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Executive Summary   
 

This report contains the analysis of Central High School’s existing mechanical system in place.  Included 

are design objectives and its influences, energy usage, LEED analysis and cost of the system. 

Primarily electricity and natural gas are used as the primary energy sources on site.  Almost 1.2 million 

lbm/year of CO2 is produced primarily because of the boiler.  This along with other air pollutants should 

be reduced for the safety and health for people and the environment.   

As this building was not built with LEED in mind it has sustainable features.  Energy recovery wheels in 

the energy recovery units are part of the sustainable design and give rebates to the school.  Ventilation 

requirements have been meet and exceeded according to ASHRAE 62.1 standards.  Also VFD pumps are 

used to circulate hot and chilled water throughout the building depending on the demand.  LEED 

Certified is achievable by the mechanical system alone but short 4 points. 

The mechanical system costs $51.89 per square foot of space in the building.  Mechanical mezzanines 

take up the most space followed by the boiler room and mechanical shafts. 
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Building Overview 
 

Building Description 
 

 

 

Central High School is a newly renovated high school located in the Mid-Atlantic region.  At roughly 

320,000 square feet it is an impressive state of the art school with two levels the top one being the 

addition.  The building has food and science labs, classrooms, offices, gyms and an auditorium to serve 

the learning needs of the occupants.  It is expected to be completed by February 2015. 

Mechanical System Overview 
 

Twenty energy recovery units are located throughout the building that delivers outdoor air to fan coil 

units with recirculated air serving the zones.  Along with that, two air cooled chillers and a boiler serve 

the energy recovery units and fan coil units. 
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Occupant and Project Team 
 

Owner: Confidential 

Construction Manager: Jacobs     http://jacobs.com/ 

Architect: SHW Group, LLP         http://www.shwgroup.com/ 

Structural Engineer: Adtek Engineers, INC. http://www.adtekengineers.com/ 

Mechanical and Electrical Engineers: SHW Group, LLP           http://www.shwgroup.com/ 

Civil Engineers: Bowman Consulting    http://www.bowmanconsulting.com/ 

Kitchen Consultant: Nyikos Associates       http://nyikosassociates.com/ 

Acoustical and Technology: Polysonics Corporation           http://www.polysonics-corp.com/ 
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Design Objectives and Requirements 
 

Mechanical System Design Objectives 
 

The driving force behind the renovation and new construction was to bring Central High School up to 

date and make it a state of the art school.  Even though LEED was not a target for this project creating a 

mechanical system that would sustain the building was.  By doubling the size of the area of the building 

a central chiller and boiler plant was put in place so that they could handle the new loads on the 

building.  Energy recovery units served from the central plants helped recover much of the energy from 

exhaust air.  The total energy wheels within these units are designed to help keep energy consumption 

down as a whole for the entire system in place.  Fan coil units were also added to help better handle the 

loads in each zone.  Therefore the combination of all three components would hopefully help make 

Central High School a state of the art school.  

 

Mechanical System Design Requirements 
 

Currently the two main codes that are being followed are ASHRAE Standards 90.1 and 62.1.  These two 

main codes are crucial for design as there are no zoning issues that are being taken into account at this 

time.  Furthermore a stringent commissioning process is in place to make sure that after construction 

the building’s mechanical systems are compliant and run as prescribed per specifications.  
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Site Energy Sources 
 

The two main sources of energy are electricity and natural gas.  Due to the site being so close to the 

Baltimore, Maryland area typical rates from there were used.  Many energy source providers are 

present in and around the area but the two listed below in Table 1 are the lowest prices per unit.  These 

factors do not include delivery cost, contract length and initial cost to the customer.  However with 

natural gas if the customer goes over the 10,000 therms the cost become $.1303 per therm. 

 

Table 1 – Utility Rates 

 

Site Factors 
 

Central High School’s mechanical system was renovated and updated with energy recovery units due to 

the fact that rebates were given if they were chosen to be used.  Therefore the mechanical system was 

re-designed in this case with the idea of using these energy recovery units to receive the rebate. 

 

Design Conditions 
 

Closet to the site is Baltimore, Maryland whose outdoor design conditions are listed in Appendix A.  

