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UC Irvine Field Laboratory for Energy Studies

Statement of Program
Facilities management encompasses many roles and responsibilities in any university or campus setting, from utilities and grounds, to building maintenance and janitorial services. UC Irvine’s Facilities Management department has taken these responsibilities further by partnering with the Advanced Power and Energy Program in The Henry Samueli School of Engineering to create a living laboratory, more specifically, the UC Irvine Field Laboratory for Energy Studies. The Field Laboratory utilizes the campus’ 7 million square feet of classrooms, labs, offices, and residences, as well as its utility infrastructure, as an integrated test bed for advanced and distributed power generation. UC Irvine’s Field Laboratory for Energy Studies links the campus’ longstanding performance in energy management with a comprehensive energy research program to better understand the energy infrastructure of tomorrow. 
The Advanced Power and Energy Program (APEP) was commissioned in part by the California Energy Commission (CEC) through grant funding to create a roadmap for a cost-effective and reliable energy infrastructure that maximizes use of advanced power generation resources such as solar photovoltaics, fuel cells, wind and biomass fuels while improving transportation, waste management and energy efficiency in buildings. There are very few opportunities to test computer models of new technologies against real world operations; however, university researchers can use UC Irvine’s energy efficient technologies to test theories and recommend system improvements.  
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Built on a foundation established in 1970 with the creation of the UCI Combustion laboratory and the 1998 dedication of the National Fuel Cell Research Center, APEP is an umbrella organization that addresses the broad utilization of energy resources and the emerging nexus of electric power generation, infrastructure, transportation, water resources, and the environment. The program encompasses six key foci of the world's energy future. As shown in Figure 1, each of the six foci encompasses six key elements and interact as graphically represented.

UC Irvine owns and operates a micro-grid that scales to the regional and national grid very well. The campus is comprised of multiple sources of generation connected to a grid that serves residential, commercial, and industrial loads. 
Figure 2 gives a visual representation of the campus utilities and loads: 

In addition to campus utility infrastructure testing, deployment and monitoring of electric vehicle charging stations throughout campus is underway. A 300 kilowatt fuel cell will be added in 2013 as well as 2.8 megawatts of additional photovoltaic canopies to campus parking structures. Submetering and an energy management system monitor the campus at much higher resolution than traditional revenue metering. 
With oversight from Facilities Management, campus building and grid operations can now be used to generate data that informs energy research. This applied research and sharing of knowledge provides feedback that enables the campus utility infrastructure to operate more reliably, resulting in reduced energy use and increased savings while at the same time providing a rich academic research platform. 
The combination of these activities allows research to take place and policy to be developed that will ensure grid reliability, environmental sustainability, and economic viability. 
Institutional benefits 

One of the greatest benefits of this program has been the opportunity for both facilities staff and researchers to work together and share knowledge. Through this collaboration, facilities staff is gaining a better understanding of how systems interact, and this has resulted in increased central plant efficiency and reduced costs. One example of our successful partnership was the use of a computer model of the central plant at UC Irvine to
experiment with different weather and load factors to determine the most cost effective use of the steam-driven turbine, steam-driven chiller, electric chillers and thermal energy storage tank. The results of this experiment changed when and how plant operators select equipment to run, thus saving the campus approximately $210,000 per year in energy costs. At the same time, graduate student researchers gained unique insight and firsthand experience with the operation of a central plant.  
The Field Laboratory provides a platform for academic research using the campus’ infrastructure as a living laboratory to study the deployment of distributed generation, emerging photovoltaic and fuel cell power generation technologies, electric vehicle charging, and demand response.

As a test bed for new technologies, the campus is afforded the opportunity to install and use additional generation, transportation, and monitoring equipment long before adoption by the wider market and generally at low or no cost. Simultaneously, UC Irvine employees receive training on the operation and maintenance of the technologies of tomorrow.
The campus benefits by generating renewable energy onsite and the utilization of high-resolution power metering and electric vehicle charging stations, resulting in more sustainable operations and a reduced carbon footprint. University researchers leverage their understanding of these resources to (1) ensure grid stability as additional, intermittent generation comes online, (2) study and mitigate the impact of vehicle charging on power factor and circuit loading, and (3) develop and deploy algorithms to dispatch resources to meet economic and sustainability goals.

The Field Laboratory provides real-world experience for graduate research students and has provided – through successful grant applications – additional metering resources and renewable power generation opportunities that would not otherwise have been possible. The Field Laboratory has become a major resource for the State of California and the U.S. Department of Energy Smart Grid Demonstration Program.

Characteristics or qualities that make this program or practice different or innovative 

Typically, campus infrastructure serves as a home for learning and research to take place within. The living lab concept allows the campus to be used as a test subject, thereby adding to its usefulness.  The UC Irvine Field Laboratory for Energy Studies serves as a model that can be readily adopted by educational institutions throughout the country.
One of the key differences between this program and other field laboratories is the interaction among research faculty, students, and facilities staff. The Campus Energy Manager attends biweekly meetings with students and faculty and then passes along action items to Facilities Management. Central Plant and Building Systems staff provide regular access to systems and data, and regularly communicate with the team. 
How this practice can be used by others 
The living laboratory is a partnership between the campus’ academic community and Facilities Management. The program is designed to leverage the relationship between academia and operations by using campus infrastructure as a field laboratory.
UC Irvine is located in Southern California, which enjoys a Mediterranean climate characterized by mild temperatures, somewhat rainy winters, and dry summers. The exportation of this program to other universities
and campuses throughout the United States would allow for additional testing to take place where climate as well as generation and load components are varied. 
In addition UC Irvine’s model could be used as a model for other partnerships, from testing new approaches in information technology, to green cleaning and grounds keeping. Universities could use this model to enhance the utility of existing infrastructure by supporting partnerships between the academic community and those organizations that operate and maintain campus infrastructure. 

