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EXECUTIVE SUMMARY 
The Solar Decathlon is an international competition sponsored by the U.S. Department of Energy that 
challenges up to 20 collegiate teams to design, build, and operate solar powered houses that are cost-
effective, energy-efficient and attractive.i These competition homes are highly visible and typically see 
more than 60,000 visitors per year. The 2013 Solar Decathlon Competition—held at the Orange County 
Great Park in Irvine, California—created a remarkable opportunity for Southern California Edison (SCE) 
to engage with customers on subjects such as energy-efficiency (EE), demand response (DR), and 
distributed generation (DG).  
 
Through a partnership, SCE provided strategic technical design assistance and on-site building 
diagnostics to a team participating in the competition from the University of Southern California (USC). 
Because the competition is every other year (biennially), the long timeline allows for ample guidance 
from concept to finished product. SCE’s assistance emphasized the importance of best practices within 
construction and key demand-side management (DSM) practices, including loading order, zero net 
energy (ZNE), grid-tied DG, and net energy metering (NEM). In turn, these activities allowed SCE to 
extract rich market intelligence on the latest EE/DR/DG technologies and practices. 
 
The USC Solar Decathlon 2013 house, called fluxHome™, is an innovative and affordable model for 
sustainable living that incorporates off-the-shelf elements with digital fabrication technology. Rather 
than focus on one particular technology or system, fluxHome aimed to seamlessly merge passive and 
active design strategies into a coherent whole. In addition to the outreach that occurred during the 
competition, findings from this home and partnership were documented and shared with various utility-
administered energy-efficiency programs.  
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ABBREVIATIONS AND ACRONYMS 
 

DG distributed generation 

DHW domestic hot water 

DOE Department of Energy 

DR demand response 

DSM demand-side management 

ECM energy conservation measure  

EE energy efficiency 

F Fahrenheit 

HAN home area network 

HVAC heating, ventilating, and air conditioning 

NEM net energy metering 

NREL National Renewable Energy Laboratory 

SCE Southern California Edison 

SD Schematic Design 

SEER seasonal energy efficiency ratio 

SOA School of Architecture 

USC University of Southern California 

ZNE zero net energy  
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INTRODUCTION 
The Solar Decathlon is a biennial competition hosted by the U.S. Department of Energy (DOE) and 
National Renewable Energy Laboratory (NREL) that challenges up to 20 teams from universities around 
the world to design and build solar-powered homes that are capable of operating at zero net energy 
(ZNE) within their respective target markets. Because the competition is held every other year, 
participating teams have well over a year to from start to finish to deliver their design. These teams are 
tasked with immense responsibility: they must raise a large majority of their project funding, as well as 
design, build, and transport their competition homes. To date, six editions of the competition have been 
held in the United States; two have been held in Spain as part of an independent Solar Decathlon Europe 
competition; and the inaugural Solar Decathlon China took place in China in August 2013. This report 
highlights the 2013 Solar Decathlon held at the Orange County Great Park in Irvine, California, which 
brought together 19 competing teams from Austria, the Czech Republic, Canada, and various areas in 
the United States.  
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BACKGROUND – ABOUT FLUXHOME 
First and foremost, the Solar Decathlon is an education project, with the goal of encouraging teams to 
design and build an innovative ZNE prototype that can serve as a demonstration project for sustainable 
living. The competition focuses particularly on the role that emerging technologies can play in improving 
the quality of individual and collective dwelling experiences, as well as of the urban environment. The 
competing collegiate teams are invited to compete in 10 different contests ranging from architecture to 
energy balance, for a possible 1000 points.  

The competition itself spans approximately 25 consecutive days, including 8–10 days for assembling the 
houses. During the assembly period, event organizers and sponsors provide infrastructure including  
electrical grids, communication and internet equipment, infrastructure facilities, monitoring and scoring 
instrumentation, signage, and walkways. Once these activities are complete, the competition begins and 
continues for an additional 10 days—a period when the houses are open to the public. After the 
competition is over, the teams and organizers have 5 days to disassemble the village and return home.ii 

The University of Southern California (USC) was one of the 19 international teams participating in the 
2013 Solar Decathlon. The competition prototype produced by the USC team, fluxHome™, featured a 
mix of novel and existing technologies that have been employed in other energy-efficient buildings. As 
discussed in further in the Background section, fluxHome was conceived as a new model for sustainable 
dwelling and an alternative to the suburban tract house. Further, it was branded with a unique and 
distinctive identity that expresses the vibrant Southern California social, cultural, and environmental 
landscape. 

