A&BS-Centered UC Irvine Energy-Efficiency Leadership and Accomplishments
Overview
For more than 18 years, UC Irvine has pursued a comprehensive energy-efficiency program that extends across operations, maintenance, and retrofit of existing facilities as well as design and construction of new buildings -- well before we had heard the terms “green” or “sustainable.”  We have focused primarily on four areas:  (1)  laboratory energy-efficiency, since laboratories represent two-thirds of a research university’s energy consumed and carbon emitted; (2) lighting, since illumination is ubiquitous both indoors and throughout campus exterior spaces; (3) information technology which, although currently a small percentage of the campus’ carbon footprint, constitutes the fastest growing component; and (4) the campus’ energy infrastructure, because central system improvements scale broadly across all electric and thermal energy services.

UC Irvine’s 18-year track record is summarized below:

1. In 1992 UC Irvine adopted the goal of outperforming California’s Title 24 (energy code) by at least 20 percent.  All 38 building projects completed since then have achieved this goal, with many attaining 30 percent savings and the most recent project achieving 50.4 percent savings (more on this project below).  In 1992 the campus also established the policy of irrigating all new landscape planting with reclaimed water and it banned the use of rainforest hardwoods in new construction and renovation projects.
2. In 1993 UC Irvine introduced the use of real-time CO2 sensors to regulate the introduction of fresh air intake in recirculating HVAC (heating/ventilation/air-conditioning) systems.  Carbon dioxide sensors are now standard in new buildings constructed at UC Irvine.

3. In 1994 UC Irvine introduced VAV (variable air volume) air delivery into vivaria.  This results in airchange rates that vary from 8 ACH (air-changes per hour) to 12 ACH, in contrast to established practice of 18 ACH.  The efficiency savings of this measure is more than 40 percent.
4. In 1995 UC Irvine adopted a comprehensive landscape management plan, the “Green and Gold Plan,” which focused on native and drought-tolerant plant materials and management practices.  Since the Green and Gold Plan’s adoption, nearly 15,000 trees have been planted on the Irvine campus; the majority of these plants came from an on-campus native tree nursery, and nearly 100 percent are irrigated with reclaimed water.  (Although not an “energy efficiency” measure, more than doubling the number of campus trees has provided shade for numerous buildings and parking lots, reducing air-conditioning loads and heat island effects.)
5. In 1995 UC Irvine was recognized with a National Association of College and University Business Officers Innovative Management Achievement Award for its energy management program.

6. In 1996 UC Irvine collaborated with laboratory energy-efficiency engineers at Lawrence Berkeley National Laboratory to move UC Irvine’s laboratory design standards firmly into “best practice” status.  This included a study performed with the assistance of Southern California Edison which established that, in Irvine’s climate, keeping exterior walls uninsulated and exposed is 8 percent more energy-efficient than conventional practice (insulation, airspace, interior finishes) when exterior walls constitute at least twelve inches of concrete or the equivalent.  Subsequently, most new buildings have had exposed, thermally-massive exterior walls.
7. In 1996 UC Irvine adopted best practice energy-efficiency design standards developed by Labs21.  In total, 13 laboratory buildings at UC Irvine have been completed using these standards; the Stem Cell laboratory currently under construction, discussed below, goes considerably beyond Labs21 best practice standards.
8. In 1997 UC Irvine constructed what was the largest thermal energy storage (chilled water) tank in the western United States – 4.5 million gallons, 50,000 ton-hours capacity.  This key element in the UC Irvine energy infrastructure cuts peak energy demand by six megawatts. In subsequent years, the campus has increased the capacity of the tank by improving the operating temperature differential so that we routinely achieve over 60,000 ton-hours of storage.

9. In 2002 UC Irvine converted vivaria campus-wide to ventilated cages, which yielded average vivaria energy savings in excess of 20 percent.

10. In 2003 the Regents of the University of California adopted the Policy on Green Buildings and Clean Energy Standards, which included the requirement of outperforming California’s Title 24 by 20 percent, thus extending an efficiency policy system-wide that had been practiced, and surpassed, at UC Irvine since 1992.

