devices to prevent direct 

beam sunlight from entering the space. The North glazing does not have exterior lightshelves 

or shading devices since very little beam sunlight falls on the North side. Interior lightshelves 
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are located on both the North and the South glazing. Figure 2.3 is a detail of the daylighting 

glazing with exterior and interior lightshelves.  

 
Figure 2.3 Detail of daylighting glazing with lightshelves 

 

The exterior lightshelves are overhangs made from an acrylic material. They are located at a 

height of 7‟-0” from the floor on each level. They serve two purposes; they block out any 

direct beam solar radiation from entering the office space, thus reducing heat gain and hence 

the cooling load on the building and create a more comfortable interior work environment. 

Secondly, they direct the beam radiation falling on them onto the daylighting glazing, 

thereby increasing the amount of light available to the space. Figure 2.4 is a photograph of an 

exterior lightshelf from the WRCNC building and Figure 2.5 explains the function of the 

exterior lightshelf.  
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Figure 2.4 Actual photograph of an exterior lightshelf at the WRCNC building 

 

 
Figure 2.5 Function of an exterior lightshelf 
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The interior lightshelves are made of ceiling tiles with an aluminum foil backing on one side. 

They are located at a height of 7‟-0” and run 6‟-0” deep into the building. The aluminum 

backed side faces the ceiling. They divide the glazing into a 4‟-0” high daylighting window 

on the top and a 4‟-0” high view window on the bottom. The view windows on the south side 

have specialized Nysan Greenscreen shades (16) which can be manually controlled by 

occupants. The view windows on the north side do not have any shading devices since the 

north side gets very little solar beam radiation.  

The light falling on the aluminum foil is reflected onto the ceiling. The ceilings in the 

building are painted white to ensure reflection of rays of light incident on them and uniform 

distribution of light into the office space below. Thus, the interior lightshelves help in 

distributing natural light deeper and more uniformly into the office space. Figure 2.6 is a 

photograph of an interior lightshelf from the WRCNC building and Figure 2.7 illustrates the 

function of the interior lightshelf. 

Since the primary purpose of the WRCNC building is to serve as an office building, it is an 

ideal application for daylighting. Raleigh, NC enjoys an average of 111 sunny days annually 

(17) making daylighting a good energy saving option. The artificial lighting is controlled 

with photo-sensors and dimmable ballasts that adjust the artificial lighting level based on the 

amount of natural light available.  
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Figure 2.6 Actual photograph of an interior lightshelf at the WRCNC building 

 

 

Figure 2.7 Function of an interior lightshelf 
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2.2.2 Underfloor Air Distribution System 

In Conventional Air Distribution (CAD) systems, supply air from the Air Handling Unit 

(AHU) is carried to the conditioned zone through ducts. These ducts open into Variable Air 

Volume (VAV) or Constant Air Volume (CAV) boxes in the ceiling plenum and the supply 

air enters the conditioned zone through ceiling diffusers. The ceiling plenum houses the 

return air duct in some cases or functions as a return air duct itself in some other applications. 

The return air is carried back to the AHU and the cycle is completed.  

In Underfloor Air Distribution (UFAD) systems, supply air from the AHU may be carried to 

the conditioned space through ducts in raised floor cavities and supplied to the conditioned 

space through diffusers mounted in the finished floor. Alternatively, supply air from the 

AHU may be partially ducted to enter a pressurized plenum and enters the conditioned space 

through diffusers mounted in the finished floor. The WRCNC building implements the 

second option; supply air is carried to a pressurized plenum through ducts which partially run 

inside the plenum as well. The supply air then enters VAV boxes mounted in the Raised 

Access Floor (RAF) system and enters the conditioned space through diffusers mounted in 

the finished floor. 

Since air is supplied at the floor level in a UFAD system, temperature of the air has to be 

higher so as to not cause discomfort to the people in the conditioned zone. This feature of the 

UFAD system proves advantageous since the supply air temperature in a UFAD system can 

be higher than that for a CAD system. Another advantage of the UFAD system is that the 
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floor mounted diffusers can be easily moved around in the conditioned space. The floor tiles 

used in a UFAD system are interchangeable and the lack of ductwork makes moving 

diffusers simple. The UFAD system gives the user flexibility to re-arrange or re-organize an 

area and is especially helpful in an office setting. Figure 2.8 illustrates a UFAD system. 

 
Figure 2.8 Schematic of a UFAD system 

 

The WRCNC building is served by a UFAD system on all floors except the ground and the 

first floor. The ground floor and the first floor are served by a CAD system. The remaining 

floors have an 18” supply air plenum serviced by two AHUs, one on the east side and one on 

the west side of the building. They each have a 6” return air plenum that collects the return 

air and takes it back to the respective AHU. The fifth floor has an 18” supply air plenum 

serviced with just one AHU on the east side of the building. The supply air plenums are 
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positively pressurized with respect to the conditioned space and the plenum pressure is 

maintained at 0.05” of water gauge (18). The supply air gradually moves from the 

pressurized supply plenum to the conditioned space through supply air diffusers mounted in 

the finished floor and then flows into the return plenum. The building is maintained at a 

slightly positive pressure with respect to the surroundings to limit infiltration of outside air 

into the conditioned space.  

2.3 WRCNC Building layout 

Daylighting is an important energy feature of the WRCNC building. The building is built on 

true South along the East-West axis to maximize daylight glazing. Figure 2.9 shows the 

orientation of the building. The building has two mechanical chases; one on the east side and 

one on the west side of the building as illustrated in Figure 2.10. These chases house the 

supply air and return air ducts which run to the AHU located in the mechanical rooms on the 

ground and first floors. 

 
Figure 2.9 Orientation of the WRCNC building 
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Figure 2.10 Mechanical Chase at the WRCNC building 

 

The primary purpose of the WRCNC building is to serve as an office building and its 

secondary purpose is to serve as an educational center. The building has different activity 

zones like classrooms and exhibit areas as well as cell offices and conference rooms. The 

educational areas are located on the ground and first level of the building whereas the top 

four levels house the administrative offices. Figure 2.11 shows the layout of the ground floor 

of the WRCNC building and Figure 2.12 shows the layout of the first floor.  

 

Mechanical 

Chase 

 



 

27 

 

 
Figure 2.11 WRCNC Ground floor layout 

 

 
Figure 2.12 WRCNC First floor layout 
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The ground floor houses classrooms used for the numerous educational programs that the 

WRCNC is involved with (19). The first floor has additional classrooms, an auditorium and a 

Wildlife store. An exhibit area is also located on the first floor that showcases various 

wildlife exhibits.  

The top four levels house offices and conference rooms. Figure 2.13, 2.14, 2.15 and 2.16 

show the layout of the second, third, fourth and fifth level respectively. Cell offices are 

located on the periphery of the building and open offices are located towards the center. 

Restrooms, elevators, electrical and telecommunication rooms are located in the dark core on 

each floor.  

 
Figure 2.13 WRCNC Second floor layout 
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Figure 2.14 WRCNC Third floor layout 

 

 
Figure 2.15 WRCNC Fourth floor layout 
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Figure 2.16 WRCNC Fifth floor layout 

 

2.4 WRCNC Building Equipment Details 

The WRCNC building is primarily served by an air cooled screw chiller and two natural gas 

fired condensing boilers. The server-room needs cooling for all 24 hours and therefore has 

lower temperature set-point requirements than the rest of the areas. It is served by a split 

system cooling unit. The building service water is generated by a natural gas fired hot water 

generator. Table 2.1 lists the building equipment capacities and manufacturers (18).  
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Table 2.1 Wildlife Building equipment details 

Equipment Manufacturer Capacity Efficiency/SEER 

2 Condensing Boilers Lochinvar 1,395,000 Btu/hr (each) 

Min. full load 

η=83% 

Peak Operating 

η=93% 

Air cooled screw chiller  York 1,746,000 Btu/hr Full load EER=9.8 

Split system cooling unit 

for the server room Liebert 74,440 Btu/hr. EER=10.0 

Split system heat pump 

for the Communications 

Center on the 4
th

 floor 

Mitsubishi 
19,600 Btu/hr (heating) 

17,400 Btu/hr (cooling) 

Heating HSPF=7.0 

Cooling SEER=10.0 

Split system air 

conditioning unit for the 

Communications 

Equipment room on the 

4
th

 floor  

11,800 Btu/hr Cooling SEER=10.0 

Air Handling Units York 

AHU-1: 10370 cfm 

AHU-2: 10750 cfm 

AHU-3: 5480 cfm 

AHU-4: 29200 cfm  
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2.4.1 A note about Condensing Boilers 

The WRCNC building heating requirements are serviced by two Condensing type boilers 

manufactured by Lochinvar. The function of a condensing type of boiler is different from a 

conventional boiler in that it has an additional heat transfer loop. The return water to the 

boiler is partially heated by utilizing the latent energy of the exhaust flue gases. Figure 2.17 

is a schematic of a condensing boiler‟s „condensing loop‟. 

 

 

Figure 2.17 Schematic of a Condensing Boiler 

 

The dew-point of flue gases for a boiler depends on fuel composition. The dew-point of flue 

gases is typically around 130х F for a natural gas fired boiler (20). Flue gases have a certain 

amount of water vapor present in them. The basic principle of a condensing boiler is that it 

condenses this water vapor out of the flue gases and uses the latent heat released in this 

process to pre-heat the return water. By using the latent heat of waste flue gases to pre-heat 
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return water, condensing boilers reduce the amount of fuel needed to heat the water to the 

desired supply temperatures.  

This additional heat transfer from waste flue gases increases the efficiency of the boiler and 

manufacturers claim 97% boiler efficiency (21). Return water temperature has to be very low 

so that the metal temperature falls below 130х F for condensation to occur and for the boiler 

to perform as a condensing boiler. The increase in efficiency depends heavily upon the return 

water temperature as shown in Figure 2.18. For the boiler to obtain 97% efficiency at 25% 

firing, the return water temperature has to be 70х F. The water temperature at the boiler outlet 

is between 140х F and 150х F for the WRCNC building. Since this is a normal office 

application, return water temperatures to the boiler never fall to 70х F and hence at such 

times, the boiler will not operate in the condensing mode. 

 
Figure 2.18 Variation of Efficiency with Return Water Temperature (Source: 

www.lochinvar.com) 
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3. Building Energy Performance 

The construction of the WRCNC Building was completed in April 2005 and the building was 

occupied in August that same year. The building energy consumption data from May 2005 to 

December 2008 has been collected from utility bills and has been made available for the 

purpose of this research courtesy of Mr. Kevin Ball and Mr. Michael Shelton, the building 

mechanical engineers.  

This research focuses on the energy consumption of the office and other occupied areas of 

the WRCNC building. The parking garage has not been included in the research so as to not 

confuse the energy analysis and energy modeling studies. Since every new construction has a 

settling period associated with it, energy consumption data from May to December 2005 has 

not been considered for analysis.  

3.1 Building Energy Performance from 2006-2008 

 
Figure 3.1 Wildlife building energy consumption for 2006-2008: Electricity 
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Figure 3.2 Wildlife building energy consumption for 2006-2008: Natural Gas 

 

Figures 3.1 and 3.2 present the actual building energy performance from January 2006 to 

December 2008 for electricity and natural gas respectively.   

3.1.1 Comparison of actual data with Commercial Buildings Energy Consumption 

Survey (CBECS) 

CBECS is a national sample survey conducted by the EIA that collects information on US 

Commercial buildings; their energy related building characteristics and their energy 

consumption (22).  The survey was first conducted in 1979 and is conducted every four 

years. The latest survey results available at this point are for the 2003 survey. The data from 

the 2007 survey is being processed at this time and will be released later this year (22). 

According to the CBECS 2003 table E2A, the average Energy Use Intensity (EUI) of US 

non-mall buildings is 91.0 kBtu/ft
2
, whereas the EUI for an office building is 92.9 kBtu/ft
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(23). Furthermore, for buildings constructed between 2000 and 2003, average EUI is 81.6 

kBtu/ft
2
 (23). Raleigh, NC has 1,614 average annual Cooling Degree days (CDD) and 3,295 

Heating Degree days (HDD) (24). According to CBECS 2003 table E2A, average EUI for 

buildings in regions with fewer than 2,000 CDD and 4,000 HDD is 78.6 kBtu/ft
2
 (23).  

The EUI for the WRCNC building was 118.77 kBtu/ft
2
-yr in 2006, 108.62 kBtu/ft

2
-yr in 

2007 and 69.01 kBtu/ft
2
-yr in 2008. Though the energy use in 2006 and 2007 was much 

higher than CBECS 2003 average values, there was a drastic reduction of 36.4% in energy 

use between 2007 and 2008. This reduction in energy consumption was a result of changes 

resulting from the efforts of Mr. Kevin Ball and Mr. Michael Shelton. 

3.2 Changes made to the Wildlife Building and the resulting Energy Savings 

The WRCNC building incorporates many energy saving features as discussed before but the 

energy consumed by the building in 2006 was much higher than the projected energy 

consumption. Hence, beginning in March 2007, almost 2 years after the building was 

occupied; a series of changes to the building was initiated in an effort to reduce its energy 

consumption.  

The following changes were made from March 2007 to October 2008 to improve the 

performance of the building (25): 

1. Wires for half of the Bollard lamps were disconnected because the ballasts were 

consuming a lot of power even after the lamps were removed.  

2. Installed an occupancy sensor in the mechanical room on the 1
st
 floor. 
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¶ 8 fixtures of 2 lamps of 32 W each = 512 W 

¶ Assuming occupancy factor of 0.40 (26) and 10hr/day operation, Savings = 

3.1 kW-hr/day 

3. Half of the lights on the 3
rd

 and 4
th

 floor added on contactors that can be turned on or 

off. 

¶ 17 fixtures of 1 lamp of 54 W = 918 W 

¶ Assuming a 10 hr/day operation and that in absence of the contactors, the 

lights remain on all 24 hrs, Savings = 12.85 kW-hr/day 

4. Installed an occupancy sensor in the conference room on the 3
rd

 floor. 

¶ 4 fixtures of 1 lamp of 50 W + 2 fixtures of 4 lamps of 54 W = 632 W 

¶ Assuming an occupancy factor of 0.5 (26) and 10 hr/day operation, Savings = 

3.16 kW-hr/day 

5. Installed an occupancy sensor in the conference room on the 4
th

 floor. 

¶ 4 fixtures of 1 lamp of 50 W + 2 fixtures of 4 lamps of 54 W = 632 W 

¶ Assuming an occupancy factor of 0.5 (26) and 10 hr/day operation, Savings = 

3.16 kW-hr/day 

6. Took one lamp out of each golden fixture in front of elevators from the ground floor 

to the 5
th

 floor. 

¶ 3 fixtures of 2 lamps of 13 W each on each of the 6 floors = 468 W 

¶ 50% reduction in lamps and a 24 hr/day operation implies, Savings = 5.62 

kW-hr/day 



 

38 

 

7. Installed lighting contactor for exhibit area. Turns lights on at 8 am and off at 5 pm. 

¶ 59 fixtures of 1 lamp of 70 W = 4130 W 

¶ For a 10 hr/day operation and assuming that in absence of the contactor, the 

lights remain on all 24 hrs, Savings = 57.82 kW-hr/day 

8. Fluorescents behind the map in the ground floor lobby added on contactor. 

¶ 7 fixtures of 1 lamp of 70 W = 490 W 

¶ For a 10 hr/day operation and assuming that in absence of the contactor, the 

lights remain on all 24 hrs, Savings = 6.86 kW-hr/day 

9. Moved thermostat on each floor from exterior wall to interior wall and installed 

insulation between the sensor and mounting wall.  

10. Installed switch for 5
th

 floor corridor lights. 

¶ 8 fixtures of 1 lamp of 54 W = 432 W 

¶ For a 10 hr/day operation and assuming that in absence of the switch, the 

lights remain on all 24 hrs, Savings = 6.05 kW-hr/day 

11. Installed photocells on 80 sidelights. 

¶ 80 nos. 70 W Metal Halides = 5600 W 

¶ Assuming a reduction factor of 0.33 and a 24 hr/day operation, Savings = 

44.35 kW-hr/day 

12. Installed photocells on east stairs (2 lights/floor) 

¶ 2 fixtures of 2 lamps of 32 W = 128 W 
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¶ By installing photocells, assuming reduction factor of 0.67 and 10 hrs/day 

operation, Savings = 0.86 kW-hr/day 

13. Installed photocells on west stairs (2 lights/floor) 

¶ 2 fixtures of 2 lamps of 32 W = 128 W 

¶ By installing photocells, assuming reduction factor of 0.67 and 10 hrs/day 

operation, Savings = 0.86 kW-hr/day 

14. Installed photocells in parking deck for east lighting. 

¶ 23 fixtures of 1 lamp of 100 W+2 of 1 lamp of 100W and 1 of 2 lamps of 55 

W = 2610 W 

¶ By installing photocells, assuming reduction factor of 0.33 and 24 hrs/day 

operation, Savings = 20.67 kW-hr/day  

15. Reworked the parking deck panel. Added some lights and removed some others.  

16. Installed electronic ballasts as the old ballasts failed. Currently 6 nos. 100 W Metal 

Halides have had electronic ballasts installed and this is an on-going process. 

