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Executive Summary 
This report focuses on identifying major characteristics of the building’s mechanical system, 
constructing and analyzing a load calculation model of the proposed design, and calculating 
annual energy consumption, monthly and yearly utility costs, and yearly particulate emissions. 
Design errors should be discovered and corrected as a result of this analysis. 

The design documents were inspected for miscellaneous load sources, lighting densities, and 
other information for the load model constructed in Trane TRACE 700. Trace room templates 
were used as necessary in order to group room types to save time. Assumptions and the results 
from the Trace model are stated in this report. These findings are compared to the design 
engineer’s model, which was also created in Trace.  

This report also analyzes overall energy consumption, cost, and yearly emissions of the building. 
Charts and analysis of the results are included. These charts show building component loads, 
major sources of energy consumption, and total amount of emissions from those loads. 

Building Overview 
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. 

 

 

 

 

 

 

 

 

Figure 1. Building Floor Plan – Courtesy of Cho Benn Holback + Associates, Inc 
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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 2. Mechanical Room Drawing – Courtesy of James Posey Associates 
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Building Mechanical System Overview 
The 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 AERCO BMK-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; 170 degrees F heating water supply, and 140 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. 
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Building Load Estimation 
Trane Trace was used to construct an accurate model of Montgomery College Student Services 

Center. The design engineer also used Trane Trace. The assumptions to construct the load 

model are stated below, along with occupancies, glazing properties, ventilation rates, wall 

constructions, weather information, electrical information, and other miscellaneous conditions. 

The results are then compared to those of the designer. 

Design Conditions and Assumptions 
Location 
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  

 

 

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. 

Building Construction 
The same U-value was used throughout the building for each of these components during 

design and energy modeling. 

Table 1. ASHRAE 2009 Fundamentals Handbook Rockville, MD Climate Data 

 

Table 2. Climate Design Data Used by Designer 
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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 

 

 

Electrical Service – Normal Power 
Pepco will provide a new 3000 ampere service with a pad-mounted utility transformer on the 
west side of the building. This transformer will feed a new main distribution panelboard rated 
at 3000A, 480Y/277V, 3-phase, 4 wire, with bolt-on type branch circuit breakers. Building 
service will be provided at 480Y/27&V. 

Design voltages will be as follows: 

Item Voltage 

Service entrance 480Y/277 volt, 3-phase, 4 wire 

Motors ½ HP and higher 480 volt, 3-phase, 3 wire 

Motors smaller than ½ HP 277 volt, 1-phase 

Lighting systems 277 volt, 1-phase 

General receptacles 120 volt, 1-phase 

Computer receptacles 120 volt, 1-phase 
 

 

Design loads were developed as follows:  

Load type Unitary Load (W/sf) 

Lighting 0.62 

General receptacles 2.00 

Computer receptacles 4.00 

Mechanical equipment 8.00 

Total 14.62 

 

 

Table 3. Building Construction 

 

Table 4. Design Voltages for Normal Power 

 

Table 5. Design Loads for Normal Power 
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Electrical Service – Emergency Power 
Design voltages for the building’s emergency power generation system will be 480Y/277 volt, 3-
phase, 4 wire for mechanical equipment, 277 volt for lighting, and 120 volt for miscellaneous 
loads. 

Load Type Connected Load (kW) Demand Load (kW) 

Fire Pump (75HP) 69.0 69.0 

Mechanical 39.8 39.8 

Egress Lighting 31.9 31.9 

Elevator 26.9 26.9 

MDF/IDF Rooms 17.0 17.0 

Receptacles 12.7 11.4 

Fire Alarm/Security 2.0 1.6 

Total 199.3 197.5 
 

 

Mechanical System Equipment 
Cooling 

The cooling load will be met by two water-cooled chillers and cooling towers. The chillers will 

be located in the basement mechanical room, and the cooling towers will be located on the 

roof. They will be based on the Daiken Maglev Centrifugal chiller with variable frequency drive. 

Heating 

The heating load will be met by a new boiler plant consisting of five high-efficiency condensing 

boilers, with two additional boilers for redundancy, based on AERCO BMK-6000 boilers. They 

will be located in the basement mechanical room, and the plant will have a dedicated primary, 

variable secondary, and variable tertiary system. 

Air Side 

Two custom variable air volume air handling units will serve the Student Services Center and 
will be located on the roof. Single-duct VAV supply air terminal units with hydronic heating coils 
are anticipated for both space temperature and ventilation control for the building. 

People Load 
Space occupancies were determined to be as follows: 

Space Type Weekday Schedule (M-F) Saturday Only 

Student Activity 8:00 am to 10:00 pm 8:00 am to 12:00 pm 
(reduced occupancy) 

Offices/ Meeting Areas 8:00 am to 5:00 pm No occupancy 

Classroom Areas 8:00 am to 10:00 pm 8:00 am to 12:00 pm 
(reduced occupancy) 

 

Table 6. Loads for Emergency Power 

 

Table 7. Occupancy Schedule 
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Ventilation rates were determined to be as follows: 

Space Type Design Ventilation Rate 

Corridors 0.06 cfm/square foot 

Classrooms & Computer Labs 10 cfm/person + 0.10 cfm/square foot 

Office & Conference Spaces 5 cfm/person + 0.06 cfm/square foot 

Multipurpose Assembly Spaces 5 cfm/person + 0.06 cfm/square foot 

Lounges & Lobbies 5 cfm/person + 0.06 cfm/square foot 
 

Heat gain of equipment, lighting, and people were determined to be as follows: 

Space Equipment 
(watts) 

Lighting 
(watts/ft2) 

People (250 btu/hr 
sensible per person) 

Computer Labs 100 0.6 33 

Offices 100 0.6 1 

Conference Room 500 0.6 8 

Lobby/Lounge Areas 0 0.6 50  

Corridors 0 0.6 ft2 per person 

Rest Rooms/ Storage Rooms 0 0.6 0 

Data/IT Rooms 10,500 0.6 0 

MDF Room 26,000 0.6 0 
 

Load Calculation Results Commentary 
The energy model was created by modeling the building space geometry in Revit, exporting a 

GBXML file, and importing that same GBXML file into Trane Trace 700. Zones were modeled 

and sorted into three systems, a VAV system, a heating only system, and a transient system. 