Indoor conditions for the summer time are set to be at 55 degrees Fahrenheit.  For winter design 

conditions the set point varies by each space by the energy recovery unit that serves it which is shown in 

Appendix A.   
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Design Ventilation Requirements 
 

In Table 2 below the ventilation rates from the design engineer and calculated rates are compared.  

Ventilation was increased from the minimum compliance of ASHRAE 62.1 for every energy recovery unit 

in the building.  Therefore the design engineer meet and exceeded the minimum rate required for each 

space.   

 

Table 2 – Ventilation Rates 
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Design Heating and Cooling 
 

Table 3 shows the comparison between the design and calculated heating and cooling loads for the 

building.  Trane TRACE 700 was the program used for the model.  Information for the design part was 

taken from drawings and specifications since the energy model was not released for comparison.  The 

model shows a difference of almost 1.3 and 1.1 times more cooling and heating, respectively, needed 

than what the building systems were designed to.  Therefore factors such as equipment, lighting and 

shading were assumed and would account for the differences between the design and model load 

calculations.    

 

Table 3 – Heating and Cooling Loads 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Model

Cooling [tons] 505 678

Heating [MBH] 11289 13147

Cooling [sf/ton] 634 472

Heating [Btuh/sf] 35 41

Supply [cfm/sf] 0.51 1.22

Ventilation [cfm/sf] 0.48 0.41
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Energy Usage 
 

Also from the Trane TRACE 700 model is the energy usage for the building on a monthly basis for the 

year shown in Figure 1 below.  Electric and natural gas use were broken down into on and off peak 

demand times to show how much was being used during those periods.  No comparison could be made 

with the mechanical engineer’s energy calculations for the building.  

 

Figure 1 – Energy Usage 
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Mechanical Schematic – Water Side 

 

Figure 2 – Mechanical Schematic – Water Side 

Central High School has a central plant for the water side of its mechanical system as laid out in Figure 2.  

Two chillers create chilled water that is pumped to the energy recovery units and fan coil units.  After 

use the chilled water is then returned to the chillers where the heat is rejected to a refrigerant that 

rejects heat to a water loop.  From there the heat is rejected to the outdoor air through the use of a 

cooling tower.  For heating a natural gas boiler creates hot water for both the energy recovery units and 

fan coil units.  After use the hot water is returned back to the boiler.   
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Mechanical Schematic – Air Side 

 

Figure 3 – Mechanical Schematic – Air Side 

The two main pieces of mechanical equipment that deliver air to the space are energy recovery units 

and fan coil units as laid out in Figure 3.  Outdoor air is pulled through the energy recovery unit and then 

pumped through the duct work to the fan coil unit.  Return and outdoor air are mixed within the plenum 

and the fan coil unit then supplies this mixed air to the space.  Afterwards some return is exhausted 

through the energy recovery unit to the outside of the building. 

System Operation – Water Side 
 

When the building requires cooling the chillers produce chilled water to meet this demand.  Chilled 

water from the chillers is pumped by two VFD pumps that have pressure gauges on both the suction and 

discharge sides shown in Figure 2.  This will tell the pumps how much flow the spaces need in order to 

satisfy the heating loads.  Both the energy recovery units and fan coil units require chilled water to meet 

the load demand.  After satisfying the loads water is returned by two VFD pumps to the chillers where 

the refrigerants R-134A and R-22 take the heat and reject it to a water loop.  That water is then run 

through a cooling tower and the heat is rejected to the outdoor air.  Two more VFD pumps then pump 

the now chilled water through the chillers to be distributed to the energy recovery units and fan coil 

units.  Thermometers are set and calibrated on both the supply and return side of the chillers to make 

sure the correct temperature of chilled water is made depending on the demand of the loads. 
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System Operation – Air Side 
 

