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T. Chad Luning

Member’s Signature:
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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
FREDERICK SEITZ MATERIALS RESEARCH LABORATORY RENOVATION
Project Narrative
The Frederick Seitz Materials Research Laboratory (MRL) fosters cutting-edge interdisciplinary research,
including condensed matter physics, materials chemistry, and materials science. A phased HVAC
renovation replaced all major systems serving the fully occupied, 123,000-square-foot building. Five
major and eight smaller air-handling units (AHUs) were replaced with two central dual-path (outside
and return air), low-velocity AHUs. Sixty lab exhaust fans were replaced with three high-plume exhaust
fans operating with a dedicated outside air system (DOAS) with heat pipe heat recovery. Air distribution
was changed from high-velocity dual-duct air terminal to low-velocity displacement ventilation, variableair-volume systems. Passive chilled beams were used in labs with high sensible loads. A cleanroom
renovation created a 4,000-square-foot, ISO 7 lab for student development and manufacturing of silicon
wafer integrated circuit boards. The project was performed by the submitting design engineering firm
and co-applicant Energy Systems Group, an energy savings performance contractor.
Energy Efficiency
1.

AHUs were selected to operate at low velocity across coils and filters (250 to 350 fpm) to reduce
pressure loss, greatly reducing fan power draw vs. the traditional 500 fpm.

2.

Pre-heating/pre-cooling of outside air is provided using a refrigerant coil heat recovery system that
recovers energy from the lab exhaust with passive refrigerant coils. Heat recovery is located in the
DOAS to maximize heat transfer between the two air streams and to eliminate pressure drop during
economizer mode operation.

3.

A displacement ventilation system was coupled with other cooling and heating sources such as
radiant chilled beams and steam baseboard heating. Lower supply velocity at the diffusers results in
lower pressure drop, smaller fans, and less energy consumption.

4.

The existing HVAC system was dual-duct constant volume, which was inefficient compared with the
lab’s new, energy-code-compliant VAV system. The occupied minimum air change rates for labs were
reduced from eleven to six (consistent with current UIUC standards).

5.

Substantial savings were achieved with demand-based control of exhaust fans. Stack velocity and fan
power consumption can safely be reduced when sensors indicate “clean” conditions.

6.

The new DOAS and lab exhaust system fixed unwanted negative building pressurization that had
previously been caused by insufficient make-up air.

7.

Pressure-independent control valves were installed at cooling coils to stabilize system flow, improve
comfort, and reduce energy consumption.

Indoor Air Quality (IAQ)
1.

Previously, the building systems recirculated lab general exhaust to AHUs serving other areas.
Today’s Environmental, Health and Safety (EHS) standards do not allow recirculation of exhaust air
from labs with fume hoods. The new design directs all wet lab lab exhaust to the lab exhaust system.

2.

Displacement ventilation yields superior IAQ achieved with exhausting contaminated air from the
room, providing clean-to-dirty air flow.

3.

Dual-path AHUs decouple the ventilation make-up air from space thermal control, allowing precise
control of the building humidity and outside air to meet make-up air and ASHRAE Standard 62
requirements.

4.

New high-plume dilution fans are strategically located away from outside air intakes and are used to
extract and dilute lab, process, and fume hood effluent air.

5.

Pressure independent control valves installed at cooling coils stabilize system flow and improve IAQ
by improving AHU discharge air temperature and building humidity control.

6.

Previously, many labs were pressurized incorrectly. The new design maintains appropriate relative
air pressurization via volumetric airflow tracking, maintaining labs at a negative pressure for “dirty
operations” (to keep what’s in, in) and positive for “clean operations” (to keep what’s out, out).

7.

Existing lab supply air diffusers were located too close to fume hoods and delivered air at high
velocities, creating turbulence. The new design provides displacement diffusers (sized at 40 fpm) over
work areas for dilution ventilation; diffusers were installed away from fume hoods.

Innovation
1.

One of the primary challenges was replacing all AHUs in a penthouse mechanical room packed full
of equipment while the building remained occupied. Thus new AHUs were installed outside the
existing penthouse. The lower and upper roofs were structurally reinforced to support the new air
handling equipment. The AHUs were fully operational before successive existing AHUs were
demolished and switched over, minimizing shutdowns. The air distribution throughout the building
was then renovated to meet the owner’s phasing requirements with local shutdowns in three- to fiveroom groupings while the remainder of the building remained fully operational.

2.

Low-velocity supply air diffusers were located such that airflow is introduced into the lab without
creating turbulence around any fume hood or other equipment that is sensitive to air currents.

3.

Substantial energy savings were achieved with demand-based control of the lab exhaust fans.

Operations & Maintenance (O&M)
1.

The new design includes equipment consolidation along with replacements. Fewer pieces of
equipment, and new layouts and service corridors, will reduce future maintenance.

2.

The existing lab hood exhaust fans were in poor condition and well beyond their service life expectancy.
Fume exhaust air configuration allowed discharge into workers’ breathing zones and at velocities below
1,000 fpm. In the new design, fume hoods, chemical storage cabinets, and so on are served by one
manifolded exhaust system with N+1 redundancy, facilitating safe and efficient maintenance.

3.

Pre-heating/pre-cooling of outside air via a refrigerant coil heat recovery system has low
maintenance requirements; it is a passive system with minimal moving parts.

Cost Effectiveness
1.

The new single-duct VAV design reuses existing dual-duct air distribution (converted to all cold deck
operation). The original supply air and associated ductwork was sized at 4,000 to 5,000 fpm. When
the supply air was reduced and the hot and cold deck ductwork connected to be served by a singleduct VAV system, air velocities were reduced to 1,500 to 2,000 fpm. This created significant fan
energy savings while allowing cost-effective reuse of most of the high-pressure supply ductwork.

2.

The original supply air total of 206,000 cubic feet per minute (cfm) was reduced to 150,000 cfm. This
reduction was supported by detailed load analysis and made possible by consolidation of AHUs, reduced
lab air change rates, and use of passive chilled beams and low-velocity displacement ventilation.

3.

The consolidation of AHUs and lab exhaust fans reduced initial, operational, and maintenance costs.

4.

Baseline water and energy expenditure was $1,533,236 annually. The new project will save $419,520 a
year, or a reduction in costs of 27.36%.

Environmental Impact
Environmental impact will result from energy and water savings. Anticipated annual savings include
144,050 kWh of electricity; 2,791 MBTU of chilled water; 5,133 klb of steam; and 37,843 kgal of
water/sewer.

