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Executive Summary 
This report focuses on the mechanical equipment used in the Montgomery College Student 
Services Center. In addition, the system operation sequences and LEED certification potential 
are analyzed. Information taken from the two previous technical reports are also used in the 
overall analysis. 

The building’s heating water will be supplied by a new boiler plant with five high-efficiency 
condensing boilers, with an additional two boilers for redundancy, based on the Fulton-Vantage 
6000 boilers. The boiler plant will be located in the basement mechanical room. The heating 
plant will have a dedicated primary, variable secondary, and variable tertiary system. Inline 
primary pumps for each boiler are anticipated. Three pumps sized for 50 percent of the flow 
will serve the secondary campus side, while three additional pumps sized at 50 percent of the 
flow will serve the tertiary pumps for the building. The new campus heating water system is 
anticipated to match the existing campus supply and return temperatures; 180 degrees F 
heating water supply, and 160 degrees F heating water return. 

Campus chilled water is currently generated and distributed in the basement of the Humanities 
building. The chilled water for the Student Services Center will be supplied by two new water 
cooled chillers and cooling towers. These satellite chillers will be located in the Student Services 
Center’s basement mechanical room, while the cooling towers will be located on the roof. The 
chillers will be based upon the Daiken Maglev Centrifugal chiller with variable frequency drive. 

Two variable air volume air handling units will serve the Student Services Center. They will be 
equipped with 2-inch flat MERV 8 pre-filters, 12-inch cartridge type MERV 13 final filters, 
heating water preheat coils, chilled water cooling coils, and direct-drive plenum-type supply 
and return fans. 

Single-duct VAV supply air terminal units with hydronic heating coils are anticipated for 
providing both space temperature and ventilation control for the building. A dedicated VAV 
terminal unit will be provided for each classroom, adjunct suite, conference room, corner 
office, department chair office, and specialty spaces. A single VAV terminal unit will support 
three or more interior offices, or perimeter offices with a common exposure. Dedicated and 
redundant ductless split systems and VAV terminal units will serve elevator machine rooms, IT 
rooms, and security closets. 

Operational statistics and history are not available for the Montgomery College Student 
Services Center since it is not yet completed. Construction is planned to be finished in March of 
2019. Information from Technical Report 2 will be used in order to estimate the annual 
operating cost of the mechanical system, electrical consumption, and heating fuel 
consumption. 

 

 



Casey Zarger | Tech Report 3 

4 
 

Building Overview 
General 
The Student Services Center is being designed and constructed by Montgomery College to 
replace its existing facility. The new building will house various student services, intake 
functions and programs serving students. It will also contain one academic department (school 
of education), administrative offices, the campus security office and a central plant operation 
serving both this building and the campus. The proposed building will consist of four stories 
above grade and a basement, and will contain 70,227 nsf and 128,004 gsp. The mechanical 
equipment will be located on the roof and in the basement. Each department is located within 
the building such that they remain a cohesive unit on the same floor and near other 
departments that work together. An emphasis was put on making the space inviting and easy to 
navigate for students. A large atrium on the first floor has a welcome center to aid students 
with questions and direct them to whatever department they’d like to visit. The building will be 
located at the end of the mall that runs the NS length of the campus. Glazing on the southern 
exterior will create an appealing gateway to the campus. 

 

 

 

 

 

 

 

 

 

The main mechanical room is located on the basement level, which contains two water cooled 
chillers, five boilers, eleven pumps, and a network of piping and ducts. Two custom air handlers 
are located in on the roof, and they both serve a single main chase that travels the height of the 
building. A two-cell cooling tower and VRF units are also located on the roof. 

 

 

 

 

 

Figure 1. Building Floor Plan – Courtesy of Cho Benn Holback + Associates, Inc 
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Figure 2. Mechanical Room Drawing – Courtesy of James Posey Associates 
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Building Construction 
The same U-value was used throughout the building for each of these components during 

design and energy modeling. 

Construction Description U-value 
(BTU/(hr*SF*°F)) 

SC 

Roof built-up roof, high albedo cap sheet, 2-plies 
of modified bitumen membrane, self-

adhering base layer, cover board and R-25 
rigid polyisocyanurate insulation 

0.04 - 

Walls 4” masonry veneer, 4” cavity, 2” rigid 
insulation; air/water barrier and 8” CMU 

back up 

0.0526 - 

Glazing 1” insulated glazing units held in 
thermally-broken glazed aluminum 
curtainwall frames, low-e coatings 

0.29 0.39 

 

Design Considerations 
Objectives 

The objective of Montgomery College Student Services Center is to create a functional and 

aesthetically pleasing space for the students of the college. All traditional design parameters 

were considered. Sustainability was not a priority, but sustainable options were included in 

order to create a successful design. 

