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NEIU El Centro          Chicago, Illinois 

Project Overview_______________________ 
Occupant: Northeastern Illinois University 
Building Type:  Classrooms, labs, lounges, etc. 
Size:  55,000 SF 
Stories:  3 (No Basement) 
Construction: May 2013 – September 2014 
Delivery: Design-Bid-Build 

 
Project Team____________________________ 
Architect:  JGMA 
Landscape Arch:  Site Design Group 
MEP Engineer:  Primera 
Struct. Engr:  Forefront 
Civil Engineer:  Prism 
Constr. Mngr.:  N/A (Multiple Prime) 

Architecture____________________________________________ 
 The building is located along the Kennedy Expressway 

and will be passed by over 400,000 Vehicles each day.   
 Nearly the entire building is enveloped in a curtain wall 

façade. 
 The curtain wall has fins that are designed to limit solar 

gains and control the amount of natural daylight 
entering the building. 

 The fins appear gold when driving into the city and blue 
when leaving the city reflecting the school colors 

 

Structural System______________________________________ 
 The building has no basement and the foundation 

consists of concrete footings and grade beams. 
 The first floor is supported by a slab on grade 
 The building is framed with ASTM A992 Grade 50 steel 
 The floors are supported by a 20 gage composite metal 

deck with 4 ½” of concrete 

Lighting & Electrical System__________________________ 
 Daylight sensors and occupancy sensors control the 

lighting levels 
 Most of the lighting system consists of energy efficient 

fluorescent fixtures. 
 The electrical system originates from a dedicated 

service room on the first floor (480V/277V, 3 phase, 4 
wire) 

 A photovoltaic array on the roof provides additional 
power to the building.  

Mechanical System____________________________________ 
 The cooling and ventilation requirements of the 

building are served by two roof top air handling units. 
 Each AHU is served by an air cooled condensing unit 
 The AHU’s serve the 71 VAV boxes located in the 

building. 
 The buildings heating loads are served by two 750 MBH 

natural gas fired hot water boilers. 
 The boilers serve hot water radiant finned tubes that 

are located along the perimeter of the building. 

Michael Gramarossa | Mechanical Option | Advisor: Dr. Freihaut 

www.engr.psu.edu/ae/thesis/portfolios/2014/mvg5182  |  Images courtesy of JGMA 

Bird’s Eye View 

Student Lounge Southwest Elevation 
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Executive Summary 
 

The purpose of this report is to investigate the design of the mechanical system for 
Northeastern Illinois University’s new building: El Centro.  Upon investigation of the 
mechanical system and talking with the lead mechanical engineer, it was discovered that 
the system exceeds the ventilation requirements set forth by ASHRAE.  This is because the 
system was designed using the 2012 Chicago Building Code (CBC), which has stricter 
mechanical system requirements than the International Mechanical Code (IMC).  The IMC is 
what most building codes across the United States utilize and reference. 
 
The CBC requires a certain amount of airflow provided to each space, regardless of the 
associated load.  1/3 of this supply air must be outside air.  In the past decade or so, with 
advancements in lighting efficiencies and thermal envelopes, the difference between the 
CBC required airflow and what is required by the load has increased significantly.  For 
example, certain interior classrooms required twice as much supply air than what was 
required by the peak load.  It is important to note however that the CBC required supply air 
is allowed to be reduced if the building employs a method of monitoring and controlling 
CO2 levels in the space, which El Centro does.  However, the ventilation required is 
calculated by the 1/3 of supply air required as stated previously and cannot be reduced.  
The CBC required ventilation often exceeds what the IMC and ASHRAE 62.1 require. 
 
A study is conducted in this report to redesign the current mechanical system as if it were 
to comply with the IMC in lieu of the baseline design (CBC).  This lead to smaller equipment 
requirements as well as energy and emission savings. It was discovered that two identical 
90 ton RTUs would be sufficient to satisfy the loads associated with the IMC, while 100 ton 
RTUs would be necessary to satisfy the CBC. 
 
The reduction in the size of the RTUs allowed for there to be a slight reduction in the 
amount of steel and the amount of electrical wiring.  However, these reductions were not as 
a result of the load reductions associated with the IMC.  They were a result of a different 
design strategy used by choosing packaged RTUs from Carrier that included condensing 
units, rather than separate condensing units which were in the existing design.  Designing 
to the IMC in lieu of the CBC will most likely not lead to savings in steel or electrical wiring. 
 
Furthermore, there are energy savings associated with complying with the IMC instead of 
the CBC.  A study was also conducted to see the potential energy savings if the entire city of 
Chicago’s mechanical systems were designed to the IMC instead of the CBC.  See the table 
below.  It is estimated that this results in removing 1.5 billion lbs. of CO2/yr which is 
equivalent to removing 184,000 cars off the road. 
 

Summary of 
Savings 

Energy Savings Annual Cost Savings Emission Savings 

% kBtu/year % $/year % lbs. CO2e/yr 

NEIU El Centro 6.70% 232,000 2.90% $1,850  2.42% 33,600 

City of Chicago 6.70% 10.4 billion 2.90% $87 million 2.42% 1.5 billion 
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Building Overview 
 

Northeastern Illinois University (NEIU) El Centro is a new educational facility that is being 
built in the northwest side of Chicago, Illinois.   It is located along Kennedy Expressway and 
will be passed by an estimated 400,000 vehicles per day.  The building is set to be 
completed September 2014, in time for Fall Semester classes.  It is a 55,000 square foot 
building with three stories; there is no basement in El Centro.  The building will include 
classrooms, art studios, computer rooms, lecture halls, music studios, wet labs, damp labs, a 
library, student lounges, resource rooms, administrative space, and offices.   

 
  

Figure 1 (above) – 

Map of the 

northern half of 

Chicago 

Figure 2 (right) – 

Building Outline 

of El Centro 
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Nearly the entire building is enveloped in a curtain wall façade.  The curtain wall features 
fins that are designed to limit solar gains on the building and to control the amount of 
natural daylight into the building.  The fins will appear gold when driving into the city, and 
blue when leaving the city, reflecting the school colors as can be seen in the rendering 
below (courtesy of JGMA).  Photovoltaic panels are mounted to the majority of the roof 
area.  Other green initiatives include low flow plumbing fixtures, high-efficiency equipment, 
and creative lighting that have made this project eligible for a LEED gold rating. 

 
 

 
 
 
 
 
  

Figure 3 – El Centro’s curtain wall and 

unique dual coloring of the fins 

Figure 4 – El Centro’s solar fins were designed 

to limit solar gains into the building 
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Part I: Existing Mechanical System Evaluation 

Air Side: Cooling and Ventilation Plant 
Roof Top Air Handling Units 
There are two identical packaged roof top air handling units (RTU-1 & RTU-2).  They serve 
all of the ventilation and cooling requirements of the building supplying 55°F air year 
round.  Each RTU is served by a separate air cooled condensing unit, also located on the 
roof.  Architecturally and mechanically, the buildings three floors are split up into two 
distinct zones: A and B.  See the accompanying figures for an understanding of the 
mechanical layout of the building.   

 
Each air handling unit utilizes refrigerant R-410A.  They also each contain an indirect 

natural gas fired burner to allow reheat and humidity control.  Table 1 illustrates a basic 

summary of each air handling unit. 

  

Figure 5 (left) – Simplified typical floor 

plan sketch.  The building is “split” into 

two halves: Zone A and Zone B. 

 

Figure 6 (below) – Bird’s Eye view of El 

Centro.  RTU-1 will serve Level 1 and 

Zone A of Level 2.  RTU-2 will serve Zone 

B of Level 2 and Level 3. 

JGMA 
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Tag 
Condensing 

Unit 
Capacity 

(CFM) 

Min. 
OA 

(CFM) 

DX Cooling Coil Indirect Gas Fired Heating 

EDB 
(°F) 

LDB 
(°F) 

Refrig. 
EDB 
(°F) 

LDB 
(°F) 

Fuel 

RTU-1 CU-1 38,000 12,000 79.8 55 R-410A 18.9 55 NG 

RTU-2 CU-2 38,000 12,000 79.8 55 R-410A 18.9 55 NG 

 

 
Air Cooled Condensing Units 
Each RTU is served by a separate air cooled condensing unit (CU).  Each CU uses refrigerant 
R410-A which is environmentally friendly.  The CU’s also employ a hermetic scroll 
compressor.  See Table 2 below for further properties of the condensing units.   
 

Tag 
RTU 

Served 
Condenser 
E.A.T. (°F) 

Fan 

Refrig. 

Efficiency 

No. of 
Fans 

CFM 
EER 

(BTUH/W) 
IPLV 

(BTUH/W) 

CU-1 RTU-1 95 6 15,600 R-410A 11.3 15.6 

CU-2 RTU-2 95 6 15,600 R-410A 11.3 15.6 

 

 
Cooling Plant System Operation and Schematic 
Each RTU has two supply fans and two return fans with separate VFD control for each.  The 
exhaust air, return air, and outside air dampers fluctuate depending on outdoor air 
temperature and relative humidity.  Both RTU’s employ an economizer cycle.  The 
minimum volume of outdoor air incorporated is about 33% of the total supply air.  

 
The rooftop air handling units combine the return conditioned air and outdoor air.  The 
mixed air then passes through the filter (prefilter MERV-7 & final filter MERV-13).  The 
differential pressure between the upstream and downstream sides of the filter is measured.  
Then the air passes over the direct expansion cooling coil served by the air cooled 
condensing unit.  The air then passes through the modulating indirect natural gas fired 
burner which is used during the heating season.  A final supply air temperature and duct 
static pressure are measured to ensure conditions are met.  Please refer to Figure 7 for a 
schematic of each RTU. 

 
 
 
 
 
 

Table 1 – Air Handling Unit Operation 

Table 2 – Air Cooled Condensing Unit Operation 
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Water Side: Heating Plant 
Boilers 
The mechanical room located on the first floor houses two identical 750 MBH natural gas 
fired hot water boilers.  These boilers serve the heating loads of the building by supplying 
hot water radiant finned tubes, VAV reheat coils, and a few cabinet heaters located 
throughout the building.  A corridor wraps around the entire perimeter of the building to 
shield the classrooms from the noisy Kennedy Expressway.  Hot water radiant finned tubes 
run the length of this perimeter in the corridor (See Figure 8 for clarification).  Table 3 
shows the design intent of the two boilers. 
 

Tag 
Fuel 
Type 

Rating (MBH) Water Temperature (°F) Flow 
Rate 

(GPM) 

Min. Thermal 
Efficiency  

(%) Input Output Entering Leaving 

B-1 NG 750 657 130 150 66 90 

B-2 NG 750 657 130 150 66 90 

 

 

Figure 7 – RTU Schematic and Operation 

Table 3 – Boiler Operation 
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Hot Water Pumps 
The mechanical room contains two centrifugal, hydronic hot water pumps that serve the 
boilers.  Hot water is pumped to the 71 VAV boxes throughout the building, the hot water 
radiant finned tubes, and the 10 unit heaters throughout the building.  Both pumps are 
base mounted and end suction. Only one pump will operate at a time and can supply a flow 
of 100 GPM and a pressure head of 90 feet.  Each pump has VFD control and a disconnect 
switch.  See the table below for further properties. 

 

Tag 
Flow 

(GPM) 
Head 
(FT) 

Motor 

HP RPM 
Motor 
Control 

HWP-1 100 90 7.5 1750 VFD 

HWP-2 100 90 7.5 1750 VFD 

 
  

Figure 8 – Second Floor Plan Hot Water Schematic 

Table 4 – Hot Water Pump Operation 
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Heating Equipment 
Hot water radiant finned tubes run along the length of the curtain wall.  They are designed 
to have a mean water temperature of 140°F.  They are made up of copper tubing and 
aluminum fins.  There are also three hot water unit heaters and seven hot water cabinet 
unit heaters that provide heat for miscellaneous spaces not served by the radiant tubes 
such as staircases.  71 hot water reheat coils in the VAV boxes are also available to heat the 
building during the heating season. 
 
Heating Plant System Operation and Schematic 
The mechanical heating hot-water system is comprised of two natural-gas fed boilers 

capable of providing a combined total of 1500 MBH of sensible heat.  The boilers are 

variable flow condensing type, and the hot water system is variable-primary.  

The hot water produced in the boilers will first pass through a 300 gallon buffer tank 

where excess hot water can be stored.  It will then pass through an 84 GPM air-separator 

and then be distributed to the building via the hot water pumps.  The HW pumps operate in 

a lead/standby mode.  Only one pump will operate at any given time.  Each pump will have 

VFD control.  The VFD speed for the lead pump will modulate to maintain differential 

pressure in the hydronic loop as measured by the differential pressure transmitter (DPT). 

All of this equipment is located in the mechanical room on the first floor.  The hot water 

system will serve the radiant finned tubes, the 71 VAV reheat coils, and the ten cabinet unit 

heaters.  Refer to Figure 7 for a detailed flow diagram. 

  

  

Figure 9 – Hot Water Flow Diagram 
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Mechanical System Design 
Design Objectives 
El Centro is the first building to be built on Northeastern Illinois’s newest campus.  There is 
no existing campus cooling, heating, or steam plants/districts.  The mechanical HVAC 
system was designed to exhibit energy efficiency goals outlined in LEED and will aim to 
achieve a LEED Gold Certification.  The design provides fresh outside air in conformance 
with The Chicago Building Code and thermal comfort based on ASHRAE standards.  Heating 
and cooling will be provided to all occupied spaces.  Spaces that have high moisture and/or 
odor content, such as laboratories and bathrooms, are exhausted to the outside and 
supplemented with conditioned makeup air.  The spaces with large exposure to glass is 
supplemented with radiant heat from perimeter tubes, as can be seen in the previous figure 
(Figure 8).  Mechanical equipment such as boilers and pumps are located on the first floor 
in a designated mechanical room and ventilation equipment such as AHU’s are located on 
the roof.  All equipment, such as VAV boxes, are located appropriately to achieve LEED 
required sound levels. 

 
Weather Data & Design Conditions 
NEIU El Centro is located on the northwest side of Chicago, Illinois and falls under climate 
zone 5A.  This zone is described as moist and humid and has moderately hot summers and 
cold winters.  Weather data for this area was taken from the 2009 ASHRAE Handbook of 
Fundamentals for Midway Airport which is located near the site.  The design conditions for 
the building are set points of an indoor air temperature of 75°F for the cooling season and 
70°F for the heating season and 50% RH for both seasons.  Table 1 below summarizes the 
design temperatures and set points used in the building. 

