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The Chicago Vocational Career Academy (commonly known as CVCA) is a public 4-year vocational 
high school, operated by the Chicago Public Schools (CPS), and located in the Avalon Park 
neighborhood on the South side of Chicago, Illinois. Originally built in 1938 with an approximate 
construction cost of $4 million, CVCA was opened in 1941 to help provide students with the technical 
skills to enter and succeed in the workforce. CVCA even contributed to the World War II effort by 
helping train airplane and aviation mechanics, instruct in national defense, and house trainees 
and recruits. Since then, thousands of students have graduated from the school’s multiple training 
courses with the skills and knowledge to be better prepared for their careers in the trades.

In early 2013, CPS set out to improve CVCA’s infrastructure and renovate the facilities. The goal 
of this project was to create new and efficient career-focused classrooms to prepare students for 
jobs in a variety of high-growth industries, such as: automotive & engine, carpentry, health care 
assistance, cosmetology, culinary, Science, Technology, Engineering, and Mathematics (STEM), 
and horticulture. At roughly 800,000-square-feet, the school consists of three major wings: the 
Chappell Wing, the 87th Street Wing, and the Anthony Wing. The building is a stone and brick 
structure with the original 3-story structure along 87th street, and the remaining single and two-
story structures to the North.  

Primera Engineers was engaged as part of the design team to provide mechanical, electrical and 
lighting design of this large-scale renovation project.
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Mechanical System Description
The mechanical ventilation system for the building consists of large air handling units built into 
rooms in the existing building along with ten rooftop air handling units, and some unit ventilators. 
Although the vast majority of the building has operable windows available for ventilation, the 
mechanical systems were designed to provide the code-required outside air. Previously the 
building only operated the air handling units as needed for heating. 

The existing steam plant consisted of three 400 boiler horse power (BHP) input boilers and one 
200 BHP input boiler for a total of 1400 BHP for building heat and domestic hot water. This was 
replaced with a dual temperature water plant with variable-primary pumping. The new heating 
plant utilizes five 6,000 MBH input natural gas condensing type hot water boilers. The cooling 
plant utilizes two 460 ton centrifugal water cooled chillers. Two induced draft cooling towers were 
added to the boiler room roof. The dual temperature water plant utilizes three 75 horsepower 
primary pumps with variable frequency drives; two pumps operate in parallel with one pump as 
standby to provide 1700 GPM distributed to all heating and cooling devices to accommodate the 
building load. The dual temperature system uses 30% propylene glycol.  

The condenser water cooling tower system is a design consisting of two 460 ton, cross-flow cooling 
towers, each with one cell, a variable-frequency drive (VFD) controlled tower fan, and a 1,380 GPM 
base-mounted pump for each cooling tower piped together in parallel for redundancy.  

The entire mechanical system is monitored and controlled by a web-based, BACnet native building 
automation system (BAS) with live functional block programming and thermal graphic floor plans 
that reside on the CPS wide area network.
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Energy Efficiency
The heart of the project was to replace the outdated and inefficient mechanical heating system. 
Installing high efficiency boilers was an effective and efficient solution. The existing steam plant 
consisted of three 400 BHP input boilers and one 200 BHP input boiler for a total of 1400 BHP 
(47,000 MBH) for building heat and domestic hot water. The previous boiler system was estimated 
to be operating at below 70% efficiency. Due to the age of the piping and condensate pumps, the 
low pressure steam system had many small leaks which resulted in a loss of condensate, and with 
it a loss of chemicals. In addition, the small boiler was dedicated to provide heat for the pool and 
domestic hot water systems via heat exchangers, so the steam system needed to be operational 
year-round. 

The mechanical and plumbing systems were separated, and the pool and domestic water heaters 
were separated, to account for different usage and operation schedules. The domestic water 
heater is sized for 2,600 MBH, and the pool heater provides 750 MBH and both have efficiencies 
in compliance with IECC 2012. This provided a large amount of savings and allows for a minimal 
amount of combustion equipment to operate during the summer.

Previous renovation projects replaced the windows, and part of this project repaired and added 
insulation to the roof as well as demolished a large portion of the building, approximately 30% of 
the area known as the Anthony Wing. These combined factors allowed for the boiler plant capacity 
to be reduced by more than 30%, approximately 13,500 MBH. The heating plant peak efficiency 
improved from approximately 70% to approximately 92%, as well as improving the controllability 
and turn-down ratio, which saved even more energy during off-peak periods. An energy model 
was developed to compare the existing steam plant to the new high efficiency hot water plant and 
resulted in a 125,000 THERMS/year reduction. This equates to a 22% natural gas energy savings 
per year when utilizing the same building composition, envelope and occupancy profiles. The 
model does not take into account the aforementioned reduction in building, any improvements 
to the air systems, or improvements to the building controls; which were replaced with modern 
controls to provide better temperature control over individual spaces to reduce overheating. 

In addition, the new dual temperature water system is also a variable primary system with 
significant improvement on the turn-down on each of the new boilers (5 to 1; which is a 25 to 1 
turn-down for the plant). This allows for the heating system to be controlled to match the actual 
load during mild heating days. The variable-primary arrangements on both the ChW and HW 
plants saved considerable energy over conventional primary-secondary arrangements.  

