
22 February 2013 

  

Team Registration Number: 02-2013 

      MECHANICAL SYSTEMS 
 



   Table of Contents 

 
 

The requirements of a typical elementary school, in conjunction with the socioeconomic conditions of 
the Reading School District, necessitated unique design decisions and innovative solutions.  To achieve this, a 
set of categories was created to define the purpose of each space in the school. It was determined that the 
three major functions of the building included Experience, Community, & Education spaces.  The function of 
these three unique aspects dictated the integrated design of the various building systems. These also became 
a manner of dividing the building in terms of system types and discipline coordination. As such, these will be 
the key aspects of discussion and integration in the following report detailing the mechanical system design. 

 

 1. Executive Summary 1 
1.1 Introduction 1 
1.2 System Summary 1 
1.3 Mechanical Design Goals 2 

 

 2. Building Enclosure 2 
2.1 Thermal Design  2 

2.2 Acoustic Design 4 
    

 3. Mechanical System Solutions 5 
3.1 Heating Ventilation and Air conditioning 5 
3.2 Rooftop Equipment and Zoning 5 
3.3 Heat Recovery 7 
3.4 Dehumidification/Humidification 9 
3.5 Specialized Zone Considerations/Coordination 10 
3.6 Mechanical Equipment & Room Layout 13 

 

 4. Sustainability Analysis 14 
 

 5. Conclusion 15 
 

 6. Supporting Documentation / Appendix 16 
  



February 22, 
2013 

NEXUS 

 

Team Registration Number: 02-2013    Mechanical                              1 

 

Figure 1: Revit Rendering of HVAC System (Piping not shown for clarity) 

 

1. Executive Summary: 
 
1.1 Introduction 

 
In designing a mechanical system for the Reading Elementary School, many socioeconomic, 

constructability, and sustainability factors were taken into consideration. The preliminary/baseline 
calculations presented us with a 80,000 cfm and 306 ton load requirement for the building. The mechanical 
design criteria to Reduce, Recover, and Reuse, in conjunction with the objectives of the other design 
disciplines, were met through the implementation of an integrated façade, a unique lateral duct configuration, 
and an innovative Ethylene Glycol run-around system. The integrated façade will maximize the opportunity for 
interior daylighting while minimizing infiltration and solar heat gain by 15%. The unique lateral ducting 
configuration will allow for a 30% increase in outdoor air ventilation to be introduced to the classrooms while 
minimizing initial installation costs and eliminating conflicts with the other design disciplines. Finally, the 
implementation of the Ethylene Glycol recovery system will reduce the total building load by 50% through a 
maximum heat recovery rate of 65%. These savings will allow for a cost effective building in both upfront and 
lifecycle costs, both of which are of the utmost importance to the owner and Team Nexus. This design and the 
integration of the mechanical system with the other disciplines will ultimately enhance the overall building 
Experience to provide a top-of-the-line facility for Community and the students’ Education.  

 

1.2 System Summary  
 
The recovery system manufactured by Konvekta was used in the determining the efficiency and cost 

analysis of this system as it was found to be the most efficient form of heat recovery at 65% recovery with the 
addition of the pool and 60% without the pool. This will allow for significant energy savings. Although there 
will be an increase in mechanical upfront cost of about 20-30%, this increase will be offset by a 6.7 year 
payback period due to the system efficiency.  Overall the building load results in a ratio of 424 sf/ton which 
outperforms that of typical school load profiles of approximately 300 sf/ton, according to TES Engineering1. 
Additionally it is a packaged system that does not impact construction schedule and allows for a flexible 
layout. The system will be a 100% outdoor air system to allow for maximized ventilation rates and an overall 
improved internal environment. This will achieve the LEED Credit IEQc2 for a 30% increase in ventilation in 
comparison with the ASHRAE Standard 62.1 minimum requirements (see Drawing M401). 

 
The largest design challenge is undoubtedly the pool as it is specified as an alternate phase to the 

owner. This requires an HVAC system with the capacity and flexibility to allow the addition the pool at a later 
date while still maintaining a maximized rate of recovery and efficiency, which the Ethylene Glycol run-around 
system provides. The system also incorporates a dehumidification loop to recover latent heat to be 
reintroduced or removed during the preconditioning of the outdoor air. The product has a guaranteed success 
rate of implementation by Konvekta; this proves to the owner that the investment in this technology will be 
beneficial over the building’s lifetime. 
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1.3 Mechanical Design Goals  
 

The biggest challenge for selecting and designing a mechanical system was finding a balance between 
initial cost and lifecycle return. As a team, Nexus developed three main goals to use in achieving these design 
criteria, all three of which are visible in the design decisions of the other disciplines and ultimately comprise 
one of the overall Team Nexus design goals:  

 
 
 

Reduce: 

 

 

 

 

 

 
 
Recover: 
 

 
 
Reuse: 
 
 

 

 

Loads- To reduce upfront and lifecycle costs, the building need first require less energy 
to be conditioned appropriately. The implementation of these systems reduces annual 
building load by about 50%, thus not only decreasing annual energy use but also 
allowing savings in a 50% reduction of boiler size.  
Construction Schedule- This system will not impede construction sequencing as the 18 
weeks required for manufacturing will allow the units to be ready prior to their 
installation date, which also allows time for potential delays and mishaps.  
Maintenance/ Lifecycle Costs- After the initial payback period of 6.7 years for the 
implementation of the HVAC system, the Konvekta system specified will only undergo 
routine coil maintenance bi-annually. This maintenance cost will be minimal in 
comparison to the savings due to the high system efficiency.  
 

 To further reduce the cost associated with energy waste, the Ethylene Glycol system 
will recover the thermal energy being exhausted by the HVAC system during both the 
heating and cooling seasons. This is done to retain a percentage of the energy spent 
conditioning the air for the respective building loads.   

 
This plays directly into the aforementioned goal of recovery. The recovery of the 
thermal energy being lost through the exhaust system and reimplementation of it as 
preconditioning for the incoming outdoor air will greatly impact the building’s lifecycle 
cost. This will be done at an efficiency between 40% and 65%, the latter occurring 
during the heating season when the school is mostly in operation.  
 