 
Heating 
99.6%* 

Cooling 0.4%* Dehumidification 0.4%* Design Set Point 

DB DB MCWB DP 
HR 

MCDB Cooling Heating 
% RH 

(°F) (°F) (°F) (°F) (°F) DB (°F) DB (°F) 

-1.6 92.1 74.9 75 134.1 84.3 75 70 50 

 
 
 
Building Envelope 
El Centro is enveloped almost entirely in a curtain wall.  Most classrooms and offices do not 
have exterior walls so that they are shielded from the noisy Kennedy Expressway (Refer to 
previous Figure 8).  They are surrounded by a corridor that runs the perimeter of the 
building which is enclosed by the curtain wall.  The building has solar fins that help limit 
the amount of direct sunlight into the spaces.  Table 6 is a summary of the U-values used in 
this energy analysis (courtesy of Primera Engineers and JGMA).   

 
 
 

Table 5 – Design Conditions *(Source: ASHRAE 2009 Handbook of Fundamentals) 
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Surface Description U-Value 

Curtain Wall Glazing 0.29 

Solid Wall CMU, metal studs, Insulation, GWB 0.056 

Roof Metal deck, NWC, PVC membrane 0.033 

 
 
Ventilation Requirements 
Adequate ventilation is supplied to all spaces through the two roof top air handling units 
(RTU-1 & RTU-2) and variable air volume boxes according to ASHRAE 62.1-2013.  Each 
RTU can supply up to 12,000 CFM of outside air.  The design complies with more stringent 
ventilation requirements of the Chicago Building Code (CBC).  These CBC requirements will 
be discussed in more detail later in the report.  The supply air entering the building has a 
32% ratio of outdoor air to indoor air.  Table 7 summarizes the design outside air CFM and 
the required outside air CFM for each RTU.  
 

System 
Design Total 
Supply CFM 

Design OA CFM 
Required  
OA CFM 

AHU OA % 

RTU-1 38,000 12,000 7,500 32% 

RTU-2 38,000 12,000 7,800 32% 

 

 
Exhaust Requirements 
Table 6.5 in ASHRAE 62.1-2013 outlines minimum exhaust rates for types of spaces.  The 
table below summarizes the exhaust fan design results of El Centro.  All of the exhaust fans 
were found to be in compliance with ASHRAE.  Table 8 lists the exhaust fans located 
throughout the building.  
  

Table 7 – RTU Ventilation 

Table 6 – Building Envelope U-Values 
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Exhaust 
Fan 

Area 
Served 

# of  
Units 

CFM/Unit SF 
CFM
/SF 

Standard 
62.1 

Design 
Comp-
liance Min Airflow 

(CFM) 
Airflow 
(CFM) 

EF-1 ART RM. A304 - - 900 0.7 630 1450 Y 

EF-2 WET LAB B304 - - 1368 1 1368 3635 Y 

EF-3 PREP. RM. B302 - - 333 1.5 500 1250 Y 

EF-4 NOT USED - - - - - NOT USED - 

EF-5 IT ROOM A211 - - 412 0.5 206 420 Y 

EF-6 SHOWER RM B128 - - 47 0.5 24 100 Y 

EF-7 RECYCLING B126 - - 439 1 439 450 Y 

EF-8 HAZ. WASTE B131 - - 11 1.5 17 50 Y 

EF-9 
WORK RM. A115/ 
BREAK RM. A109 

- - 288 0.3 86 700 Y 

EF-10 
CYLINDER STOR. 

B129 
- - 18 1.5 27 50 Y 

TEF-1 M & W TOILET 46 70 1788 - 3220 3640 Y 

TEF-2 
FAMILY ROOMS, 

JC-B120,B210,B312 
3 70 175 1 385 800 Y 

 
 
 
Lighting & Miscellaneous Loads 
The same lighting loads as the design engineer were used and were done on a watt per 
square foot basis.  Miscellaneous loads were included to account for computers and other 
office equipment located throughout the building.  The miscellaneous loads were also done 
on a watt per square foot basis, reflecting the same method used by the design engineer.  
Table 9 summarizes the loads used. 

 

Type of 
Space 

Lighting 
(W/SF) 

Miscellaneous 
(W/SF) 

Classroom 1.0 0.5 

Office 1.0 0.5 

Corridor 0.5 - 

Storage 0.5 - 

Restroom 0.5 - 

Lounge 1.0 0.5 

 
 
  

Table 8 – Exhaust Fan Requirements 

Table 9 – Lighting & Miscellaneous Loads 
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Infiltration 
The building is tightly constructed and contains no operable windows.  However, the 
design engineer used 0.4 air changes per hour for any space that had an exterior wall.  This 
may be an overestimation but the same method was applied to this model. 

 
Schedules 
El Centro is a university building and will be open 24 hours a day for students who will be 
studying late.  The greatest load is expected to be 8:00 AM to 6:00 PM when classes will be 
in session.  The following schedule reflects the expected occupancy of the building 
throughout the day and was used in the energy model.  
 

Start Time End Time Rate 

Midnight 8:00 A.M. Off-Peak 

8:00 A.M. 6:00 P.M. Peak 

6:00 P.M. 9:00 P.M. Mid-Peak 

9:00 P.M. Midnight Off-Peak 

 

 

Load and Energy Analysis 
Heating & Cooling Requirements 
The heating and cooling loads were calculated by developing a Trane TRACE 700 model.  
Both the heating and cooling loads are achieved by the designed system and the RTU’s 
seem to be a little oversized.  This could be due to a multitude of reasons, such as the 
designer relying on previous experience to adequately size the equipment, or an error in 
the model created for this report.  The difference in heating loads is probably due to the 
designer using an outdoor air temperature of -10°F design point, well below the -1.6°F 
required by ASHRAE for Chicago.  The loads calculated by the model are summarized below 
in Table 11. 

 

 
System 

Area 
Served 

(SF) 

Total 
Supply 
(CFM) 

Heating 
(MBh) 

Cooling 
(Ton) 

Final 
Size 

(CFM) 

Final 
Size 

(MBh) 

My 
Model 

RTU-1 24,000 20,700 741 93 - - 

RTU-2 27,800 22,200 810 97 - - 

        

Designer 
Model 

RTU-1 24,000 21,700 806 93 38,000 1,250 

RTU-2 27,800 27,800 1,013 114 38,000 1,250 

  
 
 
 

Table 10 – Weekday Occupancy Schedule 

Table 11 – Heating and Cooling Loads 
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Energy Sources 
El Centro has two energy sources: electricity and natural gas.  Natural gas serves the two 
750 MBH hot water boilers in the mechanical room and also serves the indirect gas fired 
furnaces in both roof top air handling units.  El Centro’s natural gas needs are served by a 
pipeline provided by Peoples Gas of Chicago.  The following table summarizes the average 
utility rates for this location. 
 

Fuel Type Average Rate 

Electricity Cost 0.081 $/kWh 

Natural Gas Cost 0.795 $/therm 

 

Energy Consumption 
The largest consumer of power in the building is the heating plant.  This makes sense 
because the curtain wall enveloping El Centro causes high heating loads during the cold 
winters of Chicago.  The best way to combat this problem is to use glazing with a lower u-
value or architecturally reducing the size of the curtain wall.  Table 13 and Figure 10 
display a breakdown of the total energy usage of the building.  Please refer to Technical 
Report 2 for a more detailed analysis of this energy usage. 
 

Equipment 
Electricity 

Consumption 
(kWh) 

Natural Gas  
Consumption 

(kBtu) 

Total Building 
Energy 

(kBtu/yr) 

% of Total  
Building  
Energy 

Cooling Plant 257,578 - 879,115 21.6 

Heating Plant 4,964 1,516,747 1,533,689 37.6 

Lights 388,218 - 1,324,987 32.5 

Receptacles 99,337 - 338,038 8.3 

Total 750,097 1,516,747 4,075,829 100 

 
 

  

Table 12 – Average Utility Rates 

Table 13 – Energy Consumption Results 

Cooling 
Plant
21.6%

Heating 
Plant 
37.6%

Lights
32.5%

Receptacles
8.3%

Figure 10 – Breakdown of Energy Consumption 
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Monthly Operating Cost 
The following graph summarize the monthly operating costs of each system.  As expected, 
heating and cooling operating costs vary with the season.  Cooling demand is higher in the 
summer months and heating demand is higher in the winter months.  Lighting and 
receptacle loads are fairly consistent throughout the year. 
 

 
 

 
Monthly Energy Usage by Source 
The largest electricity consumption occurs during the summer months.  This is expected 
because of the high cooling loads required and the roof top air handling units consume 
electric energy.  The highest rates of natural gas consumption occur during the winter 
months.  This is also expected because of the high heating loads associated with the winter 
and the boilers are fired from natural gas.  The figures below summarize the electric and 
natural gas consumption of El Centro. 
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Figure 11 – Monthly Operating System Cost 

Figure 12 – Monthly Electricity Consumption 
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Energy Costs 
The model has predicted a total annual cost of electricity of about $60,000 and the total 
cost of natural gas to be about $12,000.  This results in a total annual cost of $72,000 to 
heat and power the building.  The cost per square foot of the energy is about 1.31 $/SF.  An 
energy analysis was also conducted by the MEP engineer, Primera, using a TRACE model.  
The energy analysis was conducted to apply for energy efficient LEED credits.  Primera 
estimated that the annual cost of operating the building would be $64,000.  These results 
are summarized in the table below.  Since El Centro was recently completed in September 
2014, there are not actual utility bills available to compare this data. 
 

  

 
 
 
 
 

 
 
 
 

 
 
 
 
  

Analysis Total Annual Cost Cost/SF 
% Difference 
From Design 

Modeled $72,000 1.31 $/SF 11% 

Designer $64,000  1.18 $/SF - 
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Table 14 – Annual Fuel Cost Comparison 

Figure 4 – Monthly Natural Gas Consumption 
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Energy Grants 
The following energy grants from the government are projected to be received: 
 

$125,000 for sustainable design and enhanced commissioning.   
$275,000 for the 80 kW DC PV array 
 

These grants have not yet been awarded but have been applied for and the project team 
expects the project to receive them in the near future. 
 

Mechanical System Installation and Operation 
Lost Useable Space 
The mechanical room on the first floor houses the hot water heating plant and is 650 ft2.  
There are mechanical shafts on the 2nd and 3rd floors to allow for the ductwork from the 
roof top air handling units to enter the building.  Each shaft is about 105 ft2.  This results in 
a total loss of 860 ft2 or 1.4% of the gross area of the building. 

Mechanical System First Cost 
The overall project construction cost is approximately $22 million dollars.  The HVAC 
system of the building was estimated to cost $2.4 million dollars, or 38 $/SF.  This results in 
the installing of the mechanical system to be about 11% of the total project cost.  
 
Operation History of the System 
El Centro was recently completed in September of 2014 so there is currently no data 
available for actual operating conditions.  The engineer of record has been contacted and 
permission was granted to access the BAS system by the owner.  The engineer is currently 
waiting for login information from the manufacturer as of the date of the submission of this 
report. 
 

ASHRAE Standard 62.1 Compliance  

 

5. Systems and Equipment 

 

5.1 Ventilation Air Distribution 

The ventilation air distribution system has a set minimum ventilation airflow rate and is in 

compliance.  A return plenum is not used on this project.  All returns are ducted back to the 

two air handling units.  The design documents specify minimum requirements for air 

balance testing by referring to the procedures contained in NEBB’s “Procedural Standards 

for Testing, Adjusting, and Balancing of Environmental Systems.” 

5.2 Exhaust Duct Locations 
Exhaust ducts carrying potentially harmful substances are negatively pressurized 
through the spaces from which they pass in compliance with this section.   
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5.3 Ventilation System Controls 
A fully integrated BAS system is used to control the mechanical systems in El Centro.  
During times of the day when the building is occupied, the RTU’s will maintain the 
set point.  During times when the building is not occupied, the RTU will enter a cool-
down mode and will warm up again before the next occupied time is.  
 

5.4 Airstream Surfaces 
All duct is required to comply with UL 181, including resistance to mold growth and 
resistance to erosion, in compliance with this section.   
 

5.5 Outdoor Air Intakes 
All outdoor air intakes are required to be 15’-0” from any contaminant source as per 
the drawings in compliance with this section.  Water penetration is limited to values 
set forth in this section.  Outdoor units and duct work are required to have rain and 
snow drains per the specifications.  Outdoor intakes shall also include bird screens 
and is in compliance with this section. 

 
5.6 Local Capture of Contaminants 

Exhaust ducts are located in areas where contaminants are produced including 
restrooms, showers, laboratories, etc.  These ducts are negatively pressurized by 
exhaust fans located on the roof. 
 

5.7 Combustion Air 
The boilers on the first floor are provided with 1500 CFM of outside air for 
combustion and removes combustion products in accordance with manufacturer 
instructions. 

 
5.8 Particulate Matter Removal 

Equipment is specified to have a prefilter of MERV 7 and a final filter of MERV 13 for 
credit EQ5 of LEED and is in compliance with this section which requires MERV 8. 
 

5.9 Dehumidification System 
The building is specified to have a maximum relative humidity of 65%.  The building 
will be positively pressurized ensuring that the volume of outside air entering in is 
always more than the volume of air being exhausted. 

  
5.10 Drain Pans 

The drain pan slopes are in compliance with this section.  The drain pan outlet is 
located at the lowest point of the drain pan.  Drain pans are located under all devices 
capable of producing water and have sufficient widths to collect this water in 
compliance with this section. 

   
5.11 Finned-Tube  

Drain pans are required for the two roof top units per the specifications, therefore 
the building is in compliance with this section. 
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5.12 Humidifiers and Water-Spray Systems 
NEIU El Centro does not employ humidifiers or water-spray systems, therefore this 
section does not apply. 

 
5.13 Access for Inspection, Cleaning, and Maintenance 

The roof top units are installed with sufficient access for inspection, cleaning, and 
maintenance.  Access doors are provided for duct work, dampers, and other 
equipment throughout the building in compliance with this section.    
 

5.14 Building Envelope and Interior Surfaces 
A fluid-applied membrane vapor-retarder air barrier is used throughout the 
building envelope.  Nearly the entire façade is a curtain wall with exterior fins.  A 
sealant is used at exterior joints to limit air leakage into the building.  All HVAC 
ducts and pipes with potential for condensation in the building are insulated in 
compliance with this section. 

 
5.15 Buildings with Attached Parking Garages 

NEIU El Centro does not have an attached parking garage, therefore this section 
does not apply. 

 
5.16 Air Classification and Recirculation 

The air in most of the building is classified as Type 1 and can be recirculated 
throughout the building.  The air in all of the restrooms is directly exhausted to the 
outdoors with ducts and exhaust fans located on the roof.  There is one wet and one 
dry lab in El Centro and the air is classified as Type 4.  This air is recirculated into 
RTU-2 and is not in compliance with this section. 