¶ Electronic ballast systems are 10-15% more efficient than magnetic ballast 

systems. Assuming 15% savings and 24 hrs/day operation, Current Savings = 

2.16 kW-hr/day 

17. Motion sensor installed for the exhibits on the first floor.  

18. Installed a motion sensor in the Prairie Zone on the ground floor.  

19. Installed time-clocks for exhibits.  

20. Installed time-clocks for water heater # 1.  
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¶ Capacity of the heater is 175 gal and assuming an operation of 10 hrs/day 

instead of 24 hrs/day, Savings = 12.45 kW-hr/day 

21. Installed time-clocks for water heater #2.  

¶ Capacity of the heater is 175 gal and assuming an operation of 10 hrs/day 

instead of 24 hrs/day, Savings = 12.45 kW-hr/day 

22. Installed time-clocks for exhaust fan on roof serving the loading dock restroom.  

23. Occupancy sensors installed in restrooms. 

¶ 2 fixtures of 2 lamps of 26 W + 8 fixtures of 1 lamp of 32 W in each of the 12 

rest-rooms= 4320 W 

¶ Assuming a usage factor of 0.3 (26) and a 10 hrs/day operation, Savings = 30 

kW-hr/day 

24. 2 occupancy sensors installed in ground floor corridors. 

¶ 8 fixtures of 1 lamp of 54 W = 432 W 

¶ Assuming a usage factor of 0.5 (26) and a 10 hrs/day operation, Savings = 

2.16 kW-hr/day 

25.  10 Nos. 70W metal halides replaced by 42W CFLs in parking deck. 

¶ Assuming a 24 hr operation, Savings = 6.72 kW-hr/day 

26. 50% Lamps removed from big round fixtures in the first floor lobby. 

¶ 10 fixtures of 6 lamps of 39 W = 2340 W 

¶ After 50% reduction and a 10 hrs/day operation, Savings = 11.7 kW-hr/day 

27. Photocells installed for exterior wall mounted fixtures (27W lamps & 20 fixtures) 
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¶ 20 fixtures of 1 lamp of 27 W = 540 W 

¶ By installing photocells, assuming a reduction factor of 0.33 and 24 hrs/day 

operation, Savings = 4.28 kW-hr/day 

28. Installed timer for loading dock restroom fan. 

29. Installed occupancy sensor for ground floor closet. 

¶ 1 fixture of 4 lamps of 32 W = 128 W 

¶ Assuming occupancy factor of 0.25 (26) and 10hrs/day operation, Savings = 

0.32 kW-hr/day 

30. Installed pole switches in several spaces, offices and conference rooms to allow lights 

to be shut-off.  

31. Relocated and replaced Johnson Controls lighting controller, reducing operation time 

from 24 / 7 to 10 / 5.  

32. Eliminated concurrent heating and cooling within the same conditioned space.  

33. Established boiler enable set-point, based upon an outdoor air temp value that 

prevented boiler and hot water pump operation above 69F. Completely shut-off 

boilers when not needed (no fire condition).  

34. Established chiller enable set-point, based upon an outdoor air temperature value that 

prevented chiller operation below 70 deg F.  

35. Established seasonal set-points for chilled water temperature based upon cooling 

requirement.  
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36. Established "custom" heating and cooling set-points for all conditioned spaces, based 

upon occupant / use.  

37. Sealed leaky plenum (walls, floor tiles, conduit penetrations, etc.)  

38. Removed or reduced floor boxes in areas that were overcooling.  

39. Replaced defective motion sensors and light fixtures – reducing lamp wattage 

whenever possible. 

40. Removed major blockage in AHU-4 outdoor air intake.  

41. Removed air flow restrictions in main under floor ductwork.  

42. Economizer cycle control was changed from outside air wet bulb temperature based 

to outside air enthalpy based.  

3.3 Current Building Energy Performance 

The changes listed above were made between March 2007 and October 2008. It is difficult to 

deduce exact dates when each change was completed and to relate the energy savings with 

the available energy use data since multiple changes were initiated at the same time and 

hence there was an overlap in the duration of carrying out each change. The energy savings 

resulting from some changes cannot be established due to lack of data as well as a simple 

calculation technique. While most of the changes made resulted in good energy savings, 

some others like installing an occupancy sensor in the ground floor closet resulted in 

negligible savings and are hard to justify.  
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The calculations indicate that installing occupancy sensors and switches results in flexibility 

as well as energy savings. It is also noted that electronic ballasts are more efficient than 

conventional magnetic ballasts. These factors should have been incorporated during the 

design and construction stage rather than 2 or 3 years later.  

Significant energy savings were also generated by resolving problems with the Heating, 

Ventilation and Air conditioning (HVAC) system controls. The issue of excessive natural gas 

consumption was eliminated and significant energy savings were generated by refining 

schedules for the HVAC system and the lighting system.  

 

Figure 3.3 WRCNC building electricity consumption for 2006 v/s 2008 
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Figure 3.4 WRCNC building Natural Gas Consumption for 2006 v/s 2008 

 

Figures 3.3 and 3.4 represent the improvement in energy performance of the WRCNC 

building from 2006 to 2008 for electricity and natural gas respectively. The annual electricity 

consumption was reduced from 1,601,514 kWh in 2006 to 1,204,315 in 2008, a reduction of 

24.8%. The natural gas consumption was reduced from 26,111 therms in 2006 to 5,826 

therms in 2008, a reduction of 77.7%. These savings can be entirely attributed to the efforts 

of the building mechanical engineers. 
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4. Energy Modeling 

Energy Modeling is the process of constructing a model of the building prior to construction 

using energy modeling software to simulate the energy performance of the building over a 

period of time. Energy modeling provides a reasonably accurate estimation of the energy 

consumption of a building at the design stage and also allows for the easy evaluation of 

different building design strategies.  

Like most computer programming, energy modeling is considered as much of an art as 

a science and relies heavily on the judgment of the energy modeler to create an accurate 

representation of the building. It is a relatively new field with limited resources and 

experience but is gaining prominence in the building industry due to the flexibility it offers in 

design and construction.  

Energy Modeling can prove to be a good indicator of the energy performance that can be 

expected from a building. However, it must be noted that energy modeling only provides an 

indication of building energy performance and there will always be differences in the 

simulated and actual building energy performance. It can be safely stated that energy 

modeling generates a fairly accurate building energy performance estimate when done 

correctly.  

4.1 Design Stage Energy Modeling Projections 

Energy and atmosphere (EA) is an important category in the LEED certification process. 

Since certification of a building is typically completed before a building is occupied and 
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utility bills start coming in, LEED uses energy modeling projections to certify the energy 

performance of a building and awards points accordingly.  

The WRCNC building was designed to comply with LEED Gold standards. The energy 

modeling was completed using the Department of Energy-2 (DOE-2) program. Since the 

design stage energy model was not available for the purpose of this research, very few details 

of the energy model itself are known. However, the energy projections report released at the 

design stage was made available by Williard Ferm Architects. This report contains the 

various alternatives of the building modeled at the design stage along with the respective 

energy projections. 

The energy modeling at the design stage was carried out in two parts; first a baseline model 

was constructed in accordance with ASHRAE 90.1-1999 standards and then energy efficient 

features were gradually introduced in the model and four alternatives were created and their 

energy consumption was simulated. Based on the results generated, the most energy efficient 

alternative was chosen to represent the building design for construction. Table 4.1 

summarizes the four alternatives modeled. „Alternative 4‟ with a 48% energy savings over 

baseline was chosen for construction. Figure 4.1 represents the projected energy consumption 

of Alternative-4. 
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Table 4.1 Energy modeling alternatives 

 Baseline Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Cooling Plant 

Standard 

Efficiency air 

cooled screw 

chiller 

Standard Efficiency 

air cooled screw 

chiller 

High Efficiency 

air cooled screw 

chiller 

High Efficiency air 

cooled screw 

chiller 

High Efficiency air 

cooled screw 

chiller 

Daylighting Not Present Present Present Present Present 

Heating Plant Cast iron boiler Cast iron boiler 
Condensing type 

boiler 

Condensing type 

boiler 

Condensing type 

boiler 

Air Handling 

Units 

Constant Volume 

Single zone 

Constant Volume 

Single zone 

Constant volume 

Single zone 

Economizer cycle 

Variable air 

volume & 

Economizer cycle 

Variable air 

volume & 

Economizer cycle 

Air 

Distribution 

Overhead 

distribution 

Overhead 

distribution 

Underfloor 

distribution 

Overhead 

distribution 

Underfloor 

distribution 

Energy 

Performance 
86.1 kBtu/ft

2
-yr 

60.5 kBtu/ft
2
-yr 

30% Reduction 

51.4 kBtu/ft
2
-yr 

40% Reduction 

50.3 kBtu/ft
2
-yr 

42% Reduction 

44.8 kBtu/ft
2
-yr 

48% Reduction 
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Figure 4.1 Energy consumption for Alternative-4 

 

 

Though the WRCNC building was constructed in accordance with Alternative-4, the actual 

energy consumption was vastly different than the projected performance. Figures 4.2 and 4.3 

represent a comparison between the actual energy performance of the WRCNC building for 

2006 and 2008 and the energy projections of Alternative-4.  
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Figure 4.2 Actual v/s projected energy performance (Electricity) 

 

 

 
Figure 4.3 Actual v/s projected energy performance (Natural Gas) 
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The natural gas consumption was greatly reduced due to the efforts of the building 

mechanical engineers and the consumption came very close to matching the early design 

projections in 2008. Despite the additional energy saving measures employed after the 

construction of the building was completed, the electricity consumption for 2008 was still 

much higher than the design stage projections. At this point it became necessary to examine 

the design stage projections and hence the energy model closely. 

Since the DOE-2 energy model used for the purpose of simulating energy consumption at the 

design stage was not available and very little information about the model was available, a 

new energy model was constructed based on the energy modeling projection report and 

building information gathered from discussions with the building architects and engineers 

and from walk-throughs at the building. 

4.2 Energy Simulation software survey 

The original energy model used for projecting energy performance at the design stage was 

constructed using DOE-2. DOE-2 is an energy modeling program built by the US 

Department of Energy. It has been widely used to simulate building energy performance for 

the last two decades. It is one of the most popular energy simulation programs today and is 

used as a design tool to analyze various design strategies.  

Different energy modeling software are available today with different levels of complexity 

and detail. DOE-2 itself is a detailed energy simulation program and hence it was essential to 
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use DOE-2 or choose a program with similar capabilities for this study. EnergyPlus was 

selected for the purpose of constructing a new energy model of the WRCNC building.  

4.2.1 An introduction to EnergyPlus 

Like DOE-2, EnergyPlus is also an energy simulation program built by the US Department 

of Energy (US DOE). EnergyPlus is the successor of DOE-2 and combines the features of 

DOE-2 and Building Loads Analysis and System Thermodynamics (BLAST), another energy 

simulation program built at the Lawrence Berkley Laboratory with funding from the US 

DOE. EnergyPlus is a powerful engine that combines the load calculation capabilities of 

BLAST and the capabilities of DOE-2 (27). It was first introduced in April 2001 as 

EnergyPlus version 1.0 with the latest version 3.2 released in October 2009 (28). EnergyPlus 

version 3.1 was used for the energy modeling in this study. 

EnergyPlus is an energy analysis and thermal load simulation program (28). Since it is 

intended to be a powerful simulation engine alone, inputs and outputs are ASCII text (28).  

While this input interface can be utilized for modeling simple geometries and systems, 

modeling complex geometries can become difficult without a graphical front end. Several 

third party graphical front ends are now available for a price namely, Demand Response 

Quick Assessment Tool, DesignBuilder, Easy EnergyPlus, EFEN, Hevacomp and Hourly 

Load Calculation program (HLCP) (28). Some other freeware are available like 

EPlusInterface which is currently in beta testing stage and OpenStudio which is a plug in for 

Google Sketchup (28).  
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The WRCNC building is a multi-zone, multi-storey building and a graphical input interface 

was preferable to make modeling the building easier. The front end used for this study is 

DesignBuilder by DesignBuilder software, United Kingdom (29). DesignBuilder allows the 

user to create complex building geometries and systems and then uses EnergyPlus as the 

engine to simulate the energy performance. 

4.3 Energy Model 

The first step in energy modeling of the WRCNC building was collecting data pertaining to 

building design and systems. The building elevations and plans were made available for the 

purpose of this study by Williard Ferm Architects. The building construction details were 

obtained from the Building Design Specifications available at the North Carolina State 

University Facilities Department. These documents are available at the University Facilities 

Department since the WRCNC building is located on the University‟s Centennial Campus. 

Additional building systems details were obtained through discussions with Mr. Kevin Ball 

and Mr. Michael Shelton, mechanical engineers at the WRCNC building.  

4.3.1 Constructing a model 

The next step in energy modeling was constructing an accurate model of the WRCNC 

building based on the building drawings. The DesignBuilder interface is similar to Computer 

Aided Design (CAD) software and the building geometry could be easily drawn using this 

interface. The building is earth bermed on the east side due to the natural slope of the land. 
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This was accounted for by defining a separate building block „ground‟ modeled with a sloped 

geometry. The building dimensions were obtained from the building elevations and plans. 

The next step was drawing windows and doors in accordance with the building elevations 

and plans. Exterior lightshelves were then modeled on all windows on the south façade. The 

WRCNC building wall and glazing properties were defined at this stage. The building 

incorporates R-19 (U= 0.0526 Btu/hr-ft
2
-F) insulation for the walls and R-30 (U= 0.033 

Btu/hr-ft
2
-F) for the roof (15). The south facing windows in the building have interior blinds 

by Nysan (16). The specifications of the blinds were obtained from the vendor „AAA Blinds 

and Shutters, Raleigh, NC‟ who supplied the blinds for the building. The interior blinds were 

modeled according to these specifications. The windows on the north side were modeled 

without blinds. 

All five floors of the building were modeled along with the underfloor supply and overhead 

return plenums for the Underfloor Air Distribution (UFAD) system for floors 2, 3, 4 and 5. 

The remaining floors were set to be served by an overhead air distribution system. Figure 4.4 

depicts the North Elevation of the building and Figure 4.5 depicts the North Elevation of the 

model. Figures 4.6 and 4.7 depict the South elevation, Figure 4.8 and 4.9 depict the East 

elevation and Figures 4.10 and 4.11 depict the West elevation from the building construction 

documents and the model respectively. 
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Figure 4.4 North Elevation of the WRCNC building 

 

 
Figure 4.5 North Elevation of the WRCNC building model 
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Figure 4.6 South Elevation of the WRCNC building 

 

 
Figure 4.7 South Elevation of the WRCNC building model 
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Figure 4.8 East Elevation of the WRCNC building 

 

 
Figure 4.9 East Elevation of the WRCNC building model 
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Figure 4.10 West Elevation of the WRCNC building 

 

 
Figure 4.11West Elevation of the WRCNC building model 
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4.3.2 Building zoning 

The next step in energy modeling was dividing the WRCNC building into zones. The 

building serves a dual purpose of an office building as well as an educational center. Hence, 

there are multiple activity zones in the building ranging from cellular offices and conference 

rooms to classrooms and exhibit areas. The building was divided into zones according to 

activity and areas with similar activities were lumped together in one zone to reduce 

computation time. Once the building was divided into zones, schedules and zone parameters 

were assigned to each zone.  

Figure 4.12 depicts the Ground Floor plan for the WRCNC building and Figure 4.13 details 

the zoning used for the Ground Floor in the energy model. The floor plans and energy model 

zoning are depicted by Figures 4.14 and 4.15 for the First floor, Figures 4.16 and 4.17 for the 

Second floor, Figures 4.18 and 4.19 for the Third floor, Figures 4.20 and 4.21 for the Fourth 

floor and Figures 4.22 and 4.23 for the Fifth floor respectively. 
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Figure 4.12 Ground floor Plan 

 

 

 
Figure 4.13 Ground floor energy model zoning 
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Figure 4.14 First floor Plan 

 

 
Figure 4.15 First floor energy model zoning 
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Figure 4.16 Second floor Plan 

 

 
Figure 4.17 Second floor energy model zoning 
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Figure 4.18 Third floor Plan 

 

 
Figure 4.19 Third floor energy model zoning 
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Figure 4.20 Fourth floor Plan 

 

 
Figure 4.21 Fourth floor energy model zoning 
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Figure 4.22 Fifth floor Plan 

 

 
Figure 4.23 Fifth floor energy model zoning 
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The temperature set-points, load intensities, lighting and HVAC schedules and occupancies 

are defined for each zone based on information collected for the WRCNC building to get a 

close approximation of the building energy use profile. The temperature set-point for all area 

except the server room is 72х F for heating and 75х F for cooling (30). The average 

illuminance level for all office areas was set to 50 fc while that for stairways and elevator 

lobbies was set to 10 fc (31) for daylighting calculations. 

4.3.3 Building Loads and Schedules 

The building loads comprise of office equipment loads for appliances like printers, copiers, 

computers etc. Equipment load density for each zone was based on the average figures for 

that particular activity zone. Lighting power densities for each zone were calculated from the 

WRCNC building lighting layouts which were a part of construction documents obtained 

from the North Carolina State University Facilities Department. These values were compared 

with the ASHRAE 90.1-2007 Table 9.6.1 average space-by-space values and were found to 

comply with the standards.  