2. Building Enclosure 
 
2.1 Thermal Design 

 
The first step in the mechanical design process was to create a mass model and analyze the site conditions 

to generate a basic energy model (as shown in Figure 2). This was done using Project Vasari, and allowed us to 
develop static mechanical designs to optimize the envelope of our building with considerations to specific to our 
site layout (see Figure 3). 

Figure 2: Vasari Model showing solar radiation on building envelope in summer (left) & winter (right) 
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Using these modeling outputs in cohesion 
with the ASHRAE Standard 90.1 design criteria, it 
was determined that an ICF (Insulated Concrete 
Form) exterior wall construction be implemented. 
This system provides an R value of 24 and greatly 
decreases the rate of infiltration as this façade 
system provides a tighter seal than most. This 
thermal resistance rating greatly surpasses the 
ASHRAE Standard 90.1 minimum R-Value for the 
Reading, PA area which is located in climate zone 5 
by almost 20%. Special considerations were also 
taken into the glazing design for the building. The 
design goals of the Lighting/Electrical Engineer 
required that the building utilize as much natural 
daylighting as possible. In working with the lighting 
designer, a standardized window system was 
developed with a U-value of 0.28. This glazing 
configuration comprises less than 30% of the entire exterior surface area which is well under the ASHRAE 
Standard 90.1 maximum design criteria of 40%. Additionally, the south facing glazing will utilize a three- foot 
louver that will shield the rooms from direct glare and also excessive solar heat gain during the cooling season. 
The iteration to the original roofing design was the replacement of the standard black roofing material with a 
white roof on insulated decking. This will create improvements for the local building microclimate.   

In comparing the initial baseline energy model (which calculated building loads and energy requirements 
utilizing all minimum envelope requirements as per ASHRAE Standard 90.1) to the current model, taking into 
account only the change in the envelope design, the proposed building uses 7% less energy. The baseline model 
graphic shown in Figure 4 shows the breakdown of these savings by façade, glazing, and roofing materials. 

A white TPO (Thermoplastic Polyolefin) roof was selected over the use of a green roof based on first costs. 
It will be constructed using an insulated acoustic metal decking as its main source of support. This decking 
includes an additional layer of insulation to ensure that an R-Value of 20 is met as per the ASHRAE 2010 
Standard 90.1 minimum design requirements. The overall design of the envelope also allows for a change in the 
required airflows needed to condition the building. The baseline model provided an 80,000 cfm building with a 
306 ton cooling load. With the implementation of the new envelope system alone, the building loads decreased 
to about 285 tons which is a 7% reduction.   

Figure 4: Envelope energy savings per design component  

 

Figure 3: Wind rose overlay on site showing the prevailing winds 
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2.2 Acoustic Design 

Due to the exposed nature of the building systems as discussed in the Team Nexus Integration 
Documentation, there were primary concerns with the acoustical integrity of not only the classrooms but the 
lobby, gymnasium, and pool as well. To ensure that these spaces met the necessary acoustic criteria, acoustical 
analyses were done to calculate the reverberation time of each space which guided the selection process of 
materials based on their reflective and absorption properties. In integrating these considerations with the 
structural design, it was decided that a 3VLPA Insulated Composite Acoustical Metal Deck with an NRC of 0.75 
be used so that the open ceiling concept could be carried out through the majority of the building. Particularly in 
the classrooms, it was found that utilizing this system alone reduced our reverberation time from over 1 second 
to approximately half a second for the 1000 Hz octave band in comparison to a normal metal deck.  A 
reverberation time between 0.6 seconds and 0.8 seconds is desired for a classroom setting.  A classroom section 
and acoustical analysis breakdown can be seen in Figure 5. For the entire classroom acoustic analysis, see 
Drawing M501. 

Additionally, the ICF 
(Insulated Concrete Form) wall 
system being used for the exterior 
façade facilitates many acoustical 
benefits in the building due to the 
two-inch interior foam insulation, 
upon which the drywall will be 
supplied. This system provides an 
STC rating of 48 which will not only 
be beneficial in sound attenuation 
within the space but will also 
prevent noise from the exterior 
urban setting from causing 
distractions to the students and 
teachers within the building. The 
two other spaces where the most 
considerations are made to improve 
their acoustical integrity are the 
lobby and the multipurpose room.  

The main concern with the lobby space is due to the three-story atrium that was created in the redesign of 
the building’s entrance. Because of this atrium space, the main concern lies with the reverberation of sound 
between the levels of the building via the adjacent hallways. As such, it was decided that the lobby utilize a 
standard acoustic ceiling tile in order to create some attenuation within the atrium. The multipurpose room too 
creates an interesting environment in terms of its acoustical properties due to its many different uses. In this 
design, the criterion that holds the most consideration is the use of this room as an auditorium. The same 
acoustical metal deck being used in the rest of the building will provide some attenuation, but as the volume in 
the space is the largest out of the entire building, slotted CMU’s will be used in the construction of the interior 
multipurpose room wall. This will reduce the reverberation time of the space by approximately half a second 
while adding minimal cost to the design.  

  

Figure 5: Classroom Acoustical Analysis Breakdown 



February 22, 
2013 

NEXUS 

 

Team Registration Number: 02-2013    Mechanical                              5 

 

3. Mechanical System Solutions 
 

3.1 Heating Ventilation and Air Conditioning 
 

The building will be conditioned by a Constant Volume 100% Outdoor Air system. The decision was made 
to use 100% outdoor air primarily to enhance the indoor environment of the classrooms. Studies done by the 
Environmental Protection Agency4 have shown that increased ventilation rates help improve teacher and 
student performance. The increased ventilation rates will earn 1 LEED credit for a 30% improvement over the 
ASHRAE baseline minimum. The system will be integrated into one control hub via the centralized Konvekta 
control system. This will be able to monitor the electric lighting system based on daylighting levels as well as 
control the mechanical system based on occupancy and CO2 levels.  

 
Initial prices have been determined using RS Means for all system components that will be utilized in the 

mechanical system for this project. An initial price tag of $990,935.00 was calculated should the system be 
implemented in conjunction with the pool. Should the pool not be included in the building scope, the price will 
drop to $863,210.00, which is a difference of nearly $130,000. A full system summary and breakdown of this 
pricing calculation can be found in the Appendix on page 24.  

