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1.0  Executive Summary 
 
 Park Place Corporate Center One (Park Place 1) provides a unique opportunity to study 
an old office building with poor energy performance.  With today’s economy and rising energy 
rates, a growing number of building owners are looking to renovate older buildings in place of 
building new, more expensive ones.  The study of Park Place 1 offers the chance to understand 
the effects of central plant modification. 
 The purpose of this report was to understand and analyze the existing building 
mechanical systems and then redesign them in an effort to save money and improve 
performance.  This study focuses more on cooling than on heating due to the opportunity for 
energy savings.  The redesign of existing systems does not include a redesign of the heating 
methods.  By extension, because the building is existing, façade redesigns and other building 
related energy efficiency opportunities were neglected due to cost limitations.  As an offshoot of 
mechanical system redesign, two other building systems—structural and electrical—were also 
analyzed to understand the possible impacts of changing the mechanical system. 
 Before addressing the designed systems, the building heating and cooling load was 
determined using Trane Trace 700.  In summary, the total cooling load on the building was 
around 225 tons.  Given the square footage of approximately 100,000 ft2, a value of 445 ft2/ton 
indicated that the building is relatively inefficient by modern construction standards, and thus 
plant improvements could render substantial cost savings. 
 To offset the 225 ton cooling load, a design solution came in the form of two packaged 
DX rooftop units.  Each unit was sized at 120 tons with a 20°F air side ΔT and 45,000 cfm’s of 
supply air.  While this was adequate, it was simple and offered a chance to redesign a system that 
could potentially save the owner money. 
 As an office building, Park Place 1 had a low load factor of around 34%.  In doing 
research, it was determined that thermal energy storage could potentially yield a viable 
improvement to the existing system.  Ice storage became the primary consideration in moving 
forward from the original design. 
 To truly understand the impact and potential cost savings of thermal energy storage, 
several alternatives had to be considered.  Since the original design was a completely air 
dependent system, a chilled water system had to be studied.  From that chilled water system, ice 
storage could be added but in what quantities?  An optimization study had to be conducted that 
would range from including two ice tanks to six.  A final study was done to see what the impacts 
would be of reducing the supply air temperature of the air handling units from 55°F to 50°F.  
This would save fan energy at potentially little cost to the water side of the system. 
 The results of the study indicated three primary conclusions pertaining to the different 
alternatives and a single final conclusion about which system would perform the best over the 
life of the building.  First, the chilled water system was not practical.  It had the highest first cost, 
highest operating cost, and highest energy expenditure of any system.  Second, the optimization 
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study determined that two ice storage tanks would yield the shortest payback period.  Third, 
reducing the cfm’s in the final alternative justified making the chiller work slightly harder to 
produce cold water. 
 The main conclusion and final recommendation was that the system combining two ice 
storage tanks with a reduced sized air handling unit that provided 50°F supply air would be the 
best system to install.  The evidence to support such conclusions is that it would cost the owner 
the least amount of money over the life of the building and would have the smallest first cost. 
 The results of the electrical and structural study indicate that no major changes to either 
system would be required to implement the proposed mechanical systems.  The electrical 
panelboard that services the mechanical equipment could be reduced from 800 A to 700 A but 
changes in conductor, conduit, and main distribution panel sizes would be nonexistent.  For the 
structural system, the roof deck would need to be increased in gage by one size but no changes to 
structural members (beams, girders, and columns) would be required. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7  Park Place Co
Advisor: Will

 

4/7/2011 

 
2.1  Desi
 
  P
1982, the
transfer o
1, purcha
To meet 
comforta
 
2.2  Loca
 
 P
Park Wes
Pennsylv
building 
west of P
be seen b
North is t
Park Plac
almost id
Park Plac
northwes
both ima

Fig

orporate Cent
iam Bahnflet

ign Goals 

ark Place 1 w
e building ha
occurring in 
ased the prop
the needs of

able, environ

ation 

ark Place 1 i
st in Findlay

vania.  Figur
designated b

Pittsburgh.  S
below in Fig
towards the 
ce 1 is highli
dentical build
ce 2, is locat
st of Park Pla
ges. 

ure 2 – Park

ter One‐ Mec
h 

2

was construc
as changed o
December o

perty to hous
f their clients
nmentally fri

is located in
y Township, 
re 1 shows th
by the letter 
Satellite ima
gure 2 and F

top of the pa
ighted in red
ding, 
ted just to th
ace 1 and ca

k Place 1 Lo

chanical Senio

Fi

2.0  Proje

cted in 1982
ownership an
of 2009.  DiC
se an expand
s, DiCicco D
endly office

n RIDC 

he 
“A” just 
ges can 
igure 3.  
age.  
d. An 

e 
an be seen in

cation 

or Thesis Proj

nal Report

ect Inform

2 under the ti
nd tenant han
Cicco Develo
ding list of c
Development
e type work s

n 

        

ject 

mation 

itle of Park R
nds several t
opment, the 

clients that de
t renovated t
space. 

Figure 1 –

Figure 3 – P

Ridge Buildi
times with th
current own
esired mode
the building 

– Park Place 

Park Place 1

Connor 

ing One.  Sin
he most rece
ner of Park P
ern office spa

to provide a

 1 Location

1 Perspective

Blood 

nce 
ent 
Place 
ace.  
a 

 
e 



8  Park Place Co
Advisor: Will

 

4/7/2011 

 
2.3  Proj
 

• 
• 
• 
• 
• 

  
 

 
3.1  Arch
 
 D
Park Plac
of the bu
aluminum
the exteri
and site t
 

 

 
 
 

orporate Cent
iam Bahnflet

ject Team 

Owner 
Architect
MEP/FP 
Structura
Landscap

3.0 

hitecture 

Designed to r
ce Corporate

uilding, seen 
m mullions. 
ior.  This en
together as it

ter One‐ Mec
h 

 

  
t   
Engineer 

al Engineer
pe Architect

 Buildin

reflect the up
e Center One
below in Fig
 Completely
sures privac
t is impossib

F

chanical Senio

Fi

 
t 

g Overvi

p and coming
e from the ex
gure 4, is co

y reflective, t
cy for the bui
ble to look at

Figure 4 – P

or Thesis Proj

nal Report

 DiC
 Will
 CJL
 Will
 Will

iew & Ex

g modern ar
xterior appea
omprised of 
the glass allo
ilding tenant
t the buildin

Park Place 1 

ject 

Cicco Develop
liams/Trebilc

L Engineering
liams/Trebilc
liams/Trebilc

xisting Co

rchitectural o
ars to be com
large glass p
ows for no v
ts.  The refle

ng without se

Exterior 

opment 
cock/Whiteh
g 
cock/Whiteh
cock/Whiteh

onditions

office buildin
mpletely gla
panes separa
view into the
ective glass t
eeing its surr

Connor 

head Archite

head Archite
head Archite

s 

ngs of the tim
ss.  The faça

ated by black
e building fro
ties the build
roundings. 

