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Executive Summary

This technical report is the analysis of building loads and energy consumption. The anal-

ysis is preformed with the computer program Trane TRACE 700. This is a HVAC design

based program that allows for accurate building modeling. Many inputs to this program are

available in libraries that evaluate the occupancy categories of the building.

Twin Rivers Elementary/Intermediate will have a very large heating load during the

school year. The cooling load is considerably lower due to in-occupancy during summer

break. The outcome of the calculations is a little skewed due to over simplification of the

building model and system design.

The cost of the

Mechanical Systems Summary

The Twin Rivers Elementary/Intermediate School will house 800 students of the Mckeesport

Area School District. It is a two story building of 30,000 sq. ft. The Mechanical system is

designed to save 30% of energy when compared to ASHRAE standard 90.1-2007. ASHRAEs

Advanced Energy Design Guide for K-12 School Buildings also had a major impact on the

design.

The main heating and cooling will come from a geothermal system. This will be an earth

coupled water loop directly connected to water-to-air heat pumps. There will be 2 well fields

located slightly north of the building’s foundation. The earth coupled water loop will also

be connected to a chiller, serving air handling units.

The ventilation system consists of 2 dedicated outside air systems (DOAS) which serve

the classrooms and most of the building. The library, cafeteria, gymnasium, and offices each

have individual air handling units (AHU). The library and office AHUs will have zone reheat

coils. The gym and cafeteria AHUs will consist of just a single zone.
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Building Load Calculations

This building energy analysis was preformed using the computer program Trane TRACE

700. This program is able to calculate both load design and energy analysis. Input data

came from Construction Documents of the Twin Rivers Project and also assumptions were

made for any missing information by taking ASHREA standards into account.

Design Conditions

Twin Rivers Elementary/Intermediate is in Mckeesport, PA. This is less than 20 miles from

downtown Pittsburgh, PA. This area is mostly a urban area. For this report, weather data

is taken from Pittsburgh. The climate that the school is located in is zone 5A according

to 90.1’s table B-1. Type A is considered to be very humid in the summers, where the

OA needs to be air conditioned to be considered comfortable. Table 1 demonstrates the

necessary design conditions of the indoor air.

Table 1: Design Interior Temp and Relative Humidity

Model Design

The calculations performed for this report were based on a block load and energy analysis.

This is a simplified design. Similar areas were formed into blocks for the entire school.

for example, a large grouping of classrooms are considered to be one block. Within Trace,

templates for different zone types were created (see appendix B and C). Eleven zone types

summarize the school. These include:
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1. Cafeteria

2. Classroom

3. Computer Lab

4. Corridor

5. Gymnasium

6. Kitchen

7. Library

8. Mechanical & Electrical

9. Nurse’s area

10. Offices

11. Water Closets

The building can be broken into blocks using these zone types. Twin Rivers has 61 blocks

and can be seen below. The different colors represent the different zone types.

Figure 1: Zone Type Key

Figure 2: Building Plan Key

First Floor South Blocks
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First Floor North Blocks

Second Floor South Blocks
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Second Floor North Blocks

The school is nearly oriented to the cardinal directions. For simplicity, the TRACE model

uses 0 ◦, 90◦, 180 ◦, and 270 ◦ to represent the North, East, South, and West sides of the

building respectfully. The main entrance to the building is located on the eastern side.

Load Assumptions

Data was taken from mechanical drawings and schedules. If information was not available,

ASHREA standards were taken into consideration.

Occupancy Assumptions

There were no occupancy values given in the construction documents. Because of this,

assumptions were made. In ASHREA standard 62.1, table 6-1 gives density values for

certain occupancy categories in persons per 1000 sqft. However, TRACE automatically fills

in a correct density for this value. My zones correlated to these categories so this table

was not needed. The exception to this was the mechanical spaces and the restrooms(water

closets). Both of these are not available in the ASHREA table. The mechanical spaces were

assumed to have 2 people within the space. The restrooms were assumed to have the density

equivalent to a reception area, which was available in the TRACE library.

Technical Report 2 Page 6



Tessa Bauman Twin Rivers Elementary/Intermediate

Ventilation Assumptions

The building was designed to use ASHREA standard 62.1. The given value for breathing

zone CFM rate in the documents is exactly the same as the automatic fill in of TRACE of

the CFM/person and CFM/sqft values within the airflow tab. Flow rates not given in the

document, such as for mechanical spaces, were taken from the automatic fill by occupancy.

The zone type mechanical/electrical was placed under the occupancy of ”Electrical Equip-

ment Rooms”. The ventilation values are shown in the table below. All of these zones will

have air supplied through the ceiling and also have a ceiling return.

Table 2: Modeled Ventilation Rates

Lighting and Equipment Electrical Load Assumptions

Due to incomplete electrical drawings, the true lighting values are unknown. ASHREA

Standard 90.1 gives design values for lighting power densities for specific spaces. These were

used in the TRACE model. Extra load was applied where it was known to have either

computers or printers. A laser printer adds an additional 300 Watts. (load of workstations

is not tabulated below)
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Table 3: Lighting and Misc. Loads

Construction

For simplicity, there was only one wall type considered in the model. This was the exterior

wall construction. The glazing was also reduced to one single type. The chosen construction

model were the ones that best resembled the U-values of the designed building’s values. A

view of the TRACE construction tab is available in Appendix A.

Table 4: Designed Insulation Values

Heating and Cooling Model Design

Multiple ventilation systems were created for this model. There is 2 DOASs and 4 AHU.

These were all supplied with hot and chilled water from the geothermal system. The ground

source heat pumps from the vertical, closed loop geothermal system, were modeled by a

water source heat pump. In reality, this is a hybrid system with direct piping to the room

heat pumps and piping to a chiller which then supplies the AHU’s coils. This is a complex

system and difficult to model in this program. In this model, there is only cooling from the

wells and all hot water coils are connected to a back up boiler. This causes the model to be

slightly inaccurate.
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Calculated Load Vs. Designed Load

There is no load calculation from the mechanical engineers of the Twin Rivers Project with

which to compare these results.

The building peak load for heating is calculated to be 10,998 MBh. The building peak

load for cooling is 430 tons. The cooling load is about half of the heating load. This makes

sense because a school building is not needed for the hot summer days.

It is assumed that a more advanced model done by the mechanical engineers would be

more accurate portrayal of the building load. The peak heating load is rather high. This

may be due to the lack of an exact heating and cooling model, blocking instead of individual

room analysis, one wall and window type construction, and other inaccuracies.

Other TRACE Load Calculation Outputs can be viewed in appendix D
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Energy Calculation and Operating Cost

Energy Consumption

The following table summarizes the school’s energy consumption for the entire year. The

building runs mainly on electricity but, it also has a natural gas line to the auxiliary boiler.

This gas line should be minimal compared to the electricity going into the building.
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Cost Analysis
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Appendix A

Miscellaneous TRACE input data
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Appendix B

Internal Load Templates
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Appendix C

Airflow Templates
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Appendix D

TRACE Calculation Output
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