The electrical, occupancy, lighting, heating and cooling schedules were customized for each 

zone. The WRCNC building system operates from Monday to Friday from 7.00 am to 6.00 

pm (30). The heating system operates only in the cold months and is shut off between April 

and October (30). Figure 4.24 shows a sample heating schedule for cell offices.  
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Figure 4.24 Sample heating schedule for cell offices 

 

4.3.4 HVAC system 

The HVAC system at the WRCNC building primarily comprises an electrical air cooled 

screw chiller and a natural gas fired condensing boiler. The building features a VAV system 

with an overhead air distribution system on the ground and first floor and an underfloor air 

distribution system on the remaining floors. The ground and first floor in the energy model 

have been modeled to have an overhead air distribution system. A supply and return plenum 

was modeled for the remaining floors. The height of the supply air plenum is modeled as 18” 

and the height of the return air plenum as 6” (32). 
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The HVAC system temperature set-points have been set to 75х F for cooling and 72х F for 

heating (30). The WRCNC building heating is though terminal units located on the periphery 

of the building. When a space requires heating, air is pulled through the interior areas by the 

terminal unit fans and re-circulated through the areas. Additional heating if required is 

provided by heating by a hot water coil. This air is then supplied to the conditioned space. 

The energy model system is defined as a VAV with terminal re-heat system with standard 

terminal units with a turndown ration of 0.30 (30). 

The hot water for building heating purposes is generated by a condensing boiler. However, as 

the return water temperature is much higher than 70х F, the condensation loop is not active 

and hence the boiler functions as a regular natural gas fired boiler. The efficiency of the 

boiler is defined as η=91% based on Figure 2.18. The service hot water for the WRCNC 

building is generated by a natural gas fired water heater. The hot water system delivery 

temperature is 150х F (30).  

4.4 Daylighting Simulation 

Daylighting is one of the main energy saving features of the WRCNC building and hence 

modeling the daylighting performance of the building was very important. The current 

version of DesignBuilder does not support modeling of interior lightshelves (33). EnergyPlus 

is capable of modeling the performance of lightshelves but due to the limitation of the 

graphical interface and the fact that the WRCNC building has an interior lightshelf associated 
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with every window on the south and north side, it became necessary to look for another 

solution to this problem.  

Daysim is daylighting analysis software developed by the National Research Council Canada 

(34). It calculates annual daylight availability in a particular building as well as the lighting 

energy use. Daysim combines backward ray tracing software Radiance developed at the 

Lawrence Berkeley Laboratory with a daylight coefficient approach. The underlying sky 

model to calculate annual illuminance profiles is the Perez all weather sky model (34). 

Since the floor plans for all floors of the WRCNC building have similar glazing and interior 

partition profiles, a model of a sample floor was constructed using Google SketchUp (35). 

Figure 4.25 illustrates the Google SketchUp model. This model was then exported to Daysim 

which simulated its daylighting performance. Appendix C is „Material Properties File Code‟ 

used for Daysim. The results from Daysim were a list of illuminance values for each grid 

point defined in the model for each hour for a year. These values were exported to Microsoft 

Excel for an easier analysis (36).  

The floor was divided into four main areas, Main space, North Right side, South Left side 

and South Right side. The artificial lighting requirement was calculated for each area based 

on average monthly illuminance levels for each hour the building was occupied. Table 4.2, 

4.3, 4.4 and 4.5 indicate the results obtained from Daysim for Main space, North Right side, 

South Left side and South Right side areas after processing. These illuminance values were 

used to prepare electrical lighting schedules in DesignBuilder for each area respectively.  
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Figure 4.25 Google SketchUp model used for Daysim 
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Table 4.2 Daysim results for the Main space post-processing 

MAIN SPACE: Average Monthly Illuminance Levels (fc) Target 50 fc 

  
            

  

Hour Jan Feb March April May June July Aug Sept Oct Nov Dec 

Annual 
Average 

7 3 7 13 21 26 30 31 25 20 15 8 4 

8 14 20 26 32 36 36 39 35 32 27 21 16 

9 26 31 37 40 40 43 43 43 40 38 32 26 

10 35 41 43 45 44 48 49 47 46 45 40 36 

11 39 46 49 49 48 50 51 51 52 50 44 39 

12 41 46 51 51 49 49 50 52 50 49 47 39 

13 41 48 49 51 49 52 52 52 52 48 44 38 

14 36 45 47 50 50 51 52 52 50 44 40 32 

15 28 35 41 44 47 48 47 47 40 35 28 24 

16 14 23 30 35 39 42 43 38 29 20 11 9 

17 2 7 14 21 29 35 34 24 13 4 0 0 

18 0 0 2 6 13 22 17 9 2 0 0 0 

Average 
Daily 

28 34 39 42 43 45 46 44 40 36 31 26 
38 fc 

average 

% of 
Target 

55 69 77 84 86 91 92 88 81 72 61 52 
75.7 % 

average 
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Table 4.3 Daysim results for the North-east space post-processing 

NORTH-EAST SPACE : Average Monthly Illuminance Levels (fc) Target 50 fc 

  
            

  

Hour Jan Feb March April May June July Aug Sept Oct Nov Dec 

Annual 
Average 

7 2 5 9 15 18 21 22 18 14 10 5 3 

8 9 13 17 21 24 25 26 24 21 17 13 9 

9 15 18 23 26 27 29 29 28 26 22 19 15 

10 20 24 26 28 29 32 32 30 29 26 23 20 

11 23 27 29 31 31 33 33 33 32 28 25 22 

12 24 27 30 32 32 33 33 34 31 28 27 23 

13 25 29 31 34 34 36 36 36 34 29 26 23 

14 23 29 31 36 37 38 38 37 35 29 25 20 

15 19 24 29 33 37 37 37 37 30 25 19 16 

16 10 17 24 30 33 36 36 32 24 16 8 6 

17 2 6 12 20 26 30 30 22 12 4 0 0 

18 0 0 2 6 12 19 15 8 2 0 0 0 

Average 
Daily 

17 21 25 29 31 33 33 31 27 23 19 16 
25 fc 

average 

% of 
Target 

34 43 50 58 62 65 66 62 55 45 37 31 
50.7 % 

average 
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Table 4.4 Daysim results for the South-west space post-processing 

SOUTH-WEST SPACE: Average Monthly Illuminance Levels (fc) Target 50 fc 

  
            

  

Hour Jan Feb March April May June July Aug Sept Oct Nov Dec 

Annual 
Average 

7 3 5 9 12 13 14 14 13 12 11 6 3 

8 17 23 24 24 21 20 22 24 26 30 23 19 

9 37 41 42 36 29 28 29 35 39 50 42 37 

10 50 58 54 48 37 36 37 45 51 64 58 56 

11 58 67 64 55 44 42 42 49 61 76 67 59 

12 61 68 71 57 45 41 40 48 61 74 75 59 

13 64 67 65 55 43 42 42 49 61 69 70 57 

14 51 60 55 51 40 37 38 46 55 61 61 46 

15 38 44 44 38 33 31 31 37 39 46 39 34 

16 17 26 28 26 24 23 24 25 24 21 12 10 

17 2 6 10 13 14 15 16 13 8 3 0 0 

18 0 0 1 3 5 7 6 4 1 0 0 0 

Average 
Daily 

39 46 46 40 33 32 32 37 42 49 45 38 
40 fc 

average 

% of 
Target 

79 92 92 80 66 63 64 74 85 99 90 75 
79.9 % 

average 
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Table 4.5 Daysim results for the South-east space post-processing 

SOUTH-EAST SPACE : Average Monthly Illuminance Levels (fc) Target 50 fc 
   

            
  

 Hour Jan Feb March April May June July Aug Sept Oct Nov Dec 

Annual 
Average 

 7 2 3 5 7 7 8 8 8 7 7 4 2 
 8 10 13 13 13 11 11 12 13 14 17 13 11 
 9 19 21 21 18 15 14 15 18 19 25 22 19 
 10 24 28 26 23 18 18 18 22 25 31 28 27 
 11 28 32 30 26 21 20 20 24 29 36 32 28 
 12 28 32 33 27 21 20 19 23 29 34 34 27 
 13 29 31 29 25 19 19 19 22 27 31 31 26 
 14 22 26 24 22 17 16 17 20 24 26 26 20 
 15 16 19 18 16 13 12 13 15 16 19 16 14 
 16 7 10 11 10 9 9 10 10 9 8 5 4 
 17 1 2 4 5 5 6 6 5 3 1 0 0 
 18 0 0 1 1 2 3 3 2 0 0 0 0 
 Average 

Daily 
18 21 21 18 15 15 15 17 20 23 21 18 

18 fc 
 average 
 % of 

Target 
37 43 42 37 30 29 30 34 39 46 42 35 

36.9 % 
 average 
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4.5 Simulation and Results 

The next step in energy modeling is simulating energy performance of the WRCNC building. 

The building energy performance was simulated for a period of one year. The weather data 

used for this purpose was the Typical Meteorological Year (TMY3) files for Raleigh 

obtained from the National Renewable Energy Laboratory (NREL) website. TMY3 is the 

latest data set of hourly values of solar radiation and other elements like Dry bulb 

temperature, Wet bulb temperature, Wind velocity and atmospheric pressure for a period of 

one year (37). TMY3 files are more recent and are derived from National Solar Radiation 

Data Base (NSRDB) archives from 1991 to 2005 (37). 

Detailed energy performance results were obtained upon completion of the simulation run. 

Since the EnergyPlus model includes all the changes incorporated at the WRCNC building 

between 2007 and 2008, simulation results have been compared with 2008 data. Figure 4.26 

represents the simulated annual energy performance of the WRCNC building. Figure 4.27 

indicated the energy usage break down for various components. Figures 4.28 and 4.29 are a 

comparison between the simulated annual energy performance and the actual 2008 energy 

performance for electricity and natural gas respectively.  
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Figure 4.26 Annual Simulated Energy Performance of the WRCNC building 

 

Figure 4.27 Energy use break down for the WRCNC building 
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Figure 4.28 EnergyPlus simulated Energy Performance v/s Actual 2008 Energy Performance 

(Electricity) 

 

 

 
Figure 4.29 EnergyPlus simulated Energy Performance v/s Actual 2008 Energy Performance 

(Natural Gas) 
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4.6 Model Calibration 

The final step in energy modeling is model calibration. Calibration is the process of using an 

existing building simulation program and tuning the inputs to the program so that the 

observed energy usage matches closely with that predicted by the simulation program (38). 

Calibration can be classified in the following four categories: (a) calibration based on 

manual, iterative, and pragmatic intervention (Diamond and Hunn 1981; Kaplan et al. 1990; 

Pedrini et al. 2002; Pedrini and Lamberts 2001; Yoon et al. 2003), (b) calibration based on a 

suite of informative graphical comparative displays (Bronson et al. 1992; Haberl et al.1993; 

Haberl and Bou-Saada 1998), (c) calibration based on special tests and analytical procedures 

(Soebarto 1997; Shonder et al. 1998; Manke and Hittle 1996; Liu et al. 2004), and (d) 

analytical/mathematical methods of calibration (Carroll and Hitchcock 1993) (39). 

The WRCNC building energy model has been refined over a number of iterations to 

represent the actual building as closely as possible. The first energy model was created using 

building data and as-built drawings. Additional information about the building schedules, 

lighting power densities, occupancy details and equipment quantities was gathered through 

site visits and interviews. A number of iterations were then carried out to match the energy 

model input parameters to the actual building parameters. Finally, results generated by the 

latest energy model that represented the actual building very closely were selected for 

comparison and calibration purposes.  

 



 

78 

 

The basic purpose of calibrating an energy model is so that the observed energy performance 

matches the energy performance predicted by the energy simulation closely. ASHRAE 

developed Guideline 14 (ASHRAE 2002) to define how energy savings are to be measured 

and characterized. Although it provides procedures for using calibrated simulations, 

Guideline 14 does not provide a methodology to calibrate a simulation. Section 6.3.3.4.2.2 of 

the document states: “models are declared to be calibrated if they produce NMBEs within 

±10% and CV-RMSEs within ±30% when using hourly data, or 5% to 15% with monthly 

data.” 

Normalized Mean Bias Error (NMBE):  

ἚἙἌἏ=
В ὁἙἱ ὁἛἱ
ἶ
ἱ=

ἶ Ἰ
ὁἛ

ᶻ %  

 

Root Mean Square Error (RMSE): 

ἠἙἡἏ =
(ὁἙἱ ὁἛἱ)

▪

░=
ἶ Ἰ
ὁἛ

ᶻ % 

Where, 

 yOi= Observed energy consumption for each month 

   yMi  = Model simulated energy consumption for each month 

    yO = Mean observed energy consumption 

             n = Number of months 
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  p = Number of regression parameters in the model  1 (40) 

 

Table 5.6 represents the actual energy consumption for each month and the corresponding 

model energy projection for that month. 

 

Table 4.6 Actual v/s model projected monthly energy consumption 

Month 
Actual 2008 energy consumption 

(kBtu) 

E+ Simulated energy consumption 

(kBtu) 

Jan 406,841 382,900 

Feb 374,629 339,920 

Mar 409,773 331,120 

Apr 423,061 342,130 

May 359,304 373,080 

Jun 438,303 418,410 

July 491,825 515,810 

Aug 425,979 482,940 

Sept 331,043 405,570 

Oct 292,364 312,020 

Nov 321,892 329,090 

Dec 416,708 358,420 

Total 4,691,721 4,591,410 

 

 

Using the formulae above, the calculated values of NMBE and RMSE for the WRCNC 

building are: 

NMBE = -1.53% < 5% 

CV-RMSE = +12.422% <15% 



 

80 

 

Based on the NMBE and CV-RMSE values for the WRCNC energy model and in accordance 

with ASHRAE Guideline 14, the WRCNC energy model is considered calibrated. 

4.7 Baseline Model 

The final stage in energy modeling was to construct a baseline energy model of the WRCNC 

building to compare the as-built building‟s performance and the baseline building 

performance. The baseline model was built in accordance with ASHRAE 90.1-2007 

Appendix G which defines the requirements of a baseline building model.  

The baseline HVAC system requirements for a non-residential building with five floors and 

area less than 150,000 ft
2
 according to table G3.1.1A and G3.1.1B is a packaged rooftop 

direct expansion VAV system with reheat and a natural gas fired boiler (41). Hot-water 

supply temperature needs to be modeled at 180х F and return temperature at 130х F (41). 

Chilled water supply temperature needs to be modeled at 44х F and return water temperature 

at 56х F (41). All other design parameters need to be based on the details contained in 

Appendix G. Four simulations runs then need to be taken; one for the actual orientation of 

the building and one each for the building rotated 90х, 180х and 270х from its original 

orientation. An average of these four runs constitutes the building baseline performance.  

A baseline model of the WRCNC building was constructed based on the requirements stated 

in Appendix G of the ASHRAE 90.1-2007 standard. Table 4.7 summarizes the simulated 

monthly energy consumption of the baseline model for each of the four orientations along 
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with the average energy consumption. Figure 4.30 is the comparison between the simulated 

as-built energy performance and the simulated baseline energy performance of the WRCNC 

building.  

 

Table 4.7 Baseline energy projections for the WRCNC building 

Month лх ό Ȅмл3 kBtu) 
флх ό Ȅмл3 

kBtu) 
мулх ( x103 

kBtu) 
нтлх ό Ȅмл3 

kBtu) 
Average (x103 

kBtu) 

Jan 539 654 539 654 596 

Feb 468 563 468 563 515 

Mar 434 514 434 514 474 

Apr 408 473 408 473 440 

May 432 504 432 504 468 

Jun 483 560 483 560 522 

July 652 752 652 752 702 

Aug 584 670 584 670 627 

Sept 486 553 486 553 520 

Oct 379 436 379 436 408 

Nov 443 533 443 533 488 

Dec 506 620 506 620 563 

Total 5,814 6,830 5,814 6,830 6,322 
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Figure 4.30 Simulated Baseline v/s As-built energy performance of the WRCNC building 

 

 

The simulated as-built annual energy consumption of the WRCNC building yields savings of 

27.38% over the simulated baseline annual energy consumption.  
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5. Data Analysis 

Considering the importance being placed on energy simulation as a basis for design and 

construction in LEED certification and other similar programs, it is essential to compare 

projections with actual energy performance from time to time.  

5.1 Comparison of Early Design Projections with Actual Performance 

The energy consumption data for the WRCNC building was obtained from utility bills from 

August 2005 when the building was first occupied. In the hope of achieving energy savings, 

many changes were made to the building from March 2007 to October 2008. The energy 

consumption data for 2008 has been used for comparison purposes since it incorporates all 

the changes made to the building. Figure 5.1 is the comparison between actual 2008 total 

energy use data and the early design energy projections.  

