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2.0 Executive Summary: 

This report develops the proposed ideas for re-design and modification of South 

Jefferson High School. In order to provide orientation and makeup of the building, 

a short summary of the general building background is provided at the beginning 

of the report. Followed by, information on the original mechanical systems. The 

analysis of the existing mechanical systems shows specific areas in which the 

building can be improved with possible re-design or modification. After several 

alternatives are discussed, the proposed redesign is described.  

 

The proposed re-design includes replacing existing direct expansion equipment 

with a more energy efficient chilled water system. A ground source heat pump 

system with energy recovery will be researched and compared to the existing 

VAV system. Humidity controls will be incorporated into the system to improve 

indoor air quality.  

 

In addition to the main depth area of the thesis proposal, two breadth areas are 

also developed. The first deals with the replacement of existing lighting fixtures 

with more energy efficient models while maintaining the original light output. The 

second revolves around the added cost and scheduling concerns derived from 

installing chillers and a ground source heat pump well field and loop. 
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3.0 Building Background: 
South Jefferson High School is a two story 232,705 s.f. secondary school utilized 

by 1200 students during the day, and a number of adult learners in the evening. 

The total capacity of the school is designed to accommodate up to 1500 students. 

The building is located in Charles Town, WV off of Route 1. 

 

South Jefferson High School is broken into 8 separate zones named A thru H. 

The second floor is also broken into similar zones A, B, and G. The designation 

of each of these areas can be seen in Figure 1. The school has academic wings 

(1st Flr A & B, and 2nd Flr A), administration area (1st Flr A & B), and common 

facilities (1st Flr C thru H) for use by all students.  Common facilities such as the 

Learning Resource Center (1st Flr G), dining (E), physical education (C & D), and 

creative arts (F) are accessible from the main corridors.  The school’s 

administrative offices and Student Services are located near the main entrance.  

 

Figure 1 – South Jefferson High School Zone Designations 

 
 

The Science (2nd Flr G) and Technology Center (2nd Flr B) is partially funded by a 

separate grant, this portion of the building includes the School's Science 

Department along with various technology oriented subject areas such as 

technology training labs, technology education, engineering, agricultural 

technology, and video conferencing.  During regular school hours, the center 

supports the academic curriculum.  In the evenings, the facilities will be available 

for continuing education classes open to the community at large.  

 

The South Jefferson School District also plans to make the Learning Resource 

Center and computer facilities available to the community after normal school 

hours as well.  Thus the community at large will have access to up-to-date 

facilities for instruction, research, and application that are not currently available 

in the School District. 
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4.0 Mechanical Systems Summary: 
The HVAC system primarily consists of multi-zone variable air volume rooftop 

units (RTU) serving series-style fan powered boxes at classrooms.  The 

classroom wings have rooftop units with ductwork chased down through rated 

shafts for outside air to a fan powered box at each classroom.  The fan powered 

box serve ceiling mounted diffusers.   

 

The Gymnasium, Auditorium and Cafeteria are served with single-zone air 

handling units located on the roof.  These units incorporate demand-based 

ventilation controls in the form of CO2 sensors. 

 

All heating-only equipment such as cabinet unit heaters and horizontal unit 

heaters are installed in mechanical spaces, entry vestibules, and similar areas. 

The heating-only equipment, rooftop unit heating coils, and auxiliary heating 

coils are served by hot water generated by two electric boilers. 

 

4.1 Air Side Mechanical Systems: 
Cooling of South Jefferson high school is done by the school’s 14 packaged roof 

top units (RTU) with condensing units, ranging in size from 4,500 cfm to 25,500 

cfm. All refrigeration coils are direct-expansion instead of chilled water. This 

eliminates the need for chillers in the plant and chilled water piping throughout 

the building. Design airflow quantities for all roof top units can be seen below in 

Table 2. 

 

Symbol 

Variable or 
Constant 
Volume 

Supply 
Air 

(CFM) 

Design 
Outdoor Air 

(CFM) 

OA 
Percent 

(%) 

Cooling 
Airflow 
(CFM) 

Heating 
Airflow  
(CFM) 

Return 
Airflow 
(CFM) 

