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Executive Summary 
 
The report is intended to describe the design changes being studied throughout next 
semester.  This report includes an overall design summary from Tech Reports 1 and 2.  
Also included is the main design change being studied, as well as two breadths that I 
would like to study on the side.  A schedule is also included that lays out the work 
schedule for next semester. 

The main design change I would like to make is the use of a geothermal heat pump.  
Much research was done to determine the correct system to use and if it was indeed 
even a real possibility.  The design that looks the best is a one well system.  It is not 
known yet whether a heat pump, or a turbine will be used to generate electricity.  While 
researching the topic an actual example was found in the same location.  The Stockton 
College of New Jersey successfully installed a geothermal system on a somewhat large 
scale.  While the geothermal system I am proposing will be larger than this system, it 
was important to see a real life example of this system working in the area. 

In addition to geothermal, a redesign of the airflow will conducted.  This is because the 
design airflows went above code, and many spaces have much more outdoor air than 
required.  This could be a potential energy savings idea, since the system will not 
require nearly as much outdoor air. 

Also included in the report are two breadth proposals.  The building has a large glass 
façade that lets in a lot of solar radiation heating the spaces.  The installation of solar 
panels on the façade will make the solar panels act as solar shading as well for the 
spaces exposed to the sun.  An orientation study will be done as well to see the ideal 
orientation for maximum solar energy being absorbed by the solar panels.   

Due to the solar shading, the daylight in the patient rooms will be reduced.  A daylight 
study will be performed to see how much daylight is lost, and if it has to be made up in 
artificial lighting.  A structural study will also be performed for load that the solar 
panels are putting on the columns.  Wind loads will be important since they will push 
up on the solar panels.     
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System Description 

The Virtua West Jersey Replacement Hospital is comprised of three main units.  They 
include the hospital bed tower, the ancillary building comprised of offices and surgery 
rooms, and a central spine that runs through connecting the bed tower and ancillary 
building.  The mechanical system was separated to condition these spaces separately 
based on the individual needs.  The bedroom tower is mainly patient rooms and 
offices.  These do not require the same indoor air quality as the ancillary building 
does.  The ancillary building requires a much higher overall indoor air quality due to 
the operating and medical rooms.   

 
The hospital consists of three 1,000 ton centrifugal chillers located in the central utility 
plant behind the ancillary portion of the building.  Located on the roof of the building 
are three 9,000 gpm high efficiency cooling towers.   
 
The hospital utilizes a VAV (Variable Air Volume) system throughout the building.  
There are three sets of AHU’s located on the 7th.  The first set consists of two AHU’s at 
50,000 cfm each.  This will serve dietary areas and labs.  The second set of AHU’s also 
consists of two sets of 50,000 cfm AHU’s.  These will serve emergency and surgery 
rooms.  The last set consists of six 75,000 cfm units that will serve the 8 story patient 
bedroom tower.  For the computer room there are three computer room air 
conditioning units (CRAC).  
 
For heating and humidifying the hospital has four steam boilers and six condensing 
boilers.  Two of the steam boilers are 40 BHP, while the other two are 287 BHP.  All 
four are located in the central utility plant.  Coupled with the boilers are six shell and 
tube heat exchangers located in various areas around the building used for hot water 
heating.   
 

Design Factors 

There were various design factors that had to be taken into account for the overall 
design of the HVAC for the hospital. The buildings location is in Voorhees NJ.  This 
requires more heating days than cooling days.  Additionally, the building is located on 
a large site with very little surrounding it.  This could potentially lead to significant 
heat loss during the winter due to no wind obstructions.  An additional design factor 
was the large amount of glass being used on the building.  The building’s exterior 
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consists of over 40% glass.  Glass was used that had a U value of at least U-30 to help 
solve this problem.  The orientation of the building is also a factor.  The front of the 
building faces directly north, giving the building a north-south orientation.  This is not 
ideal for an effective solar gain design.       
 