Requirements 
Outdoor Design Conditions 
Montgomery College Student Services Center is located in Rockville, MD. This location is Zone 
4A in ASHRAE 90.1 – 2007 and is defined as mixed-humid from Table B-4. The climate data is 
taken from the 2009 ASHRAE Fundamentals Handbook. 

 

Season Dry Bulb (°F) Mean Coincident Wet Bulb (°F) 

Summer 94 75.2 

Winter 12.9  

 

 

Season Dry Bulb (°F) Mean Coincident Wet Bulb (°F) 

Summer 95 78 

Winter 0  
 

Table 2. ASHRAE 2009 Fundamentals Handbook Rockville, MD Climate Data 

 

Table 3. Climate Design Data Used by Designer 

 

Table 1. Building Construction 
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As seen in Tables 1 & 2, all design conditions used by the designer were more conservative than 
those given in the 2009 ASHRAE Fundamentals Handbook. The summer dry bulb condition 
design point is 1°F higher, the MCWB condition is 2.8°F higher, and the winter design dry bulb 
condition is 12.9°F lower. 

Indoor Design Conditions 
The indoor design conditions were taken to be 75°F DB for cooling and 70°F DB for heating, 

with a 50% relative humidity for both cases. Thermostats are located in each room. 

Ventilation Requirements 
Ventilation air is provided to all spaces via the two custom air handling units on the roof, as well 

as a single packaged vertical air handling unit in the security suite. From the main two air 

handlers, air is delivered via a vertical shaft that travels the height of the building and connects 

to VAV terminal units. The packaged vertical unit draws in outdoor air at ground level, from the 

same intake as that used for OA for the boilers. The ventilation air flow rates comply with 

ASHRAE 62.1 – 2007 requirements. 

 

Air 
Handler 

Type Cooling 
Airflow 
(CFM) 

Tons Heating 
Airflow 
(CFM) 

OA 
(CFM) 

OA 
Required 

(CFM) 

MBh Compliance 

AHU-1 VAV 48,000 198 17,070 15,000 14,971 800 Yes 

AHU-2 VAV 48,000 198 17,070 15,000 14,971 800 Yes 

AHU-3 Packaged 
Vertical 

1,000 7.96 1,000 1,000 1,000 43 Yes 

Total - 99,000 404 44,610 31,000 30,942 1,959.6 - 

 

 

Heating and Cooling Requirements 
The heating and cooling loads were calculated with Trane Trace 700. This software was also 

used by the designer. Table 5 displays the results of each calculation. The design engineer had 

higher design values than those calculated for this report. In all cases, it seems that the 

designer applied safety factors to their calculations. There could also be errors in one or both of 

the calculations done by either party as well, which would account for the load calculation 

differences. In addition, load calculation software is not completely accurate and only serves as 

a design guide. Actual energy usage must be taken retroactively from existing buildings to get a 

better sense of the energy use of certain building types.  

 

 

Table 4. Ventilation Summary and Compliance 
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Air Handler Type Cooling 
Airflow 
(CFM) 

Tons Heating 
Airflow 
(CFM) 

MBh 

AHU-1 VAV 42942 176.8 15271.1 715.7 

AHU-2 VAV 42942 176.8 15271.1 715.7 

AHU-3 Packaged Vertical 1489.2 11.9 1489.2 64.6 

CUH-1 Cabinet Unit Heater - - 515.1 25.84 

CUH-2 Cabinet Unit Heater - - 515.1 25.84 

CUH-3 Cabinet Unit Heater - - 515.1 25.84 

CUH-4 Cabinet Unit Heater - - 515.1 25.84 

CUH-5 Cabinet Unit Heater - - 515.1 25.84 

CUH-6 Cabinet Unit Heater - - 515.1 25.84 

PUH-1 Propeller Unit Heater - - 642.6 15.98 

PUH-2 Propeller Unit Heater - - 642.6 15.98 

PUH-3 Propeller Unit Heater - - 642.6 15.98 

PUH-4 Propeller Unit Heater - - 642.6 15.98 

PUH-5 Propeller Unit Heater - - 642.6 15.98 

PUH-6 Propeller Unit Heater - - 714 20.06 

PUH-7 Propeller Unit Heater - - 642.6 15.98 

PUH-8 Propeller Unit Heater - - 714 20.06 

PUH-9 Propeller Unit Heater - - 642.6 15.98 

PUH-10 Propeller Unit Heater - - 642.6 15.98 

Total - 87,373.2 365.5 41,690.8 1,819 
 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Load Calculations 
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Air Handler Type Cooling 
Airflow 
(CFM) 