Blood 

cts 

cts 
cts 

me, 
ade 
k 
om 
ding 

 



9  Park Place Corporate Center One‐ Mechanical Senior Thesis Project 
Advisor: William Bahnfleth 

 

4/7/2011  Final Report  Connor Blood 

3.2  Sustainability Features 
 
 Because the building was constructed in 1982, no substantial effort was made to 
incorporate sustainable ideas into the design—thus the building is being renovated. 
 
3.3  Building Façade  
 
 Park Place 1 has a curtain wall system of steel, aluminum, and glass.  Steel serves as the 
structural support for the system with aluminum mullions separating large panes of dark, 
reflective glass. 
 On the interior, gypsum wall board conceals a single layer of insulation and a vapor 
barrier. 
 
3.4  Electrical System 
 
 Building power enters from the northwest corner on grade from a utility provided 
transformer.  The power is bused to an electrical room located in the building core where it is 
wired through a main switch board rated at 1000 amps at 277/480 Volts 3-phase.  From this main 
switch board, a fraction of the power input to the building is passed through a second transformer 
also located in the electrical room.  This second transformer is sized at 150 KVA and is intended 
to deliver 120/208 Volt 3-phase power.  120 Volt power is then provided to a panel board rated 
at 400 amps of 3 phase 120/208 Volts.  Finally, power is provided to a panelboard intended for 
use by HVAC equipment located on the roof.  This panel board is rated at 800 amps of 480 Volt 
3 phase power. 
  As a backup power supply, an emergency generator located in the building rooftop 
penthouse is rated to provide 40 kW of 120/208 Volt 3 phase power in the event of system 
failure. 
  
3.5  Lighting System  
 
 Park Place 1 utilizes, almost exclusively, linear T8 lamps in recessed 2 feet by 4 feet 
luminaires.  These luminaires are located on a general grid pattern in all tenant occupied 
spaces.  The few exceptions are in public entry spaces such as the main lobby and the rear 
lobby.  These locations have ceiling hung, indirect incandescent lamps located in pendent type 
luminaires.  All lighting is controlled by a building automation system capable of utilizing time 
of day schedules to ensure maximum energy performance. 
 
3.6  Structural System 
 
 The structure begins with 3000 psi concrete foundation piers which lie just beneath a four 
inch thick slab on grade.  Upon those piers lie base plates which distribute loads from ASTM 
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A36 steel columns.  Those columns support loads that range from 150 to 450 kips depending on 
the location within the building.  Five bays of twenty-four feet in the north-south direction and 
seven bays of twenty-four feet in the east-west direction form the basis of the steel 
structure.  Floor point loads are supported by 4.5 inch topping on top of twenty gauge metal 
decking.  The decking is supported by beams, usually W 16 x 26, which distribute loads to 
girders, usually W 21 x 50.  The steel structure is a simply supported frame designed to absorb 
all lateral loads from wind that is collected by the building’s curtain wall. 
 
3.7  Fire Protection System 
 
 While the building is not sprinkled, smoke detectors, audio alerts, and strobe lighting 
alerts have been provided on all floors.  The RTU’s are also equipped with both supply and 
return duct smoke detectors.  All fire protection systems are located on an emergency panel 
board to ensure that in the event of a fire or power failure, all emergency systems will be 
provided with power from the generator first. 
 
3.8  Transportation 
 
 The building has two primary points of entry located on the north and south sides of the 
building.  The main lobby area, located on the south side entrance is in the center of the building 
where the majority of the parking is located on the site.  From the main entry lobby, the two 
elevators located in the building core can be entered.  From the north entrance, to enter the 
elevators one must move through a corridor that contains the restrooms and pass into the main 
entry lobby.  The elevators move between the first floor and the fifth floor, leaving the rooftop 
penthouse accessible by stairs only.  Two staircases are located on the east and west sides of the 
building core, the elevators passing between the two of them. 
 
3.9  Telecommunications 
 
 All telecommunication lines are supplied to the building from the southwest corner.  A 
telecommunications room located on the first floor adjacent to the electrical room houses all 
equipment required for distribution to the rest of the building.  4 inch PVC conduit supplies 
telephone and internet to Intermediate Distribution Frame (IDF) rooms located on each 
floor.  The systems are scheduled to be upgraded as part of the  renovation but no details have 
been released to date. 
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3.10  Utility Rates 
 
 3.10.2  Electrical Rates 
 
 Electrical rates for Park Place 1 are based on Duquesne Light Company’s Schedule of 
Rates for Electric Service in Allegheny and Beaver Counties.  The building is considered General 
Service Large as its demand is not less than 300 kilowatts.  The corresponding rate structure is 
shown below in Figure 5. 
 

Duquesne Light Electricity Rates 
Demand Charges 

First 300 kW or less of Demand $2,121.00  
Additional kW of Demand 6.45 per kW 

Energy Charges 
All kilowatt-hours 0.1236 cents per kWh 

Transmission Service Charges 
Demand Charge $3.05 per kW 

 
Figure 5 – Electricity Rates 

 
 3.10.2  Natural Gas Rates 
 
 Natural Gas is provided to Park Place 1 by Columbia Gas of Pennsylvania.  Columbia 
Gas of Pennsylvania considers the building Large General Sales Service.  The gas tariff 
information is provided below in Figure 6. 
 