 

3.2 Rooftop Equipment & Zoning 
 

To more accurately analyze the loads in our building, an in-depth energy model was done using Trane 
Trace 700.  Trane Trace 700 software is a complete load, system, energy, and economic analysis program. This 
building was zoned vertically because all three floor plans are practically identical.  These zones were derived 
with the thought that each zone would have its own outdoor intake and exhaust air handler. This will allow the 
mechanical system to condition the zones separately.  This is important during the summer months when 
students will not be in the building. This configuration will allow the conditioning of these public spaces 
independently from the classrooms thus conserving energy when no students are present. Additionally the 
system is configured so that the community zone can run independently on emergency power, as this zone 
houses the multipurpose room that will act as a community shelter in the event of an emergency.  

 
 

 
 
 These six air handlers will all be placed on the roof of the second story. This will allow for easy access from 

the third floor for any maintenance that may occur in the future. This layout can be shown in Figure 6.  Each of 
these air handlers will be connected to and controlled by the centralized control system. This will modulate 
airflow based on the varying load requirements. The building was broken up into three zones: Academic (right 
wing), Community (left wing), and Pool (as shown in Figures 7-9 below).  

Figure 6: Air handler Layout on Second Floor Roof 
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COMMUNITY EDUCATION 

Table 1 shows a breakdown of peak building loads for each of the three pairs of air handlers conditioning 
the three zones.  Additional zone loads that are broken down by load sources can be seen in the Appendix on 
pages 22-23.  The third zone in this configuration consists of the pool alternate that is being proposed. The 
mechanical design took into strong consideration the nuances of this space by developing a system that allowed 
the addition of the pool at a later date while still allowing it to function seamlessly with the pre-existing system. 
Additionally, due to the airborne 
chemicals that will be exhausted from 
this space, the coils and inner 
workings of the pools air handling 
systems will be coated with a 
protective polymer that will prevent 
any corrosion of the unit during the 
equipment’s lifecycle.  

Table 1: Building Peak Load Summary – Trane TRACE Outputs 

 

 

 

 

Building Loads

Cooling Capacity 

[TONS]

Heating Capacity 

[TONS]

Airflow                      

[CFM]

1 Academic 86.7 64.2 35,610

2 Community 57.7 39.6 25,525

3 Pool 13.9 28.3 7,800

TOTAL 158.3 132.1 68,935

Zone

5 

Figure 7: First Floor Plan:  Zone Diagram—Pool (Blue), Community (Red), Classrooms (Yellow) 

ZONE 3 ZONE 1 ZONE 2 

Figure 8: Second Floor Plan:  Zone Diagram—Community (Red), Classrooms (Yellow) 

ZONE 1 ZONE 2 

Figure 9: Third Floor Plan:  Zone Diagram—Community (Red), Classrooms (Yellow) 

ZONE 1 ZONE 2 

POOL 
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The selection of three outdoor air units and three exhaust units placed along the entire length of building 
was done to minimize the size and length of ductwork required to condition the spaces. Additionally, due to the 
type of heat recovery system being utilized for this application, having fewer units helps maximize the run-
around heat recovery efficiency.  

 

3.3 Heat Recovery 
 

As stated in the aforementioned mechanical goals, 
recovering lost energy is considered one of the most important 
design criteria. Therefore an Ethylene Glycol run-around 
system was selected to be the best system to handle our 
building needs.  The system specified by our design is one 
made by Konvekta, a Swedish company, and started being 
used in applications in the United States in the past 5 years. 
The system works in the manner of a traditional run-around 
system by capturing thermal energy from the exhaust air and 
reintroducing it to precondition incoming outdoor air (as 
shown in Figure 10). Not only is this system the largest means 
of energy recovery and reimplementation, but it is also our 
main factor in overall building load reduction. This was 
ascertained from energy model analyses using DOEII (Ecotect) 
and Trane Trace 700, which determined the efficiency of the 
system in this particular application. It was found that utilizing 
this configuration of the Ethylene Glycol run-around allowed 
us to downsize the equipment on the heating side of the 
building’s mechanical systems by 50% which is not only an 
incredible savings in upfront cost, but lifecycle costs as well.  

 
The graphic below (Figure 11) shows a schematic layout of how the run-around loop will work for this 

building. As you can see, the entire mechanical system functions as one entity to optimize system efficiency and 
energy recovery. The image below represents the functionality of the system during the heating season, during 
which 12.9°F outdoor air is being preheated to 61.5°F solely through the recovery and reuse of thermal energy 
being exhausted on the left. This is done at an efficiency of 65% which is significant heat recovery. The blue lines 
represent the “cooled” Ethylene Glycol solution leaving the incoming outdoor air handler as it makes its way to 
the exhaust air handlers. The red lines represent the “heating” of Ethylene Glycol solution through the 
absorption of heat being captured in the exhaust air. This then moves to the centralized hydronic unit where it is 
then pumped to the outdoor air units to precondition the incoming 12.9°F air.  The hydronic unit will be located 
in the basement of the building and piping will be run to and from the air handlers such that it will not be visible 
or exposed in public areas. This was done to prevent any possible contact with the Ethylene Glycol mixture from 
the students and general public. 

 
A hybrid geothermal system was also considered as a form of heat recovery in the early phases of the 

mechanical design. After some rough cost and construction sequencing analyses, it was determined that the 
hybrid geothermal system would be much more expensive in upfront costs by approximately $100,000 (see 
Drawing M601). The geothermal system too does not meet the same efficiency and recovery level of the run-
around system as it is only 40-60% efficient. Lastly, the geothermal system was omitted as it left no opportunity 
to incorporate the vast demand of the pool into the ground loop system should the pool be built at a later date.  

Figure 10: Traditional run-around system 
http://www.dac-hvac.com/blog/page/3/ 
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Figure 11: Air handler run-around configuration at 100% Air Volumes – showing a 65% efficiency during heating season.  

 
There are three components of the Konvekta run-around system that make it 20–30% more efficient than 

a typical run-around recovery system. This allows Konvekta’s system to recover 60–90% of energy that escapes 
the building in exhaust. This differs greatly from the 40–60% of energy recovered via a traditional run-around 
system. However, it was found that the heat recovery efficiency would be at the lower end of this spectrum due 
to the demanding load requirements of the pool.  These three differentiating components are as follows: 

 
1) Coil Array:  

 Traditional systems use water with some form of an anti-
freezing agent as the medium in which they transfer thermal 
energy. These additives diminish the water’s heat transfer 
capabilities to around 40–50%. Utilizing the Ethylene Glycol 
solution improves this transfer capability by about 20%. 

