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Rendering of the Honda Smart Home. Image courtesy of American Honda Motor Company 

Zero Net Energy Approach

Fig 2. Caption: Projected Annual 
Source Energy Savings Compared 
to a Title-24 Compliant Basecase 

Credit: Davis Energy Group

lighting, appliance, and miscellaneous loads. A ground-
coupled heat pump provides heating, cooling, and 
water heating.  Space conditioning is delivered to the 
house via radiant floor delivery on the first floor and 
radiant ceiling panels on the second floor.  The thermal 
envelope is highly efficient, far exceeding current Title 
24 code requirements. (Figure 1 summarizes the 
energy efficiency measures in more detail).

Construction of the home began mid-June 2013 and 
was completed in March 2014. Installation of the moni-
toring system was completed in March. The house will 
be temporarily occupied starting in the spring of 2014. 
Long-term occupancy will begin in the fall of 2014. 

The goal of this all-electric home is to be zero net energy 
on an annual basis, including the  energy needs of a 
Honda Fit EV battery electric vehicle supplied with the 
home. It is expected to use less than half of the energy  

installed mechanical system, there were no local quali-
fied contractors available. The builder chose to use resi-
dential subcontractors to keep costs down, but this led 
to a gap in the experience and skills. There was a need 
for all trades to work outside of their traditional zone of 
comfort. All the subcontractors involved in the project 
were willing to be flexible but required some guidance 
along the way. For example the plumber did not have 
any experience with advanced hydronic systems and 
was therefore not qualified to be responsible for the 
system controls. A specialty controls contractor was 

responsible for developing the controls interface for the 
mechanical systems, but had no prior experience with 
advanced HVAC systems. Additionally, installing an 
entire LED light system proved to be more difficult and 
expensive when incorporated with advanced controls.  
This was largely due to the wide variety of communica-
tion and control protocols and the somewhat limited 
selection of high CRI LED fixtures. 
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American Honda Motor Co., Inc. (AHM) sponsored the 
design and construction of an advanced 2,032 ft2 home 
that showcases environmental innovation and renew-
able energy enabling technologies. The Honda Smart 
Home (HSH) features new technologies to greatly 
reduce the amount of energy consumed by individual 
households, including the use of solar power to offset 
both household energy use and electric vehicle (EV) 
battery charging. 

The HSH is the first single family home to be con-
structed at the West Village Zero Net Energy project on 
the University of California at Davis campus, and will 
serve as a living laboratory over the next five years.  
The project is also being certified through LEED-Homes 
EPA’s Energy Star v3, Indoor Air Plus, and DOE’s Chal-
lenge Home program.

The design includes numerous energy efficiency 
features designed to significantly reduce building thermal,  
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PG&E ZNE Consultation

PG&E’s ZNE team became involved during the design 
phase of the Honda project. PG&E’s interest in the 
project was in monitoring the performance of the vari-
ous mechanical systems and end uses as well as 
assessing whole house performance relative to ZNE 
goals. Some PG&E effort also focused on construction 
oversight. Because the house uses hydronic radiant 
delivery for heating and cooling, HVAC energy delivery 
is monitored using water side measurements and tem-
perature measurements including interior and exterior 
temperatures and relative humidity. All major equip-
ment electrical and hot water end uses are sub-
monitored as well. A report will be prepared documenting   

monitoring results over the course of 2014, including 
overall ZNE performance, heat pump performance, 
and evaluation of the impacts of ventilation cooling 
and mechanical ventilation. The installed monitoring 
system is very extensive allowing for precise quantifi-
cation of all thermal flows in the house and disaggre-
gated end uses on a high resolution basis.

Challenges and Lessons Learned

of a similarly sized new home in the Davis area for heat-
ing, cooling, and lighting, and the solar system will more 
than offset household consumption.

The table below shows projected annual electricity 
consumption for both a base case Title-24 home (with 
space conditioning heat pump and a heat pump water 
heater) and the Honda Smart Home. Total projected elec-
tricity savings and source energy savings are 52%.

