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Executive Summary 

This report is intended to analyze the building and plant energy for the 
University Ridge student housing complex at East Stroudsburg.  The 
building is analyzed using ASHRAE’s Standard 90.1-2004 Energy 
Standard and the LEED-NC Green Building Rating System.  These two 
guides analyze the energy use and compliance for green and 
sustainable buildings.  This report also looks at the impact of 
mechanical space which results in a loss of rentable space and the 
mechanical system first cost.  Moreover, an energy and design load 
estimates were calculated using Trace 700 which is a readily used 
design and analysis program used by designers.  Energy consumption 
and cost data using utility rates associated with the mechanical system 
were also determined using this program. 
 
The degree of University Ridge’s compliance for energy efficient design 
was demonstrated using ASHRAE Standard 90.1.  This guide is the 
latest update and most acceptable design standard for energy efficient 
design.  The buildings envelope, HVAC system, service water heating, 
and lighting were all analyzed to determine its degree of compliance. 
 
The LEED Green Building Rating System was used to measure its 
degree of sustainability and environmentally friendliness.  The system 
consists of 6 categories in which points can be earned towards a 
certification.  For the intents and purposes of this report, only the 
topics concerning mechanical systems were analyzed. 
 
The mechanical spaces comprise only 2% of lost rentable space of the 
buildings gross square footage.  The first cost of the mechanical 
systems came in at $3.4 million dollars or about 21.6% of the 
buildings total cost.     
  
TRANE TRACE 700 was used to calculate the design load for the spaces 
using design conditions from the design documents.  From these 
design calculations, energy and utility cost information was obtained.  
Utility rates were based on an actual utility bill from June of 2006. 
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ASHRAE Standard 90.1 Compliance 

Building Envelope – Section 5 
 
In determining the buildings envelope compliance, sections 5.1, 5.4, 
5.5, 5.7, and 5.8 of Standard 90.1 must be met in order for the 
building to be considered acceptable.  It is assumed that the buildings 
pass sections 5.1, 5.4, 5.7, and 5.8 as they cannot be verified with 
given information. 
 
5.5 Prescriptive Path 
 
Given the location and occupancy of the buildings, the envelope must 
comply with the non-residential section of Climate Zone 5A.  These 
requirements are stated in table 5.5-5 of Standard 90.1 as follows: 
 

TABLE 5.5-5 
Building Envelope Requirements For Climate Zone 5 (A,B,C) 

 Residential 
   
 Assembly  Insulation Min.  
Opaque Elements  Maximum  R-Value  
Roofs    
Insulation Entirely above Deck  U-0.063  R-15.0 ci  
Metal Building  U-0.065  R-19.0  
Attic and Other  U-0.027  R-38.0  
Walls, Above Grade    
Mass  U-0.090  R-11.4 ci  
Metal Building  U-0.057  R-13.0 + R-13.0  
Steel Framed  U-0.064  R-13.0 + R-7.5 ci  
Wood Framed and Other  U-0.089  R-13.0  
Wall, Below Grade    
Below Grade Wall  C-1.140  NR  
Floors    
Mass  U-0.074  R-10.4 ci  
Steel Joist  U-0.038  R-30.0  
Wood Framed and Other  U-0.033  R-30.0  
Slab-On-Grade Floors    
Unheated  F-0.730  NR  
Heated  F-0.840  R-10 for 36 in.  
Opaque Doors    
Swinging  U-0.700   
Non-Swinging  U-0.500   
 Assembly  Assembly Max.  