11. In 2004 UC Irvine launched the University of California’s efforts to persuade the manufacturers of laboratory refrigerators and freezers to introduce “Energy Star” products.  UC Irvine staff researched this issue, contacted manufacturers, bought to DOE/EPA attention products that were making unsubstantiated efficiency claims, and hosted a Labs21 roundtable session focused on laboratory freezer energy efficiency.  (Fisher Scientific is now in the final stages of certifying a line of Energy Star laboratory freezers.)
12. In 2005 UC Irvine took the leadership role in persuading the U.S. Green Building Council to streamline their building-centric LEED program in ways that recognize the campus-wide sustainability systems of green campuses.  The USGBC pilot program, in which UC Irvine was a charter participant, has streamlined and sharply reduced the cost of LEED project certification for all colleges and universities, nationwide.  UC Irvine has now cleared five projects (Palo Verde II Student Apartments, Anteater Instruction and Research Building, Student Center, Bren Hall, Anteater Recreation Center Expansion) through this new process -- all awarded LEED Gold.
13. In 2006 UC Irvine pilot-tested automatic sash closers on fume hoods.  (On average, an open fume hood creates 25 tons of CO2 emissions/year.)

14. In 2007 UC Irvine completed its combined heat and power (CHP) facility.  This base-loaded cogeneration plant, which recovers/utilizes heat in six different ways in combination with an auxiliary generator, a steam-turbine chiller, and the 4.5 million gallon TES tank, constitutes the most energy-efficient central energy infrastructure of any North American campus.  This project reduced the campus’ carbon footprint by 39,000 metric tons of CO2e per year and improved overall efficiency of our energy infrastructure by 15 percent.

15. In 2007 UC Irvine signed the American College and University Presidents Climate Commitment, which adopted the policy goal of becoming climate-neutral “as soon as possible.”
16. In 2008 UC Irvine received funding from the University of California President’s Office to conduct studies on laboratory systems and equipment critical to improved laboratory energy-efficiency:  low-flow, energy-efficient  fume hoods evaluated in partnership with Cal OSHA; real-time air quality sensing; and “smart controls” to reduce lab exhaust stack discharge airspeeds and associated fan energy.  UC Irvine disseminated findings of these pilot tests via webcasts and Labs21 presentations, and integrated lessons learned into both new construction and retrofit applications, including the UC Irvine “Smart Labs” project described in more detail below.
17. In 2008 UC Irvine was recognized with several awards for energy efficiency and reducing its carbon footprint, including a Clean Air Award from the South Coast Air Quality Management District, the California Governor's Environmental and Economic Leadership Award, and a Flex Your Power - Best Overall Award.

18. In 2008 UC Irvine launched its “smart labs” program aimed at “raising the bar” for laboratory energy-efficiency design features and practices nationwide.  Laboratory energy design practices established by LBNL and Labs21 had reached a plateau that needed to be challenged in order to effect the marked improvement required to reduce institutions’ carbon footprints.  Results of pilot projects of discrete features, such as real-time air quality sensing, energy-efficient fume hoods, and reducing exhaust stack discharge airspeeds/energy, have been communicated broadly via webcasts and Labs21 presentations.  The “smart labs” program takes aim at the largest target in a research university’s carbon footprint:  research laboratories, which typically consume two-thirds of the total energy on a research university campus.  The essential strategy behind the “smart labs” concept is to exploit the full potential of digital control systems now commonplace in laboratories by adding real-time sensors, thus enabling laboratories to adjust ventilation rates based on sensed air quality as well as occupancy.  The goal of the “smart labs” program is to achieve energy and carbon savings of 50 percent (with reference to CA Title 24).  Additional “Smart labs” design parameters are referenced at the end of this listing.
19. In 2008 UC Irvine began to develop joint projects with the California Lighting Technology Center (CLTC) at UC Davis, including a laboratory lighting prototype and retrofit of 500 architectural exterior fixtures throughout the campus.  These and several other projects now completed in collaboration with the CLTC have achieved energy and carbon reductions in excess of 50 percent.

20. In 2008 UC Irvine contracted with SunEdison for a solar power purchase agreement, expected to provide more than 24 million kWh over its 20-year life.

21. In 2009 UC Irvine was recognized by the EPA Region 9 with an Environmental Achievement Award.
22. In 2009 UC Irvine partnered with the CLTC to co-host a “Lighting Retrofit Forum” for facilities engineers and energy managers.  Two hands-on, all-day workshops occurred:  one at the Davis campus, and one at the Irvine campus of the University of California.

23. In 2009 UC Irvine completed 60 projects that yielded total, ongoing energy savings in excess of 10 million kWh/year -- all part of the statewide Strategic Energy Partnership Program.  This program will achieve another 10 million kWh savings at UC Irvine in 2010.  Note that these high savings are achieved on a campus that has outperformed Title 24 by 20-30 percent for eighteen years and has pursued an aggressive program of energy-efficiency retrofits for more than eighteen years.
24. In 2008 Vice Chancellor Wendell Brase was appointed Chair of the University of California Climate Solutions Steering Group, charged to plan and oversee large-scale, multicampus projects that will move the University of California quickly toward its goal of carbon-neutrality.

