A net zero energy and LEED Gold
certified school, Alice West Fleet
Elementary requires less maintenance,
provides enhanced indoor air quality
and increases occupant productivity, all
while saving Arlington Public Schools in
operating costs.

School Pushes IAQ,
Energy-Efficiency
Boundaries
BY LEE HARRELSON, P.E., ASSOCIATE MEMBER ASHRAE; RAY BEAUFAIT, MEMBER ASHRAE; BRICE WATSON, P.E., ASSOCIATE MEMBER ASHRAE;
BRIAN TURNER, P.E., MEMBER ASHRAE

Alice West Fleet Elementary is the latest school in Arlington, Va., to push the
envelope of sustainability. It includes energy-efficient design methods proven
through historic data and innovative use of new and existing technologies,
including CO2 scrubbers, to reduce energy consumption and improve IAQ.
The four-floor school has a total net area of
109,988 ft2 (10 218 m2) and occupancy of 725 students
and 85 staff. Total construction cost was just over $40
million, including the 101,000 ft2 (9383 m2) underground parking garage below the structure.

Energy Efficiency
A significant reduction from baseline energy

consumption would need to be achieved to meet the
design goal of zero energy certification, The compact site requires a more vertical design than most
traditional zero energy construction. Strategically
reducing final glazing to 21% of the building’s vertical envelope (well below code allowances) provides
adequate daylighting while limiting solar heat gain.
This results in less overall HVAC cooling tonnage.

Lee Harrelson, P.E., is principal at CMTA Richmond, in Richmond, Va. Ray Beaufait, P.E., is partner; Brice Watson, P.E., is mechanical engineer; and Brian Turner, P.E.,
is electrical and zero energy engineer at CMTA Louisville, in Louisville, Ky.
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FIGURE 1 Alice West Fleet site energy, Aug. 2019 through July 2020.
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As the building rises vertically, it steps back toward the
northern portion of its footprint. This serves the dual
purpose of reducing shading on the photovoltaic system
on the roof, while simultaneously creating roof overhangs on the building’s south side to shade portions of
the building from direct solar rays to further reduce the
cooling load.
A number of early energy models run with different
HVAC systems for comparison helped determine that
a water source heat pump system using a geothermal
well field would be the most efficient. The geothermal
well field, comprised of 72 vertical bores at a depth of
560 ft (171 m) each, provides the school’s main source
of cooling and heating.
On average, each heat pump serves two classrooms
that share nearly identical internal and external load
conditions along with similar occupancy schedules.
This helps reduce the total HVAC tonnage by rightsizing the equipment closer to calculated HVAC loads.
Each heat pump is also equipped with dual stage
compressors and the ability to unload excess HVAC
tonnage. Their ability to run at part load a majority of the time is a main reason for this system’s high
efficiency.
Another critical element reducing the HVAC system’s energy consumption is the use of a variable flow
dedicated outdoor air system (DOAS). Decoupling the
ventilation airflow from the heat pump units greatly
reduces the energy consumed. Demand-control ventilation (DCV) and an enthalpy wheel also reduce
energy consumption. The enthalpy wheel helps
reduce load, while using DCV reduces conditioned
outdoor air being sent to empty classrooms when it is
not required.
The building’s energy use intensity in the school’s
first year was 17.2 kBtu/ft2·yr (195.3 MJ/m2), a
reduction of almost 68% of the energy used by the
ASHRAE/IES Standard 90.1-2010 baseline system.
With a roof photovoltaic system sized at 582 kW, the
school will generate 727 MWh yearly. This results in
a building capable of generating 9.5% more energy
than it is modeled to consume. The first year’s energy
consumption and PV production are shown in Figure 1.
Since the PV system came online in February 2020 the
building has been producing more energy that it has
consumed, illustrating its projected path toward zero
energy.
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FIGURE 2 Indoor air quality control schematic.
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IAQ
An important design feature intended to increase the
IAQ is the use of DCV sequences with the DOAS. This
system uses carbon dioxide (CO2) sensors in the building that operate variable air volume (VAV) boxes to regulate the flow of ventilation air, as allowed by ASHRAE
Standard 62.1-2010. The sensors can detect rising CO2
levels in classrooms and open the VAV damper to allow
more fresh air to be delivered to occupants (Figure 2).
The desire to keep the CO2 levels in the school low is
driven by the Standard 62.1-2010 requirement for fresh
air and also by a study1 that showed that the quality of
indoor air is critical for students’ physical health and for
their ability to learn and retain knowledge. Therefore,
the ventilation airflow was set to maintain a maximum
setpoint of 800 ppm CO2 and a minimum of 400 ppm
(outdoor air condition).