Tons Heating 
Airflow 
(CFM) 

MBh 

AHU-1 VAV 48,000 198 17,070 800 

AHU-2 VAV 48,000 198 17,070 800 

AHU-3 Packaged Vertical 1,000 7.96 1,000 43 

CUH-1 Cabinet Unit Heater - - 505 25.3 

CUH-2 Cabinet Unit Heater - - 505 25.3 

CUH-3 Cabinet Unit Heater - - 505 25.3 

CUH-4 Cabinet Unit Heater - - 505 25.3 

CUH-5 Cabinet Unit Heater - - 505 25.3 

CUH-6 Cabinet Unit Heater - - 505 25.3 

PUH-1 Propeller Unit Heater - - 630 15.7 

PUH-2 Propeller Unit Heater - - 630 15.7 

PUH-3 Propeller Unit Heater - - 630 15.7 

PUH-4 Propeller Unit Heater - - 630 15.7 

PUH-5 Propeller Unit Heater - - 630 15.7 

PUH-6 Propeller Unit Heater - - 700 19.6 

PUH-7 Propeller Unit Heater - - 630 15.7 

PUH-8 Propeller Unit Heater - - 700 19.6 

PUH-9 Propeller Unit Heater - - 630 15.7 

PUH-10 Propeller Unit Heater - - 630 15.7 

Total - 99,000 404 44,610 1,959.6 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Design Engineer’s Load Calculations 
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Annual Energy Use 
Figure 3 displays the monthly electricity consumption of the building. The building load is 

dominated by the utility load, which includes the high receptacle load, as well as the cooling 

load. A bell curve peaking in July would have been expected, but according to the model this is 

not the case. The monthly HVAC electrical consumption is displayed in Figure 4, with the 

cooling load dominating the energy consumption. Utility loads dominate the annual energy 

consumption, as seen in figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Monthly Electricity Consumption 

 

Figure 4. Monthly HVAC Electrical Consumption 
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Figure 5 shows the percentage of each electricity used by each system component relative to 

the annual electricity consumption. The total energy usage is estimated at 1,800,000 kWh and 

the total demand is estimated at 820 kW. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Annual Utility Costs 
Annual utility cost for Montgomery College Student Services Center is summarized below. Data 

for fuel consumption costs was taken from March 2014 EIA reports for natural gas and July 

2015 EIA reports for electricity.  

Figure 5.  Energy Use Bar Graph 

 

Figure 6. Energy Use Pie Chart 
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Source Rate Unit Cost 

Electricity 0.1122 $/kWh 201,960 

Natural Gas 1.01 $/therm 1,650 
 

Existing Mechanical System 
Equipment 
Heating Equipment 
The building’s heating water will be supplied by a new boiler plant with five high-efficiency gas 
fired condensing boilers, with an additional two boilers for redundancy. The boilers used the 
Fulton-Vantage 6000 boilers as the basis of design. The boiler plant will be located in the 
basement mechanical room. B-1 thru B-5 are their designations, they have a 6000 MBH input 
each, with 5640 MBH output (87% efficient). Each boiler operates at 160°F EWT, 180°F LWT, 
560 GPM, 15’ WG MAX WPD, with a single point power connection, 208V-3PH, 7.5HP blower. 
The units have a 5:1 turndown ratio and a minimum as pressure requirement of 18” w.c. Each 
boiler is 88”H x 51”W x 155” L, and has an operating weight of 14,800 lbs. The new campus 
heating water system matches the existing campus supply and return temperatures. 

The heating plant will have a dedicated primary, variable secondary, and variable tertiary 
system. Inline primary pumps for each boiler are anticipated. Three pumps sized for 50 percent 
of the flow will serve the secondary campus side, while three additional pumps sized at 50 
percent of the flow will serve the tertiary pumps for the building. There are three primary 
heating water pumps at 725 GPM each and two secondary heating water pumps at 655 GPM 
each. 