On the air-side of the design there were many energy improvements as all of the supply fans 
were replaced for the major air handling units, providing improved fan and motor efficiencies. 
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The rooftop units were replaced with more energy 
efficient units as well, but possibly the largest energy 
savings for the ventilation design of the project was 
from a reduction in exhaust/relief air. Five of the air 
handling units were originally designed to relieve all 
air through the attic and out of the roof without the 
capability to return air back to the system. This type 
of once-through system is incredibly wasteful during 
morning warm-up and unoccupied times when the 
systems were operating. Ductwork was added to 
bring the system up to code and allow the systems 

to return approximately 90,000 CFM of air that would otherwise have been exhausted when the 
system was operating. During occupied hours, these systems require approximately 32,000 CFM 
of OA, which means that the new systems have a 58,000 CFM reduction of exhausted air. During 
peak winter load conditions, this would save approximately 5,000,000 BTU/hr of energy.  

Indoor Air Quality
As a part of this project, the filters and filter racks for all 10 existing AHUs were added or 
refurbished.  Seven AHUs required new filter racks and filters, and three AHUs had existing filter 
racks that could be refurbished so that each unit has a MERV 8 rating. These AHUs provide 333,000 
CFM of supply air total.

The existing air systems that were historically controlled manually on and off as needed to provide 
heat to the building were updated with digital controls to provide heating and cooling as well as 
ventilation according to the building schedule. The fan systems now are scheduled to operate 
during all occupied hours which allows for filtered supply air to be circulated through the school 
more often. 

Operable windows are available for use during mild weather for free cooling, or opened when 
occupants desire allowing for individual room controllability.   

Innovation
The design team used a number of cost-conscious efforts and technologies to stay within budget 
and also save the client money so that funds could be allocated elsewhere within the school. To 
start, the mechanical design included the installation of a dual temperature water system that was 
an economical choice and eliminated the need for the installation of additional pipes – reducing 
that number by half. The dual temperature system distributes chilled water to 11 AHUs, and hot 
water distribution is to those same 11 AHUs, plus over 200 terminal units (reheat coils, UHs, 
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CUHs and finned tube radiators). All dual temperature piping was designed to create “heating 
only” loops throughout the building. This allows for these loops to be isolated via an automated 
isolation valve during chilled water mode and avoid condensing at the heating only units. A total 
of twelve heating only dual temperature loops were designed into the dual temperature piping 
systems.  

Upgrading the numerous 200 stand-alone UHs, CUHs and finned tube radiators to DDC was cost 
prohibitive, but the energy code requires temperature setback in these areas. The solution was 
found in the heating loop isolation valves. For a given area, a single DDC sensor, located in a 
representative location, was monitored for setback control. When any of the designated space 
sensors sensed a temperature below unoccupied heating setpoint (60°F), that zone’s seasonal 
change-over valve would open to allow heating only units on that loop to control with local control 
until the single space sensor was satisfied. 

Operations & Maintenance
Most of the mechanical equipment is located in the boiler room, or basement level of the building 
which allows for the equipment to be accessible without disturbing the school activities. All 
of the HVAC systems utilize modern and sophisticated controls to improve overall operation, 
maintenance and reliability.  Sensors and alarms were 
programmed so that the maintenance staff is notified 
before systems need maintenance, or immediately 
when systems fail. Because of the compact design of 
the new condensing boiler plant in the existing boiler 
room there was ample space to allow for the existing 
boiler plant to be decommissioned while the new 
boilers were installed. Variable-primary pumping 
arrangements on hot water and chilled water loops 
limited the number of total central plant pumps to 
three, saving on floor space and limiting maintenance. 
The new boilers occupy approximately one third of 
the floor space of the existing boiler room which left plenty of space for the new chillers and a 
separate area for the domestic water heating equipment. Access to the new equipment in the 
boiler room was greatly improved.

Cost Effectiveness
By using a dual temperature system (2-Pipe vs 4-pipe), the two-pipe distribution system saved 
close to half the material and installation costs over the 4-pipe system. This was estimated to 
have saved over $1,200,000. By using the largest condensing boilers available, only five boilers 
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The old steam boilers were demolished one 
at a time in order to make room for the new 

boilers,  pumps and accessories.



were needed for the heating load. At the same time, the system provides redundancy, excellent 
turn-down, and energy efficiency. 

Utilizing the “heating only” loop seasonal changeover/isolation valves to satisfy the energy code 
setback requirement, in lieu of putting DDC controls on over 200 units, resulted in an estimated 
$120,000 first cost savings.

Environmental Impact
The overall environmental impact of the school was 
improved by reusing the vast majority of the existing 
building.  No CVCs or HCVCs were used - R-134a was 
used for large chillers and R-410a was used for RTU 
replacements. By using high efficiency combustion 
systems, emissions were limited. All of the energy 
savings resulted in a significant reduction in carbon 
footprint and CO2 emissions.
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New 460-ton water chiller.
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WARNING: ASBESTOS - CONTAINING BUILDING
MATERIALS ARE OR MAY BE PRESENT IN THIS
BUILDING.  AN ASBESTOS MANAGEMENT PLAN IS
AVAILABLE IN THE SCHOOL FOR REVIEW UPON
REQUEST.  NO PERSON MAY DISTURB ASBESTOS -
CONTAINING MATERIALS UNLESS THAT PERSON IS A
LICENSED ASBESTOS WORKER OR CONDUCTS SUCH
WORK IN ACCORDANCE WITH SPECIFICATIONS
CONTAINED IN THE PROJECT DOCUMENTS AND IN
COMPLIANCE WITH ILLINOIS DEPARTMENT OF
HEALTH RULES AND REGULATIONS.
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CHICAGO, ILLINOIS 60617

BID PACKAGE #1

ISSUE FOR BID 01/17/14
ISSUE FOR CONSTRUCTION 02/27/14

MECHANICAL WATER

FLOW DIAGRAM

M4.1

ISSUE FOR CONSTRUCTION 02/27/14