Thermal Comfort
The HVAC system was designed with local occupant
control in mind to ensure occupant comfort under
ASHRAE Standard 55-2010.
M AY 2021

ashrae.org

ASHRAE JOURNAL

59

2021

ASHRAE TECHNOLOGY AWARD CASE STUDIES

Each classroom is equipped with a local thermostat,
and users can adjust the space setpoint ±2°F (1.1°C).
The school also contains some zones comprised of
small offices and individual instruction spaces. They
were also zoned so similarly loaded rooms share the
same heat pump to avoid conflicting calls for heat and
cooling simultaneously. An extra step to avoid over
conditioning individual rooms was supplying local
thermostats tied to individual variable volume dampers that can tell when a space has reached its design
setpoint and reduce airflow. This operates similarly to
traditional VAV and gives individual occupants control
of their thermal comfort.

Innovation
The most prominent innovation was incorporation of
CO2 scrubbers into the ventilation system. CO2 scrubbers’ primary design purpose is to be installed in line
with a new or existing air-handling unit (AHU) to reduce
overall ventilation airflow by using sorbent carbon filters that capture and reduce CO2, volatile organic compounds (VOCs) and formaldehyde from the airstream.
These processes have been shown to reduce levels of
these compounds and others to below ambient outdoor
levels. This, in turn, reduces the amount of outdoor air
required to reach ASHRAE Standard 62.1 through the
Indoor Air Quality Procedure. When the sorbent filter
has reached maximum capacity, it enters a regeneration
cycle, which flushes compounds directly outdoors so the
unit is ready for another cycle.
The CO2 scrubber is typically installed on an AHU that
is only partially ventilation air and mostly recirculation.
Instead, this project has three CO2 scrubbers in line with
the 100% DOAS, which helps positively affect the building's IAQ and energy efficiency simultaneously. The
building’s IAQ is affected by the reduction of CO2, VOCs
and formaldehyde to levels below that in the outdoor
air. This scrubbed air is then mixed with incoming outdoor air, resulting in a net positive reduction in overall
airflow pollutants, effectively making overall ventilation
airflow more diluted, increasing its quality.
The design could have reduced outdoor airflow by as
much as 30% using these units and the Standard 62.12010 IAQP method, but didn’t. This is because of the
expectation that the system would garner a still significant reduction in overall energy consumption without
compromising the ventilation system’s robustness.
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Because the scrubbers reduce the CO2 levels in the
incoming ventilation airstream, the amount of air necessary to reduce the CO2 in a room is less than if using
only outdoor air. The overall reduction of CO2 in the
DOAS airstream indicates both lower outdoor airflow
and lower CO2 in the classrooms. A measured CO2 level
reduction of 15% was achieved, which means the units
are achieving the goal.

Operation and Maintenance
A strength of the distributed geothermal heat pump
system is the lack of a reliance on central heating and
cooling equipment. If one of the geothermal well field’s
circuits require closure due to leakage or damage, the
system would be able to operate unhindered, with only a
drop in efficiency and some peak load tonnage losses.
The heat pumps also help ease the burden of maintenance and ownership. Classroom work is not interrupted
for regular filter changes and maintenance since the heat
pumps are in mechanical closets off the corridor. Flexible
duct and hose connections maintain easy access.

Environmental Impact
With the school's reduced energy consumption and
the power generated by the PV system, the building will reach zero energy, with an overall slightly net
positive energy production. The effective removal of
695,000 kWh from the grid will save enough greenhouse
gases from being produced to equate to the removal of
the yearly energy use of 56 homes.

Cost-Effective Design
A cost-shifting approach helped the project remain on
budget. This includes work coordinating the building’s
envelope construction, orientation and solar shading
to reduce the HVAC system’s total tonnage, resulting in
a final load more than 500 ft2/ton (13 m2/kW). An additional cost savings was procuring the PV system through
a third-party purchase agreement. The solar provider
purchased the panels and provides the school with
energy produced from the panels at a guaranteed rate.
The provider sells excess power to the utility and can
take advantage of tax credits not available to the school
system.
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