Pennsylvania Natural Gas Rate in $ per Mcf 

  
Distribution 

Charge 
Gas Supply 

Charge 
Gas Cost 

Adjustment 
Total Effective 

Rate 
First 1,000 Mcf per month 2.9708 6.1909 0.5988 9.7605 
Next 4,000 Mcf per month 2.9094 6.1909 0.5988 9.6691 
Next 5,000 Mcf per month 2.8766 6.1909 0.5988 9.6663 
All Mcf per Month Over 10,000 2.6047 6.1909 0.5988 9.3944 

 
Figure 6 – Natural Gas Rates 
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4.0  Existing Mechanical System Summary 
 
4.1  Introduction 
 
 Park Place 1 has a central building mechanical system that serves 100% of the building to 
satisfy all heating, cooling, ventilation, and exhaust requirements.  The building spaces are 
currently served by variable air volume (VAV) valves that allow for full mechanical modulation 
during part load occupancy.  The base supply duct system is intended to suit future expansion 
with the assumption of VAV terminal boxes being used to supply air to individual spaces.  Air 
will be supplied to these boxes through one of two vertical shafts that house both supply and 
return/exhaust air ducts.  Two packaged rooftop air handling units (RTU) equipped with variable 
speed drives will split the building loads equally.  Two existing gas fired boilers will meet the 
majority of the perimeter heating load by supplying hot water to perimeter duct reheat coils with 
the RTU’s serving as the air handling unit and primary source of heating. 
 
4.2  Design Criteria & Objectives 
 
 In the design of any system, several factors need to be weighed.  The ultimate goal of a 
mechanical system is to provide air that both legally and practically meets the needs of the 
building occupants within the boundaries of cost.  This is a relationship that involves three major 
parties: the owner, the occupant, and the government.  Each party has needs that need to be 
addressed in the design process by the engineer.  For the engineer to accomplish such a task, he 
or she must look at each party individually and then weigh the considerations.  For the owner, 
system cost becomes the major focal point.  This entails first cost, operating cost, and 
maintenance cost.  For the occupant, air cleanliness, temperature, and humidity are the primary 
concerns all while maintaining a certain level of ventilation.  For the government, compliance 
with modern codes is mandatory and therefore can be one of the basic starting points for the 
design engineer. 

The mechanical system of Park Place 1 is intended to meet all of the requirements of 
ASHRAE Standard 55 – 2004 Thermal Environmental Conditions for Human Occupancy, 
ASHRAE Standard 62.1 – 2007 Ventilation for Acceptable Indoor Air Quality, and ASHRAE 
Standard 52.2 which pertains to particle removal from the supply air stream.  The new 
mechanical equipment that was installed during the building renovation was intended to meet the 
requirements of ASHRAE Standard 90.1 – 2007 Energy Standard for Buildings Except Low-
Rise Residential Buildings.  For further study on compliance with ASHRAE Standards 62.1 and 
90.1, please see Technical Report 1.  Such topics address the needs of compliance with 
government standards. 

With respect to building occupancy, Park Place 1 is exclusively an office building.  As 
examples, there are no laboratories requiring very specific air quality conditions, no garages that 
need special exhaust system considerations, and no gyms that need a very precise temperature set 
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point.  To design a successful space, typical office building assumptions in accordance with the 
ASHRAE standards were made.  This implies that occupants would be relatively sedentary and 
wearing normal clothing, internal loads would be predominantly driven by lighting, people, and 
receptacle loads, and that construction would be of medium to low quality because of age. 
 The owner, DiCicco Development, has cost in mind.  Park Place 1 is a building that was 
designed for profit.  DiCicco Development wants their occupants to be happy with their 
experience of renting one of their spaces.  With that said, the building owner made it clear to the 
design team that it was their goal to provide an environmentally responsible building that at the 
same time satisfied the occupants who would be exposed to the systems.  Because of the 
buildings age and the consideration that the building is to be rented for profit, DiCicco 
Development wanted to find the best solution that weighed first cost, operating cost, system 
efficiency, and maintainability.  While certain modern systems could potentially have been more 
viable in the long term, DiCicco Development did not want a system with a lengthy payback 
period.  Their goal was a system with a reasonably low initial cost and a consideration for 
operating cost.  They wanted to find an economic balance.  It was also made clear to the design 
engineer that the personnel in charge of maintenance, while experienced, was not sophisticated 
enough to handle an extremely complicated system.  Also, because the building was not LEED 
rated previously, it did not become a major priority for the design team. 
  
4.3  Outdoor and Indoor Design Conditions 
 
 In determining equipment capacity, both outdoor and indoor design conditions must be 
determined.  Indoor design conditions are chosen in accordance with ASHRAE Standard 55 and 
are subject to personal preference amongst the building occupancy.  In other words, not everyone 
agrees on what is comfortable and therefore a range of temperature control must be provided.  
Outdoor design conditions are based on TMY2 weather data which is collected over years of 
recorded weather data and trends. 
 Park Place 1 is located in Findlay Township, Pennsylvania, a suburb of Pittsburgh, 
Pennsylvania.  Because Pittsburgh is the closest major city that has weather data accumulated 
and documented, it was used as the basis of location for design.  Pittsburgh is known for having 
relatively cold winters and warm, humid summers as seen below in Figure 7.  The 0.4% and 
99.6% design days were chosen to be used for equipment selection for Park Place 1.  Together, 
both outdoor and indoor conditions must be considered to appropriately size mechanical 
equipment. 
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Outdoor Design Conditions 

  Summer (0.4 %) Winter (99.6 %) 
Dry Bulb (°F) 89.1 1.8 
Wet Bulb (°F) 72.5 - 
Dew Point (°F) 65.6 - 
Clearness 0.97 0.97 
Ground Reflectance 0.2 0.2 
Wind Velocity 11.7 15 

 
Figure 7 - Outdoor Design Conditions 

 
 In Figure 8 below, the indoor design conditions can be seen.  They are the typical set 
points for an office building. 
 
 

Thermostat Settings 
Cooling Dry Bulb (°F) 75 
Heating Dry Bulb (°F) 70 
Relative Humidity (Cooling Only) (%) 50 
Cooling Drift point (°F) 81 
Heating Drift point (°F) 64 

 
Figure 8 - Indoor Design Conditions 

 
4.4  Ventilation Requirements 
 
 An in depth ventilation requirement study was performed on the building in Technical 
Report 1 for Park Place 1.  The results of that report can be seen below in Figure 9. 
 