 
5.17 Requirements for Buildings Containing ETS Areas and ETS-Free Areas 
 This section does not apply to El Centro. 
 
6. Procedures 
Ventilation Rate Procedure 
 
Breathing Zone Outdoor Airflow (Vbz) 
 

Vbz = Rp x Pz + Ra x Az 

 
Where Rp = outdoor airflow rate per person (CFM/person) 
 Pz = zone population (person) 
 Ra = outdoor airflow rate required per unit area (CFM/ft2) 

  Az = zone floor area (ft2) 
 
Zone Air Distribution Effectiveness (Ez) 
 
 Ez is determined from table 6.2.2.2. 
 For this project: Ez = 1.0 (Ceiling supply of cool air). 
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Zone Outdoor Airflow (Voz) 
 
 Voz = Vbz/Ez 

 
Primary Outdoor Air Fraction (Zpz) 
 
 Zpz = Voz/Vpz  

 
 Where Vpz = zone primary airflow 
 This is a VAV system so Vpz is the lowest zone primary airflow value. 
 
System Ventilation Efficiency (Ev) 
 
 Ev is determined from Table 6.2.5.2. 
 For this project Ev = 1. 
 
Occupant Diversity (D) 
 

This was not taken into account because this is an educational building and is 
expected to be fully occupied during the peak times of the day. 

 

ASHRAE Standard 90.1 Compliance  

5. Building Envelope 
5.1 General 

NEIU El Centro is located in Chicago which is climate zone 5A as determined in 
Figure B1-1 in appendix B of ASHRAE Standard 90.1.  Climate zone 5A is described 
as moist and humid and has moderately hot summers and cold winters. 

 
  
 
 

 

 

 

 

 

 

 

 Figure 15 – ASHRAE 90.1 (2013) Climate Zone Map 
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5.4 Mandatory Provisions 
The fenestration product information shall be determined by an accredited 
laboratory and shall be labelled correctly.  Air leakage is avoided by having the 
entire building envelope designed and constructed with a continuous air barrier as 
noted on the construction documents.  The building entrance has a vestibule that 
separates conditioned space from the exterior.  The exterior doors are located about 
12 feet from the interior doors and is in compliance with this section.   

 
5.5. Prescriptive Building Envelope Option 

El Centro is enclosed almost entirely by a curtain wall.  The curtain wall has solar 
fins on it to limit natural daylight into the building.  The total square footage of the 
exterior walls of the building is about 42,000 SF, while the total area of glazing is 
about 28,000.  El Centro comprises of about 68% vertical glazing on the exterior 
walls, well above the 40% required for the Prescriptive Building Method provided 
by ASHRAE 90.1.  Therefore the building does not comply with this section. 
 

 5.6 Building Envelope Trade-Off Option 
The building is deemed in compliance with this standard if it meets the criteria set 
forth in Sections 5.1, 5.4, 5.7 and 5.8.  Submittal documentation that labels of space 
conditioning categories are required as well as correct labelling of all product 
information and installation requirements in compliance with this section, therefore 
in compliance with this standard. 
 

6. Heating, Ventilation, and Air Conditioning 
 
6.1 Building Envelope Trade-Off Option 

El Centro is a new building and must comply with the requirements set forth in 
Section 6.2. 

 
6.2 Compliance Paths 

The building must comply with sections 6.1 “General”, Section 6.7 “Submittals”, 
Section 6.8 “Minimum Equipment Efficiency Tables” and Section 6.4 “Mandatory 
Provisions” to be in compliance with this standard. 
 

6.3 Simplified Approach Option for HVAC Systems 
This building has a gross square footage of 55,000 SF which is over 25,000 SF so this 
section does not apply. 

 
6.4 Mandatory Provisions 

ASHRAE Standard 90.1 lists equipment minimum efficiencies in tables in Section 
6.8.  Electrically operated condensing units, electrically operated heat pumps, 
electrically operated packaged terminal air conditioners, and gas fired boilers apply 
to this project.  In the construction documents, efficiencies can only be found for the 
two natural gas fired hot water boilers and the two roof top condensing units.  In the 
table below, a summary of these results can be found 
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Equipment 
Type 

Size Cateogry 

Standard 
90.1 

Minimum 
Efficiency 

Design 
Minimum 
Efficiency 

Standard 
90.1 
Compliance 

Air Cooled 
Condensing 

Units 
≥135,000 Btu/h 10.5 EER 11.3 EER Y 

(2) HW Boiler, 
Gas Fired 

≥300,000 Btu/h and 
≤2,500,000 Btu/h 

80% Et 88% Et Y 

 
 

All efficiencies are to be certified by a recognized certification board.  All mechanical 
equipment shall have nameplates that are clearly labelled.  Load calculations were 
made using the Chicago Building Code (CBC) which references ASHRAE standards.  
The supply of heating and cooling energy to each zone are controlled individually by 
thermostats which control the VAV boxes.  Morning warm up, night cool down, and 
unoccupied control modes are specified in the sequence of operation to save energy 
when students are not in the building in compliance with this section.  All dampers 
in the building will automatically shut when their respective system is not in 
service.   
 

 
6.5 Prescriptive Path 

Both roof top air handling units have economizers that are capable of modulating 
outdoor air and return air dampers to provide up to 100% of the design supply air 
quantity as outdoor air for cooling to their respective zones.  Humidifiers cannot be 
found anywhere in the construction documents.  Below is a table of allowable 
horsepowers for the fans throughout the building.  Each RTU has (2) 30 hp fans that 
are not in compliance with this section.  Exhaust fans 8 & 10 are also not in 
compliance. 

  

Table 15 – Annual Fuel Cost Comparison 
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Unit 
Allow. nameplate 

 motor hp 
CFM 

VAV 
cfm *0.0015 

Compliance 
hp ≤ cfm*0.0015 

RTU-1 (2) 30 17100 25.65 N 

RTU-2 (2) 30 17100 25.65 N 

EF-1  3/4 1450 2.175 Y 

EF-2 5 3635 5.4525 Y 

EF-3  1/4 1250 1.875 Y 

EF-4 NOT USED - - N/A 

EF-5  1/4 420 0.63 Y 

EF-6 N/A 100 N/A N/A 

EF-7  1/6 450 0.675 Y 

EF-8  1/4 50 0.075 N 

EF-9  1/4 700 1.05 Y 

EF-10  1/4 50 0.075 N 

TEF-1 1 1/2 3640 5.46 Y 

TEF-2  1/4 800 1.2 Y 

 
 
6.7 Submittals 

Construction documents of the actual systems installed in the building are to be 
submitted to the owner within 90 days after system acceptance.  El Centro is 
scheduled to be completed in September of 2014 and the as-built drawings have not 
been submitted to date. 
 

7. Service Water Heating 
El Centro has one gas fired domestic water heater that is a high efficiency 
condensing type.  It has two 750 MBH boilers that are also gas fired.   All of this 
equipment is located in the mechanical room on the first floor.   Below is a table that 
summarizes the data of the two boilers which displays their compliance. 

 

Standard 90.1 Design 

Equipment 
Type 

Subcategory 
Performance 

Required 
Equipment 

Tag 
Rating 
Btu/h 

Min. 
Thermal 

Efficiency 
Compliance 

Hot-water supply 
boilers, gas 

≥4000 
(Btu/h)/gal 
and ≥ 10 gal 

80% Et B-1 750 88% Y 

Hot-water supply 
boilers, gas 

≥4000 
(Btu/h)/gal 
and ≥ 10 gal 

80% Et B-2 750 88% Y 

 
 

Table 16 – Allowable Horsepower 

Table 17 – Hot Water Equipment Efficiencies 
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8. Power 
El Centro complies with standards set by the National Electric Code (NEC), therefore 
all feeder conductors are sized for a maximum voltage drop of 2% at design load, 
and branch circuits are sized for a maximum voltage drop of 3% at design load.  
Power plans and riser diagrams are also provided in the construction documents.  
This project also complies with the Energy Conservation of the Municipal Code of 
Chicago which references ASHRAE 90.1.     

 
9. Lighting 

The building area method was used to determine the lighting power compliance 
with Section 9.  Table 9.5.1 lists the lighting power density (LPD) for schools and 
universities at 0.87 W/ft2.   The building uses energy efficient fluorescent fixtures 

and nearly the entire façade of the building is a 
curtain wall and interior partitions with glazing 
allow natural daylight to enter the classrooms 
resulting in a lower LPD then required.  Most 
spaces contain occupancy sensors and when a 
space is not occupied all lights shall be turned off.  
When the vacancy or occupancy sensor is 
triggered, the daylight harvesting feature will 
determine the lighting level based on photocell 
readings.  Minimum light levels for all spaces are 
listed in the figure to the left (courtesy of the 
construction documents).  

 
 
10. Other Equipment 

The boilers and hot water system is served by two pumps located on the first floor 
of the mechanical room.  Efficiencies could not be found for the pumps anywhere in 
the construction documents but a summary of the pumps can be found in the table 
below.   

 
 

Pump 
System 
Served 

RPM HP Efficiency 
Min.  

Efficiency 
Compliance 

HWP-1 
Hot 

Water 
1750 5 N/A 89.5% N/A 

HWP-2 
Hot 

Water 
1750 5 N/A 89.5% N/A 

 
 

 
 
 

Figure 16 – Target Lighting 

Levels for Daylight Harvesting 

Table 18 – Hot Water Pump Characteristics 
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90.1 Compliance Summary 
El Centro exceeds most of the requirements set forth by ASHRAE Standard 90.1.  The 
building contains over 40% vertical glazing on the exterior walls, therefore it may have to 
comply with other sections of 90.1 that are beyond the scope of this report.  The two roof 
top air handling units (RTU-1 & RTU-2) return fans do not meet the required efficiencies 
set forth by 90.1.  A more detailed look at these results is required to inquire why this is the 
case.  Two of the exhaust fans (EF-8 & EF-10) do not comply with the required efficiencies 
as well.  It is possible that he fans are oversized because they serve very small storage or 
waste rooms and a smaller size fan may have been unavailable.   
 

LEED Evaluation 
El Centro aimed to achieve a LEED Gold Certification.  Below is a breakdown of points that 
the mechanical system is eligible for by the USGBC LEED v4 for Building Design and 
Construction (note there are other points available in the EA and EQ sections, but they do 
not relate to the mechanical system so they will not be analyzed in this report).  This 
project was designed by the project team using LEED v3 which has some variations from 
LEED v4. 
 
Energy & Atmosphere Credits (19/35 pts) 
 

✔ EA Prerequisite 1: Fundamental Commissioning and Verification 
The purpose of this prerequisite is to verify that the mechanical system is installed and 
operates as the engineer intended.  Proposals were received from three separate third 
party commissioning agents and one was chosen for this project.   
 

✔ EA Prerequisite 2: Minimum Energy Performance 
The purpose of this prerequisite is to reduce environmental and economic harm by 
unnecessary energy usage and ensure an energy efficient system.  The design engineer 
claims that this project has achieved an energy cost savings of 31.36% using the 
ASHRAE90.1-2007 Appendix G methodology.  A minimum energy cost savings of 5% is 
required for all new construction projects.  Energy efficient measures incorporated into the 
building design include high efficiency glazing, reduced interior lighting power density, 
occupancy sensors, and high efficiency HVAC equipment.   

 

✔ EA Prerequisite 3: Building-Level Energy Metering 
The purpose of this prerequisite is to ensure that energy usage by the building is tracked.  
There is a natural gas meter installed where the natural gas supply pipeline enters the 
building.  It is assumed that Commonwealth Edison (ComEd) has installed a meter to track 
total electricity usage of the building, 

 

✔ EA Prerequisite 4: Fundamental Refrigerant Management 
This prerequisite bans chlorofluorocarbon (CFC) based refrigerants from being used in 
HVAC equipment.  The cooling system of the building uses refrigerant R-410A which does 
not contribute to ozone depletion. 
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✔ EA Credit 1: Enhanced Commissioning (3/6 pts) 
As previously stated, three separate commissioning agencies submitted proposals to the 
architect and they included enhanced commissioning in their proposals.  This would follow 
Path 1 of this credit and be eligible for 3 points. 
 

✔ EA Credit 2: Optimize Energy Performance (12/20 pts) 
This credit is to enhance energy performance beyond that of prerequisite 2.  As previously 
stated, the project was predicted to have an energy cost savings of 31.36% which would 
make this project eligible to receive 12 points out of the 20 possible.   
 

✔ EA Credit 3: Advanced Energy Metering (1/1 pts) 
The purpose of this credit is to ensure that all whole-building energy sources used by the 
building are being tracked to allow for possible energy savings in the future.  As previously 
stated in prerequisite 3, a natural gas meter is installed and it is assumed that ComEd has 
installed an electricity meter for the building. 
 
X EA Credit 4: Demand Response (0/2 pts) 
EA credit 4 requires that a demand response technology be used to help make energy 
generation and distribution systems more efficient.  This is a new credit for LEED v4 and 
was not included in v3.  Demand response technology cannot be found anywhere in the 
project documents. 
 

✔ EA Credit 5: Renewable Energy Production (3/3 pts) 
A building can receive up to 3 points 
for using on-site renewable energy.  
There is a photovoltaic array located 
on the roof of El Centro that produces 
solar energy and it is expected to 
produce about 9% of the buildings 
energy needs.  This will qualify the 
project for three LEED points 
according to the figure to the right.  
 
 
X EA Credit 6: Enhanced Refrigerant Management (0/1 pts) 
The intent of this credit is to reduce ozone depletion and to comply with the Montreal 
Protocol.  The air cooled condensing units utilize refrigerant R-410A.  To comply with this 
credit: LCGWP + LCODP x 105 ≤ 100.  This project fails to meet this requirement.  See Table 
19 below for the calculation. 
 
 
 
 
 

Figure 17 – Points for Renewable Energy 
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Refrigerant ODP GWP LCODP LCGWP 
LCGWP + 

LCODP*105 
Credit? 

R-410A 0 1725 0 258.75 258.75 No 

Varaibles: Assume Worst Case 
Lr = 2% Leakage Rate 
Mr = 10% End of Life Refrigerant Loss 
Life = 10 year life expectancy 
Rc = 5 lbm/ton 

  
 
X EA Credit 7: Green Power and Caron Offsets (0/2 pts) 
To receive this credit, the building owner must engage in a contract for a minimum of 5 
years to be delivered at least 50% of the projects power consumption from green power, 
carbon offsets, or renewable energy certificates (RECs).  Green power delivery could not be 
found anywhere in the project documents. 
 
Indoor Environmental Quality Credits (4/7 pts) 
 

✔ EQ Prerequisite 1:  Minimum Indoor Air Quality Performance 
The project complies with this section because it meets the minimum ventilation 
requirements set forth by ASHRAE 62.1-2013.  See Technical Report 1 for a detailed 
calculation and analysis of the procedure. 
 

✔ EQ Prerequisite 2:  Environmental Tobacco Smoke Control 
Smoking is prohibited inside of El Centro.  Signage will be posted to prohibit smoking 
within 25 feet of all entries, outdoor air intakes, and operable windows in compliance with 
this prerequisite. 
 