The actual energy consumption of the WRCNC building was very high compared to the early 

design projections. The EUI for the building according to the early design projections was 

44.8 kBtu/ft
2
. This figure is 107% less than the average CBECS EUI for this building 

application of 92.9 kBtu/ft
2
 (23). The observed total annual energy consumption for 2008 

was 69.40 kBtu/ft
2
 which is 55% higher than the annual early design projected energy 

consumption.  
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Figure 5.1 Actual 2008 energy consumption v/s Early Design projections 

 

 

As seen from the chart, there is a difference in the trend of energy consumption as well. The 

observed actual energy consumption peaks in July while the modeled energy consumption 

peaks in August. However, this anomaly can be attributed to the difference in actual weather 

data and the weather data used for energy simulation purposes. The model calibration 

calculations as per ASHRAE Guideline 14 for the early design model yield a NMBE of         

-32.11% and a CV-RMSE of 36.6%. Both these values are higher than the limits set by the 

guideline (38). 
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5.2 Comparison of EnergyPlus Projections with Actual Performance 

A comparison of the observed energy consumption data for 2008 with the energy modeling 

projections of the model created using EnergyPlus as a part of this study yielded a much 

closer fit. Figure 5.2 is a comparison between the actual 2008 annual energy consumption 

and the annual energy consumption projected by EnergyPlus. The simulated energy 

consumption curve has a similar trend to the observed energy consumption curve.  

 
Figure 5.2 Actual 2008 energy consumption v/s EnergyPlus projections 

 

Overall, the energy model constructed using EnergyPlus for the purpose of this study predicts 

the actual energy performance of the building better than the energy model constructed 

during early design stage. 
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5.3 Discussion about Real Time and TMY Weather data 

The input weather data is one of the most important factors in energy modeling and 

simulation. Most energy simulation programs need hourly solar radiation, outdoor dry bulb 

temperature, outdoor wet bulb temperature, relative humidity, atmospheric pressure, and 

wind velocity and direction values for an entire year in order to simulate detailed energy 

performance of a particular building. The National Renewable Energy Laboratory (NREL) 

has compiled detailed weather data for over 2,100 locations around the world (42). This data 

has been averaged over a number of years to eliminate climatic anomalies and is available on 

the NREL website freely.  

EnergyPlus can process weather data in form of Typical Meteorological Year (TMY) files, 

International Weather for Energy Calculations (IWEC) format from ASHRAE, Comma-

Separated-Value (CSV) files, ESP-r, DOE-2 and BLAST weather text format files. The 

„Weather‟ tool in EnergyPlus can be used to convert these files into the .epw format accepted 

by EnergyPlus.  

The weather data used for this study is the TMY3 data for Raleigh-Durham available from 

the EnergyPlus website. TMY data sets were initially compiled by NREL from the 1952-

1975 SOLMET/ERSATZ data base (43). A second weather data set TMY2 was compiled by 

NREL‟s Analytics Studies Division using climatic data from 1961-1990. The latest weather 

data available is the TMY3 data set which was released earlier this year. It is compiled from 

climatic data from 1991-2005. 
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These weather data sets were compiled to be used as typical weather conditions in energy 

simulation programs. They represent typical rather than extreme conditions. Since these data 

sets are averaged over a number of years, there are minor differences between a TMY file 

and actual weather conditions. Figure 5.3 is a comparison between observed outdoor dry bulb 

temperature for Raleigh and that from the TMY3 file.  

 

 
Figure 5.3 Observed dry bulb temperature v/s TMY3 temperature for Raleigh 

 

Since this study compares observed energy consumption data for 2008 for the WRCNC 

building with results of energy simulation, using observed climatic conditions for 2008 for 

simulation purposes would have been ideal. At this point in time, NREL does not collect 

hourly solar radiation data. Annual observed solar radiation data is available from the 
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National Solar Radiation Database of NREL from 1991 to 2005. However, few commercial 

agencies provide solar radiation data at hourly intervals for a price.  In the absence of solar 

radiation data for 2008, creating a 2008 weather file suitable for EnergyPlus externally was 

difficult and hence simulating energy performance of the WRCNC building using observed 

weather conditions could not be completed at this time. It is reasonable however, judging 

from Figure 5.3 above, that the simulated energy performance using TMY3 data provides a 

close approximation of actual energy consumption. 
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6. Conclusions and Recommendations 

The purpose of this research was to investigate the difference between the projected and 

observed energy performance of the WRCNC building and to determine why the WRCNC 

building was not performing as a LEED Gold building. Energy Modeling and simulation is 

gaining popularity as a design tool because of its capability of allowing the designer to 

evaluate various building components as the designer seeks to meet the requirements of 

performance rating agencies like LEED. While energy modeling is an exceptional tool, it 

must be kept in mind that it must be used correctly for it to generate accurate results. Like 

other computer program, energy simulation programs also operate on the „garbage-in, 

garbage-out‟ principle. Consequently, care must be taken to input correct parameters to 

obtain accurate results. 

6.1 Energy Modeling and LEED 

LEED relies heavily on energy simulation results to validate energy performance of a 

building during the certification process. Energy simulation programs have the capability of 

producing a fairly accurate representation of a building‟s energy performance. However, the 

accuracy of the results greatly depends on the judgment of the energy modeler. Additionally, 

a building‟s observed energy performance may differ from the projections due a number of 

unforeseen issues that may arise during or after construction. In order to tackle this issue, 

more importance needs to be placed on the actual energy performance of a building and not 

simply the energy simulation projections. 
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In 2008, a study was conducted by the New Buildings Institute (NBI) on the energy 

performance of LEED certified buildings. In this study, NBI was able to obtain energy use 

data for only 121 buildings out of the 585 buildings sampled (44). This implies that once a 

LEED rating is obtained, energy usage loses its importance. Adam Hinge and Donald J. 

Winston from ASHRAE's High Performing Buildings (HPB) magazine state that they have 

encouraged building owner firms to publish case studies with measured energy performance 

in HPB, but the firms are not willing to do so. They attribute this to setting unrealistic 

expectations and that some of the projected energy estimates are much lower than what 

seems realistic (45). 

In lieu of these studies, USGBC has made some changes to the LEED procedure. The EA 

Credit-5 „Measurement and Verification‟ worth 5 points in LEED 2009, has been developed 

with the intent of providing ongoing accountability of building energy consumption over 

time (46). It requires the building to develop a measurement and verification plan in 

accordance with the International Performance Measurement and Verification Protocol 

(IPMVP) volume III (46). The energy performance of the building then needs to be tracked 

by comparing it with the energy projections. However, this is a credit and not a pre-requisite 

and hence it is not mandatory to include this provision in the building to get a LEED rating.  

While LEED is certainly a step in the right direction, it cannot achieve its objective of 

sustainability unless actual energy consumption is monitored. It can be concluded that for the 

LEED initiative to be truly successful, it is imperative that equal importance be placed on 
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actual energy usage as well as energy projections and that measurement and verification of 

energy usage be made mandatory. 

6.2 The link between Design and Construction 

The link between Design and Construction is an important factor in the successful realization 

of design concepts. The role of an architect is invariably limited to the design of the building 

while that of the engineer is limited to the construction of the building and the design of 

mechanical and electrical systems. Various unforeseen issues may arise during the design 

and construction process which may change the original design. Thus, communication 

between the architect and engineer becomes crucial to preserve the original design intent. 

Once building construction is complete, the actual energy performance of the building 

depends on the building operator. In case of high performance buildings, a well trained and 

experienced building operator is one of the most important factors to ensure good energy 

performance.  

It is also observed that certain elements that are modified during the construction stage 

adversely affect the energy performance of the building. For example, at the WRCNC 

building, transparent interior partitions were recommended by the designers to ensure 

penetration of natural daylight deep inside the building. However, the building has opaque 

partitions for cubicles which block off the natural light from an adjacent window itself. This 

defeats the purpose of daylighting. In another instance, lights on the periphery of the building 

and those in the interior areas were placed on the same electrical circuit. Consequently, lights 
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on the periphery of the building could not be turned off when natural daylight was available 

without turning off the lights in the dark interior of the building.  

The energy consumption for 2006 was 118.78 kBtu/ft
2
-yr which was 165% higher than the 

early design projections of 44.8 kBtu/ft
2
-yr. This figure was brought down to 69.01 kBtu/ft

2
-

yr in 2008, a reduction of 42%, due to efforts made by Mr. Kevin Ball and Mr. Michael 

Shelton. In absence of knowledgeable people like these, the WRCNC building would have 

continued to consume 118.78 kBtu/ft
2
-yr each year from 2006 to 2008 which would have 

added up to a substantial figure by 2008. Unless LEED regulates monitoring energy usage, 

the link between projections and actual energy savings will likely depend upon the 

mechanical engineer. In many cases, a building does not have a mechanical engineer with the 

prerequisite knowledge after all. All these issues point to a major problem with the LEED 

certification process that needs to be corrected as soon as possible. 

In order for LEED to achieve the targets of energy efficiency that it has set for the industry, 

more importance has to be placed on monitoring actual energy consumption. This can be 

easily done by making monitoring of energy consumption data mandatory for all buildings 

applying for LEED certification and withholding a part of the credit rating till the building 

achieves its projected energy performance. 
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6.3 Recommendations 

¶ For the WRCNC building 

There is an old adage that says „You cannot manage what you do not measure‟. The energy 

performance of a building cannot be managed unless energy consumption of various 

components is measured and inefficiencies are located. The WRCNC building needs to 

install metering devices to analyze the break-down of energy usage and take necessary 

actions to rectify the inefficiencies.  

 

¶ For LEED 

Energy Modeling is a tool that can be used to indicate energy performance of a building and 

evaluate various building strategies. It must be noted that the actual energy performance of a 

building will never match energy simulation results. The accuracy or the lack thereof of 

energy modeling has no bearing on the actual energy performance of a building. The only 

way to verify a building‟s energy performance is by monitoring energy use. The LEED 

certification process needs to make EA Credit 5 „Measurement and Verification‟ a pre-

requisite for all buildings applying for LEED certification. 

 

¶ For High Performance Buildings 

The ultimate energy performance of a building largely depends on well trained building 

personnel. It may be worthwhile for building owners to invest in a well trained building 

operator or in training a building operator to extract the best performance out of the building. 
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Appendix A: Sample LEED Credit sheet (source: USGBC website) 
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Appendix B: Energy Usage Survey at WRCNC 

The success of a high performing building depends on the utilization of the energy efficient 

features. Since a number of these features rely on the building occupants using them 

correctly, human factors ultimately prove to be major decisive factors in the energy 

performance of a building. A survey was conducted at the WRCNC building to gauge the 

energy use habits and thermal comfort of the occupants. The survey results were categorized 

according to work areas so as to combine results for each major building area.  

Most of the occupants were happy with the humidity requirements but were divided on the 

temperature and air movement issue. While some occupants found a space to be too hot, 

some others from the same area found it to be too cold. This difference can be attributed to 

personal preferences. A majority of people in one section of the building being serviced by 

AHU-4 were unhappy with the temperature and air movement in their space with most 

remarking that the space was warmer than other surrounding spaces. These problems suggest 

that AHU-4 may be undersized and may need some work to cater to the requirements of the 

space. 

Overall, daylighting earned high points with most of the people being happy with the amount 

of natural light available. They rarely needed artificial lights to supplement their needs. Some 

people on the south side of the building admitted to having problems with glare from the sun 

and keeping the blinds closed. These people relied on artificial lighting either in part or 

completely. Some people had problems with glare only during winter months when the sun is 
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low on the horizon and had to close their blinds only during those months. A few people on 

the north side of the building needed artificial light even though the north glazing did not 

have blinds. Problems with glare on the computer screens can often be resolved by simply 

changing the orientation of the workstation.  

When asked for recommendations for energy savings, most people suggested a four day work 

week. Others noted that it was important to turn off computers at the end of each workday. A 

central process that would save files and automatically shut the computer down at the end of 

the work day was suggested. Some people pointed out that lights in certain areas like the 

break-rooms and hallways were left on when not needed. While certain hallways need to be 

properly lit at all times according to code, incorporating motion sensors in break-rooms 

would be a good strategy. 

The vote on whether a training module about how to save energy would be helpful was 

divided with 34.6% of the people saying it was not necessary, 23% of the people saying it 

may help and 27% of the people being very supportive of such a training module. 15.4% of 

the people surveyed had no opinion on the matter. Some people suggested that occasional 

tips in form of emails would be helpful. Most people think of training modules as additional 

work and hence are apprehensive about participating. However, if the short training modules 

are included in departmental meetings or if „lunch and learn‟ programs are organized, people 

would be more receptive of the idea.   
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Appendix C: DAYSIM Materials Properties File Code 

##################################################### 
# Daysim Material File            
##################################################### 
# This file has been created with radfiles2daysim      
# Copyright (c) Christoph Reinhart                   
# National Research Council Canada                   
# IRC, Lighting Group                                
# Ont K1A 0R6, Canada                                
##################################################### 
  
# radfiles2daysima is a converter used by the DAYSIM GUI to 
# import regular RADIANCE scene and material into DAYSIM 
# format, i.e. only materials supported by Daysim are  
# admitted. Those admitted are turned monochrome. 
  
# This file contains the definitions of all materials in 
# the RADIANCE scene. 
# The scene geometry is stored in 'C:/DAYSIM/Projects2/Wildlife/rad/temp_geometry.rad'. 
  
 
# SOURCE FILE: C:/DAYSIM/Projects2/Wildlife/tmp/ImportFrom3ds.mat.rad  
void plastic GenIntFl 0 0 5 0.2977 0.2977 0.2977 0.0000 0.0000  
void plastic GenIntWa 0 0 5 0.5881 0.5881 0.5881 0.0000 0.0000  
void plastic GenIntCe 0 0 5 0.8433 0.8433 0.8433 0.0000 0.0000  
void glass smk_gl 0 0 3 0.4 0.4 0.4 
void plastic FrontCol 0 0 5 0.9001 0.9001 0.9001 0.0000 0.0000  
void glass DblGlazS 0 0 3 0.8751 0.8751 0.8751 
void plastic Ext_LS 0 0 5 0.7024 0.7024 0.7024 0.0000 0.0000  
void plastic Foregrou 0 0 5 0.0000 0.0000 0.0000 0.0000 0.0000  
 
 
# SOURCE FILE: C:/DAYSIM/Projects2/Wildlife/tmp/ImportFrom3ds.geo.rad  
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Appendix D: Selected EnergyPlus Code 

! File generated by DesignBuilder - 2.0.4.002 11/2/2009 - 10:40:52 AM 
! Source file: C:\Users\vrush\Desktop\Thesis\Modeling\DB\Wildlife\Wildlife revised 11-02.dsb 
Version, 3.1.0.027;                               !- Version Identifier 
RunPeriod,                                        !- Annual simulation 
   1,1,                                           !- Start Month , Day 
   12,31,                                         !- End Month , Day 
   UseWeatherFile,                                !- will use day as shown in weather file 
   No,                                            !- Use weather file holidays/special day periods 
   No,                                            !- Use WeatherFile DaylightSavingPeriod - will use daylight saving time shown 
below 
   Yes,                                           !- Apply Weekend Holiday Rule - will reassign weekend holidays to Monday 
   Yes,                                           !- use weather file rain indicators 
   Yes,                                           !- use weather file snow indicators 
   1;                                             !- Number of years in simulation 
 
RunPeriodControl:DaylightSavingTime, 1st Sunday in April,Last Sunday in October;  !- Daylight saving dates - 
one hour is added to local mean time to obtain the locally observed time during this period 
 
! Hourly weather file: C:\ProgramData\DesignBuilder\Weather Data\USA_NC_RALEIGH-DURHAM INTL 
AP_TMY3.epw 
 
Site:Location,NCWRC,                              !- Location Name 
   35.87,                                         !- Latitude 
   -78.77,                                        !- Longitude 
   -5,                                            !- Time Zone 
   134.112000000536;                              !- Elevation {m} 
 
Site:GroundTemperature:BuildingSurface,           !- Annual ground temperatures - 1 value for each month 
   14,                                            !- Jan ground temperature 
   14,                                            !- Feb ground temperature 
   14,                                            !- Mar ground temperature 
   14,                                            !- Apr ground temperature 
   14,                                            !- May ground temperature 
   14,                                            !- Jun ground temperature 
   14,                                            !- Jul ground temperature 
   14,                                            !- Aug ground temperature 
   14,                                            !- Sep ground temperature 
   14,                                            !- Oct ground temperature 
   14,                                            !- Nov ground temperature 
   14;                                            !- Dec ground temperature 
 
Site:GroundReflectance,                           !- Annual ground reflectances - 1 value for each month 
   0.2,                                           !- Jan ground reflectance 
   0.2,                                           !- Feb ground reflectance 
   0.2,                                           !- Mar ground reflectance 
   0.2,                                           !- Apr ground reflectance 
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   0.2,                                           !- May ground reflectance 
   0.2,                                           !- Jun ground reflectance 
   0.2,                                           !- Jul ground reflectance 
   0.2,                                           !- Aug ground reflectance 
   0.2,                                           !- Sep ground reflectance 
   0.2,                                           !- Oct ground reflectance 
   0.2,                                           !- Nov ground reflectance 
   0.2;                                           !- Dec ground reflectance 
 
Site:GroundReflectance:SnowModifier, 
   1.0,                                           !- Ground Reflected Solar Modifier 
   1.0;                                           !- Daylighting Ground Reflected Solar Modifier 
 