Outdoor Air Requirement 
Ev 0.9 
Max Zp 0.16 
CFM of OA required- 1st Floor 3154 
CFM of OA required- 2nd through 5th Floor 11411 
Total Building OA Requirement (CFM) 14565 

Available OA (CFM) Minimum 9,000 
Maximum up to 90,000 

 
Figure 9 – Outdoor Air Requirement 
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 An individual space analysis was done for all occupied spaces.  Only the totals are shown 
in Figure 9 above.  The important thing to note is that only the base building systems are truly 
being analyzed due to the fact that the building is a tenant fit out.  The base building systems are 
more than capable of delivering the proper amount of outdoor air. 
  
4.5  Air Supply System 
 
 Packaged Rooftop Units 
 
 The building air supply is handled entirely but two identical rooftop units (RTU-1, RTU-
2) for the heating and cooling seasons. 

For cooling, the RTU’s are direct transfer (DX) type, meaning the air stream is cooled by 
a cooling coil that has liquid refrigerant circulating through it.  The RTU’s have air-cooled 
condensers with accompanying fans that increase the heat transfer rejection rate to the ambient 
surroundings to turn the refrigerant from a compressed gas back to a liquid.  The compressors are 
direct drive scroll type with hermetic motors.  The supply air temperature from the RTU’s can be 
modulated along with the supply cfm’s, but for capacity was sized for a leaving air temperature 
of 55°F (the desired supply air temperature to the occupied space). 

For heating, the RTU’s have forced draft gas burners that are capable of providing 85°F 
air.  When speaking with the design engineer, it was determined that the existing gas-fired 
boilers were capable of handling the entire heating load for the building and that the RTU’s 
would be used as the main heating source following the renovation.  During the heating season, 
the boilers’ heating capacity will be used as a redundant back up, the primary purpose being to 
supply 180°F water to reheat coils around the building perimeter. 

RTU-1 and RTU-2 are responsible for cooling air during the summer, warming air during 
the winter, and also moving air throughout the building during both seasons.  There are no other 
air handling units in the building.  To meet the air handling requirement, both RTU’s have a 
supply (airfoil type) and return (forward curved type) fan equipped with variable speed drives 
that allow for full modulation of supply and return air quantities.  The RTU’s are also equipped 
with a 100% outdoor air economizer which allows for each RTU to serve as a dedicated outdoor 
air system should the opportunity present itself.  The economizers, in combination with the unit 
controls, are also capable of demand control ventilation based on CO2 measurements taken in the 
occupied spaces.  The RTU’s are capable of providing 45,000 cfm’s of supply air each.  For air 
quality purposes, MERV 7 prefilters and MERV 13 final filters have been installed into the units 
to remove potential air contaminants.  For safety, the units have been equipped with smoke 
detectors in both the supply and return ducts that are wired directly to the units’ control systems. 

Because controls are an ever increasing priority in the HVAC industry, the RTU’s have 
been equipped with microprocessor controls.  This system consists of temperature and pressure 
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(thermistor and transducer) sensors and a human interface panel that are capable of tying into the 
building automation system (BAS) that is included as part of the building renovation. 

The RTU’s performance characteristics can be seen below in Figure 10 – Rooftop Unit 
Schedule. 

 
Rooftop Unit Schedule 

Name RTU-1 RTU-2 Units 
Air Quantity 45,000 45,000 cfm 
Minimum Outdoor Air 4,500 4,500 cfm 
Heat Output 1,100,000 1,100,000 Btu/Hr 
Gas Input 1,380,000 1,380,000 Btu/Hr 
Entering Air Temperature- Heating 63 63 °F 
Leaving Air Temperature- Heating 85 85 °F 
Cooling Capacity 115 115 Tons 
Entering Air Temperature DB- Cooling 77.5 77.5 °F 
Entering Air Temperature WB- Cooling 64.3 64.3 °F 
Ambient Temperature- Cooling 92.0 92.0 °F 

 
Figure 10 – Rooftop Unit Schedule 

 
 Distribution 
 
 An essential part of any mechanical system is the delivery of air from the air handling 
unit to the occupied space.  In this case, outdoor air and return air mix in the packaged rooftop 
units’ mixing boxes where a portion of that air is exhausted, the rest of be recycled and sent 
through the system.  Once that mixed air is re-filtered and re-conditioned in one of the two 
RTU’s, it is pushed through one of two central shafts that run vertically through the center of the 
building.  From these shafts, main branch ducts at every floor deliver supply air to individual 
terminal boxes where the air is then supplied to the space.  If, in some cases, the run of duct work 
is over an extended length of duct, hot water duct reheat coils have been installed to increase the 
supply air temperature during the heating season.  This is especially applicable to perimeter 
spaces.  If a future designer desires the use of a fan-coil unit or a reheat coil in a VAV box, the 
ability to tap off of the main hot water supply line is feasible. 
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4.6  Air Exhaust/Return System 
 

Once the air has passed through the occupied space, it is returned through a pressurized 
ceiling plenum where it is drawn by a return fan in the RTU’s.  A certain percentage of that air is 
exhausted, the remainder to go through the process again.  Restroom exhaust is handled by a 
separate duct that runs through a separate vertical shaft (one additional shaft for each side of the 
building).  Any additional exhaust requirements, such as kitchen hoods can be connected to the 
restroom exhaust shafts.  100% of this restroom air is exhausted; none of it is recirculated. 
  
4.7  Evaluation of Mechanical System 
 
 When Park Place 1 was originally constructed, it was done so with the intention that an 
interior air handler would use a split system for cooling and a gas fired boiler for heating.  
Because the two systems were separate, the controls were complicated and the system did not 
perform well.  This caused inefficiencies and unhappy tenants.  When DiCicco Development 
purchased the building and decided to improve the mechanical systems, they made an excellent 
choice to consolidate the two systems into one. 
 While some buildings have a hot/chilled water system, the design engineers saw an 
opportunity to economically use an air only system.  Park Place 1 does have a hot water system 
but no chilled water system.  To combine the two systems into one with a changeover would 
have been costly and required the further purchase of cooling equipment.  The option of using 
modern rooftop units capable of providing both heating and cooling would eliminate the need for 
the boiler, pumps, and water system as a whole.  Also, because the RTU’s are new, they function 
more efficiently, are more reliable, easier to control, and require one service contract as opposed 
to several.  While they are probably not the most energy efficient or cheapest choice over the life 
of the equipment, they come with minimal first cost and reliability.  When the design 
considerations were taken into account, modern rooftop units were probably one best choices to 
meet the needs of the owner. 
 There is still some room for investigation however.  Park Place 1 offers many 
opportunities for systems with higher first cost but lower operating cost.  These systems will be 
explored throughout the rest of this study.  
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Q TOTAL = 500 * Volume Flow Rate [GPM] * (T EVAP,IN – T EVAP,OUT) 
 