✔ EQ Prerequisite 3:  Minimum Acoustic Performance 
This is a new prerequisite that was not included in LEED v3.  It requires a maximum 
background noise level of 40dBA from HVAC systems in classrooms and acoustical 
treatment for schools located near noisy exterior sources.  This project had an acoustical 
consultant on the design team who ensured that all classrooms are NC 30-35 which is in 
compliance with this section.  The building is also located along the Kennedy Expressway in 
Northwest Chicago.  There is a corridor that runs along the perimeter of the building that 
“shields” the classrooms from the noisy expressway. 
 

✔ EQ Credit 1: Enhanced Indoor Air Quality Strategies (1/2 pts) 
The purpose of this credit is to improve indoor air quality.  A CO2 sensor has been installed 
within each densely occupied space.  Drawings confirming the location of the CO2 sensors 
are provided in the project documents allowing the project to be eligible for one point. 
 
 
 

Table 19 – EA Credit 6 Calculation 
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X EQ Credit 4: Indoor Air Quality Assessment (0/2 pts) 
The purpose of this credit is to establish better indoor air quality (IAQ) after building 
construction and during occupancy.  One method is to flush-out the entire building by 
supplying a certain amount of total outside air volume.  This is a new credit for LEED v4 
and nothing was found in the project documents to comply with this section. 
 

✔ EQ Credit 5: Thermal Comfort (1/1 pts) 
This project complies with ASHRAE 55-2007 which identifies the range of design for 
temperature, humidity, and air movement that provide satisfactory thermal comfort for a 
minimum of 80% of the building occupants.  Temperature sensors are set to automatically 
adjust to winter, summer, and unoccupied conditions. 

 

✔ EQ Credit 9: Acoustical Performance (2/2 pts) 
This is a new credit for LEED v4 that sets minimum reverberation times and background 
noise levels for different spaces.  As stated previously, an acoustical consultant was on the 
project team and responsible for the acoustical performance of the building.  The criteria 
provided by USGBC for this credit seem to be in line with industry standards and guidelines 
set by ASHRAE so it is probably safe to assume that the project would be eligible for this 
credit. 
 

Mechanical Systems Evaluation 
The goal for this new construction project is to establish a sustainable building that will be 
the forefront of Northeastern Illinois University’s new campus.  El Centro’s mechanical 
system exceeds all of the requirements to adequately heat, cool, and ventilate the building.  
There is sufficient data to suggest that the project will achieve satisfactory indoor air 
quality and comfort to most of the occupants. 
 
The overall project cost is $22 million dollars while the mechanical system first cost is 
expected to have been $2.4 million (38$/SF).  Only 1.4% of the gross building area was 
dedicated to the mechanical system, yet it was 11% of the total project cost.  The design 
utilizes minimal occupiable space for the mechanical system.  The project team also expects 
for the building to receive $400,000 in rebates from the government for its impressive 
sustainable design. 
 
The rooftop air handling units seem to be a bit oversized and exceed the minimum 
requirements for heating, ventilation, and air conditioning.  They supply more ventilation 
than what is required by ASHRAE 62.1.  It seems that smaller air handling units could be 
appropriate that would consume less energy but the design engineer could have been 
relying on past experience when sizing the equipment. 
 
El Centro is projected to achieve a LEED Gold Rating but further energy savings could be 
improved by adding energy recovery devices to extract or reject heat to exhausted air.  
Optimization of the hot water plant and air handling units control can be studied to further 
analyze potential energy savings.   
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The current design achieves the design objectives and requirements set forth by various 
standards, building codes, and the owner.  However, further analysis into other viable 
design options can be explored to allow El Centro to exceed these minimum requirements.  
These ideas will be presented further in Part II: Proposed Redesign. 
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Part II: Proposed Redesign 

Current Design 
The rooftop air handling units seem to be oversized and exceed the minimum requirements 
for heating, ventilation, and air conditioning.  It seems that smaller air handling units could 
be appropriate that would consume less energy.  Upon further investigation and after 
discussions with the design engineer, it was found that the rooftop air handling units are 
oversized according to ASHRAE 62.1 because the Chicago Building Code is unique in that it 
requires a certain amount of air be supplied to a space, regardless of the loads required.  It 
also requires that supply air contain at least 1/3 outdoor air fraction regardless of the 
occupancy type.  The CBC does allow for demand ventilation control which would apply to 
some of the classrooms and lecture halls in the building. 
 

Alternatives Considered  

Several alternatives were considered for the redesign of NEIU’s El Centro mechanical 
system.  Factors taken into account during the decision making process include cost, 
energy savings, system controllability, building codes, and climate.  Options that were 
considered to redesign the system are listed below: 
 

 Chilled Beam installation, including a chiller plant 
 DOAS in accordance with a VRV system 
 Building Envelope Investigation 

o Decrease the amount of glass because the curtain wall is so large 
o Use a glass with a lower u-value. 

 Heat Recovery 
 Ground coupled heat pump 

 
Ultimately, it was decided that none of the above design alternatives will be implemented 
next semester.  A detailed description of the depth and breadths that will be studied for this 
thesis project can be found below. 
 

Mechanical Depth 
Chicago Building Code Analysis 
This project was designed using the 2012 Chicago Building Code (CBC).  The CBC is unique 
in that it requires a certain amount of supply air to the space, regardless of what the 
heating and cooling loads require.  This forces equipment to be larger, and therefore more 
expensive.  In the last few years with the improvement of thermal envelopes and lighting 
efficiencies, the difference between the load required supply air and the CBC required 
supply air has increased.  For example, it was found that from the TRACE Model built in 
Technical Report 2, Art Classroom A304 required 0.56 cfm/sf to cool the space.  However, 
according to the CBC, art classrooms must have a minimum supply air of 1.5 cfm/sf.  This is 
a nearly 300% increase than what standard codes require across the country.  However, 
according to the CBC, the total supply air is allowed to be lower if the system is capable of 
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measuring and maintaining CO2 levels in occupied spaces, which El Centro does.  The CBC 
table requiring these air flows can be found in the appendix at the end of this report.  
 
Both RTU’s were sized to supply 38,000 cfm of supply air each.  I believe that these RTU’s 
can be sized somewhere in the neighborhood of 20,000 - 25,000 cfm of supply air if the 
building was located outside of Chicago and did not conform to the dated CBC.  Another 
unique requirement of the CBC is that it requires a minimum of 1/3 of all supply air be 
outside air.  This requirement also often exceeds ASHRAE 62.1 requirements and is more 
stringent than other codes across the country.  This leads to equipment being oversized 
and for buildings in Chicago to consume more energy than their counterparts in different 
cities. 
 
Resizing Equipment Savings 
I would like to resize the air handling units to not comply with the CBC, but instead comply 
with the IBC/IMC which is in line with ASHRAE 62.1 and 90.1 requirements.  Savings that 
are associated with smaller air handling units include, but are not limited to, equipment 
first cost, energy savings, less structural steel, and smaller ductwork.  Resizing the RTU’s 
and the main ductwork will be good design experience and will be an interesting analysis 
of the Chicago Building Code.   
 
Carbon Emission Reduction 
Cost and energy savings associated with complying and not complying with the CBC will be 
compared and analyzed.  Pollution emission reduction will also be analyzed.  Chicago is a 
city with 2.7 million residents and is the third largest city in the United States.  It is believed 
that buildings account for about 40% of all energy consumed in the United States.  
Although my analysis will focus on energy reduction for El Centro, a study can be 
conducted to look into the impacts on a grand scale if Chicago was to update their building 
code and change the mechanical HVAC system sections to be more in line with other codes 
across the country. 
 
There will most likely not be any alternative design aspects for the mechanical system 
because than the values for cost and energy savings by not complying with the CBC will be 
altered.  The purpose of this depth will be to explore how wasteful the CBC can cause 
mechanical systems to be. 
 

Breadths 
Structural Breadth 
Since there will most likely be a significant decrease in the size of the roof top air handling 
units, some of the steel on the roof will have to be reframed to appropriately support the 
load.  There will be a material and cost analysis conducted to see how much less steel can 
used and how much money can be saved by using a smaller frame to support the RTU’s.  
The AISC Steel Construction Manual will be utilized for the calculations and sizing.   
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Electrical Breadth 
The power to the new roof top air handling units is likely to be decreased, although the 
buildings electrical arrangement will remain the same.  Electrical equipment for the RTUs 
such as conductors, circuit boards, and conduit may need to be resized according to the 
new horsepower and/or load amps associated with the RTUs.  The main power delivery 
line into the building may be able to decrease in feeder size.  The National Electric Code will 
be utilized for the calculations and sizing.  
 

Tools and Methods 
Load and Energy Simulation 
The loads and energy usage of El Centro will be calculated using Trane TRACE 700.  A 
model was developed for Technical Report 2 for this purpose as well, but shortcuts were 
taken because of time constraints (such as not angling the curtain wall even though it is not 
perpendicular to the ground).  The model will be improved to more accurately represent 
the actual design of the building.  This will lead to more accurate load and energy 
consumption results.  Excel spreadsheets will be utilized further to calculate and compare 
supply air required by ASHRAE and supply air required by the Chicago Building Code. 
 

Masters Coursework 
Several aspects of 500-level Architectural Engineering coursework will be incorporated 
into this thesis project.  Centralized Heating Production and Distribution Systems (AE 558) 
will help aid in calculating the emissions produced by the mechanical system.  Content from 
Building Automation and Control Systems (AE 555) will help to appropriately re-size the 
rooftop air handling units to minimally optimize energy consumption. 
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Part III: Proposed Redesign Analysis 

Depth Study 1: Rooftop Air Handling Unit Resize 
Overview Research 
Northeastern Illinois University’s new building El Centro is located within the city limits of 
Chicago.  Therefore it must conform to the 2012 Chicago Building Code (CBC).  The CBC’s 
mechanical section is unique in that it requires the system to supply a certain amount of 
total air, regardless of what the load is.  1/3 of this required supply air must be taken from 
the outdoors, regardless of the type of space the air is supplying.  This often leads to stricter 
ventilation requirements than what is required by ASHRAE 62.1.  Most codes across the 
United States reference the International Building Code (IBC) and International Mechanical 
Code (IMC).  The IBC and IMC have the same ventilation requirements of ASHRAE 62.1.  
 
Ventilation Requirements 
The total supply air required by the CBC is allowed to be reduced if the system employs a 
way of monitoring and maintaining CO2 levels, which El Centro does.  However, the total 
required outdoor air supplied per space remains the same.  It was found that the CBC 
requires about 30% more outside air than the IMC requires.  The CBC outdoor air 
requirements were taken off of the ventilation schedule in the construction documents.  
Please see Table 21 below for a summary of these results.  The calculations for the IBC/IMC 
required outdoor air can be found in the appendix.    
 

System 
CBC IBC/IMC 

% Saved 
Req'd OA (CFM) Req'd OA (CFM) 

RTU-1 Total 9260 5761 37.79% 

RTU-2 Total 10890 8292 23.86% 

System Total 20150 14053 30.26% 

 
 
Load Analysis 
A TRACE model was developed using block loading techniques to calculate the new loads 
associated with lowering the ventilation requirements.  According to the TRACE model, the 
cooling load is reduced by about 9%.  The heating load reduction was negligible.  Refer to 
Table 22 for a summary of these results. 
 

System 

CBC IBC/IMC 

Cooling 
(Tons) 

Supply 
Air 

(CFM) 

Cooling 
(Tons) 

Supply Air 
(CFM) 

RTU-1 93 20,700 84 20,700 

RTU-2 97 22,100 89 22,100 

Total 190 42,800 173 42,800 

  % Diff. -9.10% 0% 
 

Table 20 – CBC vs. IMC Ventilation Requirements 

Table 21 – Cooling Load Analysis 
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New RTU Selection 
The new rooftop air handling units were selected from a variety of packaged units provided 
by Carrier.  RTU-1 and RTU-2 have a cooling load of 84 and 89 tons respectively.  Since 
these loads are so close to each other, identical RTUs will be chosen that have a capacity of 
90 tons.  Ultimately, the model number from Carrier 48D09061 was chosen.  See the figure 
below for denotations. 
 

 
 
 

Note that a low gas heat option was chosen over a high gas heat option (527 MBH vs 790 

MBH gas heat output respectively).  Since these air handling units are only heating the air 

to 55°F year round for ventilation purposes, the low heat option is appropriate.  See the 

calculation below. 

𝑞 (
𝐵𝑇𝑈

ℎ𝑟
) = 1.10 ∗ 𝑄(𝐶𝐹𝑀) ∗ ∆𝑇(℉) 

𝑤ℎ𝑒𝑟𝑒 ∆𝑇 = 𝑇𝑠 − 𝑇𝑚𝑎 = 0.3(−10℉) + 0.7(70℉) = 9℉ 

𝑞 = 1.10 ∗ (34,000 𝐶𝐹𝑀) ∗ (9℉) = 336,600
𝐵𝑇𝑈

ℎ𝑟
 

𝑞 = 337 𝑀𝐵𝐻 ≤ 527 𝑀𝐵𝐻  ✔  

Note: Carrier’s free e-catalog program “Applied Rooftop Builder” was utilized for the RTU 

selection.  The maximum cooling supply air this unit is capable of is 34,000 CFM.  A 

summary of the loads and capacities associated with these RTUs can be found below. 

Tag Area Served 

Cooling Supply Air Heating 

Peak Load 
(tons) 

Capacity 
(tons) 

Peak Load 
(CFM) 

Capacity 
(CFM) 

Peak Load 
(MBH) 

Capacity 
(MBH) 

RTU-1 1st A&B, 2nd B 84 90 20,700 34,000 337 527 

RTU-2 2nd A, 3rd A&B 87 90 22,100 34,000 337 527 

 

Figure 18 – Carrier Model Number Denotations 

Table 22 – RTU Peak Loads and Capacities Summary 
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Fan Selection 
In the engineer’s original design, two AF fans were chosen for both supply and return.  In 
my redesign, I will only use one supply fan and one return fan.  Carrier provides two 
options for fans in this type of air handling unit: Forward Curved Centrifugal Fans (FC) or 
Airfoil Fans (AF).  The AF fan was selected over the FC fan because it is more efficient.  FC 
fans are typically lower cost than AF, but since this is a large packaged rooftop unit, the AF 
fan is more appropriate although it has a higher first cost because of its greater efficiency.  
Please see the table below for energy input comparisons of the two types of fans in this 
particular application. 

Fan Type Total Supply 
(CFM) 

Input Power 
(BHP) 

Speed 
(rpm) 

Housed FC 34,000 42.9 592 

Housed AF 34,000 36.7 1432 

     

 
The FC fan requires 42.9 brake horsepower (BHP) while the AF fan requires 36.7 BHP.  The 
AF fan was chosen because it requires about 15% less power than the FC fan.  As stated 
previously, each RTU will house one supply fan and one return fan.  Please refer to the table 
below for more information about the fans in each RTU. 
 

