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UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN 
HOLONYAK MICRO & NANOTECHNOLOGY LAB: RENOVATION DESIGN 

Holonyak Micro & Nanotechnology Lab (HMNTL) is one of the country's largest and most sophisticated 
university facilities for conducting photonics, microelectronics, biotechnology, and nanotechnology re-
search. The facility has 16 Class 100 and 1,000 cleanrooms, 46 general purpose labs, and a 2,500-square-foot 
Biosafety Level 2 bionanotechnology complex.  

A cleanroom is defined by ISO14644-1 as a room in which the concentration of airborne particles is con-
trolled, and which is constructed and used in a manner that minimizes the introduction, generation, and 
retention of particles inside the room and in which other relevant parameters (e.g. temperature, humidity, 
and pressure) are controlled as necessary.  

In general, cleanroom particles >1 µm originate from mechanical processes (such as glass bottles colliding, 
mechanical abrasion, or grinding), or are produced from skin matter shed by users. The main source of par-
ticle generation in cleanrooms is people. Even the best prepared garments will not contain all particles pro-
duced by the shedding of skin cells or fibrous material from the garment itself. Some particles carry mi-
crobes, where bacteria or fungi travel on skin detritus. Equipment placed in cleanrooms is a secondary 
source of particles, especially if the equipment was not of a suitable design.  

The HMNTL project included a 4,000-square-foot renovation in an existing atrium to create new modular 
cleanroom space (ISO Class 5, 6, and 7) for student development and manufacturing of silicon wafer inte-
grated circuit boards. Mechanical design included new air-handling equipment, HEPA and ULPA filtration, 
toxic and solvent exhaust, high-purity gas distribution, and a particulate monitoring system with demand-
controlled ventilation. Cleanroom equipment installed included wet etching benches, a thermal evaporator, 
a high-temperature furnace, and photolithography equipment.  

The project also provided energy and water conservation measures. Specifically, the project included parti-
cle demand-controlled ventilation for eight Class 100 (ISO Class 5) and eight Class 1,000 (ISO Class 6) clean-
rooms. Pairs of cleanrooms are served by a single recirculation air-handling unit. Cleanrooms in each pair 
are zoned by ductwork modification, enabling individual airflow control based on dynamic particle counts 
and occupancy. The four recirculating air handlers serving the Class 1,000 cleanrooms were sized at 32,000 
cubic feet per minute (CFM), with two 16,000-CFM variable air volume dampers with an airflow measuring 
station. Four AHUs serving the Class 100 cleanrooms were sized at 40,000 CFM, with two 20,000-CFM VAV 
dampers with an airflow measuring station. The project also included a stormwater reclamation system to 
provide make-up water from exhaust scrubbers.  

See the Exhibit page for diagrams detailing key aspects of the design, which was performed by the submitting 
engineer in collaboration with Energy Systems Group (ESG), an energy savings performance contractor. 

Energy Efficiency 

Humidity control modifications to mitigate simultaneous heating and cooling: The existing make-up air 
units (AHU-9, AHU-10 and DOAS-1) were tested and balanced to maintain proper positive cleanroom pres-
surization. Cooling and dehumidification were adjusted to provide 68°F and 50% relative humidity return 
air (48°F dewpoint) from respective cleanrooms. Once the make-up air units provided proper humidity con-
trol, the Class 100 and 1,000 recirculating AHUs’ cooling coils and heating coils could be controlled in se-
quence to maintain space temperature. (Before being properly set up, the Class 100 and 1,000 recirculating 
AHUs were cooling and reheating simultaneously to provide humidity control.)    

Demand-controlled ventilation: Cleanrooms typically have a cleanliness level quantified by the number of 
particles per cubic meter at a predetermined molecule measure. Particle counters were integrated with the 
BAS to adjust airflow based on ppm at a particle size of 0.5 microns. Our initial concept is to have a perma-
nent particle counter that regularly passes data to the new control system. Airflow dampers modulate to 
maintain the following setpoints:  



• The Class 100 cleanroom setpoint is 10 particles/ft3 at 0.5-micron (classification limit is 100 parti-
cles/ft3 at 0.5 micron).  

• The Class 1,000 cleanroom setpoint is 100 particles/ft3 at 0.5-micron (classification limit is 1,000 par-
ticles/ft3 at 0.5 micron). 

Occupancy sensors were added to all cleanrooms. Airflow dampers modulate to maintain the following 
setpoints:  

• Occupied: Control zone dampers allow room airflow quantities to be modulated between 25 and 35 
CFM/ft2 of floor area. Particle count setpoints remained as noted above. 

• Unoccupied: Control zone dampers were modulated to allow room airflow quantities to be modu-
lated between 15 and 35 CFM/ft2 of floor area. Particle count setpoints remained as noted above. 