In support of this challenge, Southern California Edison (SCE) provided the USC team with demand-side 
management (DSM)–related technical design assistance and on-site building diagnostics. This assistance 
elucidated and stressed the importance of best practices within construction and key DSM practices, 
including loading order, ZNE, grid-tied distributed generation (DG), and net energy metering (NEM). The 
competition also allowed SCE to extract rich market intelligence on the latest DSM technologies. Thus, 
the partnership fostered a rich two-way learning environment and presented a rewarding opportunity 
to learn about DSM from customers. A technology summary can be found in the Appendix. 
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TECHNOLOGY/PRODUCT EVALUATION 
A complete summary of technology used in the fluxHome can be found in the Appendix. Shown in Figure 
1, fluxHome employed off-the-shelf technology that has been on the market for the past several years. 
What made fluxHome an innovative prototype was its integration of the various systems to demonstrate 
possibilities for sustainable dwelling in Southern California. In conceiving the home, the design team 
followed basic, yet enduring, principles of the integration, including maintaining a compact footprint, 
ensuring adaptability for different users and lifestyle scenarios, using renewable and recycled materials, 
and keeping it simple. 

fluxHome provided an alternative to traditional buildings, which feature independent systems for hot 
water and heating, ventilation, and air conditioning (HVAC) that typically operate simultaneously and 
sometimes in conflict with each other. Lacking communication capabilities, the individual systems miss 
opportunities for more resilient and efficient operation. In contrast, fluxHome was installed with an air-
to-water inverter-driven heat pump system that combined domestic hot water and HVAC into a single 
outdoor unit (thereby saving space in the mechanical room) to enable energy savings. To further boost 
the built-in efficiencies, a packaged solar thermal hot water heater was installed to supplement the 
heating load. 

 

FIGURE 1. FLUXHOME AT THE 2013 SOLAR DECATHLON IN IRVINE, CALIFORNIA 

Throughout the course of design, which began in 2011, the design team sought to understand how 
passive systems could be implemented into the project.  As the design progressed, an energy model for 
a 10-day test period was developed. Since the majority of energy modeling software is developed for 
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annual analysis over a typical meteorological year, this project used spreadsheets from Trane Trace to 
manipulate daily exports. 

fluxHome’s innovative heat pump package provided heating, cooling, and domestic water heating in one 
product. Energy-saving features of this system included the following:  

 A high-efficiency fan coil for the heat pump package that used an electronically commutated 
motor (ECM) to vary fan speed for efficient part-load operation during the temperate months of 
the Southern California climate 

 A low-friction scroll compressor for the air-to-water heat pump and circulation of chilled and 
heating hot water, rather than distributed refrigerant, to the fan-coil  

 Efficient components and reduced refrigerant (relative to an indoor/outdoor split system) that  
maximize energy efficiency and minimize the potential for ozone depletion and global warming 

The system further enhances overall efficiency by supplementing the domestic water heating with solar 
thermal energy using roof-mounted solar collectors. 

The Solar Decathlon organizers closely monitored each competition home’s energy usage for an 8-day 
period, during which each team aims to achieve the goal of ZNE. ZNE is defined by the competition as 
generating more energy (kWh) than is used over the competition period, as measured by the home’s 
site electric meter. As part of the competition requirements, the home needed to maintain a strict 
temperature range. However, meeting this range was not required during tour hours, when the 
configuration of the home was optimized for pedestrian visitation rather than interior comfort. 

Datalogging of energy consumption and production was completed through the organizer’s installed 
meters. Data was uploaded to a central database and made available in 15-minute intervals to provide 
the competing teams near-instant feedback on their home’s energy use and demand. Additionally, 
wireless dataloggers for temperature, humidity, and refrigerator/freezer temperature were provided. 
Further details are available in the Solar Decathlon Rulebook.iii 

After the competition, Team USC produced a post-competition assessment that was included in the 
competition submittal. An overview of the final competition results, as well as specific information on 
the individual contests, can be found on the DOE Solar Decathlon’s website 
(http://www.solardecathlon.gov/blog/archives/category/solar-decathlon/solar-decathlon-2013). The 
following section, Results and Discussion, also discusses fluxHome’s energy performance.  