Cabinet unit heaters are provided in order to serve stairways, and propeller unit heaters are 
provided to serve the mechanical room, fir pump room, trash, material storage, loading dock 
“A”, and the AHU service corridor. The majority of the heating capacity serves VAV units 
throughout the building. Four hot water radiator panels are also provided for the building and 
located in the floor. There are also thirteen variable refrigerant terminals and two variable 
refrigerant system air cooled heat pumps. 

Cooling Equipment 
Campus chilled water is currently generated and distributed in the basement of the Humanities 
building. The chilled water for the Student Services Center will be supplied by two new water 
cooled chillers and a dual cell cooling tower. These satellite chillers will be located in the 
Student Services Center’s basement mechanical room, while the cooling tower will be located 
on the roof. The chillers will be based upon the Carrier 23RXRV 250 ton centrifugal chiller with 
variable frequency drive. The cooling tower will be based on Baltimore Air Coil (BAC) – series 
3000 

The two chillers are water cooled centrifugal compressor chillers. The evaporator operates at 
550 GPM, 50°F EWT, 39°F LWT, max 20’ PD, 0.00010 fouling factor, while the condenser 
operates at 750 GPM, 85°F EWT, 94.5°F LWT, max 20’ PD, 0.0002 fouling factor. They require 
152.1 Kw input, 480V-60Hz-3PH, 263 MCA, 350 MOP. They have a max of 0.387 NPLV, R134a 

Table 7. Fuel Consumption Costs 
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refrigerant, and they are 181” long, 46” wide, and 89” high. During unoccupied mode, the 
evaporator EWT and LWT are changed to 58°F and 42°F respectively.  

The dual cell cooling tower is an induced draft crossflow type cooling tower with vertical air 
discharge. The cells operate independently, have FRP casing panels, single end inlet, single end 
outlet, louver side access with external ladder, safety cage, and anti-skid surface platform to 
fandeck and access doors. They have sweeper piping for use with Lakos solid separator 
filtration package. They are designed with 10% additional capacity. 

Sound power levels of the cooling towers are not to exceed the following: 

Frequency (Hz) 63 125 250 500 1000 2000 4000 8000 

Sound Power (dB) 99 99 99 94 90 83 79 76 
 

Air Handling Units 
Two custom variable air volume air handling units will serve the Student Services Center. They 
will be equipped with 2-inch flat MERV 8 pre-filters, 12-inch cartridge type MERV 13 final filters, 
heating water preheat coils, chilled water cooling coils, and direct-drive plenum-type supply 
and return fans. They are located on the roof of the building and are headered together in 
order to serve a vertical shaft that runs throughout the building. Each air handling unit has a 
total CFM of 48,000 with 15,000 CFM of outdoor air.  

There is one other packaged air handling unit that provides air for the security suite. It is 
located in the basement mechanical room, and it draws in outdoor air from the same air intake 
as the boilers. It is a vertical unit with a total of 1,000 CFM, and it brings in 100% outdoor air. It 
is connected to an air cooled condensing unit located outdoors, and both units are connected 
to emergency power. 

VAV Terminal Units 
Single-duct VAV supply air terminal units with hydronic heating coils are used for providing both 
space temperature and ventilation control for the building. A dedicated VAV terminal unit will 
be provided for each classroom, adjunct suite, conference room, corner office, department 
chair office, and specialty spaces. A single VAV terminal unit will support three or more interior 
offices, or perimeter offices with a common exposure. Dedicated and redundant ductless split 
systems and VAV terminal units will serve elevator machine rooms, IT rooms, and security 
closets. 

There are 168 total VAV terminals, which are based on Titus model desv single-duct terminal 
unit. Heating coils are designed at 130°F EWT and 55°F EAT with a max pressure drop of 10’ HD. 
All VAV terminals are provided with sound attenuators; a total of five different types of sound 
attenuators are specified for this building, depending on VAV terminal size and airflow. 

Hot Water Pumps 
Hot water is pumped to the heating coils in the air handlers, VAV terminal units, cabinet unit 

heaters, and propeller unit heaters. There are three primary heating water pumps, each rated 

at 725 GPM, 130 FT HD, 40 HP, and sized at 33% of full flow to campus loop. They are B&G 

Table 8. Cooling Tower Sound Power Levels 
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Series E110 4GC pumps. There are also two secondary heating water pumps, each rated at 655 

GPM, 65 FT HD, 15 HP, and sized for full flow to the building. They are located in the basement 

mechanical room and are B&G Series E110 4BD pumps. 