RTU-8 CV 4,500 1,200 26.7 3,337 3,337 3,337 
RTU-2 VV 25,500 10,600 41.6 20,877 22,605 22,605 
RTU-3 VV 13,000 3,600 27.7 10,231 3,069 10,231 
RTU-4 VV 24,000 10,500 43.8 18,776 18,840 18,840 
RTU-5 CV 14,000 14,000 100.0 11,273 11,276 11,276 
RTU-6 VV 12,000 2,700 22.5 6,993 7,156 7,156 
RTU-7 VV 15,000 6,400 42.7 12,521 12,979 12,979 
RTU-1 VV 22,000 9,600 43.6 1,951 19,741 19,741 
RTU-9 CV 9,000 8,000 88.9 7,950 7,950 7,950 
RTU-10 CV 13,000 7,500 57.7 9,963 9,963 9,963 
RTU-11 CV 6,000 4,670 77.8 3,581 3,581 3,581 
RTU-12 CV 12,000 12,000 100.0 7,448 7,448 7,448 
RTU-13 CV 9,500 5,500 57.9 9,375 9,375 9,375 
RTU-14 CV 9,500 5,500 57.9 9,662 9,662 9,662 
Totals:  184,500 100,570  130,601 143,645 150,807 
 

Table 2 - Design Airflow Quantities 
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A central cooling plant could be useful for South Jefferson High School. If two 

300 ton chillers were installed to replace the existing condensing units, the 

reduction in kW/ton would help save energy, reducing annual energy 

consumption and cost. 

 

4.2 Boilers and Hot Water Systems: 
Heating-only equipment, hot water coils in the RTU’s, plus auxiliary heating coils 

scattered throughout South Jefferson High School are heated hydronically by two 

identical hot water boilers. These boilers are designed for heating by electric 

resistance. Electric boiler data can be seen in Table 3. 

 

Symbol Total KW 
Input 

Total 
Load 
Amps 

MBH 
Output 

Steps 
of 

Control
Elect Char EWT 

ºF 
LWT 

ºF 

BLR-1 1,440 1,742 4,717 16 460V/3PH/60HZ 150 180 
BLR-2 1,440 1,742 4,717 16 460V/3PH/60HZ 150 180 

 

Table 3 – Electric Boiler Data 

 

The heating system also incorporates a primary-secondary pumping system.  

Two primary and two secondary (building loop) system water pumps were 

installed.  The pumps are provided with variable frequency controllers to offer an 

energy-saving variable flow system. Pump data can be seen in Table 4 below. 

 

Symbol Type System GPM FT 
HD Efficiency Motor 

HP 
Impellar 

Dia. VFD Operation 

P-1 In Line HWS/R 310 30 74.6 5 6.875" No Primary Duty 
P-2 In Line HWS/R 310 30 74.6 5 6.875" No Primary Duty 
P-3 Flr Mtd HWS/R 750 80 78.8 25 10.750" Yes Secondary Duty 
P-4 Flr Mtd HWS/R 750 80 78.8 25 10.750" Yes Secondary Standby 

 

Table 4 – Pump Data 

 

4.3 Mechanical Systems Controls: 
All sequences of controls for the entire building are performed by direct digital 

controls (DDC). This DDC system monitors all the sensors, and it is able to adjust 

all the set points and time delays for the equipment. The DDC system also 

provides start/stop, speed control, monitoring, and alarms for the variable 

frequency drives (VFD). A few controls can be seen in the flow diagrams in 

Appendix 
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5.0 Indoor Humidity Conditions: 
The humidity levels in the Charles Town area are relatively high. No additional 

means of removing humidity was taken incorporated into the systems design. 

Only the rooftop units cooling coils provide dehumidification of the air. A 

desiccant or enthalpy wheel can be incorporated to help control humidity in the 

supply air. Controlling humidity would improve thermal comfort and indoor air 

quality with in the building. It has been show in studies that improving these two 

areas can increase performance of students and lower absenteeism. Table 1 

shows humidity profile data for a variety of spaces. There are a number of rooms 

in need of humidity control, most being the densely populated spaces. 

 

Table 1 - System Humidity Profile 
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6.0 Proposal Objective: 
The results of this thesis will suggest alternative solutions to the design of the 

South Jefferson High School. All modifications are for academic purposes and do 

not imply flaws in the original design. All modifications are simply alternative 

solutions which will include one extensive modification to the mechanical system 

and resulting changes to the other building systems. 

 

7.0 Considered Alternatives: 
- Night Precooling 

There are two variations on night precooling. One, termed night ventilation 

precooling, involves the circulation of outdoor air into the space during the 

naturally cooler nighttime hours. This can be considered a passive technique 

except for any fan power requirement needed to circulate the outdoor air 

through the space. The night ventilation precooling system benefits the building 

indoor air quality through the cleansing effect of introducing more ventilation air. 

With the other variation, mechanical precooling, the building mechanical cooling 

system is operated during the nighttime hours to precool the building space to a 

setpoint usually lower than that of normal daytime hours. 

 

The location and mass of building are not ideal for this strategy. Thermal comfort 

is also a concern requiring building occupants to be more tolerant of the potential 

for slightly cooler temperatures during the morning hours. 