 

 
 

http://www.solardecathlon.gov/blog/archives/category/solar-decathlon/solar-decathlon-2013
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RESULTS AND DISCUSSION 
Team USC compared the estimated building energy performance against the actual performance (Figure 
2). The graph demonstrates the three conditions modeled:  

 Extreme (extremely hot) case 
 Average case 
 Temperate (mildest temperature) case 

 

 

FIGURE 2. PROJECTED VERSUS ACTUAL FLUXHOME DAILY ENERGY USE DURING COMPETITION 

As shown, the home’s actual energy consumption was lower than the extreme case and average case, 
despite experiencing extreme temperatures during the competition. Figure 2 does not include public 
visitation hours. While this is a favorable overall result, it should be noted that the team did need to 
develop a strategy during the competition to conserve energy. Specifically, during temperate outdoor 
periods, the team manually turned off the HVAC unit. Because this was a manual effort, the home 
drifted outside the prescribed comfort zones of 71–75°F during some periods. The team also 
experienced a learning curve as they began to understand the specific heat transfer characteristics of 
the home, which included the following:   
 

 Length of time to cool the home during HVAC start-up 
 Impact of radiant surfaces during natural ventilation mode 
 Temperature decay/drift during night-time condition with HVAC OFF 

 
SCE’s Emerging Technologies group conducted a series of blower door tests to assess amount of air 
infiltration occurring. Testing took place during the design phase, as well as on-site before the 
competition phase. 
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CONCLUSIONS AND RECOMMENDATIONS 
Some conclusions and recommendations for future Team USC Solar Decathlon projects follow: 
 

 Increase and expand the project to include faculty and students from the various programs 
within the School of Architecture (SOA), including Architecture, Building Science, and Landscape 
Architecture. This includes integrating the competition work into the curriculum of each 
program. 

 Develop a new net-zero design seminar at USC that complements the Schematic Design (SD) lab 
design research studio. The new seminar should be open to undergraduate and graduate 
students, as well as members from the various SOA program and address the conceptual and 
technical issues of net-zero design in a way the leads to interdisciplinary collaboration. 

 Explore research opportunities for occupational behavior in net-zero buildings in collaboration 
with other building science research institutions and entities. 

 Initiate construction of the prototype earlier in the schedule to ensure at least one (or 
preferably two) semesters for operating the house and testing the systems. Earlier construction 
is a key factor for assessing the home’s performance and “tuning” the home’s systems. 
Monitoring and field-testing the equipment should be a mandatory part of the program and 
studio/seminar curriculum. Purchasing the sensors that DOE uses to measure the house’s 
performance is probably the single most important factor in improving the performance of the 
house and the potential success of the project.   

 In conjunction with early prototyping and testing, furnish the home with additional measuring 
devices for monitoring temperature and energy consumption. The competition revealed the 
importance of sub-metering individual appliances to identify the best load-shedding activities.  
These devices would help in commissioning and tuning the building and would also present 
students with opportunities for individual research and thesis studies. 

 During the two-week contest, a number of lessons learned emerged regarding optimizing the 
systems and operating the building to achieve both short- and long-term net-zero goals. 
Optimization strategies uncovered included the ability for automated control during unoccupied 
modes. Ideally, this would allow for remote opening and closing of high/low windows via 
actuators. However, at minimum it should be possible to turn on/off HVAC and adjust 
temperatures remotely. 

 In the context of net-zero design, larger PV arrays allow for greater flexibility in practice and in 
competition. It was observed that all 19 teams in the competition finished above the energy 
target and were considered net-energy producers at the end of the test period.  It was clear that 
in some cases, teams had to implement extreme load shedding in order to achieve this target.  
This result may be analogous to the market and its willingness to adopt net-zero buildings. 

It is recommended that SCE’s DSM programs continue to stay involved with this nationally-recognized 
competition. The technologies and building practices demonstrated and displayed to the public at these 
events represent countless hours of consolidated market research, in particular with regards to DSM 
technologies. The 2015 Solar Decathlon has already been announced and will be held for the second 
time at the Orange County Great Park in Irvine, within SCE‘s service area. 
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APPENDIX: TECHNOLOGY SUMMARY (COULD NOT 

USE COMMENT: MENTION THAT THIS IS FOR ALL THE 

HOMES IN THE COMPETION) 
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