 Max. U  SHGC (All  
 (Fixed/  Orientations/  
Fenestration Operable)  North-Oriented)  
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Vertical Glazing,% of Wall    
0-10.0%  Ufixed-0.57  SHGCall-0.49  

   
 Uoper -0.67  SHGCnorth-0.49  

10.1-20.0%  Ufixed-0.57  SHGCall-0.39  

 Uoper -0.67  SHGCnorth-0.49  

20.1-30.0%  Ufixed-0.57  SHGCall-0.39  

   
 Uoper -0.67  SHGCnorth-0.49  

30.1-40.0%  Ufixed-0.57  SHGCall-0.39  

 Uoper -0.67  SHGCnorth-0.49  

40.1-50.0%  Ufixed-0.46  SHGCall-0.26  

 Uoper -0.47  SHGCnorth-0.49  

Skylight with Curb, Glass,% of Roof    
0-2.0%  Uall-1.17  SHGCall-0.49  

2.1-5.0%  Uall-1.17  SHGCall-0.39  

Skylight with Curb, Plastic,% of Roof    
0-2.0%  Uall-1.10  SHGCall-0.77  

2.1-5.0%  Uall-1.10  SHGCall-0.62  

Skylight without Curb, All,% of Roof    
0-2.0%  Uall-0.69  SHGCall-0.49  

2.1-5.0%  Uall-0.69  SHGCall-0.39  

 
Opaque Elements 
 
Roofs 
The buildings utilize an attic system with R-30 insulation.  This R-value 
does not meet the required value for residential construction.  
However, this value does meet the required value for non-residential 
construction.  The overall assembly U value does not meet 90.1 with a 
value of 0.030, as seen in Appendix A, compared to a required value of 
0.027. Moreover, the assembly U-factor will not meet because of this 
shortfall in insulation.  A value of 0.0355 was calculated and does not 
meet the required value of 0.027. 
 
Walls, Above Grade 
For assemblies listed on the design documents, exterior walls above 
grade call for 2x6 wood construction with R-13 insulation and an 
assembly U-Value of 0.086 as calculated in Appendix A.  These values 
exceed the maximum and minimum thus beating the standard. 
 
Walls, Below Grade 
Below grade walls need to meet a maximum assembly factor of C-
1.14.  The below grade 10” concrete walls with 1.5” insulation at an R-
value of 7.5 have a C-value of 0.147 found in Table A4.2 in Appendix A 
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of Standard 90.1 thus meeting Standard 90.1.  No required minimum 
R-value of insulation is needed. 
 
Slab-On-Grade Floors 
For an unheated slab-on-grade floor, no maximum required R-value of 
insulation is needed.  An F-value of 0.7 for 4” concrete floors with R-10 
24” horizontal insulation can be found in Table A6.3 in Appendix A of 
90.1 which meets the maximum of 0.730. 
 
Opaque Doors 
The buildings do not utilize opaque doors for entry ways. 
 
Fenestration 
 
Vertical Glazing % of Wall 
 
It was determined from the architectural design elevations that the 
window to wall area ratio falls between 10-20%.  Therefore, the 
maximum U-value for operable windows is 0.67 and inoperable 
windows requiring a value of 0.57.  The manufacturer’s data that has 
been provided beats both of these values with a U-value of 0.49, thus 
beating both of the requirements, see Appendix A.  The Solar Heat 
Gain Coefficient, SHGC, for the windows used has a value of 0.65 
which does not meet the required SHGC of 0.39 for all orientations or 
0.49 for north orientations.  All of the above values were obtained 
from Silver Line Windows. 
 
Heating, Ventilating, and Air Conditioning – Section 6 
 
After reviewing the requirements as stated in Standard 90.1 Section 
6.3.2 Criteria, it is found that the mechanical system meets the 
standards stated in that section.  The air conditionings condensing unit 
meets the standard as stated in Table 6.8.1A for a split system under 
65,000 Btu/h having a Seasonal Energy Efficiency Rating (SEER) of 
10.0 where 10.0 is the minimum for being installed before 1/23/06.  
Given the size of the systems for climate zone 5A, 30.7-70.1 MBH, an 
economizer is not required per Table 6.5.1.  
 
The duct furnaces that supply conditioned air to spaces are supplied 
with hot water from exclusive water heaters and shall be considered as 
gas fired boilers.  Therefore, at an input of 65,000 Btu/h, an AFUE of 
80% is required for a minimum efficiency.  However, the water heaters 
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supplied do not have an AFUE rating since they run year round and 
cannot be compared to the table.   
 