SimulationControl, 
   Yes,                                           !- Do the zone sizing calculation 
   Yes,                                           !- Do the system sizing calculation 
   No,                                            !- Do the plant sizing calculation 
   No,                                            !- Do the design day calculation 
   Yes;                                           !- Do the weather file calculation 
 
 
SizingPeriod:DesignDay, Summer Design Day in NCWRC,  !- Design Day Name 
   33.3333333333333,                              !- Max Dry-Bulb {C} 
   10,                                            !- Daily Temp Range {C} 
   25.5555555555556,                              !- Wet-Bulb at Max {C} 
   99724.2,                                       !- Barometric Pressure {N/M**2} 
   0,                                             !- Wind Speed {m/s} 
   0,                                             !- Wind Direction {Degrees N=0, S=180} 
   0.98,                                          !- Clearness {0.0 to 1.1} 
   0,                                             !- Rain {0-no,1-yes} 
   0,                                             !- Snow on ground {0-no,1-yes} 
   15,                                            !- Day of Month 
   7,                                             !- Month 
   SummerDesignDay,                               !- Day Type -- used for schedules 
   1,                                             !- Daylight Savings Time Indicator 
   WetBulb,                                       !- Type of humidity temperature Indicator 
   ,                                              !- Relative Humidity Day Schedule(not used) 
   ,                                              !- Dry-Bulb Temperature Range Modifier Type (not used) 
   ;                                              !- Dry-Bulb Temperature Range Modifier Schedule (not used) 
 
SizingPeriod:DesignDay, Winter Design Day in NCWRC,  !- Design Day Name 
   -9.44444444444444,                             !- Max Dry-Bulb {C} 
   0,                                             !- Daily Temp Range {C} 
   -9.44444444444444,                             !- Wet-Bulb at Max {C} 
   99724.2,                                       !- Barometric Pressure {N/M**2} 
   10.8,                                          !- Wind Speed {M/Sec} 
   0,                                             !- Wind Direction {Degrees N=0, S=180} 
   0,                                             !- Clearness {0.0 to 1.1} - gives no sun (but does include long wave radiant heat 
exchange with sky) 



 

107 

 

   0,                                             !- Rain {0-no,1-yes} 
   0,                                             !- Snow on ground {0-no,1-yes} 
   15,                                            !- Day of Month 
   1,                                             !- Month 
   WinterDesignDay,                               !- Day Type -- used for schedules 
   0,                                             !- Daylight Savings Time Indicator 
   WetBulb,                                       !- Type of humidity temperature Indicator 
   ,                                              !- Relative Humidity Day Schedule (not used) 
   ,                                              !- Dry-Bulb Temperature Range Modifier Type (not used) 
   ;                                              !- Dry-Bulb Temperature Range Modifier Schedule (not used) 
 
Timestep, 4;                                      !- Timesteps/hour 
 
ConvergenceLimits, 
   1,                                             !- Minimum System Time Step (0=same as zone time step) 
   20;                                            !- Maximum HVAC Iterations (1=min, 20=default) 
ScheduleTypeLimits, Any Number;                         ! Not limited 
ScheduleTypeLimits, Fraction,     0.0 : 1.0, CONTINUOUS; 
ScheduleTypeLimits, Temperature,  -60 : 200, CONTINUOUS; 
ScheduleTypeLimits, Control Type,   0 :   4, DISCRETE; 
ScheduleTypeLimits, On/Off,         0 :   1, DISCRETE; 
 
! Profile: 8:00 to 18:00 
Schedule:Day:List, 1 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: Jan 7:00 to 18:00 Main 
Schedule:Day:List, 10000 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.7, 
.55, 
.3, 
.25, 
.2, 
.2, 
.3, 
.45, 
.55, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Feb 7:00 to 18:00 Main 
Schedule:Day:List, 10001 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.6, 
.45, 
.2, 
.1, 
.1, 
.05, 
.1, 
.3, 
.55, 
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.85, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Mar 7:00 to 18:00 Main 
Schedule:Day:List, 10002 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.5, 
.3, 
.15, 
.05, 
0, 
.05, 
.05, 
.25, 
.4, 
.75, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Apr 7:00 to 18:00 Main 
Schedule:Day:List, 10003 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.6, 
.35, 
.2, 
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.1, 

.05, 
0, 
0, 
0, 
.15, 
.35, 
.6, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: May 7:00 to 18:00 Main 
Schedule:Day:List, 10004 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.5, 
.3, 
.2, 
.15, 
.05, 
.05, 
.05, 
.05, 
.05, 
.2, 
.4, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: June 7:00 to 18:00 Main 
Schedule:Day:List, 10005 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
.4, 
.3, 
.15, 
.05, 
0, 
.05, 
0, 
0, 
.05, 
.15, 
.3, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: July 7:00 to 18:00 Main 
Schedule:Day:List, 10006 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.4, 
.25, 
.15, 
.05, 
0, 
.05, 
0, 
0, 
.05, 
.15, 
.3, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: Aug 7:00 to 18:00 Main 
Schedule:Day:List, 10007 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.5, 
.3, 
.15, 
.05, 
0, 
0, 
0, 
0, 
.05, 
.2, 
.5, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Sep 7:00 to 18:00 Main 
Schedule:Day:List, 10008 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.6, 
.4, 
.2, 
.1, 
0, 
0, 
0, 
.05, 
.2, 
.45, 
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.7, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Oct 7:00 to 18:00 Main 
Schedule:Day:List, 10009 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.7, 
.45, 
.25, 
.1, 
.05, 
.05, 
.05, 
.15, 
.3, 
.6, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Nov 7:00 to 18:00 Main 
Schedule:Day:List, 10010 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.6, 
.4, 
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.2, 

.15, 

.1, 

.15, 

.2, 

.45, 

.8, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Dec 7:00 to 18:00 Main 
Schedule:Day:List, 10011 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.7, 
.5, 
.3, 
.25, 
.25, 
.25, 
.4, 
.55, 
.85, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Jan 7:00 to 18:00 North right 
Schedule:Day:List, 10012 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
1, 
.85, 
.7, 
.6, 
.55, 
.55, 
.55, 
.55, 
.65, 
.8, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Feb 7:00 to 18:00 North right 
Schedule:Day:List, 10013 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.75, 
.65, 
.55, 
.5, 
.5, 
.45, 
.45, 
.55, 
.7, 
.9, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: Mar 7:00 to 18:00 North right 
Schedule:Day:List, 10014 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.7, 
.55, 
.5, 
.45, 
.4, 
.4, 
.4, 
.45, 
.55, 
.8, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Apr 7:00 to 18:00 North right 
Schedule:Day:List, 10015 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.6, 
.5, 
.45, 
.4, 
.4, 
.35, 
.3, 
.35, 
.45, 
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.65, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: May 7:00 to 18:00 North right 
Schedule:Day:List, 10016 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.65, 
.55, 
.5, 
.45, 
.4, 
.4, 
.35, 
.3, 
.3, 
.35, 
.5, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: June 7:00 to 18:00 North right 
Schedule:Day:List, 10017 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.6, 
.55, 
.45, 
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.4, 

.35, 

.35, 

.3, 

.2, 

.25, 

.25, 

.4, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: July 7:00 to 18:00 North right 
Schedule:Day:List, 10018 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.6, 
.5, 
.45, 
.4, 
.35, 
.35, 
.3, 
.25, 
.3, 
.3, 
.4, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Aug 7:00 to 18:00 North right 
Schedule:Day:List, 10019 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
.65, 
.55, 
.45, 
.4, 
.35, 
.35, 
.3, 
.3, 
.3, 
.4, 
.6, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Sep 7:00 to 18:00 North right 
Schedule:Day:List, 10020 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.6, 
.5, 
.45, 
.4, 
.4, 
.35, 
.35, 
.4, 
.55, 
.8, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: Oct 7:00 to 18:00 North right 
Schedule:Day:List, 10021 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.8, 
.7, 
.6, 
.5, 
.45, 
.45, 
.45, 
.45, 
.55, 
.7, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Nov 7:00 to 18:00 North right 
Schedule:Day:List, 10022 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.75, 
.65, 
.55, 
.5, 
.5, 
.5, 
.5, 
.65, 
.85, 
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1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Dec 7:00 to 18:00 North right 
Schedule:Day:List, 10023 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.85, 
.7, 
.6, 
.6, 
.55, 
.55, 
.6, 
.7, 
.9, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Jan 7:00 to 18:00 South left 
Schedule:Day:List, 10024 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.7, 
.3, 
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0, 
0, 
0, 
0, 
0, 
.25, 
.7, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Feb 7:00 to 18:00 South left 
Schedule:Day:List, 10025 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.55, 
.2, 
0, 
0, 
0, 
0, 
0, 
.15, 
.5, 
.9, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Mar 7:00 to 18:00 South left 
Schedule:Day:List, 10026 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
.85, 
.55, 
.2, 
0, 
0, 
0, 
0, 
0, 
.15, 
.45, 
.8, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Apr 7:00 to 18:00 South left 
Schedule:Day:List, 10027 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.8, 
.55, 
.3, 
.05, 
0, 
0, 
0, 
0, 
.25, 
.55, 
.75, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: May 7:00 to 18:00 South left 
Schedule:Day:List, 10028 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.6, 
.45, 
.3, 
.15, 
.15, 
.15, 
.2, 
.35, 
.55, 
.75, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: June 7:00 to 18:00 South left 
Schedule:Day:List, 10029 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.6, 
.45, 
.3, 
.2, 
.2, 
.2, 
.3, 
.4, 
.55, 
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.75, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Aug 7:00 to 18:00 South left 
Schedule:Day:List, 10030 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.75, 
.6, 
.35, 
.15, 
.05, 
.05, 
.05, 
.1, 
.3, 
.5, 
.75, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Sep 7:00 to 18:00 South left 
Schedule:Day:List, 10031 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.8, 
.5, 
.25, 
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0, 
0, 
0, 
0, 
0, 
.25, 
.55, 
.8, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Oct 7:00 to 18:00 South left 
Schedule:Day:List, 10032 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.8, 
.4, 
.05, 
0, 
0, 
0, 
0, 
0, 
.1, 
.6, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: July 7:00 to 18:00 South left 
Schedule:Day:List, 10033 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
.75, 
.6, 
.45, 
.3, 
.2, 
.2, 
.2, 
.25, 
.4, 
.55, 
.7, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Nov 7:00 to 18:00 South left 
Schedule:Day:List, 10034 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.55, 
.2, 
0, 
0, 
0, 
0, 
0, 
.25, 
.8, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: Dec 7:00 to 18:00 South left 
Schedule:Day:List, 10035 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.65, 
.3, 
0, 
0, 
0, 
0, 
.1, 
.35, 
.8, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Jan 7:00 to 18:00 South right 
Schedule:Day:List, 10036 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
1, 
.85, 
.65, 
.55, 
.45, 
.45, 
.45, 
.6, 
.7, 
.9, 
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1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Feb 7:00 to 18:00 South right 
Schedule:Day:List, 10037 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.75, 
.6, 
.45, 
.4, 
.4, 
.4, 
.5, 
.65, 
.8, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Mar 7:00 to 18:00 South right 
Schedule:Day:List, 10038 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.75, 
.6, 
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.5, 

.4, 

.35, 

.45, 

.55, 

.65, 

.8, 

.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Apr 7:00 to 18:00 South right 
Schedule:Day:List, 10039 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.75, 
.65, 
.55, 
.5, 
.5, 
.55, 
.6, 
.7, 
.85, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: May 7:00 to 18:00 South right 
Schedule:Day:List, 10040 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
.9, 
.8, 
.75, 
.65, 
.6, 
.6, 
.65, 
.7, 
.75, 
.85, 
.9, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: June 7:00 to 18:00 South right 
Schedule:Day:List, 10041 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.8, 
.75, 
.65, 
.6, 
.65, 
.65, 
.7, 
.8, 
.85, 
.9, 
0, 
0, 
0, 
0, 
0, 
0; 
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! Profile: July 7:00 to 18:00 South right 
Schedule:Day:List, 10042 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.8, 
.75, 
.65, 
.6, 
.65, 
.65, 
.7, 
.75, 
.85, 
.9, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Aug 7:00 to 18:00 South right 
Schedule:Day:List, 10043 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.85, 
.75, 
.65, 
.6, 
.55, 
.55, 
.6, 
.65, 
.7, 
.85, 
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.9, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Sep 7:00 to 18:00 South right 
Schedule:Day:List, 10044 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.75, 
.65, 
.55, 
.45, 
.45, 
.5, 
.55, 
.7, 
.85, 
.95, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Oct 7:00 to 18:00 South right 
Schedule:Day:List, 10045 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.9, 
.7, 
.5, 
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.4, 

.3, 

.35, 

.4, 

.5, 

.65, 

.85, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Nov 7:00 to 18:00 South right 
Schedule:Day:List, 10046 , Any number, No, 
60, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
.95, 
.75, 
.6, 
.45, 
.4, 
.35, 
.45, 
.55, 
.7, 
.95, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
! Profile: Dec 7:00 to 18:00 South right 
Schedule:Day:List, 10047 , Any number, No, 
60, 
0, 
0, 
0, 
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0, 
0, 
0, 
0, 
1, 
.8, 
.65, 
.5, 
.45, 
.5, 
.5, 
.65, 
.75, 
.95, 
1, 
0, 
0, 
0, 
0, 
0, 
0; 
 
 
! Schedule: 7:00 - 18:00 Mon - Fri 
Schedule:Compact, 
29, 
Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay WinterDesignDay, 
Until: 07:00,      0, 
Until: 18:00,      1, 
Until: 24:00,      0, 
For: Weekends, 
Until: 24:00,      0, 
For: AllOtherDays, 
Until: 24:00,      0     ; 
 
 
! Schedule: Office_CellOff_Occ 
Schedule:Compact, 
1092, 
Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay, 
Until: 07:00, 0, 
Until: 08:00, 0.25, 
Until: 09:00, 0.5, 
Until: 12:00, 1, 
Until: 14:00, 0.75, 
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Until: 17:00, 1, 
Until: 18:00, 0.5, 
Until: 19:00, 0.25, 
Until: 24:00, 0, 
For: Weekends, 
Until: 24:00, 0, 
For: Holidays, 
Until: 24:00, 0, 
For: WinterDesignDay AllOtherDays, 
Until: 24:00, 0; 
 
 
! Schedule: Office_CellOff_Equip 
Schedule:Compact, 
1095, 
Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay, 
Until: 07:00, 0.05, 
Until: 19:00, 1, 
Until: 24:00, 0.05, 
For: Weekends, 
Until: 24:00, 0.05, 
For: Holidays, 
Until: 24:00, 0.05, 
For: WinterDesignDay AllOtherDays, 
Until: 24:00, 0; 
 
 
! Schedule: Office_CellOff_Light 
Schedule:Compact, 
1096, 
Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay, 
Until: 07:00, 0, 
Until: 19:00, 1, 
Until: 24:00, 0, 
For: Weekends, 
Until: 24:00, 0, 
For: Holidays, 
Until: 24:00, 0, 
For: WinterDesignDay AllOtherDays, 
Until: 24:00, 0; 
 
 
! Schedule: Office_OpenOff_Occ 
Schedule:Compact, 
1097, 
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Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay, 
Until: 07:00, 0, 
Until: 08:00, 0.25, 
Until: 09:00, 0.5, 
Until: 12:00, 1, 
Until: 14:00, 0.75, 
Until: 17:00, 1, 
Until: 18:00, 0.5, 
Until: 19:00, 0.25, 
Until: 24:00, 0, 
For: Weekends, 
Until: 24:00, 0, 
For: Holidays, 
Until: 24:00, 0, 
For: WinterDesignDay AllOtherDays, 
Until: 24:00, 0; 
 
 
! Schedule: Office_OpenOff_Equip 
Schedule:Compact, 
1100, 
Fraction, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay, 
Until: 07:00, 0.05, 
Until: 19:00, 1, 
Until: 24:00, 0.05, 
For: Weekends, 
Until: 24:00, 0.05, 
For: Holidays, 
Until: 24:00, 0.05, 
For: WinterDesignDay AllOtherDays, 
Until: 24:00, 0; 
 
 
WindowMaterial:Gas,1004,                          !- ARGON 13MM 
   Argon,                                         !- Gas type (Air - Argon - Krypton - Xenon - SF6 - Custom) 
    .013;                                         !- Thickness {m} 
 
WindowMaterial:Gas,Half thickness 1004,           !- ARGON 13MM 
   Argon,                                         !- Gas type (Air - Argon - Krypton - Xenon - SF6 - Custom) 
    .0065;                                        !- Thickness {m} 
 
 
WindowMaterial:Glazing,3,                         !- Generic CLEAR 6MM 
   SpectralAverage,                               !- Optical data type {SpectralAverage or Spectral} 
   ,                                              !- Name of spectral data set when Optical Data Type = Spectral 
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   .006,                                          !- Thickness {m} 
   .775,                                          !- Solar transmittance at normal incidence 
   .071,                                          !- Solar reflectance at normal incidence: front side 
   .071,                                          !- Solar reflectance at normal incidence: back side 
   .881,                                          !- Visible transmittance at normal incidence 
   .080,                                          !- Visible reflectance at normal incidence: front side 
   .080,                                          !- Visible reflectance at normal incidence: back side 
   .0,                                            !- IR transmittance at normal incidence 
   .84,                                           !- IR emissivity: front side 
   .84,                                           !- IR emissivity: back side 
   .9,                                            !- Conductivity {W/m-K} 
   1;                                             !- Dirt Correction Factor for Solar and Visible Transmittance 
 