Fan 
Type 

Wheel 
Type 

Qty. 
E.S.P. 

(in. wg) 
T.S.P. 

(in. wg) 
Flow 

(CFM) 
BHP HP 

Speed 
(RPM) 

V/PH/Hz 

Supply AF 1 1.00 2.33 34000 36.7 40 1432 460/3/60 

Return AF 1 0.5 0.5 30000 23.1 25 1141 460/3/60 

 
 
 
The following figures are representations of each type of fan.  In the cross section, you can 
clearly see the difference in the types of blades associated with each fan.  TRANE provided 
the figures below. 
 

 
 

Table 23 – Fan Selection Comparison 

Table 24 – Misc. Fan Data 

Figure 20 – AF Fan Profile Figure 19 – FC Fan Profile 
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First Cost Savings 
RS Means Mechanical Cost Data 2015 was used to estimate the cost of each RTU (100 ton 
RTU for the CBC and 90 tons RTU for the IBC/IMC).  Please refer to the table below. 
 

Applicable 
Code 

RTU Size 
Cost 

(incl. O&P) 
Location 

Factor 
Adjusted 

Cost  
Qty. of 
RTUs 

Total 
Cost 

Baseline (CBC) 105 ton cooling $252,000 113.6% $286,272 2 $572,544 

New (IBC/IMC) 90 ton cooling $225,500 113.6% $256,168 2 $512,336 

       

  

 

 Total Amount Saved $60,208 

    Percentage Saved 10.5% 

 
As you can see from the table above, the total cost of furnishing and installing two 90 ton 
packaged rooftop units is about $512,000.  This is $60,000 less than a 105 ton RTU 
(required by the CBC).  Note that cost data for a 100 ton packaged RTU was not available in 
RS Means, so a 105 ton unit was used instead. 
 
New RTU Operation and Schematic 
Each RTU has one supply fan and one return fan with separate VFD control for each.  Both 
RTU’s employ an economizer cycle, so the exhaust air, return air, and outside air dampers 
fluctuate depending on outdoor air temperature and relative humidity, as well as the 
demand load of the building.  The minimum volume of outdoor air incorporated is about 
30% of the total supply air. 

The rooftop air handling units combine the return conditioned air and outdoor air to get 
mixed air.  The mixed air then passes through the filter (prefilter MERV-7 & final filter 
MERV-13).  Then the air is drawn through the direct expansion (DX) cooling coil by the 
supply fan.  Note that the air cooled condensing unit which is included in the packaged RTU 
serves the DX cooling coil.  The air then passes through the modulating indirect natural gas 
fired burner which is used during the heating season.  A final supply air temperature and 
duct static pressure are measured to ensure necessary conditions are met.  Please refer to 
Figure 15 below for a schematic of each RTU. 

Table 25 – RTU Cost Data 
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Main Ductwork Resize 
The main supply duct is designed to handle the maximum capacity of the RTU which is 
38,000 CFM and a friction head loss of (0.08 in. wg.)/(100 ft of duct).  Upon further 
investigation, the main ductwork will not be resized to be smaller because in doing so, the 
fan power increase.  This is because a smaller diameter duct will result in a higher ΔP.  See 
the following equation below. 
 

𝐹𝑎𝑛 𝑃𝑜𝑤𝑒𝑟 (ℎ𝑝) =  
𝑄̇(𝑐𝑓𝑚) ∗ ∆𝑃 ∗ 𝑖𝑛. 𝑤𝑔

6300
 

 

  

Figure 21 – New RTU Schematic 
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Depth Study 2: Energy and Emission Comparisons (CBC vs. IMC) 
Overview Research 
Since the system requires less ventilation when complying to the IMC rather than the CBC, 
energy savings can be expected.  El Centro utilizes two energy sources: electricity and 
natural gas.  Electricity is generated on site with an 80 kW DC PV array located on the roof.  
Excess electricity needed on site will be drawn off the grid and provided by the local utility 
company: Commonwealth Edison (ComEd).  Excess electricity created on site can be 
exported to the grid and sold to ComEd (measured by a two way electric meter).  Natural 
gas service for El Centro will be provided by a pipeline from the Peoples Gas Company.  
Peoples Gas delivers its products through some 2,000 miles of pipelines in Chicago.  
Natural gas will be provided to both indirect gas fired air handling units, both boilers, and 
the domestic water heater.   
 
Utility Costs 
An average yearly energy cost was used during the first semester to calculate the yearly 
energy costs associated with the systems in El Centro.  Average monthly utility rates for the 
site were provided by the engineer and will lead to more accurate representation of 
operational costs for El Centro.  Electricity is more expensive in the warmer months 
because there is more demand.  Natural Gas is more expensive in the summer months 
because there is less demand for it.  Please see the table and figure below for average 
commercial monthly utility rates for Chicago below. 
 

Month  
# 

Month Data Year 
Electricity 
($/kWh) 

Natural 
Gas 

$/Therm 

1 Jan 2013 $0.0758 $0.6870 

2 Feb 2013 $0.0793 $0.6730 

3 Mar 2013 $0.0780 $0.7040 

4 Apr 2012 $0.0836 $0.7650 

5 May 2012 $0.0855 $1.0370 

6 Jun 2012 $0.0794 $1.0620 

7 Jul 2012 $0.0815 $1.2040 

8 Aug 2012 $0.0825 $1.1800 

9 Sep 2012 $0.0828 $1.0030 

10 Oct 2012 $0.0800 $0.8300 

11 Nov 2012 $0.0801 $0.7510 

12 Dec 2012 $0.0775 $0.7280 

 Table 26 – Average Monthly Utility Rates 
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As you can see in the graph above, utility rates fluctuate throughout the year. 
 
Total Utility Consumption 
Below is a table that summarizes the total building utility usage per month for El Centro. 
 

Month 

CBC IBC/IMC 

Elec Used 
(kWh) 

NG Used 
(therms) 

Total Fuel 
Cost 

Elec 
Used 

(kWh) 

NG Used 
(therms) 

Total Fuel 
Cost 

Jan. 47,653 3,230 $5,831 48,012 2,464 $5,332 

Feb. 42,833 2,013 $4,751 43,149 1,464 $4,407 

Mar. 47,971 1,341 $4,686 47,998 1,012 $4,456 

Apr. 51,416 321 $4,544 52,299 308 $4,608 

May. 67,751 22 $5,816 67,914 21 $5,828 

Jun. 77,829 0 $6,180 76,169 0 $6,048 

Jul. 82,507 0 $6,724 80,446 0 $6,556 

Aug. 85,721 0 $7,072 83,348 0 $6,876 

Sept. 70,043 3 $5,803 69,186 3 $5,732 

Oct. 59,409 192 $4,912 60,625 186 $5,004 

Nov. 46,192 854 $4,341 46,175 727 $4,245 

Dec. 47,579 1,627 $4,872 47,710 1,231 $4,594 

Total 726,904 9,603 $65,532 723,031 7,416 $63,686 

       

   % Saved 0.54% 29.49% 2.90% 
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Figure 22 – Average Monthly Utility Rates Graph 

Table 27 – Total Monthly Building Utility Usage 
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From the table above you can clearly see that there are minimal savings in electricity usage 
when complying with the IBC/IMC rather than the CBC (0.54% savings).  There are 
significant savings in natural gas usage however (nearly 30%).  The electricity usage peaks 
during the summer months and the natural gas usage peaks during the winter months.  
This is because the cooling plant utilizes electricity to operate and the boilers utilize 
natural gas.   Please refer to the bar graphs below that represent the monthly utility usage 
of electricity and natural gas when El Centro complies with either code. 
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Figure 24 –Monthly Natural Gas Usage 
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The figure below represents the monthly energy cost savings when complying with 
IBC/IMC in lieu of the CBC.  These cost savings are minimal, but are most noticeable during 
the winter months when significant volumes of natural gas are being saved.  The total 
annual energy cost savings associated with the IBC/IMC are only about 3% of the baseline 
CBC energy costs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
System Energy Savings 
The table below is a summary of the energy usage by the different systems within El 
Centro.  Electricity and natural gas usage were both converted to kBtu/year so they are in 
the same units of energy. Notice that the largest user of energy in the building is the 
lighting followed by heating for each applicable code.  On the next page in Table 29, the 
total energy per year is broken down into kBTU/SF/yr.  4 kBTU/SF can be saved per year 
at El Centro if the IBC/IMC was followed instead of the CBC. 
 

 
 
 

 

Total Energy

Used (kBtu/yr)

% of Total

Building Energy

Total Energy

Used (kBtu/yr)

% of Total

Building Energy

Heating 976,350 28.2% 757,755 23.5%

Cooling 448,996 13.0% 432,986 13.4%

Auxiliary 369,150 10.7% 371,932 11.5%

Lighting 1,324,987 38.3% 1,324,987 41.1%

Receptacle 339,038 9.8% 339,038 10.5%

Total 3,458,521 100% 3,226,698 100%

IBC/IMC
Building

System    

CBC
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Figure 25 – Monthly Natural Gas Usage 

Table 28 – System Energy Usage 
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Code Total Energy 
(kBTU/yr) 

Total Energy per SF 
(kBTU/SF/yr) 

CBC 3,458,521 63 

IBC/IMC 3,226,698 59 

Energy Saved 231,823 4 

% Saved 6.7% 6.7% 

 
 
 

 
 
The figures above represent the energy breakdown within the building for each code.  The 
most noticeable difference is the reduction in heating energy used (28.2% for the CBC vs. 
23.5% for the IBC/IMC).  At about 40% of the buildings total energy usage, lighting makes 
up the largest user of energy in the building for both codes.  It is high because there are a 
lot of interior classrooms in El Centro with no exterior walls or windows.  These spaces 
have much higher lighting requirements than corridors and the corridor happens to get 
most of its light from the curtain wall that encloses the building. 
 
The total amount electricity saved by the cooling plant when applying the IBC/IMC is only 
about 3.5% when compared to the CBC.  The total amount of natural gas saved by the 
heating plant is about 22%.  The reason that the heating plant saves so much more energy 
than the heating plant is because of the number of degree days.  There are 6311 heating 
degree days (HHD 65F) in Chicago vs. only 842 cooling degree days (CCD 65F).  Please see 
the appendix in the back of this report for the data provided by ASHRAE.   
 

Table 29 – Total Building Energy Usage 

Figure 26 – System Energy Breakdown Comparison 
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The reason HHD is so much greater than CCD is because of the ΔT.  The average winter 
temperature in Chicago is about 25°F while the average summer temperature is about 
85°F.  See below. 
 

∆𝑇 = |𝑇𝑅𝐴 − 𝑇𝑂𝐴| 
 

∆𝑇𝑐𝑜𝑜𝑙𝑖𝑛𝑔 = |75℉ − 85℉| = 10℉ 

 
∆𝑇ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = |70℉ − 25℉| = 45℉  

 
 
Emission Comparison 
Most of the emission savings associated with complying with the IBC/IMC over the CBC is 
the natural gas being saved for heating purposes.  The total CO2e (carbon dioxide pollutant 
equivalent) emissions for the CBC is about 1.39 million pounds per year and for the 
IBC/IMC is 1.36 million pounds.  This equates to a total annual pollutant savings of about 
2.4% if complying with the IBC/IMC in lieu of the CBC. 
 

  

lb/kWh lbs. lb/MCF lbs.

CO2e 1.74 1,273,668 123 118,080 1,391,748

CO2 1.64 1,200,469 122 117,120 1,317,589

NOx 0.003 2,196 0.111 107 2,303

CO2e 1.74 1,266,904 123 91,229 1,358,134

CO2 1.64 1,194,094 122 90,487 1,284,581

NOx 0.003 2,184 0.111 82 2,267

% Saved

(CO2e)
0.53% 22.74% 2.42%

IBC

CBC

Code
Total

(lbs pollutant/year)

Natural GasElectricity
Pollutant

Table 30 – Annual Emissions 
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Depth Study 3: City of Chicago Study  
Overview 
The city of Chicago is the third largest city in the country, after New York and Los Angeles.  
Since it has one of the largest building stocks in the country, and the world, it would be 
interesting to see how much potential energy and pollutant emissions would be saved if 
every building’s mechanical system was designed to comply with the IBC/IMC rather than 
the CBC.  Please see the table below to see where Chicago ranks for the number of 
skyscrapers in relation to the rest of the world’s major cities.  Note that a skyscraper is 
defined as a building that is at least 150 meters tall (492 feet). 
 

Rank City Country 
No. of 

Skyscrapers 

1 Hong Kong China 302 

2 New York City United States 235 

3 Dubai United Arab Emirates 148 

4 Shanghai China 126 

5 Chicago United States 115 

6 Tokyo Japan 112 

7 Chongqing China 94 

8 Guangzhou China 93 

9 Shenzhen China 83 

10 Singapore Singapore 79 

 
 
Chicago Climate Action Plan 
The Chicago Climate Action Plan (CCAP) is Chicago's climate change alleviation and 

adaptation strategy that was created in September 2008.  The CCAP has an ultimate goal of 

reducing Chicago's greenhouse gas emissions by 80 percent below 1990 levels by the year 

2050, with an intermediate goal of 25 percent below 1990 levels by 2020.   

 

The Chicago Action Plan Consists of Five Strategies: 

 Energy Efficient Buildings (30%) 

 Clean & Renewable Energy Sources (34%) 

 Improved Transportation Options (23%) 

 Reduced Waste & Industrial Pollution (13%) 

 Adaptation 

The plan calls for the Energy Efficient Building Strategy to account for 30% of greenhouse 

gas reductions.  The plan expects for over 50% of all buildings in Chicago to undergo a 

retrofit.  I believe that upgrading the city Energy Code and CBC can affect these retrofits 

significantly. 

 

Table 31 – International City Skyscraper Count 
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Energy Savings Estimation 
Chicago currently has upwards of 23,000 commercial, institutional, and industrial buildings 
which includes government, office buildings, schools, hospitals, corner grocery stores, etc. 
according to a recent report of the Chicago Climate Action Plan.  It is hard to estimate the 
total square footage of all of these buildings because they vary so much.  For instance, the 
Willis Tower (formerly the Sears Tower) is 4.5 million square feet, while NEIU El Centro is 
only 55,000 square feet.   
 
In the 2014 City of Chicago Building Energy Benchmarking Report, it is estimated that 
Chicago buildings spends $3 billion a year on energy.  I calculated that NEIU will spend 
about $65,000 a year for energy for El Centro.  This is equates to about $1.20/SF/yr.  Using 
these numbers, an estimated square footage for the commercial building stock in Chicago 
can be roughly calculated.  Note that some buildings such as hospitals require more energy 
per SF, but other buildings such as office buildings require less energy per SF when 
compared with El Centro.  See the table below provided by the DOE for energy use 
intensities (EUIs) in the city of Chicago in 2009.   
 