 
Indoor Air Quality (IAQ) and Thermal Comfort 

Particulate filtration is a key aspect of the air-handler design, including a prefilter, secondary filter, and 
ULPA filtration. Cooling and dehumidification in the make-up air units were designed to provide constant 
discharge air control, adjusted in all units to provide space conditions of 68°F and 50% relative humidity 
return air (48°F dewpoint) from respective cleanrooms. The low space temperature was provided to accom-
modate the thermal comfort of cleanroom researchers in full protective clothing.   

Innovation 

The water table is extremely high on the UIUC campus, and a substantial aquifer runs beneath the HMNTL 
building; it is collected in a large pit. Dual 3-hp pumps are installed in the pit, alternating in cycles of ap-
proximately 4 minutes each to pump the water out of the pit and straight to the sewer. These pumps re-
move 35 gallons per minute apiece and run almost 66% of every day, producing a combined total of over 
33,000 gallons of clean water daily. This is more than enough to feed the four Harrington scrubbers (toxic, 
toxic, acid, and solvent) that clean the building exhaust. (Only three of these units ever run simultaneously.) 

Water use by the scrubbers varies, but at 11 gpm, the usage is 15,840 gallons per day, or almost 6 million 
gallons annually. Formerly, the scrubbers all used once-through city water, which went down the drain af-
ter flowing through a limestone pit. This waste of city water was eliminated by identifying the availability 
of stormwater to feed the scrubbers, via the aquifer. The change will save UIUC about $39,000 per year. The 
energy savings performance contractor was responsible for this aspect of the design. 

Operation and Maintenance 

The replacement and upgrade of the building automation systems, including trending and alarm capabili-
ties, has greatly improved O&M and boosted the effectiveness of the facility engineers. 

Cost Effectiveness 

The total project budget was $5 million. Baseline water and energy expenditure was $2,340,717 annually. 
The project saved $440,503 (19% reduction) in 2017; $720,315 (31% reduction) in 2018; $848,889 (36% reduc-
tion) in 2019; and $409,842 (18% reduction) in 2020 (through July).  

Environmental Impact 

Environmental impact will result from energy and water savings. Actual energy savings from baseline in 
2019 was 16,164 MBtu of chilled water; 18,356 klb of steam; and 20,064 kgal of water/sewer, offsetting in-
cresed electricity use (59,384 kWh over the baseline). Actual energy savings vs. baseline from January to July 
2020 included 5,700 MBtu of chilled water; 9,142 klb of steam; and 13,443 kgal of water/sewer, again offset-
ting increased electricity use (135,728 kWh over the baseline). See the Exhibit page for details. 



Year

Electricity Chilled 
Water Steam Water Sewer Total  

Annual  
Utility  
Cost  

or Savings

% Savings 
Above  

Guarantee*$ kWh $ MBTu $ Klbs $ Kgal $ Kgal 

Baseline 
Consumption $528,372 5,923,454 $874,113 50,311 $777,742 40,146 $88,118 23,474 $72,372 23,474 $2,340,717 n/a

Actual  
Savings, 
2017 

($32,189) 
-6.09%

(354,148) 
-5.98%

$191,500 
21.91%

10,806 
21.48%

$203,296 
26.14%

10,061 
25.06%

$43,048 
48.85%

10,984 
46.79%

$34,847 
48.15%

10,984 
46.79%

$440,503 
18.82% 304.11%

Actual  
Savings, 
2018 

($13,067) 
-2.47%

(140,805) 
-2.38%

$243,217 
27.82%

13,455 
26.74%

$387,616 
49.84%

18,393 
45.81%

$57,039 
64.73%

13,941 
59.39%

$45,510 
62.88%

13,941 
59.39%

$720,315 
30.77% 560.80%

Actual  
Savings, 
2019 

($5,734) 
-1.09%

(59,384) 
-1.00%

$298,031 
34.10%

16,164 
32.13%

$403,490 
51.88%

18,356 
45.72%

$85,703 
97.26%

20,064 
85.47%

$67,399 
93.13%

20,064 
85.47%

$848,889 
36.27% 678.75%

Actual  
Savings, 
2020 through 
July 

($13,367) 
-2.53%

(135,728) 
-2.29%

$107,193 
12.26%

5,700 
11.33%

$209,600 
26.95%

9,142 
22.77%

$59,948 
68.03%

13,443 
57.27%

$46,467 
64.21%

13,443 
57.27%

$409,842 
17.51% 275.98%

Table 1: UIUC Holonyak Micro & Nanotechnology Lab
Energy and Water/Sewer Savings Summary

*Project was an energy savings performance contract

Section at new modular cleanroom

Section at new control dampers

Cleanroom airflow control diagram New modular cleanroom Scrubber water make-up diagramNew cleanroom air handler
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