Fresh outdoor air is pulled through the energy recovery unit that goes through a filter, energy recovery 

wheel, cooling coil and then a heating coil.  The addition of the energy recovery wheel allows the 

heating coil to not work as hard especially when the outdoor air is at a freezing temperature.  A 

thermostat is placed on both the outdoor, supply, return and exhaust ends of the energy recovery unit 

shown in Figure 3.  This controls how much the air needs to be conditioned and if the energy recovery 

wheel needs to operate.  Outdoor air is pumped through the ductwork to fan coil units where it mixes in 

the plenum space with return air.  The amount of return air mixed with outdoor air to the fan coil unit 

and to what temperature is controlled by thermostats placed on the outdoor, return and supply sides.  A 

carbon monoxide sensor system is in place to make sure the levels within the spaces does not exceed a 

certain amount that would be harmful to the occupants.  Exhaust systems for labs, bathrooms, kitchens, 

and equipment rooms were omitted from this schematic. 

 

Mechanical Systems Cost 
 

Table 4 gives the total first cost of the mechanical system to be put into place for the building.  It is 

above $16.6 million that is then spread out over an area of 320,000 square feet.  This gives a cost per 

square foot for the entire mechanical system to be about $52.  However the school is getting a rebate by 

using energy recovery units which has not been factored in for the initial cost.   

 

Table 4 – Mechanical System Cost 

 

 

 

 

 

 

 

 

 

$16,604,704.00

$51.89

Total First Cost 

Cost per sq. ft.
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Major Mechanical Equipment 
 

Listed in Table 4 are the major pieces of mechanical equipment.  This list includes heating and cooling 

equipment along with air distribution units.  

 

Table 5 – Major Mechanical Equipment 

Tag

B-1

HX-1

CHL-3

CHL-4

GPM Head (ft) HP RPM Efficiency (%)

P-1A/B 1675 122 75 1750 84.8

P-2A/B 1500 70 40 1750 83.2

P-3A/B 2000 110 75 1750 82.7

P-4A/B 1560 80 50 1750 85.3

ET-1

AS-1

AS-2

Capacity (MBH)

CU-1 18

CU-2 12

CU-3 36

CU-4 48

Supply (CFM) Exhaust (CFM) Total GPM Cooling (MBH) Heating (MBH) ER Wheel (HP)

ERU-1 12100 10800 141.8 484.3 609.9 0.05

ERU-2A/B 1700 1650 18.4 65.1 66.7 0.05

ERU-3 6990 6790 61.9 166.6 313.5 0.05

ERU-4 1655 1580 16.2 40.5 86.5 0.05

ERU-5 6000 3500 66 222.9 329.3 0.05

ERU-6 1535 1515 16.2 40.5 86.5 0.05

ERU-7 20393 20130 174.6 840.7 339.1 0.50

ERU-8 28655 28360 245.9 1160 480.7 0.50

ERU-9 5570 5345 49.2 196.5 63.4 0.05

ERU-10 4700 3400 42.3 171 57.7 0.05

ERU-11 8480 4500 95.9 333.3 336.5 0.05

ERU-12 10700 10700 118.5 395 590.6 0.05

ERU-13 10700 10700 118.5 395 590.6 0.05

ERU-14 2295 2175 19.9 50.7 97.3 0.05

ERU-15 10660 10660 118.5 395 590.6 0.05

ERU-16 4420 2170 49.7 154.4 244.1 0.05

ERU-17 4050 3830 39.1 110.4 178.1 0.05

ERU-18 9480 9000 114.6 385.4 576.1 0.05

ERU-19 9480 9000 114.6 385.4 576.1 0.05

ERU-20 2925 2475 28 71.1 131.6 0.05

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Air Cooled Condensing Unit

Air Cooled Condensing Unit

GPM

975

540

Air Cooled Condensing Unit

Air Cooled Condensing Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Energy Recovery Unit

Air Seperator

Air Seperator

Major Mechanical Equipment

300Expansion Tank 300

Tank Volume (Gal) Acceptance Volume (Gal)

VFD Pump - Chillers

VFD Pump - Boiler

VFD Pump - Chillers

VFD Pump - Chillers

540

92

Heat Exchanger 500/540

Load/Source (GPM)

Air Cooled Chiller

Air Cooled Chiller

Compressor (kW/Ton)

1.13

3.52

Evaporator Flow (GPM)

Equipment

Cast Iron Boiler

Input/Output (MBH)

9805/7872 40

Max Pressure (lb)
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Mechanical System Space Usage 
 

The total amount of space usage by the mechanical system, listed in Table 5, is 9925 square feet.  The 

majority of it is taken up by mechanical mezzanines where the energy recovery units sit.  Chillers and 

boilers are in the boiler room and take up the second most amount of space.  Shafts for the ducts take 

up the least amount of space in the building.  Comparing the total amount of area the mechanical 

system takes up in comparison with the rest of the building comes out to be about 3 percent.  