230 [Tons] * 12,000 [Btu/h/Ton] = 500 * Volume Flow Rate [GPM] * (55°F - 45°F) 
 

Volume Flow Rate = 552 GPM 
 

Volume Flow Rate per AHU = GPM TOTAL / 2 AHU’s 
 

Volume Flow Rate per AHU = 276 GPM 
 
 

QTOTAL = Total Peak Load on Cooling Coil in Air Handling Unit [Btu/h] – As taken from  
  energy  model 

 
 

 Once the design flow rate was determined, a chiller selection was made based on 230 
nominal tons, 552 GPM, a 10°F ΔT across the evaporator, and 92°F ambient air. 

 
  6.2.3.2  Air Handling Unit 
 
 With the total building sensible load known from the energy model, the required air 
supply volume was calculated given an assumed temperature difference between supply air and 
room air.  The calculation for needed capacity is shown below. 
 

Airside 
 

Q SENSIBLE = 1.08 * Volume Flow Rate [cfm] * (T BEFORE COIL – T AFTER COIL) 
 

2058.2 MBh = 1.08 * Volume Flow Rate [cfm] * (77.5°F - 55°F) 
 

Volume Flow Rate REQUIRED = 84,700 cfm 
 
 

 As a measure of safety, the design supply air volume used will be 90,000 cfm, which 
agrees with the original design as done by the engineer. 

 
Waterside 

 
 Because the chiller is equipped with a variable frequency drive, the chiller can be 
modulated to meet the load on the cooling coil in the air handling unit.  The waterside calculation 
for the cooling coil is identical to the chiller calculation assuming a 10 degree temperature rise 
across the coil. 
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 6.2.5  Analysis 
 
 With any chilled water system, it is important to note that the chiller and air handling unit 
will need to function in unison with each other.  The performance and control of one will affect 
the other.  The design began with the load to the space, was translated to the air handling unit 
supply air volume, which in turn dictated the cooling coil capacity requirement, which then 
finally determined the chiller size. 
 A comparison of design and performance points for both the air handling unit and chiller 
can be seen below in Figure 28.  For the chiller selection, the fluid flow rate and rated capacity 
are slightly oversized.  This is due to the fact that no manufacturer fabricates custom equipment 
at such small sizes.  The nominal chiller size selected was 230 tons, however, at the given design 
parameters, the capacity was slightly larger than desired.  The choice to make the system 
variable primary flow will allow the chiller to operate right at the design condition which will 
improve efficiency and performance. 
 Once the supply air volume was determined based on the load requirement of the 
occupied space, overall AHU size could be selected.  This would dictate module size for fans, 
economizer, filters, and coils.  The primary analysis took place in the design of the cooling coil.  
Figure 28 shows that, like the chiller, the flow rate is slightly larger than designed.  For both 
pieces of equipment, this is probably due to fouling and other realistic losses that are not 
accounted for in design calculations.  What is most important however, is that the rated capacity 
of the coil is very close to the design requirement.  For sensible capacity, the coil performs 
slightly better than needed.  In an office building, an accurate balance of sensible and latent 
cooling is generally not vital.  A slightly lower dry bulb temperature and slightly elevated wet 
bulb temperature can be acceptable.  For the total capacity, the coil is undersized by around one 
ton of cooling at the given flow rate and temperature drop.  This does not imply that the coil will 
underperform though.  Once installed, the coil can modulate both the flow rate and temperature 
drop so that the required capacity could be met.  This increase in required capacity would be seen 
by the chiller which is, as previously stated, oversized. 
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Ton-hours DD = 2332 ton-hours 
NCC NIM = 100 % 
Time NIM = 10 Hours 
NCC IM  = 65 % 
Time IM  = 14 Hours 
 
Therefore, 
 

NCC [Tons] = 2332 [ton-hours] / Σ (100 % x 10 [Hours] + 65 %  x 14 [Hours]) 
 

NCC  = 116.86 [Tons] 
 

As a measure of safety, a 25% increase adjustment factor brings the total chiller nominal tonnage 
to: 
 

116.86 [Tons] x 1.25 = 146.07 [Tons] 
 

The resulting chiller selection will then be sized for 150 Tons of cooling capacity during ice 
making. 
 
Once a storage capacity is selected in Section 6.3.3.3, it must be confirmed that the chiller is 
capable of creating that amount of storage in the hours designated as ice making.  This 
calculation will be shown in Section 6.3.3.3. 
 
 A second calculation that must be done is a flow rate balance for the system.  When both 
the ice and chiller are operating, the supply water temperature to the coil is 45°F with a leaving 
temperature of 60°F.  This 15°F ΔT reduces the water flow rate from 552 gpm to 368 gpm—a 
reduction that will save pumping power.  Because water will be mixing at the three-way valve, a 
water mixing calculation must be done.  The calculation is shown below. 
 

MFT x MFVFR = FT1 x FVFR1 + FT2 x FVFR2 
 

Given, 
 
MFT  = Mixed Fluid Temperature [°F] 
MFVFR = Mixed Fluid Volume Flow Rate [gpm] 
FT1  = Fluid Temperature 1 [°F] 
FVFR1  = Fluid Volume Flow Rate 1 [gpm] 
FT2  = Fluid Temperature 2 [°F] 
FVFR2  = Fluid Volume Flow Rate 2 [gpm] 
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Therefore, 
 

60[°F] x FVFR1 + 34[°F] (368 – FVFR1) = 45 [°F] x 368 [gpm] 
 

FVFR1 = 156 gpm 
FVFR2 = 212 gpm 

 
 Both FVFR1 and FVFR2 can be seen in Figure 41. 
 
  6.3.3.2  Air Handling Unit 
 
 All air handling unit calculations are the same as Alternative 2.  To see the calculations, 
go to Section 6.2.3.2. 
 