WindowMaterial:Glazing,39,                        !- Generic PYR B CLEAR 6MM 
   SpectralAverage,                               !- Optical data type {SpectralAverage or Spectral} 
   ,                                              !- Name of spectral data set when Optical Data Type = Spectral 
   .006,                                          !- Thickness {m} 
   .680,                                          !- Solar transmittance at normal incidence 
   .090,                                          !- Solar reflectance at normal incidence: front side 
   .100,                                          !- Solar reflectance at normal incidence: back side 
   .810,                                          !- Visible transmittance at normal incidence 
   .110,                                          !- Visible reflectance at normal incidence: front side 
   .120,                                          !- Visible reflectance at normal incidence: back side 
   .0,                                            !- IR transmittance at normal incidence 
   .84,                                           !- IR emissivity: front side 
   .20,                                           !- IR emissivity: back side 
   .9,                                            !- Conductivity {W/m-K} 
   1;                                             !- Dirt Correction Factor for Solar and Visible Transmittance 
 
WindowMaterial:Shade,20023,                       !- Shade roll - medium translucent 
   0.30,                                          !- Solar transmittance 
   0.25,                                          !- Solar reflectance 
   0.30,                                          !- Visible transmittance 
   0.25,                                          !- Visible reflectance 
   .9,                                            !- IR Thermal emissivity 
   0,                                             !- IR Thermal transmittance 
   .003,                                          !- Thickness {m} 
   .1,                                            !- Conductivity {W/m-K} 
   .05,                                           !- Shade-to-glass distance 
   1,                                             !- Shade top opening multiplier 
   1,                                             !- Shade bottom opening multiplier 
   0,                                             !- Shade left-side opening multiplier 
   0,                                             !- Shade right-side opening multiplier 
   0;                                             !- Air-flow permeability 
 
WindowMaterial:Shade,30000,                       !- Shade roll - Wildlife 
   .24,                                           !- Solar transmittance 
   .31,                                           !- Solar reflectance 
   .09,                                           !- Visible transmittance 
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   .25,                                           !- Visible reflectance 
   .9,                                            !- IR Thermal emissivity 
   0,                                             !- IR Thermal transmittance 
   4.8260000000193E-04,                           !- Thickness {m} 
   .0999306,                                      !- Conductivity {W/m-K} 
   5.00380000002002E-02,                          !- Shade-to-glass distance 
   1,                                             !- Shade top opening multiplier 
   1,                                             !- Shade bottom opening multiplier 
   0,                                             !- Shade left-side opening multiplier 
   0,                                             !- Shade right-side opening multiplier 
   0;                                             !- Air-flow permeability 
 
! UF Foam- thickness 0.087 
Material,1_1_37,                                  !- Material name 
   Rough,                                         !- Roughness 
    .087,                                         !- Thickness {m} 
   .04,                                           !- Conductivity {w/m-K} 
   10,                                            !- Density {kg/m3} 
   1400,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Cast Concrete- thickness 0.1 
Material,1_2_9,                                   !- Material name 
   Rough,                                         !- Roughness 
    .1,                                           !- Thickness {m} 
   1.1300,                                        !- Conductivity {w/m-K} 
   2000.00,                                       !- Density {kg/m3} 
   1000.00,                                       !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Screed- thickness 0.07 
Material,1_3_29,                                  !- Material name 
   Rough,                                         !- Roughness 
    .07,                                          !- Thickness {m} 
   0.4100,                                        !- Conductivity {w/m-K} 
   1200.00,                                       !- Density {kg/m3} 
   840.00,                                        !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.73,                                          !- Solar Absorptance 
   0.73;                                          !- Visible Absorptance 
 
 
! Wooden Flooring- thickness 0.03 
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Material,1_4_34,                                  !- Material name 
   Rough,                                         !- Roughness 
    .03,                                          !- Thickness {m} 
   0.1400,                                        !- Conductivity {w/m-K} 
   650.00,                                        !- Density {kg/m3} 
   1200.00,                                       !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.78,                                          !- Solar Absorptance 
   0.78;                                          !- Visible Absorptance 
 
 
! Cast Concrete (Dense)- thickness 0.1 
Material,3_1_7,                                   !- Material name 
   Rough,                                         !- Roughness 
    .1,                                           !- Thickness {m} 
   1.4000,                                        !- Conductivity {w/m-K} 
   2100.00,                                       !- Density {kg/m3} 
   840.00,                                        !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Gypsum Plasterboard- thickness 0.025 
Material,5_1_27,                                  !- Material name 
   Rough,                                         !- Roughness 
    .025,                                         !- Thickness {m} 
   .25,                                           !- Conductivity {w/m-K} 
   900,                                           !- Density {kg/m3} 
   1000,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.5,                                           !- Solar Absorptance 
   0.5;                                           !- Visible Absorptance 
 
 
! Air gap 10mm 
Material:NoMass,5_2_105,                          !- Material name 
   Rough,                                         !- Roughness 
   0.15,                                          !- Resistance {m2-K/w} 
   0.9,                                           !- Thermal Emittance 
   0.7,                                           !- Solar Absorptance 
   0.7;                                           !- Visible Absorptance 
 
 
! Brickwork (Outer Leaf)- thickness 0.0999998 
Material,7_1_5,                                   !- Material name 
   Rough,                                         !- Roughness 
    .0999998,                                     !- Thickness {m} 
   0.8400,                                        !- Conductivity {w/m-K} 
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   1700.00,                                       !- Density {kg/m3} 
   800.00,                                        !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.7,                                           !- Solar Absorptance 
   0.7;                                           !- Visible Absorptance 
 
 
! XPS Extruded Polystyrene  - CO2 Blowing- thickness 0.096266 
Material,7_2_103,                                 !- Material name 
   Rough,                                         !- Roughness 
    .096266,                                      !- Thickness {m} 
   0.034,                                         !- Conductivity {w/m-K} 
   35,                                            !- Density {kg/m3} 
   1400,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Concrete Block (Medium)- thickness 0.0999998 
Material,7_3_11,                                  !- Material name 
   Rough,                                         !- Roughness 
    .0999998,                                     !- Thickness {m} 
   .51,                                           !- Conductivity {w/m-K} 
   1400,                                          !- Density {kg/m3} 
   1000,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Gypsum Plastering- thickness 0.0130048 
Material,7_4_66,                                  !- Material name 
   Rough,                                         !- Roughness 
    .0130048,                                     !- Thickness {m} 
   0.4000,                                        !- Conductivity {w/m-K} 
   1000,                                          !- Density {kg/m3} 
   1000,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.50,                                          !- Solar Absorptance 
   0.50;                                          !- Visible Absorptance 
 
 
! Painted Oak- thickness 0.035 
Material,9_1_108,                                 !- Material name 
   Rough,                                         !- Roughness 
    .035,                                         !- Thickness {m} 
   .19,                                           !- Conductivity {w/m-K} 
   700,                                           !- Density {kg/m3} 
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   2390,                                          !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.5,                                           !- Solar Absorptance 
   0.5;                                           !- Visible Absorptance 
 
 
! Holes and vents 
Material:NoMass,11_1_400,                         !- Material name 
   Rough,                                         !- Roughness 
   .01,                                           !- Resistance {m2-K/w} 
   0.9,                                           !- Thermal Emittance 
   0.7,                                           !- Solar Absorptance 
   0.7;                                           !- Visible Absorptance 
 
 
! External Rendering- thickness 0.025 
Material,13_1_17,                                 !- Material name 
   Rough,                                         !- Roughness 
    .025,                                         !- Thickness {m} 
   0.5000,                                        !- Conductivity {w/m-K} 
   1300.00,                                       !- Density {kg/m3} 
   1000.00,                                       !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.7,                                           !- Solar Absorptance 
   0.7;                                           !- Visible Absorptance 
 
 
! MW Stone Wool (rolls)- thickness 0.102 
Material,13_2_111,                                !- Material name 
   Rough,                                         !- Roughness 
    .102,                                         !- Thickness {m} 
   0.040,                                         !- Conductivity {w/m-K} 
   30,                                            !- Density {kg/m3} 
   840,                                           !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Wooden Flooring- thickness 0.005 
Material,13_3_34,                                 !- Material name 
   Rough,                                         !- Roughness 
    .005,                                         !- Thickness {m} 
   0.1400,                                        !- Conductivity {w/m-K} 
   650.00,                                        !- Density {kg/m3} 
   1200.00,                                       !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.78,                                          !- Solar Absorptance 
   0.78;                                          !- Visible Absorptance 
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! Asphalt- thickness 0.0100076 
Material,15_1_4,                                  !- Material name 
   Rough,                                         !- Roughness 
    .0100076,                                     !- Thickness {m} 
   0.7000,                                        !- Conductivity {w/m-K} 
   2100,                                          !- Density {kg/m3} 
   1000.00,                                       !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.85,                                          !- Solar Absorptance 
   0.9;                                           !- Visible Absorptance 
 
 
! MW Glass Wool (rolls)- thickness 0.196088 
Material,15_2_20,                                 !- Material name 
   Rough,                                         !- Roughness 
    .196088,                                      !- Thickness {m} 
   0.040,                                         !- Conductivity {w/m-K} 
   12,                                            !- Density {kg/m3} 
   840,                                           !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.6,                                           !- Solar Absorptance 
   0.6;                                           !- Visible Absorptance 
 
 
! Air gap >=25mm 
Material:NoMass,15_3_123,                         !- Material name 
   Rough,                                         !- Roughness 
   0.18,                                          !- Resistance {m2-K/w} 
   0.9,                                           !- Thermal Emittance 
   0.7,                                           !- Solar Absorptance 
   0.7;                                           !- Visible Absorptance 
 
 
! Plasterboard- thickness 0.0130048 
Material,15_4_113,                                !- Material name 
   Rough,                                         !- Roughness 
    .0130048,                                     !- Thickness {m} 
   .25,                                           !- Conductivity {w/m-K} 
   2800,                                          !- Density {kg/m3} 
   896,                                           !- Specific Heat {J/kg-K} 
   0.9,                                           !- Thermal Emittance 
   0.5,                                           !- Solar Absorptance 
   0.5;                                           !- Visible Absorptance 
 
 
! 'ASHRAE (90.1-1999) Ground floor, Medium weight' 
Construction, 1, 
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   1_1_37,                                        !- UF Foam (.087m) 
   1_2_9,                                         !- Cast Concrete (.1m) 
   1_3_29,                                        !- Screed (.07m) 
   1_4_34;                                        !- Wooden Flooring (.03m) 
 
! <Previous reversed> 
Construction, 2, 
   1_4_34,                                        !- Wooden Flooring (.03m) 
   1_3_29,                                        !- Screed (.07m) 
   1_2_9,                                         !- Cast Concrete (.1m) 
   1_1_37;                                        !- UF Foam (.087m) 
 
! '100mm concrete slab_Reversed' 
Construction, 3, 
   3_1_7;                                         !- Cast Concrete (Dense) (.1m) 
 
! <Previous reversed> 
Construction, 4, 
   3_1_7;                                         !- Cast Concrete (Dense) (.1m) 
 
! 'Lightweight 2 x 25mm gypsum plasterboard with 100mm cavity' 
Construction, 5, 
   5_1_27,                                        !- Gypsum Plasterboard (.025m) 
   5_2_105,                                       !- Air gap 10mm 
   5_1_27;                                        !- Gypsum Plasterboard (.025m) 
 
! <Previous reversed> 
Construction, 6, 
   5_1_27,                                        !- Gypsum Plasterboard (.025m) 
   5_2_105,                                       !- Air gap 10mm 
   5_1_27;                                        !- Gypsum Plasterboard (.025m) 
 
! 'ASHRAE (90.1-1999) Wall, Wildlife' 
Construction, 7, 
   7_1_5,                                         !- Brickwork (Outer Leaf) (.1m) 
   7_2_103,                                       !- XPS Extruded Polystyrene  - CO2 Blowing (.0963m) 
   7_3_11,                                        !- Concrete Block (Medium) (.1m) 
   7_4_66;                                        !- Gypsum Plastering (.013m) 
 
! <Previous reversed> 
Construction, 8, 
   7_4_66,                                        !- Gypsum Plastering (.013m) 
   7_3_11,                                        !- Concrete Block (Medium) (.1m) 
   7_2_103,                                       !- XPS Extruded Polystyrene  - CO2 Blowing (.0963m) 
   7_1_5;                                         !- Brickwork (Outer Leaf) (.1m) 
 
! 'Wooden door' 
Construction, 9, 
   9_1_108;                                       !- Painted Oak (.035m) 
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! <Previous reversed> 
Construction, 10, 
   9_1_108;                                       !- Painted Oak (.035m) 
 
! 'Holes and vents' 
Construction, 11, 
   11_1_400;                                      !- Holes and vents 
 
! <Previous reversed> 
Construction, 12, 
   11_1_400;                                      !- Holes and vents 
 
! 'ASHRAE (90.1-1999) External floor, Medium weight' 
Construction, 13, 
   13_1_17,                                       !- External Rendering (.025m) 
   13_2_111,                                      !- MW Stone Wool (rolls) (.102m) 
   13_3_34;                                       !- Wooden Flooring (.005m) 
 
! <Previous reversed> 
Construction, 14, 
   13_3_34,                                       !- Wooden Flooring (.005m) 
   13_2_111,                                      !- MW Stone Wool (rolls) (.102m) 
   13_1_17;                                       !- External Rendering (.025m) 
 
! 'ASHRAE (90.1-1999) Flat roof, Wildlife' 
Construction, 15, 
   15_1_4,                                        !- Asphalt (.01m) 
   15_2_20,                                       !- MW Glass Wool (rolls) (.1961m) 
   15_3_123,                                      !- Air gap >=25mm 
   15_4_113;                                      !- Plasterboard (.013m) 
 
! <Previous reversed> 
Construction, 16, 
   15_4_113,                                      !- Plasterboard (.013m) 
   15_3_123,                                      !- Air gap >=25mm 
   15_2_20,                                       !- MW Glass Wool (rolls) (.1961m) 
   15_1_4;                                        !- Asphalt (.01m) 
 
Construction,1001,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3;                                             !- Generic CLEAR 6MM 
 
Construction,1002,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3;                                             !- Generic CLEAR 6MM 
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Construction,2002,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3,                                             !- Generic CLEAR 6MM 
   20023;                                         !- Shade roll - medium translucent 
 
WindowProperty:ShadingControl,1002,               !- Name of shading control 
   InteriorShade,                                 !- Shading type 
   2002,                                          !- Name of glazed construction with shading 
   OnIfScheduleAllows,                            !- Shading control type 
   1097,                                          !- Schedule name 
   ,                                              !- Setpoint 
   Yes,                                           !- Shading control is scheduled 
   No,                                            !- Glare control is active 
   ,                                              !- Material name of shading device 
   FixedSlatAngle,                                !- Type of slat angle control 
   ,                                              !- Slat angle schedule name 
   ;                                              !- Setpoint 2 
 
Construction,1003,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3;                                             !- Generic CLEAR 6MM 
 
Construction,2003,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3,                                             !- Generic CLEAR 6MM 
   30000;                                         !- Shade roll - Wildlife 
 
WindowProperty:ShadingControl,1003,               !- Name of shading control 
   InteriorShade,                                 !- Shading type 
   2003,                                          !- Name of glazed construction with shading 
   AlwaysOn,                                      !- Shading control type 
   ,                                              !- Schedule name 
   ,                                              !- Setpoint 
   No,                                            !- Shading control is scheduled 
   No,                                            !- Glare control is active 
   ,                                              !- Material name of shading device 
   FixedSlatAngle,                                !- Type of slat angle control 
   ,                                              !- Slat angle schedule name 
   ;                                              !- Setpoint 2 
 
Construction,1004,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3;                                             !- Generic CLEAR 6MM 
 
Construction,2004,                                !- Dbl LoE (e2=.2) Clr 6mm/13mm Arg - Material layer names follow: 
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   39,                                            !- Generic PYR B CLEAR 6MM 
   1004,                                          !- ARGON 13MM 
   3,                                             !- Generic CLEAR 6MM 
   30000;                                         !- Shade roll - Wildlife 
 
WindowProperty:ShadingControl,1004,               !- Name of shading control 
   InteriorShade,                                 !- Shading type 
   2004,                                          !- Name of glazed construction with shading 
   OnIfHighGlare,                                 !- Shading control type 
   ,                                              !- Schedule name 
   ,                                              !- Setpoint 
   No,                                            !- Shading control is scheduled 
   Yes,                                           !- Glare control is active 
   ,                                              !- Material name of shading device 
   FixedSlatAngle,                                !- Type of slat angle control 
   ,                                              !- Slat angle schedule name 
   ;                                              !- Setpoint 2 
 
HeatBalanceAlgorithm, 
   ConductionTransferFunction,                    !- Heat Balance Algorithm: CTF or CondFD 
   2000;                                          !- Max Surface Temperature Limit 
 