 

- Displacement Ventilation 

In displacement ventilation the range of supply air temperatures and discharge 

velocities is limited to avoid discomfort to occupants, displacement ventilation 

has a limited ability to handle high heating or cooling loads if the space served is 

occupied. The system is also costly and is not common in schools. 

 

- Combustion Air Preheating 

For fuel-fired heating equipment, one of the most potent ways to improve 

efficiency and productivity is to preheat the combustion air going to the burners. 

The source of this heat energy is the exhaust gas stream, which leaves the 

process at elevated temperatures. A heat exchanger, placed in the exhaust stack 

or ductwork, can extract a large portion of the thermal energy in the flue gases 

and transfer it to the incoming combustion air. Material and maintenance costs 

for this method are too expensive for a school budget.
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8.0 Proposed Redesign: 
The angle taken in the proposed redesign of South Jefferson High School is that 

of the green design initiative. A driver for green design is lowering the total cost 

of ownership in terms of resource management and energy efficiency. Green 

design is also recognized for the increased productivity from a building that is 

comfortable and enjoyable and provides healthy conditions. Comfortable 

occupants are less distracted, able to focus better on their tasks/activities, and 

appreciate the physiological benefits good green design provides. 

 

-Chilled Water Plant 

Calculated cooling capacities of the packaged DX roof top units were developed 

in the Trane TRACE 700 software and can be seen in Figure 2. This data shows 

that the total peak load cooling tonnage is 590.4 tons. This load is handled 

completely by the roof top units condensing units. Installing a central chilled 

water plant in which the condensing units could be replaced by two 300 ton 

chillers, would result in a significant annual energy savings,  

 

 

 

 
Table 5 – Design Cooling Load  

 

-Ground Source Heat Pump 

Once the results of adding the chilled water system are analyzed a ground source 

heat pump system will replace the existing fan powered boxes. Ground source 

heat pump systems take advantage of the earth’s relatively constant 
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temperatures just below its surface (a range of 45° to 65°F). In the heating 

season, a fluid in the loop collects heat from the earth and transfers that heat to 

the building. The system then uses electrically driven compressors and heat 

exchangers to concentrate the heat and release it at a higher temperature into 

the building. The data will be compared to both the original mechanical system 

and the design with chilled water only.  

 

-Air-to-Air Heat Recovery 

Next, air-to-air heat recovery utilizing heat exchange enthalpy wheels will be 

integrated into the air-handling equipment or added through the use of energy 

recovery ventilators. The total HVAC system installed cost should lower because 

central heating and cooling equipment may be reduced in sized. Including a total 

energy wheel will reduce humidification costs in cold weather. Results for heat 

recovery will be calculated as an additional alternative, and as an incorporated 

component in the other two alternatives. Humidity control will be incorporated 

along with the enthalpy wheels in order to maintain humidity levels below 60%, 

ideally between 30% and 50%. The density of school population results in large 

amounts of outdoor air must move through the building to assure proper 

ventilation. If the air is not properly conditioned, small amounts of moisture in the 

outdoor air can lead to too much moisture indoors and moisture-related problems 

during the spring, summer, and fall. 

 

-Software 

Trane Trace 700 software package will be used to perform building load energy 

analysis and life cycle cost estimation. 
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9.0 Breadth Areas: 
The two main breadth analysis areas proposed of South Jefferson High School 

were chosen because of the effect the analyses have on one another. The results 

of improving some of the lighting systems will directly affect the mechanical 

systems by decreasing cooling loads. Also, the redesign of the mechanical 

systems at South Jefferson High School will have effects on some of the 

building’s cost and scheduling concerns.  

 

-Lighting 

A significant amount (25%) of the annual energy consumption is conditioning of 

lighting. If a lower watt per square foot values were maintained for lighting the 

energy savings from reducing cooling loads would considerably help annual 

energy costs. A summary of the total lighting fixture wattage calculation is 

provided in Appendix B. The lower watt per square foot lighting values will be 

incorporated into the Trane Trace inputs, therefore, becoming included in life 

cycle cost analyses. 

 

-Construction Management 

Adding chillers and ground source heat pumps will directly affect the cost and 

scheduling for the projects construction manager. Construction costs for 

installing chillers and ground source heat pumps will be generated using the 

RSMeans Costworks software, while scheduling will be generated by the 

Primavera software package. 

 

10.0 Project Method: 
Various methods could be used to analyze the proposed redesign of South 

Jefferson High School. Most of the data for the redesign will be generated 

through the use of software. The major software packages that will be used are 

either accessible from Penn State or H.F. Lenz Company’s available software 

collection. 
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APPENDIX A: Lighting Power Calculations 
 

 
 
Note: Calculated using the COMcheck Software Version 3.3.1 Lighting Application Worksheet.
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