 The coil array is 10% more efficient than a typical flat plate heat 
exchanger. The array utilizes a double header, thick, wide-
spaced, fin design that maximizes counter flow. It also offers a 
small air-glycol approach temperature to maximize heat 
transfer. (Figure 12) 

 From a maintenance perspective the entire depth of the coil is 
accessible for ease of cleaning.  

 
2) Piping/Flow Configuration 

 Traditional run-around uses one or two units on the loop with 
constant flow of heat transfer fluid. 
 

Figure 12: Konvekta Counter flow Coil 
www.dac-hvac.com/blog/ 
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 This uses a gang system (Figure 13) that allows multiple 
exhaust units on one loop with control valves at each unit. This 
allows for variable flow to optimize heat transfer between the 
exhaust and the glycol solution. The centralized pumping 
system then takes all of this pretreated solution and distributes 
it to the OA units for preheating/cooling in the same manner.  

 
3) Control System 

 These controls match the delta T between OA and EA with the 
variable flow valves at each unit in order to optimize heat 
transfer performance and partial load efficiency with the glycol 
solution. 

 The system integrates with air handler controls for variable air 
flow across coils as well in order to match ventilation 
requirements. 

 The system assesses real time energy savings in addition to 
having pressure drop alert systems for potential leakages etc. 
(Ethylene Glycol has less chances of leaking due to its viscosity 
and surface tension.) 
 

Overall this system allows for a heating energy recovery of about 65% (with the pool, 60% without). As the 
school is primarily being used in the heating season, this will provide tremendous savings to the owner and 
community in lifecycle costs. The system will also utilize an economizer cycle that will stop the pumping of 
Ethylene Glycol for the necessary units when the outdoor air temperature is close to that of the set point, saving 
additional energy cost. 

 

3.4 Humidification/Dehumidification 
 

In designing our system and speaking with industry 
professionals, it was found that the high humidity in the 
exhaust air allows a high heat recovery rate without the 
need to excessively cool the exhaust air. This will cause 
some condensation in the exhaust air coils, so they will 
bear an epoxy coating. The other aspect that makes this 
system very efficient is its efficiency at partial load supply. 
This is a result of the reduced airflow which allows the 
maximum transfer of thermal energy to precondition the 
outdoor air. In continuing with the pool, the Konvekta 
system also utilizes a dehumidification “loop” that will 
allow the system to handle the high latent loads being 
produced by the evaporative effects of the pool, as shown 
in Figure 14. 

 
The heat exchanger on the intake side has two parts. 

The first will cool the intake air, thus dehumidifying it, and 
the second part will be reheated using the run-around loop to bring it up to the required supply temperature. 
This allows for a reduction in the peak cooling load of the chiller and will require smaller chillers that will 
consume less energy as they will operate at a higher level of efficiency (see pages 25-27 of Appendix). 
  

Figure 14: Konvekta Dehumidification Loop 
www.konvekta.ch  

Figure 5: Konvekta “Gang” configuration 
www.konvekta.ch  
Figure 13: Konvekta “Gang” Configuration 
www.konvekta.ch 
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3.5 Specialized Zone Considerations/Coordination 
 

For sections 3.5.1-3.5.3 please reference Figures 7-9 on page 
6 to better understand the zone considerations explained below.  

 

3.5.1 Zone 1 – Academic 
 

The classroom wing of the building too presented some 
challenges in determining the most effective manner of 
conditioning the space. Due to the modularization of the structural 
bay size (as detailed in the Team Nexus Integration Report on page 
11), each classroom in this wing is roughly the same size with the 
same occupant density. This is ideal as it allows a standardized 
method of conditioning each of these classrooms. There will also 
be some acoustical ceiling tile located in the farthest corner of the 
second level hallway as to prevent sound attenuation from the 
rooftop unit as well as allow room for the large rectangular ductwork leaving the unit (as shown in Figure 15). 
There is an additional vertical chase created from existing closet space outside of a few classrooms. One of these 
closets is now used as a vertical chase to run ductwork from the air handler to the two floors below as shown in 
Figure 21. The other chase connects the three floors of a large storage space to the basement to run all Ethylene 
Glycol and supply chilled / hot water piping to the air handler. This to keeps the Ethylene Glycol piping obscured 
while still allowing access at each floor, should any future maintenance be required.  

 
In addition to these vertical chases created to house 

the required air handler piping, this particular wing of the 
building required the innovation of a lateral duct chase 
superimposed within the corridor wall and structural system 
of the wing (as seen in Figure 16, and reiterated in Figure 
21). As it is a Nexus goal to leave the engineering systems 
exposed within the building as to make the school itself a 
learning tool, a unique duct layout was designed to meet 
the necessary load requirements without conflicting with 
the other building systems and maintaining the desired 
architectural aesthetic. As such, the round ductwork for the 
classrooms runs mostly exposed along the classroom side of 
the corridor wall (as shown in Figure 22). The decision was 

made to use round ductwork as it is easier to install, cheaper to manufacture, and is more visually attractive 
than traditional rectangular ductwork. This too allowed savings of roughly $40,000 by eliminating the need to 
enclose the ductwork within a bulkhead. The rooms are 
conditioned by a supply duct running perpendicular from 
the lateral (hallway adjacent) main along the ceiling of 
each classroom between the structural steel joists (see 
Figure 17). The rooms on the south side of the wing will 
receive 980 cfm each, which is slightly more than those 
on the north receiving 700 cfm each. As previously 
mentioned, the ductwork is sized slightly smaller as the 
building utilizes a 100% outdoor air system.  Each room 
will then be exhausted from two return grilles located in 
the exhaust main along the hallway side of the room, 
directly under the supply main (as shown in Figure 17). Figure 17: Teacher classroom perspective 

rendering with exposed ductwork  

12 

Figure 16: Building System Integration in Education 
Wing: Supply Side (Blue), Exhaust Side (Green) 

Figure 15: Vertical chase section for education 
zone 

Existing Closet 

Existing Storage 
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These classrooms will also be equipped with CO2 sensors that tie into the central control system discussed 
previously as to regulate air handler and Ethylene Glycol performance to maintain an outdoor ventilation level 
30% greater than the minimum ASHRAE Standard 62.1 
requirement.  