 

Table 6 – Mechanical Space Usage 

 

 

 

 

 

 

 

 

 

 

 

 

Area (sf)

3847

5574

504

9925

320000

3.10%

Total

Building Space Usage

Building

Mechanical Mezzanines

Mechanical Space

Shafts

Boiler Room
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LEED Rating 
 

To make Central High School LEED certified is not a goal of the current project team or the owner.  

Sustainable features such as low flow toilets were put in place however.  The point total for the 

mechanical system is 32 points making the building close to LEED Certified by 4 points.  In Energy and 

Atmosphere the points came from the rigorous verification and commissioning process that is going to 

take place when the building is finished.  Also optimizing energy performance with energy recovery units 

and state of the art controls on the chillers, boilers and pumps gave the assumed maximum amount of 

points possible.  For Indoor Environmental Quality the design team put outdoor air monitoring devices 

on the energy recovery units along with increasing ventilation from ASHRAE standards.  Controls for 

pollutants and chemicals are set up to ensure the best quality air is delivered to the occupants.  Finally 

thermal comfort controls are in place and the curtain wall systems allow for daylight and views.   

 

 

Figure 4 – LEED Checklist 
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Overall System Evaluation 
 

The mechanical system at Central High School has done a good job for sustainability and energy 

efficiency.  Through the use of energy recovery units the building is not only more efficient but will 

receive rebates for using them.  At over 16.6 million dollars the project cost associated with the 

mechanical system will be reduced by utilizing these energy recovery units. 

Since the high school is at 320,000 square feet it requires a large mechanical system to deal with heating 

and cooling loads.  Two chillers and a natural gas fired boiler are the primary means of heating and 

cooling in the building.  There is not much in the way of redundancy for heating but for cooling the extra 

chiller provides such a means for backup.  Also the ventilation rates are well above that of the ASHRAE 

62.1 standards minimum requirements.   

A thorough and rigorous commissioning process is in place when the building is done with the 

renovation and addition.  This will ensure that the mechanical system should function as well as it was 

designed to be.  Along with this the maintenance will be easy since the energy recovery units are in 

mechanical mezzanines.  The fan coil units are located above the spaces and therefore are easy to 

access in case problems occur with them.       

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Adam Brown | Technical Assignment 1 | Central High School Page 17 
 

References 
 

ConEdison Solutions electricity rate. 

https://electricityrates.com/results/?zipCode=21122#21122MDBGENonRnwbl 

BGE natural gas rate. 

http://www.bge.com/myaccount/billsrates/ratestariffs/gasservice/gas%20rates%20and%20tariffs%20d

ocuments/gasschedulec.pdf 

LEED 2009 rating system. http://www.usgbc.org/leed/rating-systems/new-construction 

SHW Group LLP “Final Bid Set”.  Reston, Virginia. 

Central High School “Master Specifications”. 

 ASHRAE. Standard 62.1-2010, Ventilation for Acceptable Indoor Air Quality. Atlanta, GA. American 

Society of Heating Refrigeration and Air Conditioning Engineers, Inc.  

ASHRAE. Standard 90.1-2010, Energy Standards for Buildings Except Low-Rise Residential Buildings. 

Atlanta, GA. American Society of Heating Refrigeration and Air Conditioning Engineers, Inc. 

 

 

 

 

 

 

 

 

 

 

 

 



Adam Brown | Technical Assignment 1 | Central High School Page 18 
 

Appendix A 
 

Baltimore, Maryland (Baltimore-Washington) outdoor design conditions. 
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Energy Recovery Unit schedule. 
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