  6.3.3.3  Storage Tanks 
 
 Assuming that a chiller selection has already been made based on Section 6.3.3.1 above, 
storage tank calculations can be performed.  The primary consideration is the assumptions that 
each tank can store about 145 ton-hours of cooling when fully charged.  Therefore, the important 
study is to determine the optimal number of ton-hours, and thus tanks, desired in comparison to 
the cost of the equipment.  To do so, an optimization study will be performed in Section 6.3.4. 
 It is also important to understand what the storage capacity is for the chiller.  The 
calculation is shown below. 
 

NCC x Time IM = Total Ton-hours possible 
 

150 [Tons] x 14 Hours = 2100 Ton-hours 
 

Number of Tanks Possible = Total Ton-hours possible / Tank Storage Capacity 
 

Number of Tanks Possible = 2100 Ton-hours / 145 Ton-hours per Tank 
 

Number of Tanks Possible = 14 
 

 Based on the calculations above, the number of tanks can range anywhere from one to 
fourteen tanks.  An economic and energy analysis must be done to determine the optimum 
number. 
 
  6.3.3.4  Pumps 
 
 The pumping requirement for Alternatives 2, 3, and 4 is 552 gpm’s.  This requirement 
will be handled by two identical, parallel pumps that are both equipped with variable frequency 
drives.  The head loss throughout the system is approximately 80 ft with the summary shown 
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Figure 49 – Building Load vs. Chiller Load 
 

 
 

Figure 50 – Building Load vs. Ice Storage Capacity 
 
  

0.0

50.0

100.0

150.0

200.0

250.0

1 3 5 7 9 11 13 15 17 19 21 23

L
oa

d 
(T

on
s)

Hour

Building Load vs. Chiller Load

Building Load

Chiller Load

0.0

50.0

100.0

150.0

200.0

250.0

300.0

1 3 5 7 9 11 13 15 17 19 21 23
Hour

Building Load vs. Chiller Load

Building Load (Tons)

Ice Storage Capacity (Ton-hrs)

A

B



53  Park Place Co
Advisor: Will

 

4/7/2011 

 W
put into t
determin
will be d

7.2  Ener
 
 T
original s
Figure 5
that total
Alternati
669,764 k
Alternati
 

orporate Cent
iam Bahnflet

While unders
terms of doll

ne which syst
iscussed in s

rgy Savings

The energy sa
system (Alte

51 below sho
 usage of tha

ive 2, annual
kWh.  The d
ive 1—an un

ter One‐ Mec
h 

standing the 
lars and savi
tem is best s
sections 7.2 

s 

avings were 
ernative 1) fr
ows energy s
at alternative
l energy con
difference th
ndesirable re

Figu

chanical Senio

Fi

energy cons
ings.  The in
suited to serv
and 7.3. 

calculated b
rom that of e
savings in gr
e was less th

nsumption wa
en in 30,672
sult.   Figur

ure 51 – Ene

or Thesis Proj

nal Report

sumption is c
nitial cost and
ve Park Plac

 

by subtractin
each propose
reen.  The ne
han that of th
as 700,436 k
2 kWh more
re 52 shows 

 
ergy Usage C

 

ject 

crucial, it is n
d payback p
e 1.  Energy

ng the operat
ed alternativ
egative sign 
he original de
kWh while f
of energy u
the same per

Comparison

not helpful u
eriod are wh

y savings and

ting energy u
ve (Alternativ

(shown in gr
esign.  For e

for the origin
used in Altern
rcent differe

 

n 

Connor 

unless it can
hat will 
d cost analys

use of the 
ves 2, 3, 4).  
reen) implie

example, in 
nal design it 
native 2 than
ence graphic

Blood 

n be 

sis 

es 

was 
n 

cally. 



54  Park Place Co
Advisor: Will

 

4/7/2011 

 
7.3  Syst
 
 T
was mult
Light. A 
the calcu
shown in
in Figure

orporate Cent
iam Bahnflet

Figur

em Cost 

To calculate t
tiplied by its
summary of

ulation for Al
n Figure 54. 
e 55. 

ter One‐ Mec
h 

re 52 – Alter

the operating
s correspond
f the calculat
lternative 1 i
  The same 

Fi

chanical Senio

Fi

rnatives 2, 3

g cost of eac
ing cost as p
tion is show
is shown in 
summary in

igure 53 – A

or Thesis Proj

nal Report

 
, 4 as a % D

ch system, th
provided by t
n below in F
Figure 53.  
formation fr

 

 
Annual Oper

ject 

Difference to 

he electricity
the Schedule

Figure 53.  T
The results 

rom Figure 5

rating Cost 

Alternative 

y consumptio
e of Rates fr
To avoid red
for each alte
54 is present

Connor 

 

1 

on and dema
rom Duquesn
dundancy, on
ernative are 
ted graphica

 

Blood 

and 
ne 
nly 

ally 

 



55  Park Place Co
Advisor: Will

 

4/7/2011 

 
 N
Alternati
 

 T
each alte
expected
cost for t
assumed 
present v
inaccurac

orporate Cent
iam Bahnflet

Notice that th
ive 1. 

To determine
rnative, the 

d life of the e
the owner.  O
to be the sam

value cost of 
cy however, 

ter One‐ Mec
h 

Figure

he total opera

Figure

e which syste
cost of the e

equipment—
Other financi
me for each 

f the system. 
making acc

chanical Senio

Fi

 54 – Annua

ating cost fro

 55 – Annua

em will be th
entire system

—twenty year
ial rates such
study and co
 Ignoring ri

curate predic

or Thesis Proj

nal Report

 

 
al Operating 

om Figure 5

al Operating 
 

he best to us
m was estima
rs—times the
h, inflation, 
ould therefo
sing energy 
tions is near

ject 

Cost Summ

53 correspon

Cost Summ

e, a system c
ated.  This in
e cost of ope
interest, and
re be disrega
costs does c

rly impossib

 

mary 

nds to that of

mary 

cost analysis
nitial cost com
eration per y
d rising energ
arded in calc
create some d
le.  If rates c

Connor 

f Figure 54

 

s was done.  
mbined with

year gave a to
gy rates wer
culating the 
deal of 
continue to r

Blood 

for 

For 
h the 
otal 
re 

rise, 



56  Park Place Co
Advisor: Will

 