 

3.5.2 Zone 2 - Community  
 

The largest challenge with this zone is the variation in 
conditioning requirements of each space within the zone. 
Due to the large volume of air being supplied for the pool, 
lobby, administration, and kitchen, a 6’x7’ vertical chase 
was devised in conjunction with the structural engineers in 
the early stages of design to accommodate the 3’x3’ supply 
ductwork required to condition these spaces (see Figures 
18 & 19). This chase additionally holds all the piping running 
from the basement mechanical room for the Ethylene 
Glycol and domestic hot/cold water for the units’ coils.  

 
In the lobby, special consideration was taken into 

conditioning the new atrium space; the challenge for this 
space was the large south facing curtain wall and the three 
story open atrium connected to the hallways of the 
adjacent floors. Much of the summer solar radiation is 
nullified due to the large architectural canopy above the 
main entrance of the school. However, this space is the 
most prone to heat transfer via this two-story curtain wall. 
As such, the atrium is supplied with 5000 cfm (1670 cfm at each floor) at the edge of each floor with a throw of 
24 feet to reach the curtain wall. The space will be exhausted from the acoustic drop ceiling located solely in the 
lobby of the building. 

 
This vertical chase also feeds directly into the 

multipurpose room. This was the most challenging 
space for this zone as it serves many different 
purposes during the school day while also acting as 
the emergency shelter for the community. Therefore, 
this set of air handlers will be connected to a 
generator located in the basement. This generator will 
serve the lighting, conditioning (to include heat 
recovery, 1 boiler, and 1 small chiller), and health 
center loads, providing power to the shelter in the 
event of a natural disaster. The actual HVAC design for 
this space will meet the requirements for a 
gymnasium, auditorium, and cafeteria. The schematic design phase found that the cafeteria requirements were 
the most stringent; therefore the system is designed using these ASHRAE Standard 62.1 criteria of 7.5 per 
person, thus resulting in an airflow of 4700 cfm. The duct layout is much like that of the pool, fitting seamlessly 
under the flange of the K-series structural joists supporting the roof structure (as seen in Figure 20). The 
multipurpose space also has a set of locker rooms that connect to the adjacent pool. These lockers will be 
exhausted by the gymnasium exhaust system. 

 

Figure 19: Sketch up Model of vertical chase in lobby 

Figure 20: Rendering of Multipurpose Room 
Ceiling: Integration of Structure & Ductwork 
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Figure 18: Sketch up Model of vertical chase in lobby 
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Lastly, in the general duct layout of the space, the decision was made to supply from one end of this zone 
and exhaust from the other as to allow space for the large duct work. Due to this configuration, where the 
supply ductwork is large (on the lobby side by the vertical chase) the exhaust ductwork is at its smallest. Visa 
versa, at the end of the zone closest to the pool, where the exhaust unit is located, the supply duct work is 
smallest, having only to condition small office spaces.  This can be seen more clearly in Figure 21, which shows 
how the ductwork for this zone was able to run to each space without conflicting with other discipline systems.  

3.5.3 Zone 3 - Pool  
 

The pool is one of the most, if not the most 
difficult zone included in the mechanical design of 
the building. First and foremost, the uncertainty of 
pool’s construction date (if one) presented a unique 
challenge in designing the system. The designed 
system meets the goals of reduction, recovery, and 
reuse while allowing a drastically demanding load to 
be incorporated to the system at a later date (or not 
at all). This is one of the main reasons an Ethylene 
Glycol run-around system was chosen as it allows for the pool zone to be incorporated into the existing “gang 
system” created by the 2 pairs of air handlers conditioning the education and lobby/community wings. 
Additionally the high latent loads created and exhausted from the pool will improve the overall efficiency of the 
heat recovery system by about 3-5% annually. This 
percentage is relatively low due to the 350 MBh 
peak heating load requirement of the pool which 
will necessitate continuous heating of this zone 
practically year round. 

 
As per the ASHRAE HVAC Applications 2010 

handbook design criteria, the pool air temperature 
will be heated between 82°F - 84°F, roughly 2°F 
warmer than the water temperature. Special 
consideration was made to ensure that the tri-
chloramine vapors evaporating from the water’s 
surface are immediately exhausted as these vapors can attribute to throat and eye irritation of occupants. As 
such, the mechanical layout is designed such that air is supplied around the perimeter of the pool to not only 
prevent drafts on the swimmers and condensation on the windows and the walls, but to also create a 
centripetal motion of air over the pool. At this centralized location above the pool air and vapors are removed 
through the negatively pressured exhaust system. This system utilizes a special coating to prevent corrosion due 
to the chemical vapors. Although this adds about a 10% cost to this particular exhaust unit, the cost is offset by 
the absorption and reuse of this 82°F - 84°F air by the Ethylene Glycol run-around system.  A packaged pool unit 

Figure 23: Rendering of Pool Ceiling: Integration of 
Structure, Daylighting, & Ductwork 

9 

Figure 21: Section Rendering of West Wing Classrooms/Office Showing Configuration of Supply (Blue) & Exhaust (Green) Duct 

11 

Figure 22: Sketchup Model of Schematic Duct Layout in Pool 
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was also considered in the design of this particular zone. There will also be a small mechanical room located 
within the pool zone. This will house all the necessary pumping, heating, and filtering equipment necessary for 
pool maintenance. (See page 8of the Integrated Report for more detail). 

 

3.6 Mechanical Equipment & Room Layout 
 

In selecting the other equipment (i.e.: boilers, chillers, cooling tower, 
etc.) several energy analyses were done in determining the efficiency of our 
system configuration. The implementation of the Ethylene Glycol recovery 
system allows for an annual load reduction of roughly 50% year round, 
resulting in an annual consumption of approximately 624,400 kWh.  Figure 24 
shows how this annual energy consumption is divided by zone.  
 

This allows the boilers to be downsized by 50% which saves on upfront 
costs.  Two boilers will be utilized as to account for the add-alternate of the 
pool. Should the owner decide they want the pool in the first phase of the 
project, there will be one boiler large enough to accommodate the loads of the 
three combined zones. The chillers however were not able to be downsized as 
there was a minimal difference in the year round cooling capacities. This is 
because the delta T between set point temperature and exterior summer 
temperature is very small in comparison to that in the winter. As such, there is 
not as much energy being recovered by the run-around system to justify a 
decrease in chiller sizing. This not an issue in the design of the building as it was 
determined that three chillers be used to optimize the efficiency of the chiller 
configuration. Table 2 shows our Equipment breakdown with the respective 
capacities.  Figure 25 shows the Mechanical Room layout.  For more 
information, see page 24 of the Appendix.  