Building Type kBTU/ft2/yr 

Large Office 43 

Medium Office 48 

Small Office 51 

Warehouse 24 

Stand-alone Retail 81 

Strip Mall  85 

Primary School 65 

Secondary School 76 

Supermarket 195 

Quick Service Restaurant 657 

Hospital 148 

Outpatient Facility 271 

Small Hotel 80 

Large Hotel 138 

Mid-Rise Apartment 47 

NEIU El Centro* 62 

 
 
 
 
As you can see from the table above, El Centro lands somewhere in the middle of the EUIs 
at 62 kBtu/ft2/yr.  But since El Centro is a university type building with varying spaces such 
as classrooms, offices, laboratories, and lounges it is somewhat representative of the 
diverse Chicago building stock.  See the calculation below for an equivalent total Chicago 
building stock square footage using the cost per square foot for energy of El Centro and the 
total cost of energy for the buildings of Chicago. 

Table 32 – Energy Use Intensities in Chicago in 2009 

*Calculated by TRANE Trace 
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𝑇𝑜𝑡𝑎𝑙 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝑞𝑢𝑎𝑟𝑒 𝐹𝑜𝑜𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝑜𝑚𝑚𝑒𝑟𝑐𝑖𝑎𝑙 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝑆𝑡𝑜𝑐𝑘 𝑖𝑛 𝐶ℎ𝑖𝑐𝑎𝑔𝑜 = 
 

3,000,000,000
$

𝑦𝑟

1.20
$

𝑓𝑡2

𝑦𝑟

= 2,500,000,000 𝑓𝑡2 

 
Using 2.5 billion square feet of equivalent building stock in Chicago, energy and pollutant 
savings can be calculated if all of the city’s commercial buildings conformed to the IBC/IMC 
instead of the CBC.  To do this, El Centro’s energy and pollutant savings on a square foot 
basis will be utilized. 
 
I estimated that El Centro can save up to 2.9% of money spent on energy if it conformed to 
the IBC/IMC instead of the CBC.  If all the buildings in Chicago had mechanical systems 
designed for the IBC/IMC, there is a potential savings of $87 million per year.  Note that this 
is assuming that all buildings have a potential economic savings of 2.9% associated with 
their mechanical system.  Please see the table below. 
 

Total Amount 
Chicago Spends on 
Building Energy ($) 

Potential 
Savings 

(%)  

Potential 
Savings 

($) 

$3 billion 2.90% $87 million 

  
 
El Centro saved 6.7% in total building energy.  Most of this energy was saved through the 
natural gas saved for the heating plant.  Chicago could potentially save 10.4 billion 
kBtu/year assuming a 6.7% energy savings.  Please see the table below.  
 

Total Amount 
of Energy Used by 
Chicago Buildings 

(kBtu/year) 

Potential 
Savings  

(%) 

Potential 
Savings 
($/year) 

155 billion kBtu 6.70% 10.4 billion kBtu 

  
 
 
 
 
 
 
 

Table 33 – Economic Impact  

  

Table 34 – Potential Energy Savings  
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Pollutant Savings 
El Centro saves about 2.42% of pollutant savings.  Assuming that the buildings of Chicago 
can save this much, there is a potential savings of 765,000 tons of CO2e per year.  This would 
be equivalent to taking 184,000 cars off the road each year.  Please see the equation below 
for the method used to calculate the amount of CO2 cars produce: 
 

12,000 𝑑𝑟𝑖𝑣𝑒𝑛 𝑚𝑖𝑙𝑒𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑎𝑣𝑒𝑟𝑎𝑔𝑒)

25.5 𝑚𝑖𝑙𝑒𝑠 𝑝𝑒𝑟 𝑔𝑎𝑙𝑙𝑜𝑛 (𝑎𝑣𝑒𝑟𝑎𝑔𝑒)
= 471 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑎𝑣𝑒𝑟𝑎𝑔𝑒)  

 

471 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 𝑥 17.68
𝑙𝑏𝑠. 𝐶𝑂2

𝑔𝑎𝑙𝑙𝑜𝑛
= 𝟖𝟑𝟐𝟎 𝒍𝒃𝒔. 𝑪𝑶𝟐 𝒑𝒆𝒓 𝒄𝒂𝒓 𝒑𝒆𝒓 𝒚𝒆𝒂𝒓 

 

Unit 

Total Pollutants 
Produced by 

Chicago Buildings 
(CO2e/year) 

Potential 
Savings 

(%) 

Potential 
Savings 

(CO2e/year) 

lbs. CO2e/year 63 billion lbs. 2.42% 1.5 billion lbs. 

tons CO2e/year 31.6 million tons 2.42% 765,000 tons 

Equivalent of Cars on 
the Road per year 

7.6 million cars 2.42% 184,000 cars 

 
 
Mechanical Depth Conclusions 
The savings in the peak cooling load and heating load associated with complying to the 
IBC/IMC ventilation requirements instead of the CBC are low (9% for cooling and 
negligible for heating).  This allowed for slightly smaller RTUs to be specified for this 
project.  But for other projects, smaller equipment may not be available to be specified 
because the next size piece of equipment may have too low of a capacity since the peak 
cooling and heating load savings are so low. 
 
The energy saved associated with complying with the IBC/IMC is mostly through the 
natural gas savings because the number of HDD is so much greater than CDD.  Overall, the 
energy savings are small at 6.7% per year which results in about $2,000 per year being 
saved on energy costs`.  The pollution saved is about 2.42%. 
 
The economic, energy, and pollutant savings for El Centro are quite small when looking at it 
at a micro level.  But looking at the potential savings for the entire city of Chicago if it were 
update its mechanical section of the building code are substantial.  The potential impact is: 

 $87 million in energy savings per year 
 10.4 billion kBtu in energy savings per year 
 765,000 tons of CO2e saved per year (equivalent to taking 184,000 cars off the road) 

Table 35 - Pollutant Savings 
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Breadth Study 1: Structural 
Overview 
The new RTU’s have a smaller operating weight and footprint than the existing design, so 
there is an opportunity for steel savings.  The new design utilizes RTUs that each have air 
cooled condensing units built into them.  Therefore, extra steel that was required for the 
separate air cooled condensing units in the existing design is no longer needed.  Please 
refer to the figure below for clarification.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rooftop Air Handling Units 
The new designed RTUs have a significant decrease in their operating weight when 
compared to the existing RTUs.  The RTU’s also have a smaller footprint, because they are 
not as long or as wide.  Please refer to the table below. 
 

Unit 

CBC IBC/IMC 

Operating 
Weight 

(lbs) 

Operating 
Weight 

(lbs) 

RTU-1 23277 11054 

RTU-2 26380 11054 

 
 
See the next page for a partial structural roof plan that displays the downsize in footprints 
of the RTU’s when comparing the old design to the new design. 

Figure 27 – Existing Partial Structural Roof Plan with Separate ACU’s 

(Courtesy of Construction Documents) 

Table 36 – RTU Operating Weight 
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Structural Gravity Loads 
Since the new RTUs sized according to IMC weigh less and have a smaller footprint, the 
steel supporting them is able to be reduced.  The table below illustrates the loads 
associated with structurally supporting the roof 
 

 

Load Type Material
Weight

(psf)

PVC Roof 10

1/2" Cover Board 2

R-30 Insulation Board 2

Galvanized Metal Deck 2

Misc. (lights, duct, PV array, etc.) 10

Live Load 20

Snow Load 25

Dead Load 26

Snow Load 25

Dead Load

Live Load or

Snow Load

Total

Figure 28 – Partial Structural Roof Plan with RTU footprints 

(Courtesy of Construction Documents) 

Table 37 – Roof Loads 



NEIU El Centro  |  Chicago, Illinois  Michael Gramarossa 
 

Final Report  53 | P a g e  

The new steel beams will be sized according to the Load and Resistance Factor Design 
Method (LRFD): 
 

𝐿𝑜𝑎𝑑 𝐶𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛     1.2𝐷 + 1.6(𝐿𝑟𝑜𝑟 𝑆 𝑜𝑟 𝑅) 
 

Where  D = Dead Load 
Lr = Roof Live Load 
S = Snow Load 
R = Rain Load 

 

Because the snow load is greater than the roof live load, the snow load controls. 

1.2(26 𝑝𝑠𝑓) + 1.6(25 𝑝𝑠𝑓) = 71 𝑝𝑠𝑓 𝑓𝑎𝑐𝑡𝑜𝑟𝑒𝑑 𝑙𝑜𝑎𝑑 

 
RTU-2 Analysis 
The newly sized RTU-2 was is located in the same place as the existing design.  The figure 
below shows the location and the few variations in the layout of the steel.  The beams 
below are the original sizes associated with the original RTU-2.  The beams highlighted in 
red will be structurally analyzed to ensure they can support the new loads and to see if the 
girders and joists can be reduced.  The point loads in green are the loads associated with 
the new RTU-2 and they are already factored (1.2D).

Figure 29 – New Steel Framing Plan for RTU-2 

(Courtesy of Construction Documents) 

N 
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West W21x48 Analysis 
The west W21x48 will be analyzed because it supports a greater load than the east 

W21x48 because it has a larger tributary width.  (36 feet as opposed to 26 feet).  The 

following figure is beam diagram that depicts the loading.  2.9 kips and 3.2 kips are the 

point loads associated with RTU-2.  

 

The beam diagram can be simplified so that the moment can be easily calculated.  See the 

following figure. 

 

 

𝑀𝑖𝑑 𝑆𝑝𝑎𝑛 𝑀𝑜𝑚𝑒𝑛𝑡              𝑀 =
𝑤𝑙2

8
=

(2.8 𝑘𝑙𝑓)(25.5 𝑓𝑡)2

8
= 228 𝑘𝑖𝑝 − 𝑓𝑡 

 

𝑀𝑎𝑥 𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛                   ∆ ≤
𝐿

240
=

25.5 𝑓𝑡 ∗ 12
𝑖𝑛
𝑓𝑡

240
= 1.275 𝑖𝑛. 

 

𝑊21𝑥44 (𝐼𝑥 = 843)            ∆ =
5𝑤𝑙4

𝐸𝐼
=

5 (233.3
𝑙𝑏
𝑖𝑛 ) (306 𝑖𝑛)4

384(30 ∗ 106 𝑙𝑏
𝑖𝑛2)(843 𝑖𝑛4)

= 1.053 𝑖𝑛.  ✔  

Figure 30 – Beam Loading Diagram 

Figure 31 – Simplified Beam Loading Diagram 

(Max M = 358 kip-ft) ✔ 
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The maximum moment occurs at the beam’s midspan and is 228 kip-ft.  The maximum 
deflection for this beam is 1.275 inches.  A beam size of W21x44 can support this load (max 
allowable moment of 358 kip-ft and a deflection of 1.053 in. under these loading 
conditions).  The beam size is decided by the maximum deflection, because the shear force 
is insignificant, and smaller beams can support this moment, but fail the deflection criteria.  
This is a slight decrease in girder size compared to the W21x48 used to support the heavier 
RTU.  This means that both W21x48 beams can be reduced to W21x44.  Please refer to the 
Zx tables in the appendix for reference. 
 
Steel Joist 22K9 Analysis 
Each 22K9 being analyzed in Figure 16 support the same loads and have the same span 
length of 36 ft. The joists have a tributary width of 6.75 ft. 
 

𝑤𝑢 = (6.75 𝑓𝑡) ∗ (71 𝑝𝑠𝑓) = 479 𝑝𝑙𝑓 
 
A 22K9 joist that spans 36 ft can support a factored load of 516 plf.  This joist can be 
reduced to a 26K7 but due to the increased depth of the joist, it cannot be reduced.  Please 
refer to the appendix for the economy table of open web steel joists, K-series. 
 
RTU-1 Analysis 

The framing around RTU-1 
will not be reduced because 
it is being supported by 
W12x26 girders and beams.  
This is already a small size 
beam, and is more than 
adequate in supporting the 
current loads.  Since RTU-1 
has reduced in weight, it is 
safe to assume that the same 
beam/girder layout can 
support the new size.  The 
structural engineer of record 
for the project does not use 
any beams smaller than 
W12x26, so they will not be 
reduced.  This can be for a 
variety of reasons such as 
previous design knowledge 
and experience. 
 
 
 
 
 

 

Figure 32 - 
New Steel Framing 

Plan for RTU-1 
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Reduced Structural Steel Cost Savings 
Cost Data for Structural Steel was taken from RS Means Facilities 2015.  It is estimated that 
about $2,776 can be saved if the smaller RTU’s are implemented.  The main cost difference 
comes from the reduced length of C8x11.5 members needed.  The C8x11.5 beams frame the 
perimeter of each RTU, and since the IBC/IMC RTUs are smaller and the separate air cooled 
condensing units do not need to be framed for the new design, this length is able to be 
reduced significantly.  Please see the table below for a summary of these results. 
 

Beam Size 

CBC IBC/IMC Cost 
($/LF) 

(incl O&P 
&loc.) 

Length 
(ft) 

Length 
(ft) 

C8x11.5 151 124 $83.68 

W21x44 0 51 $84.21 

W21x48 51 0 $94.34 

        

Total Cost $17,447 $14,671  

Savings:  $2,776  

 
 
Structural Breadth Conclusions 
There are steel savings associated with the new RTU selection.  However, this is a result of 

using a different strategy in specifying the equipment.  In the new design, packaged RTUs 

were chosen that include condensing units, while in the existing design they were separate.  

Choosing a different manufacturer as the original design also resulted in a smaller footprint 

and operating weight of the equipment.  So by using a different design strategy, the steel 

was able to be used.   

This steel savings was not in relation to having smaller equipment sized based off of the 

IBC/IMC.  The equipment, when designed to IBC/IMC instead of CBC, in other buildings 

may be able to be minimally resized but it will most likely not have an impact on a 

reduction of steel because the operating weights will be nearly identical.  For example, the 

100 ton packaged RTU from carrier is only a mere 20 lbs. heavier than the 90 ton packaged 

RTU.  

Table 38 – Structural Steel Cost Savings 
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Breadth Study 2: Electrical 
Overview 
In the existing design, the separate air cooled condensing units are wired directly to the 
main switchboard of the building.  The RTUs are served by a mechanical panel, which in 
turn is served by the main switchboard.  Since in the new design, the condensing units are 
included with the packaged RTU, this wiring can be eliminated.  The new design still 
employs a separate mechanical panel, but the panel needs to be larger to accommodate the 
larger load of the packaged RTU which includes the condensing units. 
 
Branch Wiring and Feeder Tables & Conduit Calculations 
In the new design, the branch wiring to the condensing units can be removed.  Please refer 
to the table below for the new branch size wiring to the roof top units and the 
accompanying conduit calculation. 
 