The duct furnace fans meet the required horse power values of Table 
6.5.3.1 since the duct furnace fans are 1 hp or below and range from 
1225-1700 cfm.  The maximum allowable motor power is  
1.2 hp/1000 cfm.  Duct located in the ceiling can be considered 
indirectly conditioned spaces and do not require insulation per Table 
6.8.2B.  However, it is stated that in the specifications under section 
15081 that supply ducts are rigid fiber board and have an R-value of 
4.3, thus meeting 90.1. 
 
It is assumed that all other sections of 6.3.2 Criteria are satisfied in 
the design documents and by commissioning.   
 
Service Water Heating – Section 7 
 
A single type of gas storage water heater is utilized for service water 
heating throughout the buildings at a capacity of 65,000 Btu/h and 50 
gallons.  This rating puts it in the category of 0.62-0.0019V EF for 
Required Performance according to Table 7.8 of Standard 90.1.  The 
listed Energy Factor (EF) from design data is 0.58 thus meeting the 
required value in the Standard. 
 
Lighting – Section 9 
 
Interior Space Lighting 
 
The lighting section of ASHRAE Standard 90.1 deals with the maximum 
allowable power density per floor area for a building.  I utilized the 
building area method to yield the following results for a dormitory. 
 
Building Area Method 
 
Building Type:    Dormitory 
 
Allowed Lighting Power Density: 1.0 W/ft2 
 
Gross Lighted Floor Area:  140,000 ft2 
 
Total Lighting Power:   64,956 W 
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Actual Lighting Power Density: 0.464 W/ft2 
 
The design of the building used compact fluorescents and regular 
fluorescence for all spaces, thus yielding a very low power density and 
increased energy savings both through power use and decreased load 
to internal spaces. 
 
Conclusion 
 
In conclusion, most of the service elements meet or exceed the 
requirements for ASHRAE Standard 90.1.  The only areas that are 
lacking are the use of R-30 insulation in the attic and the solar heat 
gain coefficient of the windows.  The R-30 insulation, which is located 
in the attic, can be argued that it is an unoccupied space and can 
therefore be considered for a non-residential application and would 
then pass.  The SHGC is high for the windows because it is clear glass.  
If a tinted glass or low emittance glass was used, the windows would 
beat the SHGC. 
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Lost Rentable Space Comparison 

The designers took into consideration the fact that lost rentable space 
due to the mechanical systems greatly impacts the cost of 
construction.  Using space to the most efficient way possible increases 
the amount of usable space and dictates the type of mechanical 
system which can be used.  There was very insignificant loss of space 
with the current system as it is located in a mechanical closet local to 
the each residence.   
 
A total of 2,787 ft2 of space in the buildings is utilized for mechanical 
space.  This equates to about 2% of the 140,000 gross square footage 
in lost rentable space.   
 
 

Mechanical System First Cost 

As this project was completed in September of 2005, the actual 
mechanical costs were obtained.  The HVAC cost equates to $2.1 
million of the project.  The other components of the mechanical first 
cost include plumbing at $1.0 million and fire protection at $300,000.  
This mechanical system first cost then sums to the amount of $3.4 
million or $24.29 per square feet which is about 21.6% of the building 
cost.   
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LEED-NC Version 2.2 Analysis 

The Leadership in Energy and Environmental Design (LEED) provides 
the basic guidelines for building designers to design to green, 
environmentally friendly, and sustainable standards.  This standard 
was created and is maintained by the United States Green Building 
Council (USGBC) which is the nation’s foremost association of 
professionals from the building industry in order to promote the design 
and implementation of environmentally friendly buildings.  LEED 
consists of a point system with different levels of certification 
depending on how environmentally friendly a building is.  Ratings, 
which can be attained, range from an accredited building to silver, 
gold, and platinum, where a platinum rating is the highest attainable.    
 
The Sustainable Sites category does not contain any mechanically 
related points which can be obtained. 
 