SurfaceConvectionAlgorithm:Inside,Detailed;       !- Inside Convection Algorithm 
SurfaceConvectionAlgorithm:Outside,DOE-2;         !- Outside Convection Algorithm 
ShadowCalculation, 20,  15000;                    !- Interval between shading calcs 
ZoneCapacitanceMultiplier, 1.0; 
 
Building, Building,                               !- Building Name 
    0,                                            !- North Axis 
   Suburbs,                                       !- Terrain 
    .04,                                          !- Loads Convergence Tolerance 
    .4,                                           !- Temperature Convergence Tolerance 
   FullExterior,                                  !- Solar Distribution 
   25;                                            !- Maximum number of warmup days 
 
GlobalGeometryRules, LowerLeftCorner, CounterClockWise, Relative;  !- Surface order is specified as viewed 
from outside the zone 
 
! Ground floor - 025 
Zone, 202366,                                     !- Zone Name 
   0,                                             !- Relative North (to building) 
   0,                                             !- X Origin (M) 
   0,                                             !- Y Origin (M) 
   0,                                             !- Z Origin (M) 
   1 ,                                            !- Zone Type 
   1,                                             !- Zone multiplier 
   ,                                              !- Zone ceiling height - Let EnergyPlus work it out 
    180.8059,                                     !- Zone volume 
   Detailed;                                      !- Zone inside convection algorithm 
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   PEOPLE, People 202366,                         !- Name 
      202366,                                     !- Zone Name 
      1132,                                       !- Number of People SCHEDULE Name 
      People,                                     !- Number of People 
       5.682468,                                  !- Number of People 
      ,                                           !- People per Zone Area 
      ,                                           !- Zone Area per Person 
       .5,                                        !- radiant fraction 
      AUTOCALCULATE,                              !- User Specified Sensible Fraction 
      Activity Schedule 202366,                   !- Activity level SCHEDULE Name (units W/person, real) 
      No,                                         !- Enable ASHRAE 55 comfort warnings 
      ZoneAveraged,                               !- MRT Calculation Type 
      ,                                           !- no particular surface is weighted 
      Work efficiency,                            !- Work Efficiency SCHEDULE Name (0.0-1.0,real) 
      Clothing Schedule 202366,                   !- Clothing Insulation SCHEDULE Name (real) 
      AirVelocitySchedule;                        !- Air Velocity SCHEDULE Name (units m/s, real) 
 
   Schedule:Compact, Activity Schedule 202366,    !- activity schedule W/person 
      Any Number,                                 !- Type 
      Through: 12/31,                             !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  162;                         !- Constant value 
 
   Schedule:Compact, Clothing Schedule 202366,    !- Clothing schedule clo 
      Any Number,                                 !- Type 
      Through: 4/1,                               !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  1,                           !- Constant value 
      Through: 9/30,                              !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  .5,                          !- Constant value 
      Through: 12/31,                             !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  1;                           !- Constant value 
 
   Lights, 202366 General lighting,               !- Name 
      202366,                                     !- Zone Name 
      1136,                                       !- Lighting SCHEDULE Name 
      LightingLevel,                              !- Design Level calculation method 
      383.6751,                                   !- Design lighting Level (W) 
      ,                                           !- Watts per Zone Area {watts/m2} 
      ,                                           !- Watts per Person {watts/person} 
      0,                                          !- Return Air Fraction 
      .42,                                        !- Radiant fraction 
      .18,                                        !- Fraction Visible 
      1,                                          !- Fraction Replaceable 
      ELECTRIC EQUIPMENT#202366#GeneralLights;    !- LightsEndUseKey 
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   ! Equipment 1 
   ElectricEquipment, 202366 Equipment 1,         !- Name 
      202366,                                     !- Zone Name 
      1135,                                       !- Equipment SCHEDULE Name 
      EquipmentLevel,                             !- Design Level calculation method 
      2582.94,                                    !- Design Equipment Level (W) 
      ,                                           !- Watts per Zone Area {watts/m2} 
      ,                                           !- Watts per Person {watts/person} 
      0,                                          !- Latent fraction 
      .2,                                         !- Radiant fraction 
      0,                                          !- Fraction Lost 
      ELECTRIC EQUIPMENT#202366#05;               !- End-use category 
 
   RoomAirModelType, 202366,                      !- Room-Air Model Name 
      202366,                                     !- Zone Name 
      UserDefined,                                !- RoomAir Modeling Type 
      Indirect;                                   !- Air Temperature Coupling Strategy 
 
   RoomAir:TemperaturePattern:UserDefined, 202366,!- Name 
   202366,                                        !- Zone name 
      1097,                                       !- Availability Schedule 
      202366 Pattern Control Schedule;            !- Name of Pattern Control Schedule 
 
   RoomAir:TemperaturePattern:TwoGradient, 202366 Pattern,  !- Name of Pattern 
      202366,                                     !- Control Integer for Pattern Control Schedule 
      1.5,                                        !- Thermostat Height 
      3.81000000001524,                           !- Return Air Height 
      3.81000000001524,                           !- Exhaust Air Height 
      0,                                          !- Temperature Gradient Lower Bound 
      7.29128691213999,                           !- Temperature Gradient Upper Bound 
      ZoneDryBulbTemperature,                     !- Gradient Interpolation Mode 
      10,                                         !- Upper (Design) Temperature 
      0,                                          !- Lower (Reference) Temperature 
      ,                                           !- Upper (Design) Heat Rate (W) 
      ;                                           !- Lower (Reference) Heat Rate (W) 
   Schedule:Compact,202366 Pattern Control Schedule,   !- Pattern Control Schedule Name 
      Any Number,                                 !- Type 
      Through: 12/31,                             !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00, 202366;                       !- Constant pattern 
 
 
   ! Ground floor, 025, Ground floor - 556.05 ft2 (Ground), Surface Area: 556.05ft2 
   BuildingSurface:Detailed, S_202366_0_0_0,      !- Surface name 
      Floor, 1,                                   !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Ground, ,                                   !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
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      1,                                          !- View Factor to Ground 
      8,                                          !- Number vertices 
       10.02680126,-1.02124845, 0,                !- Vertex 1 
       1.43980126,-1.02124845, 0,                 !- Vertex 2 
       1.43980126,-1.47844845, 0,                 !- Vertex 3 
       .27320126,-1.47844845, 0,                  !- Vertex 4 
       .27320126, 2.50755155, 0,                  !- Vertex 5 
       1.49240126, 2.50755155, 0,                 !- Vertex 6 
       1.49240126, 4.46515155, 0,                 !- Vertex 7 
       10.02680126, 4.46515155, 0;                !- Vertex 8 
 
   ! Ground floor, 025, Ceiling - 556.05 ft2, Surface Area: 7.1531 
   BuildingSurface:Detailed, C_202366_1_0_0,      !- Surface name 
      Ceiling, 3,                                 !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Surface, F_230113_0_0_10000,                !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      5,                                          !- Number vertices 
       7.45960126, 2.35515155, 3.5,               !- Vertex 1 
       10.02680126, 2.35515155, 3.5,              !- Vertex 2 
       10.02680126, 4.46515155, 3.5,              !- Vertex 3 
       6.24042163, 4.46515155, 3.5,               !- Vertex 4 
       6.24042163, 3.72675155, 3.5;               !- Vertex 5 
 
   ! Ground floor, 025, Ceiling - 556.05 ft2, Surface Area: 7.1531 
   BuildingSurface:Detailed, F_230113_0_0_10000,  !- Surface name - reverse definition 
      Floor, 4,                                   !- Class and Construction Name 
      230113,                                     !- Zone Name 
      Surface, C_202366_1_0_0,                    !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      5,                                          !- Number vertices 
       10.02680126, 2.35515155, 3.5,              !- Vertex 1 
       7.45960126, 2.35515155, 3.5,               !- Vertex 2 
       6.24042163, 3.72675155, 3.5,               !- Vertex 3 
       6.24042163, 4.46515155, 3.5,               !- Vertex 4 
       10.02680126, 4.46515155, 3.5;              !- Vertex 5 
 
   ! Ground floor, 025, Ceiling - 556.05 ft2, Surface Area: 44.5062 
   BuildingSurface:Detailed, C_202366_1_1_0,      !- Surface name 
      Ceiling, 3,                                 !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Surface, F_230126_0_0_10001,                !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 



 

151 

 

      11,                                         !- Number vertices 
       .27311406,-1.47844845, 3.5,                !- Vertex 1 
       1.43980126,-1.47844845, 3.5,               !- Vertex 2 
       1.43980126,-1.02124845, 3.5,               !- Vertex 3 
       10.02680126,-1.02124845, 3.5,              !- Vertex 4 
       10.02680126, 2.35515155, 3.5,              !- Vertex 5 
       7.45960126, 2.35515155, 3.5,               !- Vertex 6 
       6.24042163, 3.72675155, 3.5,               !- Vertex 7 
       6.24042163, 4.46515155, 3.5,               !- Vertex 8 
       1.49231406, 4.46515155, 3.5,               !- Vertex 9 
       1.49231406, 2.50763875, 3.5,               !- Vertex 10 
       .27311406, 2.50755155, 3.5;                !- Vertex 11 
 
   ! Ground floor, 025, Ceiling - 556.05 ft2, Surface Area: 44.5062 
   BuildingSurface:Detailed, F_230126_0_0_10001,  !- Surface name - reverse definition 
      Floor, 4,                                   !- Class and Construction Name 
      230126,                                     !- Zone Name 
      Surface, C_202366_1_1_0,                    !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      11,                                         !- Number vertices 
       10.02680126,-1.02124845, 3.5,              !- Vertex 1 
       1.43980126,-1.02124845, 3.5,               !- Vertex 2 
       1.43980126,-1.47844845, 3.5,               !- Vertex 3 
       .27311406,-1.47844845, 3.5,                !- Vertex 4 
       .27311406, 2.50755155, 3.5,                !- Vertex 5 
       1.49231406, 2.50763875, 3.5,               !- Vertex 6 
       1.49231406, 4.46515155, 3.5,               !- Vertex 7 
       6.24042163, 4.46515155, 3.5,               !- Vertex 8 
       6.24042163, 3.72675155, 3.5,               !- Vertex 9 
       7.45960126, 2.35515155, 3.5,               !- Vertex 10 
       10.02680126, 2.35515155, 3.5;              !- Vertex 11 
 
   ! Ground floor, 025, Partition - 206.69 ft2 (Ground floor, 024), Surface Area: 19.2024 
   BuildingSurface:Detailed, P_202366_2_0_0,      !- Surface name 
      Wall, 5,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Surface, P_202377_5_0_10002,                !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      4,                                          !- Number vertices 
       10.0268012614,-1.02124845, 0,              !- Vertex 1 
       10.0268012614, 4.46515155, 0,              !- Vertex 2 
       10.0268012614, 4.46515155, 3.5,            !- Vertex 3 
       10.0268012614,-1.02124845, 3.5;            !- Vertex 4 
 
   ! Ground floor, 025, Partition - 206.69 ft2 (Ground floor, 024), Surface Area: 19.2024 
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   BuildingSurface:Detailed, P_202377_5_0_10002,  !- Surface name - reverse definition 
      Wall, 6,                                    !- Class and Construction Name 
      202377,                                     !- Zone Name 
      Surface, P_202366_2_0_0,                    !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      4,                                          !- Number vertices 
       10.0268012614, 4.46515155, 0,              !- Vertex 1 
       10.0268012614,-1.02124845, 0,              !- Vertex 2 
       10.0268012614,-1.02124845, 3.5,            !- Vertex 3 
       10.0268012614, 4.46515155, 3.5;            !- Vertex 4 
 
   ! Ground floor, 025, Partition - 321.52 ft2 (Ground floor, 026), Surface Area: 29.8704 
   BuildingSurface:Detailed, P_202366_3_0_0,      !- Surface name 
      Wall, 5,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Surface, P_202433_7_0_10003,                !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      4,                                          !- Number vertices 
       10.02680126, 4.465151554, 0,               !- Vertex 1 
       1.49240126, 4.465151554, 0,                !- Vertex 2 
       1.49240126, 4.465151554, 3.5,              !- Vertex 3 
       10.02680126, 4.465151554, 3.5;             !- Vertex 4 
 
   ! Ground floor, 025, Partition - 321.52 ft2 (Ground floor, 026), Surface Area: 29.8704 
   BuildingSurface:Detailed, P_202433_7_0_10003,  !- Surface name - reverse definition 
      Wall, 6,                                    !- Class and Construction Name 
      202433,                                     !- Zone Name 
      Surface, P_202366_3_0_0,                    !- Outside Face Environment 
      NoSun,                                      !- Sun Exposure 
      NoWind,                                     !- Wind Exposure 
      0,                                          !- View Factor to Ground 
      4,                                          !- Number vertices 
       1.49240126, 4.465151554, 0,                !- Vertex 1 
       10.02680126, 4.465151554, 0,               !- Vertex 2 
       10.02680126, 4.465151554, 3.5,             !- Vertex 3 
       1.49240126, 4.465151554, 3.5;              !- Vertex 4 
 
   ! Ground floor, 025, Wall - 73.75 ft2 - 270.0°, Surface Area: 73.75ft2 
   BuildingSurface:Detailed, W_202366_4_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
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      4,                                          !- Number vertices 
       1.4924012613, 4.465151554, 0,              !- Vertex 1 
       1.4924012613, 2.507551554, 0,              !- Vertex 2 
       1.4924012613, 2.507551554, 3.5,            !- Vertex 3 
       1.4924012613, 4.465151554, 3.5;            !- Vertex 4 
 
   ! Ground floor, 025, Wall - 45.93 ft2 - 0.0°, Surface Area: 45.93ft2 
   BuildingSurface:Detailed, W_202366_5_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
      4,                                          !- Number vertices 
       1.4924012613, 2.507551554, 0,              !- Vertex 1 
       .2732012613, 2.507551554, 0,               !- Vertex 2 
       .2732012613, 2.507551554, 3.5,             !- Vertex 3 
       1.4924012613, 2.507551554, 3.5;            !- Vertex 4 
 
   ! Ground floor, 025, Wall - 150.17 ft2 - 270.0°, Surface Area: 150.17ft2 
   BuildingSurface:Detailed, W_202366_6_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
      4,                                          !- Number vertices 
       .2732012613, 2.507551554, 0,               !- Vertex 1 
       .2732012613,-1.478448446, 0,               !- Vertex 2 
       .2732012613,-1.478448446, 3.5,             !- Vertex 3 
       .2732012613, 2.507551554, 3.5;             !- Vertex 4 
 
   ! Ground floor, 025, Wall - 43.95 ft2 - 180.0°, Surface Area: 43.95ft2 
   BuildingSurface:Detailed, W_202366_7_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
      4,                                          !- Number vertices 
       .2732012613,-1.478448446, 0,               !- Vertex 1 
       1.4398012613,-1.478448446, 0,              !- Vertex 2 
       1.4398012613,-1.478448446, 3.5,            !- Vertex 3 
       .2732012613,-1.478448446, 3.5;             !- Vertex 4 
 
   ! Ground floor, 025, Wall - 17.22 ft2 - 90.0°, Surface Area: 17.22ft2 
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   BuildingSurface:Detailed, W_202366_8_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
      4,                                          !- Number vertices 
       1.4398012613,-1.478448446, 0,              !- Vertex 1 
       1.4398012613,-1.021248446, 0,              !- Vertex 2 
       1.4398012613,-1.021248446, 3.5,            !- Vertex 3 
       1.4398012613,-1.478448446, 3.5;            !- Vertex 4 
 
   ! Ground floor, 025, Wall - 323.50 ft2 - 180.0°, Surface Area: 323.50ft2 
   BuildingSurface:Detailed, W_202366_9_0_0,      !- Surface name 
      Wall, 7,                                    !- Class and Construction Name 
      202366,                                     !- Zone Name 
      Outdoors, ,                                 !- Outside Face Environment 
      SunExposed,                                 !- Sun Exposure 
      WindExposed,                                !- Wind Exposure 
      .5,                                         !- View Factor to Ground 
      4,                                          !- Number vertices 
       1.4398012613,-1.021248446, 0,              !- Vertex 1 
       10.0268012614,-1.021248446, 0,             !- Vertex 2 
       10.0268012614,-1.021248446, 3.5,           !- Vertex 3 
       1.4398012613,-1.021248446, 3.5;            !- Vertex 4 
 
      ! Door, 53.80ft2 
      FenestrationSurface:Detailed, D_202366_9_0_0_0_0_Door,  !- Door name 
         Door, 9,                                 !- Class and Construction Name 
         W_202366_9_0_0,                          !- Base surface 
         ,                                        !- Corresponding other surface 
         .5,                                      !- View Factor to Ground 
         ,                                        !- Window shading control 
         ,                                        !- Frame divider name 
         1,                                       !- Multiplier 
         4,                                       !- Number vertices 
          2.95400126,-1.021248446, .002,          !- Vertex 1 
          4.77880126,-1.021248446, .002,          !- Vertex 2 
          4.77880126,-1.021248446, 2.7412,        !- Vertex 3 
          2.95400126,-1.021248446, 2.7412;        !- Vertex 4 
 