4/7/2011 

the study
then the s
 F
piping in
informati
 

Continue

orporate Cent
iam Bahnflet

y will tend to
systems with

Figure 56 pre
ncludes pipe,
ion graphica

es to next pag

ter One‐ Mec
h 

o favor the m
h less initial 
esents the to
, valves, fitti
ally. 

ge. 

chanical Senio

Fi

more expensi
investment 
tal cost to th

ings, hangers

or Thesis Proj

nal Report

ive first cost 
will become

he owner ove
s, labor and 

 

ject 

systems.  If
e more desira
er a twenty y
insulation.  F

f energy beco
able. 
year span.  T
Figure 57 p

Connor 

omes cheape

The pricing o
presents the s

Blood 

er, 

of 
same 

 



57  Park Place Co
Advisor: Will

 

4/7/2011 

orporate Cent
iam Bahnflet

ter One‐ Mec
h 

F

F

chanical Senio

Fi

Figure 56 – S

Figure 57 – S

or Thesis Proj

nal Report

 
System Cost

 

System Cost

ject 

t Analysis 

t Analysis 

Connor Blood 

 



58  Park Place Co
Advisor: Will

 

4/7/2011 

 
7.4  Con
 
 T
offers sev
which on
 

 

        

orporate Cent
iam Bahnflet

clusions 

The systems t
veral benefit
ne should be 

   

ter One‐ Mec
h 

that would b
ts and drawb
implemente

chanical Senio

Fi

best serve Pa
backs that wi
ed must be d

Alt

Alt

or Thesis Proj

nal Report

ark Place 1 w
ill be discuss

determined by

ternative 1

ternative 3
 
 

 
 
 
 
 
 
 

ject 

would be Alt
sed in this se
y the owner 

ternatives 1, 
ection.  A de

r of the build

Connor 

3 or 4.  Eac
ecision as to 
ding. 

Blood 

h 
 



59  Park Place Co
Advisor: Will

 

4/7/2011 

       
 
 B
Alternati
temperatu
equipmen
backs are
significan
advanced
Alternati
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

orporate Cent
iam Bahnflet

  

Based on the 
ive 4 which i
ure to the oc
nt is the chea
e that the sys
ntly with res
d level of kn
ive 4 is the g

ter One‐ Mec
h 

advantages 
incorporates
ccupied spac
apest and the
stem will be 
spect to Alte
owledge to e

greatest. 

chanical Senio

Fi

Alt

and disadva
s the two ice 
ce.  The majo
e cost to ope
difficult to c

ernative 1.  A
ensure the sy

or Thesis Proj

nal Report

ternative 4

antages the b
storage tank

or benefits o
erate the syst
control and t

Also, the syst
ystem operat

ject 

best system to
ks and the re
of this system
tem is the ch
the cost of in
tem operator
tes ideally.  

o install is p
educed suppl
m are that the
heapest.  The
nstallation w
r will need a
The margin 

Connor 

probably 
ly air 
e initial cost
e major draw

will be increa
a relatively 
for error in 

Blood 

 

t of 
w 
ased 



60  Park Place Co
Advisor: Will

 

4/7/2011 

8.1  Obje
 
 Ic
services. 
reduced c
a greater 
to the exi
redesign 
 
8.2  Exis
 
 W
control c
and repla
rooftop p
A capaci
below in 
 

 B
circuit, an
serviced 
served by
 B
from the 
1800 A (

orporate Cent
iam Bahnflet

ectives 

ce storage of
 In the case 

cost of using
demand.  Th

isting electri
alternatives

sting Condit

When the bui
enter (MCC

aced it with a
penthouse du
ty would hav
Figure 58. 

Based on Fig
nd 5th floor c
by the 600 A
y the 800 A 

Both the 600 
main distrib
277/480V-3

ter One‐ Mec
h 

8.0  E

ffers the ben
of Park Plac

g smaller ele
he purpose o
ical system t
. 

tions 

ilding was co
) rated at 60
a 600 A pane
uring the ren
ve to serve t

Figu

gure 58 abov
circuitry hav
A panelboard
panelboard. 
A and 800 A

bution panel 
3ϕ-4W), is lo

chanical Senio

Fi

Electrica

nefit of reduc
ce 1, a sourc

ectrical equip
of this study 
to support th

onstructed, a
00 A.  The re
elboard.  An

novation givi
the several d

ure 58 – Roo

ve, the elevat
ve a combine
d which leav

A panelboard
(MDP) that 

ocated on the

or Thesis Proj

nal Report

al Breadt
 

cing the peak
ce of financia
pment in pla
is to determ

he new mech

all mechanic
enovation of 
n additional 8
ing a total el
different piec

 
oftop Panelb

 
tors, exhaust
ed requireme
ves the rema

ds located in
services the

e first floor o

ject 

th Analys

k demand lo
al savings co

ace of larger 
mine what adj
hanical equip

cal equipmen
f the building
800 A panel
lectrical capa
ces of equipm

board Service

t fan, life saf
ent of 535 A

aining 800 A

n the rooftop
e entire build
of Park Place

sis 

ad required 
ould take pla
equipment t

djustments ne
pment propo

nt was wired
g removed th
lboard was a
acity of 1400
ment and cir

 

e 

fety circuitry
A.  These elem
A from the RT

p penthouse a
ding.  That M
e 1 in an ele

Connor 

by the build
ace in the 
that must ser
eed to be ma

osed in the 

d from a mot
hat 600 A M
also added to
0 A.  This 14
rcuits shown

y, capacitor 
ments are 
TU’s to be 

are fed direc
MDP, rated f
ctrical close

Blood 

ding it 

rvice 
ade 

tor 
MCC 
o the 
400 

n 

ctly 
for 
t. 



61  Park Place Co
Advisor: Will

 

4/7/2011 

 T
sized as f
contained
 
8.3  Calc
 
 8
 
 T
 

 F
A, from r
 
 8
 
 S
reduction
ampacity
 In
equipmen
to 674 A 
to 700 A
 
 8
 
 T
 

 T
 

orporate Cent
iam Bahnflet

The wire that
four sets of 7
d in a racewa

culations 

.3.1  New E

The electrical

Figure 59 ab
replacing the

.3.2  Over C

ection 240.6
ns in fixed-tr
y from the pr
n the case of
nt (RTU-1 p
in Alternati

. 