 
The chillers were selected based on the information included in the Appendix on pages 25-27. It was 

decided to use 3 chillers based on our cooling load profiles calculated via Trane Trace 700. When breaking down 
these profiles by a month to month analysis, it was shown that the building cooling loads differ by 3 conditioning 
seasons. Therefore, one chiller will run at full capacity for four months out of the year, two chillers will run at full 
capacity for four months out of the year, and all three will run at full capacity for the remaining four. This will 
ensure that the chillers are constantly operating at their optimal capacity to ensure efficient use of this 
equipment. 

To maintain the constructability as well as the 
lifecycle maintenance integrity of the mechanical 
system, an exterior access/opening is located on 
the Park Avenue side of the building (see Figure 
26). Due to the restrictions of the site in terms of 
its relatively level grade, this was deemed the only 
cost effective and appropriate solution for the 
replacement or addition of new equipment to the 
basement mechanical room. 
  

Figure 26: Site plan with the mechanical room access 

highlighted 

 Park Avenue 

Figure 25: Basement Floor Plan: Mechanical Room Layout 

13

3 

Figure 24: Zone Energy Distribution 

Table 2: Equipment Loads 

ww 

w 

 

 

 

 

 

Equipment Capacity Zone

Chiller-1 60 Tons ALL

Chiller-2 60 Tons ALL

Chiller-3 60 Tons ALL

Cooling Tower 175 Tons ALL

Boiler-1 800 MBh 1, 2

Boiler-2 400 MBh 3

OAU-1 38,000 CFM 1

OAU-2 27,000 CFM 2

OAU-3 8,000 CFM 3

EAU-1 34,500 CFM 1

EAU-2 24,500 CFM 2

EAU-3 9,000 CFM 3
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4. Sustainability Analysis 

Through the implementation of all passive and mechanical design considerations, the Nexus design team 
successfully reduced the overall building loads and was able to recover and reuse waste energy to such a degree 
that the building will sustain minimal 
consumption of energy use over the 
course of its lifecycle. The overall 
annual energy consumption of the 
building is reduced from 1,185,500 
kWh (without heat recovery) to 
624,400 kWh using the Ethylene Glycol 
run-around system.  As is shown in 
Tables 3-4, the Nexus building design greatly surpasses the energy use and load consumption of minimum values 
mandated by ASHRAE Standard 90.1. Nexus’ design for the Reading Elementary school utilizes 48% less energy 
than that of the minimum 
requirements for this type of building.  
See Appendix pages 19-21 for more 
information.  

 
This is achieved, as previously 

stated, through the implementation of 
the Ethylene Glycol run-around 
system that functions concurrently with efficient envelope design. However, the implementation of the Ethylene 
Glycol is the largest cost consideration in the design of this mechanical system. In electing to use this form of 
heat recovery, there was an added cost of approximately $295,000 for the technology and packaged coils for 
each unit (see table 5).  

Taking all of these factors into consideration, an initial price tag of 
$990,935.00 was calculated should the Ethylene Glycol run-around system 
be implemented in conjunction with the pool. Should the pool not be 
included in the building scope, the price will drop to $863,210.00, which is 
a difference of nearly $130,000. In determining the basic payback of this 
system, including the reduction of annual energy consumption of 50%, a 
total payback period of 6.7 years was calculated. This payback period is 
minimal in comparison to that of the upfront costs and return of a 
geothermal heat recovery system. In the preliminary design of the 
building, the implementation of a hybrid geothermal system was 
investigated. After a quick comparison, it became clear that the Ethylene 
Glycol run-around system has a lower first cost than the hybrid geothermal 
system, by almost $100,000 (see Drawing M601). Ultimately the payback 
period of the Ethylene Glycol run-around system justifies its 
implementation over one designed to the ASHRAE Standard 90.1 minimum 
requirements.  

 
This integrated building design is also expected to earn 55 LEED points 

which equates to a LEED Silver rating. Of this these 55 points, 19 points were earned for the implementation of 
this mechanical system due to is energy efficiency and improved indoor environmental quality. For a complete 
breakdown of the LEED analysis see page 13 of the Team Nexus Integration Report.  Ultimately, the impact of 
the mechanical system on the overall building sustainability can be seen in the reduced payback period, system 
efficiency, and LEED silver certification. The use of this system will thus provide value to the owner through the 
continued savings accrued throughout the longevity of the building.   

14 

14 

Table 4: NEXUS Building Peak Load Summary  

 

 

 

Building Loads

Cooling Capacity 

[TONS]

Heating Capacity 

[TONS]

Airflow                      

[CFM]
kWh/a sf/ton

1 Academic 86.7 64.2 35,610 321,059         424.23

2 Community 57.7 39.6 25,525 232,429         554.12

3 Pool 13.9 28.3 7,800 70,986           524.34

TOTAL 158.3 132.1 68,935 624,474         

Zone

Table 3: ASHRAE Baseline Building Peak Load Summary 

 

 

 

Baseline Building Loads

Cooling Capacity 

[TONS]

Heating Capacity 

[TONS]

Airflow                      

[CFM]
kWh/a sf/ton

1 Academic 165.2 85.3 42,120 609,496         291.37

2 Community 127.4 48.7 28,735 441,265         270.53

3 Pool 14.1 36.4 9,100 134,680         368.35

TOTAL 306.7 170.4 79,955 1,185,560     

Zone

 

 

 

 

 

Equipment Price Zone

Chiller-1 55,300.00$     ALL

Chiller-2 55,300.00$     ALL

Chiller-3 55,300.00$     ALL

Cooling Tower 27,375.00$     ALL

Boiler-1 16,475.00$     1, 2

Boiler-2 7,725.00$        3

OAU-1 172,400.00$   1

OAU-2 163,200.00$   2

OAU-3 54,400.00$     3

EAU-1 12,320.00$     1

EAU-2 10,540.00$     2

EAU-3 5,600.00$        3

Ethylene-Glycol System 295,000.00$   1, 2

Ethylene-Glycol System 355,000.00$   ALL

Total 863,210.00$   1, 2

Total 990,935.00$   ALL

Table 5: Equipment Pricing from RS Means 
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5. Conclusion 

In designing a system with the three criteria of Experience, Community, and Education in mind, Team 
Nexus has created a mechanical system that meets all the needs of these unique spaces while providing an 
improved environment to the building’s occupants. The three mechanical goals of Reduction, Recovery, and 
Reuse have a bearing effect on the function of the building and the integrity of its lifecycle efficiency. The 
building’s conditioning load is reduced by over 48% compared to the ASHRAE Standard 90.1 baseline model, 
through the integrated Nexus façade, daylighting system, and heat recovery. As a result, equipment was 
downsized (In some cases up to 50%), which saved on initial cost and long term energy costs.  