System Equipment V/PH/Hz FLA MOCP kVA 
Wire (Copper) 

(THWN) 
Ground 

(Copper) 
Conduit 
(EMT) 

Existing 

RTU-1 460/3/60 149 150 A 124 (4) #2/0 #6 2" 

RTU-2 460/3/60 149 150 A 124 (4) #2/0 #6 2" 

CU-1 460/3/60 227 250 A 189 (4) 350 kcmil #4 3 1/2" 

CU-2 460/3/60 227 250 A 189 (4) 350 kcmil #4 3 1/2" 

New 
RTU-1 460/3/60 257 300 A 214 (4) 300 kcmil #4 2 1/2" 

RTU-2 460/3/60 257 300 A 214 (4) 300 kcmil #4 2 1/2" 

 
 

[300 𝑘𝑐𝑚𝑖𝑙]    0.4608 𝑖𝑛2 ∗ 4 = 1.8432 𝑖𝑛2 
      [#4]             0.0824 𝑖𝑛2 ∗ 1 = 0.0824 𝑖𝑛2 

                  1.9256 in2   ∴ use 2 ½” Conduit 
 

System 
Panel 
Label 

Equipment 
Served 

Voltage FLA kVA MOCP 
Feeder Size 

(Copper, THWN, 
EMT) 

Existing DPM3-1 RTU-1 & RTU-2 480/277 298 248 600 A 
(2) sets: 4-350 kcmil, 

#1/0 Grd, 3 1/2" C  

New DPM3-1 RTU-1 & RTU-2 480/277 514 428 800 A 
(3) sets: 4-300 kcmil, 

#2 Grd, 2 1/2" C 

 

 

[300 𝑘𝑐𝑚𝑖𝑙]    0.4608 𝑖𝑛2 ∗ 4 = 1.8432 𝑖𝑛2 
      [#2]             0.1158 𝑖𝑛2 ∗ 1 = 0.1158 𝑖𝑛2 

             1.959 in2   ∴ use 2 ½” Conduit 

Table 26 – Existing and New Branch Wire Sizing for RTUs 

Table 27 – Existing and New Feeder Sizing for RTUs 
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Simplified One Line Diagrams 
Below there are two figures that show simplified one-line electrical arrangement diagrams to the RTU equipment located on 

the roof and visually summarizes the tables on the previous page.  It is important to note that in the existing design, separate 

wiring was run from the main switchboard of the building directly to the condensing units.  In the new design, this wiring can 

be eliminated because they are included with the packaged RTU.  The mechanical panel serving the RTUs needs to be a larger 

size, but these costs would be offset by the eliminated separate CU wiring. 

 

 

Figure 20 – Existing One-Line Diagram to CUs & RTUs Figure 21 – New One-Line Diagram to RTUs 
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Electrical Breadth Conclusions  
There are electrical installation and material savings associated with the new design.  This, 
however, is because of the same reason for the structural savings.  A different mechanical 
design strategy was used by choosing a packaged RTU with included condensing units.  
This allowed the electrical wiring to be reduced by having only one run of wires from the 
main switchboard to each RTU, rather than a run to each RTU and the each separate CU.   
 
There would likely be no electrical cost savings when designing to the IBC/IMC instead of 
the CBC.  This is because the mechanical power requirements differing between the two 
approaches are very small.  For example, the 90 ton RTU from Carrier requires 257 amps 
while the 100 ton RTU requires 269 amps.  
 

Masters Coursework 
Several aspects of masters coursework was incorporated into this report.  Knowledge 
obtained in AE 555 (Building Automation and Control Systems) was used to help choose an 
appropriate air handling unit.  The class also provided vital information to understand and 
draw an accurate RTU operation schematic as well. 
 
Knowledge obtained in AE 558 (Centralized Heating Production and Distribution Systems) 
was used to help in calculating the amount of pollutant emissions produced by El Centro.  It 
also provided important information regarding potential emission savings for the entire 
city of Chicago if it were to update its building code.  
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Appendices 
 

Appendix A: Mechanical Depth Resources 

1. 2012 Chicago Building Code Ventilation Requirements 
 

2. Ventilation Calculations (CBC vs. ASHRAE 62.1/IMC) 
 

3. Carrier Packaged RTU Product Cut Sheet 
 

4. Carrier E-Catalog RTU Builder Results 
 

5. ASHRAE 90.1 RTU EER Requirements 
 

6. ASHRAE Fundamentals Chicago Weather Conditions 
 

Appendix B: Structural Breadth Resources 

1. I-Beam Zx Tables 
 

2. K-Series Open Web Steel Joists 
 

Appendix C: Electrical Breadth Resources 

1. NEC 2011 Table 310.104(A) 

 











CBC
Az

Floor 
Area
ft2

Ra
CFM/ft

2

Pop.
Dens.
pers./ft

2

Pz
Zone
Pop.

Rp
CFM/
pers.

Total 
OA 

(CFM)

Total OA
(CFM)

‐ ‐ A101 VESTIBLE CORRIDOR 300 0 0 0
RTU‐1 RTU‐1 A102 LOBBY  BREAK ROOM 2695 0.06 25.0 67.38 5.00 499 2095 1596
RTU‐1 RTU‐1 A103 RECEPTION OFFICE 246 0.06 30.00 7.38 5.00 52 50 ‐2
RTU‐1 RTU‐1 A104 RECEPTION OFFICE OFFICE 100 0.06 5.00 0.50 5.00 9 15 7

‐ ST001 STAIR STAIR 271 0 0 0
RTU‐1 RTU‐1 A106 COMPUTER LAB COMPUTER ROOM 1089 0.06 4.00 4.36 20.00 152 665 513
RTU‐1 RTU‐1 A107 CORRIDOR CORRIDOR 1364 0.06 0.00 0.00 0.00 82 105 23
RTU‐1 RTU‐1 A108 RESOURCE ROOM LIBRARY 1097 0.06 10.00 10.97 5.00 121 440 319
RTU‐1 RTU‐1 A109 BREAK ROOM BREAK ROOM 134 0.12 25.00 3.35 7.00 40 70 30
RTU‐1 RTU‐1 A111 STORAGE STORAGE INACTIVE 96 15 15 0

TEF‐1 A112 MEN'S TOILET TOILET ROOM 245 0 0 0
TEF‐1 A113 WOMEN'S TOILET TOILET ROOM 245 0 0 0

RTU‐1 EF‐9 A114 ELEC RM STORAGE INACTIVE 45 0 0 0
RTU‐1 RTU‐1 A115 WORK ROOM LIBRARY 154 0.12 10.00 1.54 17.00 45 65 20
RTU‐1 RTU‐1 A116 STORAGE STORAGE INACTIVE 222 50 50 0

‐ ST003 STAIR STAIR 313 0 0 0
RTU‐1 RTU‐1 B101 CONSULTATION ROOM OFFICE 59 0.06 5.00 0.30 5.00 5 20 15
RTU‐1 RTU‐1 B102 CONSULTATION ROOM OFFICE 59 0.06 5.00 0.30 5.00 5 20 15
RTU‐1 RTU‐1 B103 CONSULTATION ROOM OFFICE 55 0.06 5.00 0.28 5.00 5 20 15
RTU‐1 RTU‐1 B104 CONSULTATION ROOM OFFICE 59 0.06 5.00 0.30 5.00 5 20 15
RTU‐1 RTU‐1 B105 CONSULTATION ROOM OFFICE 65 0.06 5.00 0.33 5.00 6 20 14
RTU‐1 RTU‐1 B106 FACULTY ROOM OFFICE 2223 0.06 5.00 11.12 5.00 189 235 46
RTU‐1 RTU‐1 B107 PRIVATE OFFICE  OFFICE 110 0.06 5.00 0.55 5.00 9 25 16
RTU‐1 RTU‐1 B108 PRIVATE OFFICE  OFFICE 110 0.06 5.00 0.55 5.00 9 25 16
RTU‐1 RTU‐1 B109 PRIVATE OFFICE  OFFICE 110 0.06 5.00 0.55 5.00 9 25 16
RTU‐1 RTU‐1 B110 PRIVATE OFFICE  OFFICE 110 0.06 5.00 0.55 5.00 9 25 16
RTU‐1 RTU‐1 B111 PRIVATE OFFICE  OFFICE 110 0.06 5.00 0.55 5.00 9 25 16
RTU‐1 RTU‐1 B113 PRIVATE OFFICE  OFFICE 131 0.06 5.00 0.66 5.00 11 25 14
RTU‐1 RTU‐1 B114 PRIVATE OFFICE  OFFICE 106 0.06 5.00 0.53 5.00 9 25 16
RTU‐1 RTU‐1 B115 PRIVATE OFFICE  OFFICE 106 0.06 5.00 0.53 5.00 9 25 16

Extra CBC 
Req'd OA 

vs. 
IBC/IMC

Supply
Unit

Exhaust 
Unit

Room #
Room
Name

Occupancy
Type

ASHRAE 62.1 SECTION 6.2 (IBC/IMC)



RTU‐1 RTU‐1 B116 PRIVATE OFFICE  OFFICE 106 0.06 5.00 0.53 5.00 9 25 16
RTU‐1 RTU‐1 B117 CORRIDOR CORRIDOR 1078 0.06 0.00 0.00 0.00 65 80 15

‐ B118 MECHANICAL ROOM STORAGE INACTIVE 652 0 0 0
TEF‐2 B119 FAMILY RESTROOM TOILET ROOM 60 0 0 0
TEF‐2 B120 JC JANITOR'S CLOSET 53 0 0 0

RTU‐1 RTU‐1 B121 CLOSET STORAGE INACTIVE 44 10 10 0
RTU‐1 RTU‐1 B122 CORRIDOR CORRIDOR 518 0.06 0.00 0.00 0.00 31 40 9

‐ ST002 STAIR STAIR 271 0.00 0.00 0.00 0.00 0 0 0
RTU‐1 RTU‐1 B123 RESOURCE CENTER LIBRARY 1171 0.12 10.00 11.71 17.00 340 470 130
RTU‐1 RTU‐1 B124 BIKE ROOM STORAGE INACTIVE 115 20 20 0
RTU‐1 RTU‐1 B125 FIRE PUMP STORAGE INACTIVE 115 0 0 0
RTU‐1 EF‐7 B126 RECYCLING ROOM STORAGE ACTIVE 439 0.12 0.00 0.00 0.00 53 75 22
RTU‐1 ‐ B127 ELEC RM STORAGE INACTIVE 276 25 25 0

EF‐6 B128 SHOWER SHOWER ROOM 47 0 0 0
EF‐10 B129 CYLINDER STORAGE STORAGE INACTIVE 18 0 0 0

‐ B130 WATER METER VAULT STORAGE INACTIVE 37 0 0 0

RTU‐2 RTU‐2 A201 LECTURE ROOM CLASSROOM 1491 0.06 65.00 96.92 7.50 816 750 ‐66
RTU‐2 RTU‐2 A202 CLASSROOM II CLASSROOM 728 0.06 65.00 47.32 7.50 399 500 101
RTU‐2 RTU‐2 A203 LOBBY CORRIDOR 1096 0.06 0.00 0.00 0.00 66 85 19

‐ ST001 STAIR STAIR 271 0 0
RTU‐2 RTU‐2 A204 CLASSROOM II CLASSROOM 905 0.06 65.00 58.83 7.50 495 540 45
RTU‐2 RTU‐2 A205 CLASSROOM II CLASSROOM 873 0.06 65.00 56.75 7.50 478 535 57
RTU‐1 RTU‐1 A206 CORRIDOR CORRIDOR 932 0.06 0.00 0.00 0.00 56 70 14
RTU‐2 RTU‐2 A207 CLASSROOM III CLASSROOM 675 0.06 65.00 43.88 7.50 370 405 35
RTU‐2 RTU‐2 A208 CLASSROOM III CLASSROOM 652 0.06 65.00 42.38 7.50 357 400 43
RTU‐1 RTU‐1 A209 CORRIDOR CORRIDOR 917 0.06 0.00 0.00 0.00 55 70 15
RTU‐2 RTU‐2 A210 ELEC. RM STORAGE INACTIVE 96 0 200 200
RTU‐2 EF‐5 A211 IT ROOM STORAGE INACTIVE 412 0 30 30

TEF‐1 A212 MEN'S TOILET TOILET ROOM 322 0 0 0
TEF‐1 A213 WOMEN'S TOILET TOILET ROOM 327 0 0 0
‐ ST003 STAIR STAIR 218 0 0 0

RTU‐1 RTU‐1 B201 CLASSROOM II CLASSROOM 896 0.06 65.00 58.24 7.50 491 535 44
RTU‐1 RTU‐1 B202 CLASSROOM II CLASSROOM 896 0.06 65.00 58.24 7.50 491 535 44



RTU‐1 RTU‐1 B203 CORRIDOR CORRIDOR 1061 0.06 0.00 0.00 0.00 64 80 16
RTU‐1 RTU‐1 B204 CLASSROOM II CLASSROOM 906 0.06 65.00 58.89 7.50 496 540 44
RTU‐1 RTU‐1 B205 CLASSROOM II CLASSROOM 906 0.06 65.00 58.89 7.50 496 540 44
RTU‐1 RTU‐1 B206 CORRIDOR CORRIDOR 1170 0.06 0.00 0.00 0.00 70 90 20
RTU‐1 RTU‐1 B207 CLASSROOM III CLASSROOM 747 0.06 65.00 48.56 7.50 409 415 6
RTU‐1 RTU‐1 B208 CLASSROOM III CLASSROOM 747 0.06 65.00 48.56 7.50 409 415 6

TEF‐2 B209 FAMILY RESTROOM TOILET ROOM 60 0 0 0
TEF‐2 B210 JC JANITOR'S CLOSET 61 0 0 0

RTU‐1 RTU‐1 B211 CLOSET STORAGE INACTIVE 128 0 20 20
RTU‐1 RTU‐1 B212 CORRIDOR CORRIDOR 623 0.06 0.00 0.00 0.00 37 50 13

‐ ST002 STAIR STAIR 271 0 0 0
RTU‐1 RTU‐1 B213 CLASSROOM II CLASSROOM 975 0.06 65.00 63.38 7.50 534 600 66
RTU‐1 RTU‐1 B214 TUTORING ROOM OFFICE 76 0.06 5.00 0.38 5.00 6 35 29
RTU‐1 RTU‐1 B215 TUTORING ROOM OFFICE 81 0.06 5.00 0.41 5.00 7 35 28
RTU‐1 RTU‐1 B216 TUTORING ROOM OFFICE 82 0.06 5.00 0.41 5.00 7 35 28
RTU‐1 RTU‐1 B217 RESOURCE CENTER LIBRARY 787 0.12 10.00 7.87 17.00 228 315 87

