CSU San Bernardino
Direct Digital Control Upgrades
The ventilation control system installed in the Coussoulis Arena uses direct
digital control technology to reduce heating and cooling costs. CSUSB upgraded
the system with carbon dioxide sensors and variable frequency drives to detect
the level of occupancy and adjust the ventilation rate accordingly.

T
Award Category
HVAC Retrofit

System Features
Computerized control
saves energy and
reduces operating costs
Carbon dioxide sensors
installed in HVAC
ductwork
Variable frequency
drives installed on
supply and return fans
Energy consumption
reduced during partial
load conditions
Improved indoor air
quality
Data logging and
trending capabilities

Annual Energy
Savings
395,490 kWh
$74,200

Size
31, 229 ft²

Cost
$206,700

Completion Date
July 2007

he Coussoulis Arena at CSU San
Bernardino is the largest indoor sports
facility in the Inland Empire, a region
comprised of San Bernardino and Riverside
counties in Southern California. The university upgraded the arena’s ventilation control
system to improve its energy management
capabilities and reduce operating costs. The
upgrades also raise the facility’s indoor air
quality by ensuring that adequate ventilation
is provided during high occupancy events.

The sensor takes measurements of a controllable variable such as temperature or relative
humidity. This data is sent to the controller, a
microprocessor that applies the control logic
to determine the appropriate action to be performed by the controlled device. A controlled
device is an HVAC component such as a fan,
pump or damper operator that can respond to
the controller’s signal to bring the space back
into conformity with programmed parameters.

Prior to the upgrade the
ventilation system supplied
the arena with at least 15
percent outside air (OSA)
at all times. The control
system was programmed
to signal supply economizers to bring in additional
OSA for cooling when outdoor air temperature readings were favorable. Taking
advantage of free cooling
opportunities reduced the
amount of time that the
system needed to perform mechanical cooling.
View inside the Coussoulis Arena. Photo: CSU San Bernardino.
While this practice saved
The arena was built in 1995 with four 90energy, the system was continually conditionton air handling units (AHU) and a constant
ing and supplying 15 percent OSA regardless
volume air delivery system. This type of HVAC
of whether a class of 40 people or a sporting
system supplies a fixed volume of air to the
event of 2000 was inside the building. With a
building interior and varies the supply air temlimited ability to respond to the arena’s highly
perature to satisfy heating and cooling loads.
variable occupancy patterns, the campus was
A direct digital control energy management
foregoing substantial energy saving opportunisystem was installed to manage the arena’s
ties during partial loads.
HVAC systems. This computerized system uses
The university decided to upgrade the arena’s
control logics programmed by the campus
ventilation system with carbon dioxide sensors
energy manager to effectively and precisely
and variable frequency drives (VFD) to provide
ventilate the building.
facilities staff with additional control strateDirect digital control systems have three main
gies. These devices give the ventilation system
components: a sensor, a controller and a
the flexibility to reduce OSA volumes below 15
controlled device. These components interpercent when CO2 levels are low, or reduce the
act to compare the conditions in a space to
speed of HVAC fans to circulate less air during
specified settings and correct any discrepancy.
periods of low occupancy.
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The campus installed a CO2 sensor in each
AHU return duct to measure the concentration of CO2 in the space. This measurement
indicates whether or not the ventilation rate is
sufficient for occupant density and metabolic
activity at any given time. When the ratio of
CO2 to air falls below a programmed level,
the outside air volume is reduced such that
the HVAC system conditions and delivers only
the required airflow. This results in significant
energy savings given the small percentage of
time that the arena hosts high-load activities
like sporting events or commencement.

Upgrades to the arena’s ventilation
control system reduce the facility’s
energy use by 15 percent.
The campus installed variable frequency drives
on all AHU supply and return fans for additional part load control. These devices change
the frequency of the power supplied to fan
motors, which causes their rotational speed
to increase or decrease to match changing
load requirements. This enables the system to

savings. For example, operating a fan at 80
percent speed requires only 50 percent of the
power needed to run it at full speed.

Arena entrance. Photo: CSU San Bernardino.

Upgrading the ventilation control system
enables CSUSB to respond to the arena’s
irregular occupancy patterns not only in terms
of energy use, but indoor air quality as well. As
the arena fills with people, the carbon dioxide
sensors detect an increase in respiration and
signal the HVAC system to bring in more outside air. This ensures that the air quality at all
large events remains high.
Retrocommissioning was performed on the
arena in conjunction with the ventilation
control upgrades. This process verifies that all
HVAC equipment is operating properly and performing as expected. The arena’s energy use
has dropped by 15 percent since the university
undertook retrocommissioning and invested in
upgrading the direct digital control system.

LESSONS LEARNED
View of the arena and the San Bernardino Mountains. Photo: CSU San Bernardino.

deliver just the supply air volume necessary
to ventilate the arena during periods of low
occupancy. Variable frequency drives produce
significant energy savings because fan power
varies as the cube of fan speed, with small
decreases in speed resulting in large energy

CSU San Bernardino secured $800,000 from
the UC/CSU/IOU Energy Efficiency Partnership
Program that helped fund four different energy
efficiency projects on campus. The arena
ventilation control project received funding
equivalent to 35 percent of its implementation
cost. CSUSB recommends strategically utilizing
Partnership funding, which is available to all
UC and CSU campuses, to help offset the cost
of important energy efficiency projects.

Best Practices is written and produced by the
Green Building Research Center, at the University
of California, Berkeley.
The Best Practices Competition showcases
successful projects on UC and CSU campuses to
assist campuses in achieving energy efficiency and
sustainability goals. Funding for Best Practices
is provided by the UC/CSU/IOU Energy Efficiency
Partnership.
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