Design Conditions 

The outdoor and indoor air conditions for Philadelphia, PA were used.  This is because 
there was no available data for the buildings location in Voorhees NJ.  However, 
Philadelphia is very close, making the weather data an accurate representation for the 
weather in Voorhees.  Values were taken from the 2005 ASHRAE Handbook of 
Fundamentals.   Values used were the .4% and 99.6%.  The OA Dry Bulb for the summer 
is 92.7º F, while the OA Wet Bulb is 75.6º F.  The OA Dry Bulb for the winter is 11.6º F.  
The clearness number was .98 as well. 
 

Design Ventilation Requirements 

Table 4.6 shows the overall breakdown for the energy consumption by the building 
annually.  The primary heating for the building comprises of mostly natural gas, since 
the boilers are responsible for this and they run on natural gas.  There are several heat 
exchangers that also operate throughout the building for additional heating that do 
use electricity, which mainly comprises the “Other” in Table 4.6 under primary heating.  
The Primary Cooling consists of the various parts of the chillers, and the cooling 
towers.  As seen in the table all of the cooling equipment runs on electricity, with the 
chiller cooling compressors using the majority of the energy.  It is important to note 
the amount of water used mainly in the cooling towers as well.  The supply fans also 
use a significant amount of electricity as well.  This is because they are powerful fans 
that must push large amounts of air through high MERV rating filters.  This equates to 
a large pressure drop, making it necessary for large, powerful fans to be used.   
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Energy Consumption Summary 

System     Elec (KWH)  Gas (KBTU)  Water (1000 
gal) 

Total 
(KBTU/Yr)  % Total

Primary 
Heating  Primary Heating  ‐  292,402,592 ‐       

   Other   17,721  ‐  1  292,463  73.70%
Primary 
Cooling  Cooling Comp.  12,924,327 ‐  ‐       

   Tower/Cond Fans  1,859,147  ‐  88,409     12.70%

   Condenser 
Pumps  ‐  ‐  ‐  50,455,997    

Auxiliary  Supply Fans  8,851,427  ‐  ‐  30,209,902  7.60%
Lighting  Lighting  6,512,327  ‐  ‐  22,226,570  6%
Total     30164949  292,402,592 88410  103,184,932  100% 

Table 4.6 Energy Consumption 

Proposed Alternative Systems 

Geothermal Heat Pump 

One of the major ways I believe energy can be saved for the Virtua West Jersey 
Replacement Hospital is to incorporate a Geothermal Heat Pump system with the 
current system to provide renewable energy.  This could potentially greatly reduce the 
cost energy for the hospital.  Before tackling this option it is important to see if it is a 
viable idea for both the location and type of building.   

Geothermal plants are being built across the United States, however, they are mainly 
on the West Coast due to the temperature of the ground being significantly warmer 
there.  The development of new types of power plants, and improvements in drilling 
and extraction technology have made geothermal heat pumps a viable option in 
around 80% of the country.  Today there are currently 77 geothermal power plants that 
can produce up to 25 MW.  This number shows that geothermal energy is on the rise, 
and is capable of supporting a large building with high energy demand.       

There are four types of geothermal heat pumps currently being used today.  The Flash 
Power Plant uses geothermally heated water under pressure that is separated in a 
surface vessel into steam and hot water.  The steam is then delivered to a turbine, 
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Renewable 
Energy Sources 

Capacity 
Factor (%) 

Reliability of 
Supply Environmental Impact Main Application 

Geothermal 85-95 Continuous & 
reliable Minimal land usage Electricity 

generation 

Bio-mass 83 Reliable Minimal (non-combustible 
material handling) 

Transportation, 
heating 

Hydro 30-35 
Intermittent 
dependent on 
weather 

Impacts due to dam 
construction 

Electricity 
generation 

Wind 25-40 
Intermittent 
dependent on 
weather 

Unsightly for large-scale 
generation 

Electricity 
generation (limited) 