RTU‐2 RTU‐2 A301 SEMINAR OFFICE 421 0.06 5.00 2.11 5.00 36 160 124
RTU‐2 RTU‐2 A302 SEMINAR OFFICE 430 0.06 5.00 2.15 5.00 37 160 123
RTU‐2 RTU‐2 A303 STUDENT LOUNGE BREAK ROOM 1952 0.06 25.00 48.80 5.00 361 980 619
RTU‐2 RTU‐2 ST001 STAIR STAIR 271 0.00 0.00 0.00 0.00 0 0
RTU‐2 RTU‐2/EF‐1 A304 ART CLASSROOM CLASSROOM 900 0.18 20.00 18.00 0.18 165 465 300
RTU‐2 RTU‐2 A305 VENDING STORAGE ACTIVE 505 0.12 0.00 0.00 0.00 61 85 24
RTU‐2 RTU‐2 A306 CORRIDOR CORRIDOR 712 0.06 0.00 0.00 0.00 43 55 12
RTU‐2 RTU‐2 A307 MUSIC ROOM CLASSROOM 631 0.06 65.00 41.02 7.50 345 395 50
RTU‐2 RTU‐2 A308 CLASSROOM III CLASSROOM 608 0.06 65.00 39.52 7.50 333 395 62
RTU‐2 RTU‐2 A309 CORRIDOR CORRIDOR 676 0.06 0.00 0.00 0.00 41 55 14
RTU‐2 RTU‐2 A310 ELEC. RM STORAGE INACTIVE 90 0 10 10
RTU‐2 RTU‐2 A311 CLOSET STORAGE INACTIVE 346 0 55 55

TEF‐1 A312 MEN'S TOILET TOILET ROOM 322 0 0 0
TEF‐1 A313 WOMEN'S TOILET TOILET ROOM 327 0 0 0

RTU‐2 RTU‐2 ST003 STAIR STAIR 217 0 0 0
RTU‐2 RTU‐2 A314 SEMINAR STORAGE INACTIVE 278 0.06 65.00 18.07 7.50 152 650 0
RTU‐2 RTU‐2 A316 ELEV CLOSET STORAGE INACTIVE 20 0 0 0



RTU‐2 EF‐4 B301 CHEM CLOSET STORAGE INACTIVE 127 50 50 0
RTU‐2 EF‐3 B302 PREP ROOM STORAGE INACTIVE 333 60 60 0
RTU‐2 RTU‐2 B303 EQUIPMENT CLOSET STORAGE ACTIVE 116 0.12 0.00 0.00 0.00 14 20 6
RTU‐2 RTU‐2/EF‐2 B304 WET LAB LABORATORY 1368 0.18 25.00 34.20 10.00 588 505 ‐83
RTU‐2 RTU‐2 B305 DAMP LAB LABORATORY 1121 0.18 25.00 28.03 10.00 482 505 23
RTU‐2 RTU‐2 B306 CORRIDOR CORRIDOR 1061 0.06 0.00 0.00 0.00 64 80 16
RTU‐2 RTU‐2 B307 CLASSROOM II CLASSROOM 896 0.06 65.00 58.24 7.50 491 535 44
RTU‐2 RTU‐2 B308 CLASSROOM II CLASSROOM 896 0.06 65.00 58.24 7.50 491 535 44
RTU‐2 RTU‐2 B309 CORRIDOR CORRIDOR 1183 0.06 0.00 0.00 0.00 71 90 19
RTU‐2 RTU‐2 B310 STORAGE STORAGE INACTIVE 337 0 0 0

TEF‐2 B311 FAMILY RESTROOM TOILET ROOM 60 0 0 0
TEF‐2 B312 JC TOILET ROOM 61 0 0 0

RTU‐2 RTU‐2 ST002 STAIR STAIR 271 0 0 0
RTU‐2 RTU‐2 B314 CORRIDOR CORRIDOR 628 0.06 0.00 0.00 0.00 38 50 12
RTU‐2 RTU‐2 B315 CLASSROOM CLASSROOM 862 0.06 65.00 56.03 7.50 472 580 108
RTU‐2 RTU‐2 B316 CLASSROOM I CLASSROOM 1221 0.06 65.00 79.37 7.50 668 750 82

RTU‐2 B316 ELEV CLOSET STORAGE INACTIVE 20 0 0 0
RTU‐2 RTU‐2 B319 CLOSET STORAGE INACTIVE 208 250 250 0
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Performance Summary For Untitled1
Project: ElCentro 03/25/2015 
Prepared By: 11:53AM 

Part Number: 48P3D0906100098SLV

Unit Refrigerant: R410A
EER (ARI 360): 9.5
IEER: 12.3

Shipping Dimensions
    Unit Length: 41' 2''
    Unit Width: 7' 8''
    Unit Height: 6' 11''
    Unit Shipping Weight: 12689 lb

Unit
    Supply/Return: Vertical/Vertical
    Application Type: VAV
    Voltage: 460-3-60
    Evaporator Type: Std Evap
    Cooling Airflow: 34000 CFM
    Altitude: 673 ft
    Cond. Ent. Air Temp: 91.0 F
    Ent. Air Dry Bulb: 79.7 F
    Ent. Air Wet Bulb: 66.7 F
    Ent. Air Enthalpy: 31.55 BTU/lb
    Lvg. Air Dry Bulb: 58.3 F
    Lvg. Air Wet Bulb: 57.0 F
    Lvg. Air Enthalpy: 24.68 BTU/lb
    Gross Cooling Capacity: 1025.53 MBH
    Gross Sensible Clg. Cap: 766.23 MBH
    Compressor Power: 72.4 kW
    Coil Bypass Factor: 0.158

Part Load(%) Operation
    Standard Capacity Steps: 17, 33, 50, 67, 83, 100

Gas Heating Data:
    Heating Airflow: 34000 CFM
    Heating Ent. Air Temp: 51.4 F
    Gas Output: 527 MBH
    Heating Lvg. Air Temp: 66.2 F
    AFUE: 81
    Steady State Eff: 81
    Temp.Rise: 14.7 F

Supply Fan Information:
    Ext.Static Pressure: 1.00 in wg
        Low Gas Heat Loss: 0.79 in wg
        Economizer Loss: 0.31 in wg
        Pleated Filters Loss: 0.23 in wg
    Selection Static Pressure: 2.33 in wg
    Supply Fan Type: AF Supply Fan
    Supply Fan RPM: 1432
    Supply Fan BHP: 36.72 BHP
    Supply Fan Motor HP: 40 Hp

Power Exhaust Information:

    Airflow: 30000 CFM
    Ext. Static: 0.50 in wg
    Tot. Static: 0.50 in wg
    Fan RPM: 1141
    Fan BHP: 23.1 BHP
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    Motor HP: 25 Hp

Electrical Data
    Minimum Voltage: 414
    Maximum Voltage: 508
    Indoor Fan Motor HP: 40
    Indoor Fan Motor FLA: 52
    Condenser Fan Motor Qty: 6
    Condenser Fan Motor FLA (ea): 3.3
    Pwr. Exhaust Fan Motor Qty: 1
    Pwr. Exhaust Fan Motor HP (ea.): 25
    Pwr. Exhaust Fan Motor FLA (ea.): 34
    Power Supply MCA: 257
    Power Supply MOCP (Fuse or HACR): 300
    Compressor Count (A1,A2): 3
    Compressor RLA (ea),  (A1,A2): 23.1
    Compressor LRA (ea),  (A1,A2): 150
    Compressor Count (B1,B2): 3
    Compressor RLA (ea), (B1,B2): 23.1
    Compressor LRA (ea), (B1,B2): 150

Acoustic Information

 Discharge, Lw Inlet, Lw Outdoor, Lw 
63 Hz 103.6 95.6 74.9 

125 Hz 103.6 85.6 82.0 
250 Hz 102.1 83.1 88.6 
500 Hz 94.2 74.2 94.2 

1000 Hz 88.0 71.0 94.5 
2000 Hz 82.3 71.3 92.4 
4000 Hz 73.8 60.8 89.3 
8000 Hz 65.4 49.4 83.7 

Discharge and Inlet data represents the Supply fan only and do not include the impact of the return fan or power exhaust fans

Calculation methods used in this program are patterned after the ASHRAE Guide; other ASHRAE Publications and the AHRI Acoustical 
Standards.  While a very significant effort has been made to insure the technical accuracy of this program, it is assumed that the user is 
knowledgeable in the art of system sound estimation and is aware of the tolerances involved in real world acoustical estimation.  This 
program makes certain assumptions as to the dominant sound sources and sound paths which may not always be appropriate to the 
real system being estimated.  Because of this, no assurances can be offered that this software will always generate an accurate sound 
prediction from user supplied input data.  If in doubt about the estimation of expected sound levels in a space, an Acoustical Engineer or 
a person with sound prediction expertise should be consulted.

Advanced Acoustics

Advanced Accoustics Parameters
    1. Unit height above ground: 30.0 ft

 Applied Rooftop Builder  3.17 Page 2 of 4



Performance Summary For Untitled1
Project: ElCentro 03/25/2015 
Prepared By: 11:53AM 

    2. Horizontal distance from unit to receiver: 50.0 ft
    3. Receiver height above ground: 5.7 ft

Detailed Acoustics Information

Octave Band Center Freq. Hz 63 125 250 500 1k 2k 4k 8k Overall 
A 74.9 82.0 88.6 94.2 94.5 92.4 89.3 83.7 99.6 Lw 
B 48.7 65.9 80.0 91.0 94.5 93.6 90.3 82.6 98.9 LwA 
C 41.5 48.6 55.2 60.8 61.1 59.0 55.9 50.3 66.3 Lp 
D 15.3 32.5 46.6 57.6 61.1 60.2 56.9 49.2 65.5 LpA 

Legend
A Sound Power Levels at Unit's Acoustic Center, Lw
B A-Weighted Sound Power Levels at Unit's Acoustic Center, LwA
C Sound Pressure Levels at Specific Distance from Unit, Lp
D A-Weighted Sound Pressure Levels at Specific Distance from Unit, LpA
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Table 3-2 (continued) Table 3-2 (continued) 

Zx W-Shapes Fy =50 ksi Fy =50 ksi W-Shapes 
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ECONOMY TABLE FOR OPEN WEB STEEL JOISTS. K-SERIES 
Based on a 50 ksi Maximum Yield Slrenglh • lOOlds Shown in 'Pounds per linear Fool (pit) 

Joist 
26K5 16K9 24K7 18K9 26K6 20K9 26K7 lr2ih )2BK6 24K8DeslgnaUcn laKle 2<lK7 24K9 26K8 20KlO 26K9 

OeDth tin . 26 16 24 19 26 20 26 'n 28 24 18 28 24 26 20 26 
ApOfOX. '.Nt 

9.a 10 101 10.2 10.6 10.8 10.9 11.3 11.4 11.5 : 1.7 , 11.8 12(IbSift j 12.1 12.1 122 

Sp:m(ft) 

16 ~t5"50 
17 ~~ 
13 825 825 825

490 550 :'~·O 
19 ~~ ill 825 

-523 
20 825 615 825 825 825

425 490 550 490 550 
21 
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~~6":60 
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26 m m m ~g.\ 825 m ~~ ~~ ~~ ~T ~~ ~T 825 
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~~~ ~~ ~25
477 246 315 479 sn 

28 699 612 781 694 762 775 825 825 822 825 822 825 825 
~1 825 825

4::7 220 436 232 4fi4 353 ,01 413 5-11 456 3.31 !j43 456 375 5.0i 
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71 7!1 83 ac. 93 

53 W W 
54 211 243 

74 82 
55 

~W W 
55 

~ ''If 

C-4
 

he 

58 



310.15 ARTICLE 310 - CONDUCTORS FOR GENERAL WIRING 

Table 310.15(8)(16) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to aDd Including 2000 
Volts, 60°C Through 90°C (140°F Through 194"F), No.!. More Than Three Current-Carrying Conductors in Raceway, Cable. or 
Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)* 

Temperature Rating of Conductor [See Tahle 310. Hl4(A).] 

60Q C 
7S"C (167°)0') 75°C (167°)0') 60"C (1400F) 90°C (194°1') (140°F) 9(n~ (194"1") 

I)'pes TBS, SA,
 
SIS, FEP,
 

FEPB, MI,
 
RHH, RHW-2,
 Types TRS, SA, 

THHN, THRW, SIS, THHN, 
THW-2, THHW, THW-2, 

I)'pes RHW, THWN-2, Types RHW, I THWN-2, RHH, 
THHW,THW, lJSE-2, XHH, THHW, THW, RHW·2, USE-2, 

Size AWG or <. I)'pes TW, THWN, XHHW, I XHH, XHHW,~N,XHHW, XHHW, 
kcmil l)'pes TW, UI' SE,ZW XHHW-2, ZW-2 UF liSE I'XHHW-2, ZW·2 

ALUMINUM OR COPPER-CLAD
~OPPER ALUMINUM Size AWG or krm~ 

18"* - - 14 - - - -

In"" - - L8 - - - -

14"" 15 20 25 - - - -
12"" 20 25 30 15 20 25 1_' 
10** 30 35 40 25 30 35 I( 
8 40 50 55 35 40 45 H 

(, 55 65 75 40 50 55 (, 

4 70 R5 'J5 55 65 75 4 
3 85 100 115 65 75 85 .1 
2 'J5 115 130 75 <)0 100 2 
I 110 130 145 85 100 115 1 

I/O 125 150 170 100 120 1.15 I/O 
2/0 145 175 195 115 1.15 150 2/0 
3/0 165 200 225 130 155 175 3/0 

-
410 195 230 2110 ISO I 180 20S 4/0 

250 
300 

215 
240 

-

285 
2'JO 
320 

170 
195 I 

205 
230 

I no 
260 

250 
3(X) 

350 200 .10 350 210 250 2RO 350 
400 
500 

280 
320 

335 
380 

I 3HO 
430 

225 
260 

270 
310 I 

305 
350 

41X) 
500 

(i00 350 420 475 285 340 385 (,00 
700 385 460 520 315 375 425 700 
750 400 475 535 320 385 4.35 750 
800 410 4'J0 555 .130 3'J5 445 800 
900 435 520 585 355 425 4RO 9(KI 

JO(XJ 455 545 615 375 445 5(X) 1000 
1250 495 590 665 405 485 545 1250 
15DO 525 (,25 70S 435 520 585 1500 
1750 545 650 7J5 455 545 615 1750 
2000 555 665 750 470 560 630 20m 

e cr III 310.15(8)(2) f()r the ampm.:ity correction ractur whem: the al1lhi~nl lemncnllure is other than :IO°C (86°F). 
'" Rdt:r to 240.4(D) ror conductor overculT III protection lillliluUuOS. 

7~154 NAflO:'\AL ELECTRICAL CODE 
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