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HVAC Retrofit: Best Practices Innovative 
Controls and Operations

Basics: Install Variable Frequency Drives (VFD’s) on supply and exhaust 
fans of an existing constant volume laboratory building and rebalance the 
building to current laboratory standards.

Project of the Year Award from San Diego Excellence in Energy Awards 
(SANDEE).

Pacific Hall Stein Research



July 1, 2005 4

Project Description / Background

Pacific Hall
Constructed in 1993
7 floors,184,540 mgsf
Biological Sciences and Chemistry and Biochemistry
96% Outside Air, 345,250 cfm osa supply/exhaust

Energy Benchmarks
580 kBtu/sf-yr
39 kw/sf-yr
4.8 w/sf
$7.9/sf-yr
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Pacific Hall 
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Pacific Hall 
Individual Air Handlers per Floor

2 - Plenum Exhaust systems (4 exhaust 
fans per plenum)

Approx 250 fume hoods

Air Change rate measured between 15 –
20 ACH
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Project Description / Background

Stein Clinical
Constructed in 1991
5 floors,104,240 mgsf
School of Medicine
87% Outside Air, 158,990 cfm osa supply/exhaust

Energy Benchmarks
550 kBtu/sf-yr
51 kw/sf-yr
5.8 w/sf
$8.3/sf-yr
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Stein Clinical Research 
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Stein Clinical Research 
2 - Air Handlers stacked and supply all 
floors 

Individual Exhaust Fans per floor

Approx 250 fume hoods

Air Change rate measured between 15 
– 20 ACH
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Best Practices for Constant Volume Labs
Recognize the “power” of Fan Laws

Horsepower varies as the cube of the fan speed.

Room Dilution rates set by EHS
10 – 12 ACH in open lab areas are sufficient while keeping 100 fps across constant volume fume hoods.  
Older lab bldg often used higher exchange rates to assure safety and general exhaust is often flowing excess volumes.
Newer VAV buildings can turn down to 6 – 10 ach and occupancy sensing on fume hoods can allow 60 fps.

Variable Frequency Drives on the supply and exhaust fans have multiple benefits
Retro-fit can occur with minimum (or zero) effect to occupants.
Allows static pressure to be controlled over time.
Allows energy (kw & kwh) monitoring of fan energy via EMS interface.
Allows incremental VAV upgrades during future lab renovations.
Corrects power factor.

Combat simultaneous Heating and Cooling
Tight T-stat control is only way
Zone averaging for Air Handler reset

Install whole building monitoring and sub metering of supply and exhaust fan energy
Chilled and High Temperature water BTU metering (UCSD uses 4 channel ultrasonic) into EMS system.
Electrical metering of building main transformers networked into SCADA system (UCSD has existing PML-Ion system)
Sub metered supply and exhaust fans into EMS system
Integrated EMS and SCADA systems into single platform (UCSD used Ion EEM system)
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Energy Savings
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Real Time Thermal Metering
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Real Time Electrical Metering



July 1, 2005 14

Software to Integrate, Trend and Analyze 



July 1, 2005 15

Project Process
Engineering Study (UCSD funded Kuhn & 
Kuhn)
Statewide Partnership funding approval.
Engineering (Plans and Specs)
Bid VFD purchase and install to electrical 
contractor
Bid rebalance to Air Balance Company
UCSD purchased and installed metering and 
monitoring equipment
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Summary of Lessons Learned

Must work together
FD&C, -Facilities Management and Bldg 
Occupants.

Not as Fast and Easy as it Seems
Space, enclosures, motor/drive compatibility 
issues.

Costs
Balancing
Metering
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Equipment Suppliers:
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Toshiba Variable Frequency Drives
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Contact Information

John Dilliott, Manager Energy and Utilities
(858) 822-2807 jdilliott@ucsd.edu

Gerry White, Director of Engineering 
(858) 534-2987 gwwhite@ucsd.edu

www.conserve.ucsd.edu

mailto:jdilliott@ucsd.edu
mailto:gwwhite@ucsd.edu

	Higher Education Energy Efficiency Partnership Program��BEST PRACTICES AWARDS��UC / CSU Sustainability Conference, June 2005
	HVAC Retrofit: Best Practices Innovative Controls and Operations
	Project Description / Background
	Pacific Hall 
	Pacific Hall 
	Project Description / Background
	Stein Clinical Research 
	Stein Clinical Research 
	Best Practices for Constant Volume Labs
	Energy Savings
	Real Time Thermal Metering
	Real Time Electrical Metering
	Software to Integrate, Trend and Analyze 
	Project Process
	Summary of Lessons Learned
	Acknowledgements of Team
	Acknowledgements of Team
	Contact Information