The buildings and site do not utilize any Water Efficiency techniques to 
reduce the amount of water consumed and therefore earns no points. 
 
In the Energy and Atmosphere category, no outside commissioning 
authority was hired to inspect the systems and therefore does not pass 
EA Prerequisite 1.  For EA Prerequisite 2, no minimum energy level 
was established and the buildings were designed to ASHRAE Standard 
90.1-2004 and as a result do not pass.  As for EA Prerequisite 3, CFC 
refrigerants in the form of R-22 and does not pass the ozone depletion 
requirement.  None of the following Credits for this section are 
achieved as a result of failure to meet the above prerequisites. 
 
The Materials and Resources Category does not apply to the 
mechanical system and is not analyzed. 
 
For Indoor Air Quality, EQ Prerequisite 1 is met as seen in Technical 
Assignment 1 which found the buildings to be in compliance with 
ASHRAE Standard 62.1.  Prerequisite 2 is met since the buildings are 
smoke free and smoking areas are assumed to be compliant.  EQ 
Credit 1 is not received because CO2 sensors are not used.  Credit 2 
cannot be determined with the information at hand.  The techniques 
recommended for Credit 3.1 and 3.2 were not implemented during 
construction and earn no point.  Low-emitting materials were not used 
for construction and finishes and therefore Credit 4.1 to 4.4 are not 
earned.   Credit 5 is not earned because required systems are not 
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used.  Credit 6.1 is earned as the multi-occupant zones contain light 
switches for each space and therefore have a high level of control.  
Credit 6.2 is a possible earned point as each multi-occupant space has 
its own thermostat for control.  Credit 7.1 and 7.2 are not earned as it 
is not designed to ASHRAE 55 with proper documentation.  Credit 8.1 
and 8.2 cannot be determined.   
 
There is no credit earned for the final category, Innovation and Design 
process. 
 
Refer to Appendix B for a spreadsheet breakdown. 
 
 
 

Energy Utilization Data 

Since this project has been completed for well over a year at the time 
of this writing, an energy bill from PP&L and Met-Ed was obtained.  
PP&L is the supplier of gas while Met-Ed supplies electricity.  Refer to 
Appendix C for the bill. 
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TRANE TRACE 700 Energy & Load Analysis 

The following calculations and results were obtained using TRACE 700, 
which is a simulation of HVAC systems and energy usage.  The main 
sources of load for the spaces were people, lighting, and small 
appliances.  Medium sedentary occupants were assumed along with 
the previously calculated lighting power density and miscellaneous 
load of 0.5 – 1.0 W/ft2 to account for appliances.  A schedule was 
created for the occupants where it is assumed that 20 percent of the 
occupants are not in the building between 8-5.  Also for the intents of 
this report, the floor multiplier was used where typical apartments are 
stacked.  The results for the calculated design load can be found in 
Appendix D.  The values that were found using the program are going 
to differ from design document values.  This is because of the fact that 
in order to save time, the design was simplified to four typical spaces 
so accurate loads for each space was not found.  The difference comes 
from the change in direction in which the spaces face. 
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TRACE 700 Energy Consumption & Operating Cost 

Energy consumption and the utility operating cost of equipment were 
found for University Ridge using TRACE 700.  Gas and electric rates 
from PP&L and Met-Ed were obtained for the building as stated 
previously.  These rates were then put into the simulation to yield 
utility costs as seen in Appendix E. 
 
An energy analysis was not performed by Greenman-Pedersen Inc. 
Engineers because it is not a requirement.  The delivery method was 
one of a Design-Build structure and the extra time and cost required to 
perform an energy analysis may have hindered the projects cost and 
schedule. 
 
The yearly energy utilization data which was obtained from a single 
months meter bill cannot be accurately compared to the actual bill.  
However, the values for the summer months which were calculated 
cannot be accurately be determined because the buildings are not fully 
occupied and therefore the calculated values seem high.  Winter 
values for comparison cannot be accurately compared because of 
unavailable data.  Refer to data in Appendix C and E. 
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Appendix E 
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