Solar 24-33 
Intermittent 
dependent on 
weather 

Unsightly for large-scale 
generation 

Electricity 
generation (limited) 

Figure 5.7 Renewable Energy Summary 

Upon further research of the topic, a specific example for geothermal use was found 
which can help determine whether this is indeed a viable option to study.  The 
Stockton College of New Jersey installed a geothermal heat pump system to serve 
several of the academic buildings on its campus.  Construction began in 1993 and was 
completed in 1994.  The system was a closed loop (one well) system.  A well field was 
created consisting of 400 wells, each 425 ft deep.  These were all installed under a 4 
acre parking lot.  U-tubes of 1 ¼ inch diameter pipes were used, with each well 
carrying up to 4000 gallons per minute of water to supply the heat pumps.  The 
system operates during both cooling and heating seasons.  Heat is extracted from the 
ground during the heating season, and unwanted heat is dumped back into the ground 
during the cooling season.  The annual temperature of the supply coming from the 
well fields is around 65ºFThe system in place currently cools and heats 400,000 sq. ft 
of academic buildings.  The total cooling capacity of the geothermal HVAC system is 
1681 tons.   

The geothermal system had a total installation cost of $4,964,594.  However, the 
electric utility company offered a rebate of $800 per installed ton, creating a total 
rebate of $960,000.  The utility company is Atlantic Electric Company, which is the 
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Breadth Topics 

Electric/Lighting PV Panel Study 

One potential area of study is to incorporate Photovoltaic Solar Panels into the design 
of the building.  An interesting way to do this is to incorporate the solar panels into the 
front façade of the building.  The front of the building is completely covered in glass as 
seen in Figure 6.1, allowing for a lot of solar radiation to enter through the glass.  A 
louver design will help limit the light and solar radiation entering the room.  A way to 
incorporate solar panels into the design is to make the solar panels the actual louvers.  
This idea can be seen in Figures 6.2 and 6.3.  A study will also be done on the building 
orientation to determine the best orientation for the building to sit for the maximum 
solar gain for the panels, as well as an energy analysis.  Initial costs of the solar panel 
system as well as the payback period will be analyzed to determine whether it is a 
viable option.  This is an interesting option for me to study since they have been 
discussed a lot in classes, but I am still skeptical as to whether they are a realistic 
option.            

Each patient room will have its own PV panel acting as a solar collector and a shading 
device.  There is a large potential to save on electrical costs using this idea.  Each 
patient room consists of two 2x4 T5 fluorescent, one wall mounted fluorescent, three 
fluorescent down lights, and one recessed LED luminaire.  There are also four 
receptacles in each patient room as well.  A PV solar panel for each room can help 
reduce the electrical usage by the luminaires and receptacles.  A study will be done to 
see how much electricity the PV panel can produce, and how many of the luminaires 
can be placed on the PV system.   A single line diagram and schematics will be 
provided to show wire sizes and the layout for a typical patient room.  With 360 patient 
rooms in the hospital there is large potential for energy savings using PV panels.           
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Modeling Tools and Methods 

Various programs will be used to help conduct the research for my thesis.  These 
programs will include mainly Trane Trace and Microsoft Excel.  Both these programs 
will be used to show whether the options I have chosen to study are technically and 
economically realistic.  Conclusions drawn from these programs will discussed in 
future reports. 

Trane Trace is a modeling program used to create energy models for various types of 
buildings in different areas.  Many different systems and types of spaces can be 
modeled in this program.  Many economic conditions can also be entered.  Overall 
results include energy use, internal and external loads, and costs of the building be 
modeled.   

Microsoft Excel will be a very helpful program to help organize and study various 
topics, but specifically the geothermal heat pumps.  Trane Trace is limited in this 
option, so calculations will have to done separately.  This also applies to the PV solar 
panels.  A portion of the study will have to be done through Excel spreadsheets. 
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