25. Vice Chancellor Brase has made 25 presentations at professional and educational associations regarding the University’s plans to reduce its carbon footprint through energy efficiency and development of renewable energy.

26. In 2009 Vice Chancellor Brase authored the paper “Critical Path Issues on the Way to Carbon-Neutrality,” now posted on the web site of the National Association of College and University Business Officers, and co-authored a series of articles on information technology energy efficiency in the EDUCAUSE Quarterly.
27. In May 2010 UC Irvine will complete the Sue and Bill Gross Stem Cell Laboratory.  This project incorporates all “smart lab” technologies and practices developed by the campus in 2008 and 2009, and it will exceed the overall energy efficiency improvement target of 50 percent.  That is, based on energy modeling using the EnergyPro model, the new Stem Cell Building will achieve savings of 50.4 percent (compared to Title 24).  We believe it will be the most energy-efficient laboratory building of its type ever completed in California.  This building’s energy performance will be documented and presented at Labs21
28. In 2010 UC Irvine was recognized by the Advisory Board for the Green California Summit with a Green California Leadership Award.

29. In 2010 UC Irvine will perform pilot testing to establish design parameters that will extend “smart lab” sensors and controls to vivaria (varying ventilation rates by zone or even per rack of cages based on measured particulates and ammonia) and clean rooms (varying airchanges based on real-time contaminant sensing).
More About “Smart Labs”…
UC Irvine is committed to raise the bar for energy-efficiency in ways that not only move sharply toward carbon-neutrality, but also provide leadership and best practices that can be shared nationwide.  The “Smart Labs” project takes aim at the most energy-intensive facility on a college or university campus:  the research laboratory.  These buildings typically account for two-thirds of the energy consumed on a campus (including government and private-sector research campuses).

UC Irvine has challenged the best practice standards that had been developed by Labs21 (the laboratory energy-efficiency association backed by the DOE and EPA), setting the goal of outperforming California’s rigorous Title 24 energy code by 50 percent.  Five pilot projects and collaborative endeavors have been completed by the campus, focusing on major energy drivers in wet labs:  A)  Pilot testing of high-performance, low energy fume hoods in collaboration with CalOSHA.  B)  Pilot testing of the Aircuity system to manage laboratory ventilation rates via real-time contaminant sensing.  C)  Pilot testing of “smart controls” to reduce laboratory exhaust stack airspeeds under safe environmental conditions.  D)  Laboratory prototype illumination design in collaboration with the UC Davis California Lighting Technology Center.  E)  And, launched the advocacy process and participated on procurement group working with Fisher Scientific to develop a line of “Energy Star” laboratory freezers.  Each of these endeavors has resulted in at least a 50 percent reduction in the associated energy and carbon emissions.  The results have been shared via webinars and presentations, including performance data and results, at the Labs21 national conference, as well as numerous other presentations.  Collaborations besides the CLTC include the California Institute for Energy and Environment, and the Lawrence Berkeley National Laboratory.  UC Irvine also worked closely with Aircuity to improve the safety features and operational/interface functionality of their new energy management product, an essential “smart lab” technology.
In essence, the “smart lab” concept aims to exploit the untapped potential of variable-volume, digitally controlled systems that are now commonplace in the best laboratory buildings by adding advanced, real-time sensors, thus rendering buildings “smart” by enabling them to vary ventilation and exhaust rates as well as illumination based on occupancy, measured air quality, and daylight.  In addition to these key building technologies and systems, a “smart lab” must employ, in a comprehensive, wholistic manner, other key design features in order to achieve the goal of 50 percent energy/carbon savings.  Low static (resistive) losses must be designed into the entire ventilation airstream from intake to exhaust and, in order to make low airchange rates feasible, illumination power density must be reduced and energy-efficient refrigeration must be utilized.  “Smart lab” design parameters are summarized on two referenced below, which include typical energy savings data.

The “smart lab” design concepts being demonstrated at UC Irvine can be telescoped to similar facilities nationwide.  “Smart lab” design features are broadly applicable across university, college, private-sector, and government laboratories.  The approach can be retrofitted into most laboratories that already have direct digital controls (DDC) and variable air valve (VAV) systems.  Laboratories that lack these modern features can achieve even greater savings by first retrofitting DDC and VAV, and then proceeding to retrofit “smart lab” design features.  Thus, “Smart lab” energy design features are equally applicable to newly constructed laboratory buildings or retrofit applications.
Other pertinent materials:

1. Diagram of campus’ CHP plant and central energy infrastructure
2. List of UC Irvine green accomplishments underway and completed
3. Smart labs parameters table
4. Summary of labs’ energy performance improvement since 1995
5. UC Irvine “Firsts and Bests” list