.3.3  Conne

The connecte

Power 

The assumed 

ter One‐ Mec
h 

t connects th
700 MCM co
ay sized as 4

 

quipment E

l requiremen

Figure

ove demons
e mechanica

Current Pro

6 of the Natio
rip circuit br
revious secti
f Park Place 
plus RTU-2) 
ives 2 throug

cted Load 

ed load was d

[Watts] = F

power facto

chanical Senio

Fi

he panelboard
opper wire w
4” PVC. 

Electrical Lo

nts of the pro

e 59 – New E

trates a redu
al equipment

otection Dev

onal Electric
reakers.  Thi
ion with the 
1, the previo
was 800 A a

gh 4 which p

determined b

Full Load Cu

or for motors

or Thesis Proj

nal Report

ds in the roo
with four 3/0

oads 

oposed redes

 
Equipment E

 
uction in elec
t of Alternati

vice 

c Code 2008
s was done b
possible circ
ous required 
as determine

permits a red

by using the 

urrent x 1.73
 

s greater than

ject 

oftop penthou
0 ground wir

sign are show

Electrical Lo

ctrical deman
ive 1 by that

8 was used to
by comparin
cuit breaker 

d circuit brea
ed in Figure
duction in cir

equation: 

3 x Voltage x

n 5 hp is equ

use and the M
res.  Each se

wn below in

 

ads 

nd of 800 A
t of Alternat

o determine 
ng the maxim
sizes. 

aker size for 
e 58.  That lo
rcuit breaker

x Power Fac

ual to 0.90. 

Connor 

MDP is curr
et of wires is 

n Figure 59.

A – 674 A, or
ives 2, 3, an

possible 
mum require

mechanical 
oad was redu
r size from 8

ctor 

Blood 

rently 

r 126 
nd 4. 

d 

uced 
800 A 



62  Park Place Co
Advisor: Will

 

4/7/2011 

 
 8
 
 S
new mec
Alternati
made. 
 
 8
 
 T
panelboa
two pum

orporate Cent
iam Bahnflet

.3.4  Feeder

ection 310.1
chanical equi
ives 2, 3, and

.3.5  Panelb

The panelboa
ard will serve
ps. 

ter One‐ Mec
h 

Figu

r Sizing 

16 of the NE
ipment.  The
d 4 was smal

board Sched

ard schedule 
e all new me

F

chanical Senio

Fi

ure 60 – Co

EC 2008 was 
e difference b
ll and theref

dule 

for the mod
echanical equ

Figure 61  -

or Thesis Proj

nal Report

nnected Loa

used to dete
between the 

fore no chang

dified panelb
uipment whi

Panelboard 

ject 

ad Summary

ermine feede
 original des
ges to the fe

board is show
ich includes 

Schedule 

y 

er and condu
sign of Alter
eder or cond

wn below in 
 the chiller, 

Connor 

uit sizes for t
rnative 1 and
duit sizes we

Figure 61.  
two AHU’s,

Blood 

 

the 
d 
ere 

The 
, and 

 



63  Park Place Corporate Center One‐ Mechanical Senior Thesis Project 
Advisor: William Bahnfleth 

 

4/7/2011  Final Report  Connor Blood 

   
8.4  Conclusions 
 
 The difference in the electrical system requirements between the original design and the 
proposed redesign is negligible.  There was a reduction in connected mechanical equipment load 
which was translated into a reduction in the panelboard sizing and the main distribution panel 
sizing, however, the cost savings would be small to negligible as well.  Considering that this 
building is existing, it would be more expensive to remove the existing electrical equipment and 
replace it with equipment rated for a smaller capacity.  The final recommendation is therefore, 
that the existing electrical system will work well for Alternative 1, and will be slightly oversized, 
though still practical, for Alternatives 2 through 4. 
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 In Figure 67 above, the resulting point load of -14.931 k is equal to the summation of the 
south reaction of beam B3 and the north reaction of beam B6.  When looking at the summary 
table in Figure 64 the corresponding values just mentioned are -8.218 k and -6.713 k which, 
when added together, equals the mentioned -14.931 k. 
 
For Column C1 
 

Total Load on Column = Σ (Total Load of Supported Girders) 
 

Total Load on C1 = South Reaction of B2 + North Reaction of B5 + West Reaction of G7 + East 
Reaction of G8 

 
Total Load on C1 = 8.218 [kips] + 6.713 [kips] + 17.287 [kips] + 15.652 [kips] 

 
Total Load on C1 = 47.87 [kips] 

 
 The total load on column C1 is therefore 47.87 kips which is less than the maximum 
capacity that column C1 is capable of handling—513 kips.  Thus, the column complies and can 
be marked in Figure 64 as complying. 
 
For Roof Deck 
 
 The process for calculating the compliance of the roof deck is relatively straight forward.  
All that needs to be done is the total load on the roof deck in psf, the span of the deck, and the 
type of deck must be determined.  Once those values have been established, they must be 
compared to a roof deck catalog that contains rated capacity. 
 Accordingly, for Park Place 1, the calculation is shown below. 
 

Max Roof Deck Load = Total LL + Total DL 
 

Max Roof Deck Load = Snow Load + Chiller Load + Chiller Slab Load + Existing Dead Load 
 

Max Roof Deck Load = 30 [psf] + 141 [psf] + 15 [psf] 
 

Max Roof Deck Load = 186 [psf] 
 

The three selection criteria are: 
 

Max Roof Deck Load = 186 [psf] 
 

Roof Deck Span (Tributary Width) = 6 [ft] 
 

Roof Deck Span (Bays) = 3 [Bays] 
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Required Roof Deck Type = 1.5 B16 

 
Existing Roof Deck Type =  1.5 B18 

 
 What the above information means is that the existing roof deck at Park Place 1 is not 
adequate to support the proposed equipment of Alternatives 2, 3, 4.  If Alternative 2, 3, or 4 were 
to be implemented, the roof deck would need to be replaced. 
 
9.4  Conclusions 
 
 The structural study done on the roof structure of Park Place 1 indicates that the steel 
members of the building (beams, girders, and columns) are capable of supporting the new 
mechanical equipment of the proposed alternatives. 
 It also finds that the roof deck is not capable of supporting the distributed loads created 
by the new mechanical equipment.  If the new mechanical equipment were to be used, a thicker 
gage of metal deck must also be installed.  This would come at considerable cost to the redesign 
and would need to be studied further to determine economic impacts. 
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