 This mechanical design reduces HVAC annual energy costs by 50% of that of a typical ASHRAE baseline 
model.  The overall annual energy consumption of the building is reduced from 1,185,500 kWh (without heat 
recovery) to 624,400 kWh using the Ethylene Glycol run-around system.  The system recovers up to 65% of the 
thermal energy leaving the building via the exhaust system and reintroduces it to precondition the outdoor air. 
This has a profound result on the sustainability of the building as the community of Reading will be less 
burdened by operation cost and maintenance. The implementation of the Ethylene Glycol run-around system is 
the leading contributor to the long-term energy savings with this design. The additional 30% ($295,000) spent on 
this system over a typical heat recovery system is well worth the investment as the system’s superior efficiency 
will allow for a payback period of just 3 years more than less effective heat recovery methods such as a typical 
packaged heat recovery wheel.  The entire mechanical system will have a payback period of 6.7 years which is 
marginal when considering the longevity of the building. This system will continue to provide value to the owner 
in decades to come as it continues to save on energy and operation costs.  

Lastly, the methodology of implementing this system through the use of BIM (Building Information 
Modeling) and IPD (Integrated Project Delivery) allowed a cohesive application of the overarching Team Nexus 
goals. Designing the system in cohesion with the other disciplines greatly influenced the outcome of this 
mechanical scheme. Three clean, succinct zones were created in conjuction with the nuances of the structural 
system. This zoning also allowed for implementation of robust controls to enable savings. The design will 
continue to form the building as a learning tool for the students. In facilitating a balance between system 
exposure and effectiveness, this mechanical strategy will inevitably evoke a curiosity within the students. These 
students will be able to see and follow the systems as they move throughout the building, slowly gaining an 
understanding of that which comprises their educational environment. Through the use of a centralized control 
system, students will see the effect of their own energy use and hopefully draw the parallel between their 
consumption in the classroom and their lives at home. The seamless integration of these mechanical design 
considerations with the designs of the other building disciplines that comprise Team Nexus will ultimately create 
an inspiring learning environment to facilitate the education of the Reading District youth.  
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6. APPENDIX 
 

6.1 REFERENCES 
 

1. TES Engineering. (2010).  With Air‐Conditioning Criteria, Less is More.  
<http://www.tesengineering.com/mep‐community/hvac/tenant‐coordination/>. 

2. Homewyse. (2013).  Cost of TOP Roofing. 
<http://www.homewyse.com/costs/cost_of_tpo_roofing.html>. 

3. Environmental Protection Agency. (2013). Heat Island Effect: Green Roofs. 
<http://www.epa.gov/heatisld/mitigation/greenroofs.htm>. 

4. Environmental Protection Agency. (2009). IAQ Design Tools for Schools: Heating, Ventilation and 
Air‐Conditioning (HVAC) Systems. <http://www.epa.gov/iaq/schooldesign/hvac.html>. 
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6.12 EQUIPMENT CUTSHEETS  
 

For full equipment specifications, please see drawing M301. 
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pertaining to the zone it conditions.

OAU-1

EAU-1OAU-2

CT-1OAU-3

EAU-2EAU-3

SCALE:  1/16" - 1'

__________________________________________________________________________3
Basement Mechanical Layout
SCALE: 1/16" - 1'

Above is a zone breakdown of the First Floor Plan. Note that the building is zoned vertically; as
such the same zone/color breakdown in the same for floor plans 2 & 3. The Yellow zone (Far Right)
indicates the classroom zone being conditioned by OAU -1 & EAU - 1. The Red zone (Middle)
inidcates Zone 2 which houses the Lobby and Multipurpose Room. This space will be conditioned
by OAU-2 & EAU-2. The Blue Zone (Far Left) indicates Zone 3 which contains facility's indoor pool,
to be conditioned by OAU-3 & EAU-3.

__________________________________________________________________________First Floor Zone Breakdown
SCALE: Not to Scale
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Above is a rendered and highlighted visual of Section 1. The green duct work represents the exhaust ducting scheme whereas the ductwork
highlighted in blue represents the supply air coming from OAU-2. This ducting scheme was necessary to ensure that there would be enough room to
fit both the supply and exhaust duct within the confines of the innovatived lateral chase. As such, on the left end, where the exhaust ductwork is
large, the inverse can be said of the supply ductwork as it is the end of it's run. Visa Versa, the same can be said on the right end where the large
supply ductwork begins to branch off to condition the adjacent zones; the exhaust ductwork in this location is between 6-12" inches to accomodate
the 2.5' x 4.5' chase.

 1/8" = 1'-0"1 Section 1

 1/8" = 1'-0"2 Section 2

Section 2 to the right shows the vertical and lateral chase
designs used to condition Zone 1. This is done in a very similar
fashion to the configuration above in Zone 2. A vertical chase
was devised as to transfer air to and from the OAU and EAU
mounted on the second story roof to reach the third floor and
first floor without significant pressure drop. Additionally this
vertical chase was used to house the domestic piping for the
cooling and heating coils of the air handler, in addition to the
ethylene glycol runaround piping.
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________________________________________________________Chiller Selection __________________________________________________Cooling Tower Selection

________________________________________________________Boiler Selection

_____________________________________________________________Outdoor Air Unit Selection
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Due to the exposed nature of the building
systems as discussed in the Team Nexus
Integration Documentation, there were primary
concerns with the acoustical integrity of not
only the classrooms but the lobby, gymnasium,
and pool as well. To ensure that these spaces
met the necessary acoustic criteria, acoustical
analyses were done to calculate the
reverberation time of each space which guided
the selection process of materials based on
their reflective and absorption properties. In
integrating these considerations with the
structural design, it was decided that a 3VLPA
Insulated Composite Acoustical Metal Deck
with an NRC of 0.75 be used so that the open
ceiling concept could be carried out through
the majority of the building. Particularly in the
classrooms, it was found that utilizing this
system alone reduced our reverberation time
from over 1 second to approximately half a
second for the 1000 Hz octave band in
comparison to a normal metal deck.  A
reverberation time between 0.6 seconds and
0.8 seconds is desired for a classroom
setting.