The VAV system includes most of the zones, including offices, lockers, electrical rooms, 

restrooms, bathrooms, work rooms, IDF/MDF, classrooms, and testing rooms. The heating only 

system includes the mechanical room, fire pump room, storage spaces, stairs, and the 

vestibule. The transient system includes storage, elevator machine rooms, showers, and other 

similar intermediate spaces. 

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. The building 

has a much higher required cooling load, with almost double the cooling CFM required. The 

occupancies of the building and internal loading decrease the required heating load during 

winter, which is a main contributor to the cooling load dominated building.  

Table 8. Ventilation Rates 

 

Table 9. Miscellaneous Heat Gains 
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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 10. 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 11. Design Engineer’s Load Calculations 
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Energy Consumption and Operating Costs 
Energy Consumption 
Annual Energy Cost Consumption 
Figure 1 shows the distribution of the energy consumption for each component of Montgomery 

College Student Services Center. Receptacles by far consume the most energy annually, with 

cooling, lighting, and heating following. Figure 2 shows the data in the form of a pie chart in 

order to provide another way to visualize the data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Annual Energy Cost Comparison Bar Graph 

 

Figure 2. Annual Energy Cost Comparison Pie Chart 

 



Casey Zarger | Tech Report 2 

13 
 

End Use Energy Consumption Breakdown 
The building’s distribution of energy usage and demand across a variety of equipment is shown 

below. The total energy usage is estimated at 1,800,000 kWh and the total demand is 

estimated at 820 kW. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Energy Use Bar Graph 

 

Figure 4. Energy Use Pie Chart 
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Monthly Electricity Consumption 
Figure 7 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 8, with the 

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

consumption, as seen in figure 9. Gas consumption (shown in figure 10), contributes only a 

small amount to the energy usage of the building. 

 

Figure 5. Energy Demand Bar Graph 

 

Figure 6. Energy Demand Pie Chart 
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Figure 7. Monthly Electricity Consumption 

 

Figure 8. Monthly HVAC Electrical Consumption 
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Emissions 
There is little environmental impact of the Montgomery College Student Services Center. Yearly 

emissions for the building are approximately 6,482,686 million pounds of CO2, which is within 

safe limits. See Table 11 and the Appendix for emission factors used from the National 

Renewable Energy Laboratory, 2007 (NREAL). 

 

Figure 10. Monthly Gas Consumption 

 

Figure 9. Annual Electricity Consumption 
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Pollutant 
Electricity 

Rate 
(lb/kWh) 

Natural Gas 
Rate 

(lb/MCF) 

Electricity 
(kWh/yr) 

Natural 
Gas  

(MCF/yr) 

Total 
Emissions 

(lb/yr) 

CO2e 1.74 0.0123 1800000 1634 3132020 

CO2 1.64 0.0122 1800000 1634 2952020 

CH4 0.00359 0.0025 1800000 1634 6466.1 

N2O 0.000087 0.0025 1800000 1634 160.7 

NOX 0.003 0.111 1800000 1634 5581.4 

SOX 0.00857 0.000632 1800000 1634 15427.0 

CO 0.000854 0.0933 1800000 1634 1689.7 

TNMOC 0.0000726 0.00613 1800000 1634 140.7 

Lead 0.000000139 0.0000005 1800000 1634 0.25 

Mercury 3.36E-08 0.000000026 1800000 1634 0.06 

PM10 0.0000926 0.0084 1800000 1634 180.4 

Solid Waste 0.205 0 1800000 1634 369000 

 

 

Annual Operating Costs 
Fuel Consumption Costs 
Data for fuel consumption costs was taken from March 2014 EIA reports for natural gas and July 

2015 EIA reports for electricity.  

Source Rate Unit Cost 

Electricity 0.1122 $/kWh 201,960 

Natural Gas 1.01 $/therm 1,650 
 

 

Monthly & Annual Energy Cost 
Data for monthly and annual fuel costs of electricity and gas are shown below in figures 11 and 
12, respectively. This building is dominated by electric usage, due mainly to the influence of the 
electric chillers. Natural gas is only used for heating, so its usage is much lower during the 
summer months. 

 

 

 

 

 

 

Table 12. Annual Emissions 

 

Table 13. Fuel Consumption Costs 
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Building Utility Cost per Square Foot 
By dividing the square footage of the building by the yearly cost of energy consumption, the 
total cost per square foot could be calculated. The results are displayed below in Table 14. 

Building ft2 Cost/yr Cost/(ft2*yr) 

128,000 203,610 1.59 

 

 

Table 14. Building Utility Cost per Square Foot 
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Figure 12. Annual Energy Cost 
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Appendix:  
Trace 
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Emission Factors for On-Site Combustion in a Commercial Boiler 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Emission Factors for Delivered Electricity  

 

 

 

 

 

 

 