Coordination of these efforts and breaking down silos within an organization are perhaps the greatest challenges that stand in the way of more widespread deployment of the living lab concept. Recent budget challenges have left many facilities departments looking for innovative ways to do more with less. Collaboration between campus units and sharing of resources is a great way to be more efficient.
Demonstration of management involvement and employee commitment 

Facilities Management at UCI has championed energy efficiency for the past 20 years. For UCI, combining the experience of trades staff with one of the campus’ research strengths was a natural fit. This level of collaboration is not possible without senior leadership which fosters a climate that encourages teamwork.
The Chancellor and Executive Vice Chancellor provide the vision and funding that make this partnership possible, and the Vice Chancellor of Administrative and Business Services encourages Facilities Management staff to expend the necessary time and resources to make the partnership a success. 

Within Facilities Management, employees have shown overwhelming support for the program. The Central Plant staff and Building Automations group have worked hand in hand with researchers to gather data, implement test protocols, analyze results, and assess trends.
Documentation of results, analysis, customer feedback, and resulting benchmarks. 
Results associated with work completed under the umbrella of the UC Irvine Field Laboratory for Energy Studies are both effective and innovative. Facilities Management and the campus have gained invaluable assets (some of which are discussed below), knowledge, and exposure to new technologies that may have taken years, if not decades, to acquire without this partnership. We are challenged to constantly examine campus operations, maximize energy savings, and reach new levels of sustainability. 

For example, the partnership resulted in the 2012 installation of the Amonix 110 kilowatt, dual-axis, tracking, concentrated photovoltaic solar panels (Figure 3) at UC Irvine’s Anteater Recreation Center Playfields. These panels provide renewable green power to the campus at no cost and provide a research platform for inverter technology and distributed generation. Facilities Management worked with APEP to site, manage and install these panels, with no additional costs accruing to the research grant that made the installation possible. 

(see image next page)
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Figure 3.  Amonix Concentrated Photovoltaic Panels installed at UCI

Another success of the Field Laboratory program is the campuswide metering system update. The first installation of cost-effective submetering at UCI was completed as part of an APEP research activity. The research team identified a new metering technology from MelROK Inc. and requested that it be installed at one location on campus. The installation was very successful, and after demonstrating the capabilities to UCI Facilities Management staff and the Campus Energy Manager, the system was further deployed at two research labs at UC Irvine.  
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Figure 4.  MelRok Sub-metering Install
In collaboration with Facilities Management, APEP operates and manages a fleet of plug-in hybrid electric vehicles, battery electric vehicles, and fuel cell vehicles (FCVs) and today claims the largest fleet of FCVs in the country and a publicly accessible hydrogen station (Figure 5) that has the record of highest demand in the world. Facilities Management staff use a portion of the plug-in hybrid fleet for day-to-day campus activities. Thishas reduced gasoline consumption, while at the same time providing data through onboard diagnostic systems. 
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Figure 5.  Hydrogen Fueling Station UC Irvine

The concept of turning university assets into research tools has grown at UCI and is expanding rapidly. In addition to APEP’s efforts, California Institute for Telecommunications and Information Technology (Calit2) researchers are moving university research prototypes and products developed by industry partners into a real-life settings for system integration and testing, creating a network of living laboratories in and around the UCI campus. These living labs allow researchers to receive immediate feedback on new algorithms and experimental devices. Industry partners gain firsthand experience with product prototypes and identify, early on, applications and services that their new products may enable.   

To see how their products perform, researchers have created “smart areas.” These designated spaces have been equipped with wired and wireless networks, cameras, a variety of sensors – acoustic, video, temperature, humidity, light, accelerometers and people counters – and innovative software to interpret the collected data.  Corporate, academic and government partners can also test their prototypes in the test bed, either in live drills or simulations.

The Field Laboratory for Energy Studies is an innovative and effective program that has transformed the way the Facilities Management department at UC Irvine does business. As a result of this partnership, Facilities Management generates additional clean electricity, more accurately monitors campus utilities, tunes campus systems to be more energy efficient, and operates a fleet of vehicles that pollute less per vehicle mile traveled. In addition to the operational benefits, the partnership benefits the academic and research arms of the campus through the testing of hypotheses, investigation of phenomena, and acquisition of new knowledge.. The Field Laboratory continues to gain strength from the integration of research into operations, and the blending of staff tasked with providing essential services with educators and students whose mission is to solve the challenges we face as a campus and a community deploying sustainable technologies. The University of California’s mission encompasses teaching, research, and public service; it is our belief that the Field Laboratory at UC Irvine addresses each of these critical roles. [image: image6.png]



Figure � SEQ Figure \* ARABIC �1�.  Six key research foci of UC Irvine's �Advanced Power and Energy Program





Figure � SEQ Figure \* ARABIC �2�.  UC Irvine's Central Plant and major loads block diagram