Vulcraft Catalog page 12
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Early in our design process, we narrowed our mechanical system design to two options: hybrid geothermal and
an ethylene-glycol run around system.  To make a decision between the two systems, we compared the up-front
costs.

Hybrid Geothermal
A hybrid geothermal system is typically sized for the average building loads, which from the cooling load profile
analysis we determined to be approximately 130 Tons.  We sized the geothermal well field based on the rule of
thumb that 250 feet of wells can produce 1 ton of cooling.  With a bore depth of 500 feet, we would need
approximately 48 wells.

In speaking with a Mechanical Contractor, we estimated that each well would cost approximately $5000.  This
includes labor and materials.  The installation of the well field would also take approximately 25 days.  This
would have impacted the construction schedule and site layout.  The geotechnical report also stated that sink
holes were possible in the well field site.  This would have impacted constructability and possibly further
elongate the schedule.

RS Means 2010 was used to get rudimentary pricing for equipment.  The prices listed include labor and
materials.  For the hybrid geothermal system, heat pumps, a cooling tower, and a boiler would be necessary.
There are roughly 50 rooms, so the average cooling load per room is approximately 2 tons.  According to RS
Means, a 2 ton water source heat pump (WSHP) is approximately $2345.  Larger heat pumps would be
necessary for the gymnasium and the pool, approximately 15 tons each.  A 15 ton WSHP costs approximately
$16,650.  This breakdown can be shown in Table 1.

Ethylene-Glycol Run Around System
The addition of the ethylene-glycol heat exchange system (excluding piping) is $295,000.  This price is
comprehensive.  It includes the ethylene-glycol coils that will be delivered to the air handler manufacturer for
installation, the hydronic unit which will be delivered directly to our job site, the entire control system, start-up
and owner training, and performance monitoring during the first year of operation as well as a performance
guarantee.

With the Konvekta system, there is no impact to the schedule.  The packaged units will be delivered to the site.
They must be ordered 5 months before they are scheduled to be delivered.  This time frame includes the 3
months necessary for the Konvekta coil to be manufactured and installed.

Conclusion
After a quick comparison, it is clear that the ethylene-glycol system has a lower first cost than the hybrid
geothermal system, by almost $100,000.  The ethylene-glycol system also does not impact the construction
schedule and will not delay the progress of other disciplines nor could it impact the opening of the building.

From the Energy Center of Wisconsin: http://www.ecw.org/ecwresults/HyGSHPfactsheet.pdf
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SCHEMATIC DESIGN DEVELOPED DESIGN

Zone - 1 (Classrooms)
Design Progression

In the schematic design of this wing of the building it
was originially determined that a rectangular, enclosed,
lateral chase be implemented. This was to allow the
duct work to run along the perimeter of the cooridors
and supply the adjacent classrooms. As the design
progressed however, this rectangular, closed chase
was for the most part eliminated. The design team
decided that the exposure of the duct work would not
only enhance the building's function as a learning tool,
but also allow for a decrease in initial costs associated
with sheet metal and installation.

Additionally it was found that the ductwork would not be
able to run vertically through the existing corridor
closet spaces. As such changes were made to
implement one large vertical chase located nearest to
OAU = 1 such that the ductwork would be able to split
the required airflows seemlessly on to each floor. A
section of this can be shown on M201, Section 2.

As is visible from the schematic and
developed design models, some changes
were made to make the mechanical system
work within the prescribed context. In
addition to the changes noted above, it
should also be noted that the solar overhang
that originally spanned the entire with of the
classroom, has been broken up. Now the
overhangs are supported by the frame
encasing each window. Additionally this
overhang was increased to 3' in depth
inorder to provide more solar shading
during the cooling season.
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SCHEMATIC DESIGN DEVELOPED DESIGN

Zone - 2 (Lobby & Multipurpose)
Design Progression

Multipurpose Room

Lobby

There were several changes from the
multipurpose room schematic design to the
developed design. In order to maintain the
space as a community emergency shelter, it
was found that the windows be removed to
protect against projectiles. Additionally the
massing of the roof needed to be increased in
order to meet code preventing uplift. This
drastically effected the mechanical duct
configuration as the truss system needed to be
changed to accomodate this increase in load.
As such, in stead of the ducts running through
the center of the webs within the joists, the
supply duct runs along the perimeter of the
room and is nestled just under the web opening
at the end of each truss. This achieved the
same affect desired to keep the duct work from
intrduing into the site while meeting these load
requirements.

It was originally thought that the lobby would
utilize the same exposed ceiling as the rest
of the school. However, after some acoustic
analysis of the space, it was determined that
a standard ACT (Acoustical Ceiling Tile)
drop ceiling system be implmeneted in this
location. This will not only hide the large
duct work coming through the vertical chase
from OAU-2 but also serves as sound
attenuation. It was calculated that without the
ACT ceiling there would be the oppotunity
for sound to move from floor to floor
unimpeded by the three-story atrium space
created in the Nexus design.
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SCHEMATIC DESIGN DEVELOPED DESIGN

Zone - 3 (Pool)
Design Progression

One of the biggest changes in the pool was the implmenetation
of the 6 skylights. These are highlighted in yellow in the image
on the right. This proved some challenges with the ducting
configuration as it was needed to insure that these did not run
under the skylight.

Additionally from the orginial design the duct layout changed a
little in that it does not run around the entire perimeter as
shown on the left. As is visible in the image on the right the
supply duct in blue now only runs to the far end of the wall
without turning the corner to complete a full perimeter of
ducting. In our CFD analysis it was found that the latter
configuration was sufficient to prevent stagnation and
condensation on the East wall of the pool. As such this decision
was made to reduce the necessary amount of ductwork
ultimately reducing first costs.
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