Chilled Water Pumps 
Chilled water is pumped from the cooling tower to the chiller and around the building to the air 

handlers and VAV terminal units. Two primary chilled water pumps are located in the basement 

mechanical room, and they are rated at 550 GPM, 55 FT HD, 15 HP, and are each sized for full 

flow through one chiller. They are based on B&G Series E-1510 3BD. Two secondary chilled 

water pumps are located in the basement mechanical room, and they are rated at 600 GPM, 

100 FT HD, 20 HP, and are each sized for full flow to the building. They are based on B&G Series 

E-1510 3AD. There is also a cooling tower filtration pump sized at 410 GPM, 60 FT HD, and 10 

HP, based on Lakos eCTX-0410-SRV. 

Condenser Water 
Two condenser water pumps are sized for full flow to one tower plus 10% additional capacity. 

They are rated at 825 GPM, with 85 FT HD, 25 HP, and are based on B&G Series E-1510 EB. 

Equipment Initial Cost 
The initial cost of mechanical equipment is estimated to be $11,406,364, with a per square foot 

cost of 89.11 / GSF 

System Operation and Schematics 
Chilled Water 
The cooling tower (CT-1), located on the roof, sends condenser water to the two 250-ton 

centrifugal chillers in the basement mechanical room. Two parallel condenser water pumps 

provided the pumping energy to move the condenser water. The chillers send their chilled 

water to serve the building and existing campus main system. From the building loads, the 

chilled water passes through the chilled water air separator (AS-2) and returns to the chillers via 

the two primary chilled water pumps (P-3 and P-4). These loops between the chillers and the 

loads and between the chillers and the cooling towers run continuously when a cooling load is 

present. 
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Heating Water 
Hot water is generated by the seven parallel boilers and distributed to the building via three 
parallel heating water pumps. From the building loads, the hot water is returned to the boilers 
and is reheated and sent back to the building loads. Lead and lag pumps operate in sequence to 
maintain the differential pressure setpoint of the sensor in the main mechanical room. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Chilled and Condenser Water Schematic 

 

Figure 8. Heating Water Schematic 
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Airside 
Montgomery College Student Services Center has conditioned air supplied by three air handling 
units. AHU-1 and AHU-2 are variable air volume units with VFDs located on the roof, and AHU-3 
is located in the basement mechanical room and serves the security suite. All air handlers are 
operated automatically by a direct digital control system (DDC). The system is designed to 
operate based on the building occupancy schedule and is adjustable by the owner for each 
calendar day. Each air handling unit is controllable independently, and the two main units on 
the roof have fan arrays. Discharge air temperature is based on the quantity of cooling requests 
from each terminal unit room temperature sensors. Maximum unit discharge temperature 
setpoint shall not exceed 60°F, and minimum unit discharge shall not drop below 50°F. See 
below schematic for details. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Airside Schematic 
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Mechanical Space in Building 
 

Room Area (SF) 
Fire Pump 296 

Mechanical Office/ GUI Room 166 
Main Mechanical Room 5340 

Shaft Space 560 
  

Total 6362 

Mechanical percentage of total area  4.97% 
 

LEED Checklist 
The Montgomery College Student Services Center was aiming to be a LEED Silver 
project. The documentation for this is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9. Mechanical Space 

 

Figure 10. LEED Checklist – Part 1 

 



Casey Zarger | Tech Report 3 

18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. LEED Checklist – Part 2 
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Overall Mechanical System Evaluation 
The mechanical engineer designing Montgomery College Student Services Center 
was successful in creating a comfortable and efficient space for students. Less 
than 5% of the building’s total square footage is dedicated to mechanical 
equipment, not including duct shafts or roof space. The building meets 
requirements for heating, cooling, and ventilation as well. Construction won’t be 
complete until March of 2019, so the true success of the building will not be 
known until that time. 

The design is effective. Loud and large equipment, such as cooling towers and the 
large air handling units, were located on the roof in order to minimize their 
impact on occupants and the building’s square footage. The mechanical room is 
located in the basement, thus ensuring that as many occupied rooms as possible 
can have exterior exposure. In addition, the mechanical room is laid out in an 
efficient manner so as to allow for expansion but keep it from using too much 
square footage. The design objectives seem to have been met and the design 
should allow for a space to be used for many years in the future. 
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