      ! Vent, 53.80ft2 
      FenestrationSurface:Detailed, D_202366_9_0_0_1_0_Vent,  !- Vent name 
         Door, 11,                                !- Class and Construction Name 
         W_202366_9_0_0,                          !- Base surface 
         ,                                        !- Corresponding other surface 
         .5,                                      !- View Factor to Ground 
         ,                                        !- Window shading control 
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         ,                                        !- Frame divider name 
         1,                                       !- Multiplier 
         4,                                       !- Number vertices 
          6.00200126,-1.021248446, .002,          !- Vertex 1 
          7.82680126,-1.021248446, .002,          !- Vertex 2 
          7.82680126,-1.021248446, 2.7412,        !- Vertex 3 
          6.00200126,-1.021248446, 2.7412;        !- Vertex 4 
 
 
! SFSP - SFSP 237-241 
Zone, 200387,                                     !- Zone Name 
   0,                                             !- Relative North (to building) 
   0,                                             !- X Origin (M) 
   0,                                             !- Y Origin (M) 
   0,                                             !- Z Origin (M) 
   1 ,                                            !- Zone Type 
   1,                                             !- Zone multiplier 
   ,                                              !- Zone ceiling height - Let EnergyPlus work it out 
    29.7546,                                      !- Zone volume 
   CeilingDiffuser;                               !- Zone inside convection algorithm 
 
   PEOPLE, People 200387,                         !- Name 
      200387,                                     !- Zone Name 
      7,                                          !- Number of People SCHEDULE Name 
      People,                                     !- Number of People 
       0,                                         !- Number of People 
      ,                                           !- People per Zone Area 
      ,                                           !- Zone Area per Person 
       .5,                                        !- radiant fraction 
      AUTOCALCULATE,                              !- User Specified Sensible Fraction 
      Activity Schedule 200387,                   !- Activity level SCHEDULE Name (units W/person, real) 
      No,                                         !- Enable ASHRAE 55 comfort warnings 
      ZoneAveraged,                               !- MRT Calculation Type 
      ,                                           !- no particular surface is weighted 
      Work efficiency,                            !- Work Efficiency SCHEDULE Name (0.0-1.0,real) 
      Clothing Schedule 200387,                   !- Clothing Insulation SCHEDULE Name (real) 
      AirVelocitySchedule;                        !- Air Velocity SCHEDULE Name (units m/s, real) 
 
   Schedule:Compact, Activity Schedule 200387,    !- activity schedule W/person 
      Any Number,                                 !- Type 
      Through: 12/31,                             !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  117;                         !- Constant value 
 
   Schedule:Compact, Clothing Schedule 200387,    !- Clothing schedule clo 
      Any Number,                                 !- Type 
      Through: 4/1,                               !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  1,                           !- Constant value 
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      Through: 9/30,                              !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  .5,                          !- Constant value 
      Through: 12/31,                             !- Type 
      For: AllDays,                               !- All days in year 
      Until: 24:00,  1;                           !- Constant value 
 
 
! HVACTemplate:Thermostat, 
!    Zone 202366 Thermostat,                        !- Thermostat Name 
!    Zone 202366 Heating SP Sch,                    !- Thermostat Heating Setpoint Schedule 
!    ,                                              !- Thermostat Constant heating Setpoint {C} 
!    Zone 202366 Cooling SP Sch,                    !- Thermostat Cooling Setpoint Schedule 
!    ;                                              !- Thermostat Constant Cooling Setpoint {C} 
! HVACTemplate:Zone:VAV, 202366,                    !- VAV system 
!    AHU,                                           !- Air handling system name 
!    Zone 202366 Thermostat,                        !- Thermostat name 
!    autosize,                                      !- Zone Supply Air Max Flow Rate (m3/s) 
!    ,                                              !- Zone Supply Air Sizing Factor 
!    .3,                                            !- Zone Supply Air Min Flow Fraction 
!    Flow/Person,                                   !- Zone Outside Air Flow Method 
!    .01,                                           !- Zone Outside Air Flow Rate per Person  (m3/s-person) 
!    0,                                             !- Zone Outside Air Flow per Zone Floor Area  (m3/s-m2) 
!    0,                                             !- Zone Outside Air Flow per Zone (m3/s) 
!    HotWater,                                      !- Reheat Coil Type 
!    202366 Heating Availability Sch,               !- Reheat Coil Availability Schedule 
!    Normal,                                        !- Heating Damper Action 
!    ,                                              !- Supply Plenum Name 
!    ,                                              !- Return Plenum Name 
!    None,                                          !- Baseboard Heating Type 
!    ,                                              !- Baseboard Heating Availability Schedule 
!    ;                                              !- Baseboard Heating Capacity {W} 
!  
! HVACTemplate:System:VAV, AHU,                     !- Air handling system name 
!    2,                                             !- System availability schedule 
!    autosize,                                      !- Supply fan Max flow rate (m3/s) 
!    autosize,                                      !- Supply fan Min flow rate (m3/s) 
!    .7,                                            !- Supply fan total efficiency 
!    700,                                           !- Supply fan delta pressure 
!    1,                                             !- Supply Fan Motor Efficiency 
!    1,                                             !- Supply Fan Motor in Air Stream Fraction 
!    ChilledWater,                                  !- Cooling Coil Type 
!    2,                                             !- Cooling Coil Availability Schedule 
!    ,                                              !- Cooling coil Setpoint Schedule 
!    12.7777777777778,                              !- Cooling Coil Constant Setpoint 
!    None,                                          !- Heating Coil Type 
!    2,                                             !- Heating Coil Availability Schedule 
!    ,                                              !- Heating Coil Setpoint Schedule 
!    14,                                            !- Heating Coil Constant Setpoint 
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!    0.8,                                           !- Gas Heating Coil Efficiency 
!    0,                                             !- Gas Heating Coil Parasitic Electric Load {W} 
!    None,                                          !- Preheat Coil Type 
!    2,                                             !- Preheat Coil Availability Schedule 
!    ,                                              !- Preheat coil Setpoint Schedule 
!    10,                                            !- Preheat Coil Constant Setpoint 
!    0.8,                                           !- Gas Preheat Coil Efficiency 
!    0,                                             !- Gas Preheat Coil Parasitic Electric Load {W} 
!    autosize,                                      !- Maximum Outside Air Flow Rate {m3/s} 
!    autosize,                                      !- Minimum Outside Air Flow Rate {m3/s} 
!    FixedMinimum,                                  !- Minimum Outside Air Control 
!    3000,                                          !- Minimum Outside Air Schedule 
!    DifferentialDryBulb,                           !- Economizer Type 
!    NoLockout,                                     !- Economizer Lockout ('No lockout' only option for VAV) 
!    12.7777777777778,                              !- Economizer Upper Temperature Limit {C} 
!    10,                                            !- Economizer Lower Temperature Limit {C} 
!    50000,                                         !- Economizer Upper Enthalpy Limit {J/kg} 
!    ,                                              !- Supply Plenum Name 
!    ,                                              !- Return Plenum Name 
!    DrawThrough,                                   !- Supply Fan Placement 
!    InletVaneDampers,                              !- Supply Fan Part-Load Power Coefficients 
!    StayOff,                                       !- Night Cycle Control 
!    ,                                              !- Night Cycle Control Zone Name 
!    None,                                          !- Heat Recovery Type 
!    ,                                              !- Sensible Heat Recovery Effectiveness 
!    ,                                              !- Latent Heat Recovery Effectiveness 
!    OutdoorAirTemperatureReset,                    !- Cooling Coil Setpoint Reset Type 
!    None,                                          !- Heating Coil Setpoint Reset Type 
!    ,                                              !- Dehumidification Control Type 
!    ,                                              !- Dehumidification Control Zone Name 
!    ,                                              !- Dehumidification Setpoint {percent} 
!    ,                                              !- Humidifier Type 
!    ,                                              !- Humidifier Availability Schedule 
!    ,                                              !- Humidifier Rated Capacity {m3/s} 
!    ,                                              !- Humidifier Rated Electric Power {W} 
!    ,                                              !- Humidifier Control Zone Name 
!    ;                                              !- Humidifier Setpoint {percent} 
!  
! HVACTemplate:Plant:Boiler, Boiler,                !- Boiler Name 
!    HotWaterBoiler,                                !- Boiler Type 
!    autosize,                                      !- Capacity {W} 
!    .75,                                           !- Efficiency 
!    NaturalGas,                                    !- Fuel Type 
!    1;                                             !- Priority 
!  
! HVACTemplate:Plant:HotWaterLoop, Hot water loop,  !- Plant Loop Name 
!    ,                                              !- Pump Schedule 
!    Intermittent,                                  !- Pump Control Type 
!    Default,                                       !- Hot Water Plant Operation Scheme Type 
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!    ,                                              !- Hot Water Plant Operation Scheme List Name 
!    ,                                              !- Hot Water Setpoint Schedule 
!    80.0,                                          !- Hot Water Constant Setpoint {C} 
!    ConstantFlow,                                  !- Hot Water Pump Configuration 
!    179352,                                        !- Hot Water Pump Rated Head {Pa} 
!    None,                                          !- Hot Water Setpoint Reset Type 
!    82.2,                                          !- Hot Water Setpoint at Outdoor Dry Bulb Low {C} 
!    -6.7,                                          !- Hot Water Reset Outdoor Dry Bulb Low {C} 
!    65.6,                                          !- Hot Water Setpoint at Outdoor Dry Bulb High {C} 
!    10;                                            !- Hot Water Reset Outdoor Dry Bulb High {C} 
!  
! HVACTemplate:Plant:Chiller, Chiller,              !- Chiller Name 
!    ElectricCentrifugalChiller,                    !- Chiller Type 
!    autosize,                                      !- Capacity {W} 
!    2,                                             !- COP 
!    AirCooled,                                     !- Condenser Type 
!    1;                                             !- Priority 
!  
! HVACTemplate:Plant:ChilledWaterLoop, Chilled water loop,  !- Plant Loop Name 
!    ,                                              !- Pump Schedule 
!    Intermittent,                                  !- Pump Control Type 
!    Default,                                       !- Chiller Plant Operation Scheme Type 
!    ,                                              !- Chiller Plant Operation Scheme Name 
!    ,                                              !- Chilled Water Setpoint Schedule 
!    6.67,                                          !- Chilled Water Constant Setpoint {C} 
!    ConstantFlow,                                  !- Hot Water Pump Configuration 
!    179352,                                        !- Primary Chilled Water Pump Rated Head {Pa} 
!    179352,                                        !- Secondary Chilled Water Pump Rated Head {Pa} 
!    Default,                                       !- Condenser Plant Operation Scheme Type 
!    ,                                              !- Condenser Plant Operation Scheme List Name 
!    ,                                              !- Condenser Water Temperature Control Type 
!    ,                                              !- Condenser Water Setpoint Schedule 
!    ,                                              !- Condenser Water Constant Setpoint {C} 
!    179352,                                        !- Condenser Water Pump Rated Head {Pa} 
!    None,                                          !- Chilled Water Setpoint Reset Type 
!    12.2,                                          !- Chilled Water Setpoint at Outdoor Dry Bulb Low {C} 
!    15.6,                                          !- Chilled Water Reset Outdoor Dry Bulb Low {C} 
!    6.7,                                           !- Chilled Water Setpoint at Outdoor Dry Bulb High {C} 
!    26.7;                                          !- Chilled Water Reset Outdoor Dry Bulb High {C} 
 
 
! Modified schedule: Wildlife_CellOff_Cool compact 
Schedule:Compact, 
202482 Cooling Availability Sch, 
Temperature, 
Through: 31 Dec, 
For: Weekdays SummerDesignDay WinterDesignDay, 
Until: 07:00, 0, 
Until: 18:00, 1, 
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Until: 24:00, 0, 
For: Weekends, 
Until: 24:00, 0, 
For: Holidays AllOtherDays, 
Until: 24:00, 0; 
!  
 
 
Sizing:Parameters, 
   1.2,                                           !- Sizing factor 
   4;                                             !- Time steps in averaging window 
 
 
AirTerminal:SingleDuct:VAV:Reheat, 
  202366 VAV Reheat,                                       !- Name 
  HVACTemplate-Always 1,                                   !- Availability Schedule Name 
  202366 Damper Outlet,                                    !- Damper Air Outlet Node Name 
  202366 Zone Equip Inlet,                                 !- Air Inlet Node Name 
  autosize,                                                !- Maximum air flow rate {m3/s} 
  Constant,                                                !- Zone Minimum Air Flow Input Method 
  .3,                                                      !- Constant Minimum Air Flow Fraction 
  ,                                                        !- Minimum Air Flow Fraction Schedule Name 
  202366 Reheat Coil HW Inlet,                             !- Sensor Node Name 
  Coil:Heating:Water,                                      !- Reheat Coil Object Type 
  202366 Reheat Coil,                                      !- Reheat Coil Name 
  autosize,                                                !- Max Reheat Water Flow {m3/s} 
  0,                                                       !- Min Reheat Water Flow {m3/s} 
  202366 Supply Inlet,                                     !- Air Outlet Node Name 
  0.001,                                                   !- Convergence Tolerance 
  Normal;                                                  !- Damper Heating Action 
 
Coil:Heating:Water, 
  202366 Reheat Coil,                                      !- Name 
  202366 Heating Availability Sch,                         !- Availability Schedule Name 
  autosize,                                                !- UA of the Coil {W/K} 
  autosize,                                                !- Max Water Flow Rate of Coil {m3/s} 
  202366 Reheat Coil HW Inlet,                             !- Coil Water Inlet Node 
  202366 Reheat Coil HW Outlet,                            !- Coil Water Outlet Node 
  202366 Damper Outlet,                                    !- Air Inlet Node Name 
  202366 Supply Inlet,                                     !- Air Outlet Node Name 
  UFactorTimesAreaAndDesignWaterFlowRate,                  !- Performance Input Method 
  autosize,                                                !- Nominal Capacity 
  82.2,                                                    !- Design Inlet Water Temperature 
  16.6,                                                    !- Design Inlet Air Temperature 
  71.1,                                                    !- Design Outlet Water Temperature 
  32.2;                                                    !- Design Outlet Air Temperature 
 
 
Boiler:HotWater, 
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  Boiler,                                                  !- Name 
  NaturalGas,                                              !- Fuel Type 
  autosize,                                                !- Nominal Capacity {W} 
  .75,                                                     !- Nominal Thermal Efficiency 
  Boiler Efficiency Curve,                                 !- Normalized Boiler Efficiency Curve Name 
  81,                                                      !- Design Boiler Water Outlet Temp {C} 
  autosize,                                                !- Max Design Boiler Water Flow Rate {m3/s} 
  0,                                                       !- Minimum Part Load Ratio 
  1.1,                                                     !- Maximum Part Load Ratio 
  1,                                                       !- Optimum Part Load Ratio 
  Boiler HW Inlet,                                         !- Water Inlet Node Name 
  Boiler HW Outlet,                                        !- Water Outlet Node Name 
  100,                                                     !- Temp Upper Limit Water Outlet {C} 
  ConstantFlow,                                            !- Boiler Flow Mode 
  0,                                                       !- Parasitic Electric Load {W} 
  1.0;                                                     !- Sizing Factor 
 
Chiller:Electric:EIR, 
  Chiller,                                                 !- Name 
  autosize,                                                !- Reference Capacity {W} 
  2,                                                       !- Reference COP {W/W} 
  6.67,                                                    !- Reference Leaving Chilled Water Temperature {C} 
  29.4,                                                    !- Reference Entering Condenser Fluid Temperature {C} 
  autosize,                                                !- Reference Evaporator Volumetric Water Flow Rate {m3/s} 
  autosize,                                                !- Reference Condenser Volumetric Water Flow Rate {m3/s} 
  Chiller CentCapFT,                                       !- Cooling Capacity Function of Temperature Curve Name 
  Chiller CentEIRFT,                                       !- Electric Input to Cooling Output Ratio Function of Temperature 
Curve Name 
  Chiller CentEIRFPLR,                                     !- Electric Input to Cooling Output Ratio Function of Part Load Ratio 
Curve Name 
  0,                                                       !- Minimum Part Load Ratio 
  1,                                                       !- Maximum Part Load Ratio 
  1,                                                       !- Optimum Part Load Ratio 
  0.25,                                                    !- Minimum Unloading Ratio 
  Chiller ChW Inlet,                                       !- Chilled Water Inlet Node Name 
  Chiller ChW Outlet,                                      !- Chilled Water Outlet Node Name 
  Chiller Cnd Inlet,                                       !- Condenser Inlet Node Name 
  Chiller Cnd Outlet,                                      !- Condenser Outlet Node Name 
  AirCooled,                                               !- Condenser Type 
  0.035,                                                   !- Condenser Fan Power Ratio {W/W} 
  1,                                                       !- Compressor Motor Efficiency 
  5,                                                       !- Leaving Chilled Water Lower Temperature Limit {C} 
  ConstantFlow,                                            !- Chiller Flow Mode 
  0,                                                       !- Design Heat Recovery Water Flow Rate {m3/s} 
  ,                                                        !- Heat Recovery Inlet Node Name 
  ,                                                        !- Heat Recovery Outlet Node Name 
  1.0;                                                     !- Sizing Factor 