 
The intent of this project is to evaluate performance 
of advanced integrated residential systems and the 
ability to optimize and integrate these systems as 
they relate to minimizing grid impact of residential 
buildings. It is hoped that with increased market pen-
etration of these technologies there will be more 
qualified trades available to integrate these systems 
into homes. 

The project experienced construction delays and 
other issues partly due to the implementation of 
advanced, cutting edge technologies that require 
additional oversight and coordination among various 
subcontractors and designers. These delays were not 
entirely unanticipated since there are always chal-
lenges in finding qualified contractors with experience 
and expertise needed to properly install and commis-
sion systems in which they have little prior experi-
ence.  Much of the systems commissioning had to be 
carried out by researchers involved in the design.  
The use of a home energy management system and 
the development of sophisticated control functions for 
space conditioning, ventilation, window operation, 
and lighting systems required additional coordination 
between researchers and controls personnel to 
develop a customized control package for the 
advanced mechanical and electrical systems.

Traditional builder and trades were used in construc-
tion of the house. Ideally, an experienced mechanical 
contractor familiar with hydronic systems and con-
trols would be used to install the advanced mechani-
cal system. Because of the prototype nature of the 

Table 1. Proposed Measure Specification Details 
The table above shows projected annual electricity consumption for both a base case 
Title-24 home (with space conditioning heat pump and a water heater) and the Honda 
Smart Home. Total projected electricity savings and source energy savings are 52%

1. This is ASHRAE 62.2 compliant ventilation only. 
Ventilation cooling fan energy is included in “HVAC Pump/Fan”.

Credit: Davis Energy Group

Fig 1. Annual Estimated Electricity Use Comparison

Measure Category Honda Smart House Specifications 
Envelope   
Window Area as a % of Conditioned Floor Area 25% of CFA 
Exterior Wall Construction & Insulation Double 2x4 stud walls on 2x10 plate: R31 blown 

cellulose, 9.25" depth 
Foundation Type & Insulation Slab on Grade - R-10 under slab and at perimeter 
Roofing Material & Color Standing seam metal roof, light colored 

Reflectivity = 0.40, Emissivity = 0.88 
Ceiling/Attic Insulation Vented attic with R-60 blown-in insulation 
Radiant Barrier No 
House Infiltration - Blower Door Test (HERS) Yes, 2 ACH50 
Thermal Bypass Inspection - QII (HERS) Yes 
Windows & Patio Doors Alpen Fiberglass: U-value = 0.15, SHGC = 0.31 on 

North/South windows, SHGC = 0.21 on East/West 
Thermal Mass 100% exposed slab on 1st floor, 5/8" drywall on 

walls, 5/8" drywall on ceilings 
HVAC Equipment   
HVAC Type & Efficiency Bosch Ground Source HP: 15.9 EER, 2.8 COP 
Distribution System Radiant floor in slab, 1st floor 

Radiant ceiling panels, 2nd floor 
Equipment Sizing Heating & cooling equipment & ductwork sized 

according to Manual J, S, D 
Mechanical Ventilation Balanced ventilation operated during favorable times 

of day, all ventilation sources tracked and credited 
towards daily req’s 

Ventilation Cooling whole house fan, 1200cfm 
Water Heating Equipment   
Water Heater Type & Efficiency Heat Pump (see HVAC above), 3.6 COP 
Tank Capacity/Gallons 70 
Hot Water Distribution Manifold system with PEX Piping, Engineered 

Compact Design, Kitchen Pipes Insulated 
Appliances, Lighting & MELs   
Appliances ENERGY STAR dishwasher (Bosch 

SHE8ER55UC), refrigerator (Kitchen Aid 
KFCS22EVMS) & clothes washer (Samsung 

WF457ARG5WR/AA) 
Dryer Fuel Electric 
Oven / Range Fuel Electric oven, Electric induction cooktop 
Lighting Package 100% LED with vacancy and dimming controls 

throughout 
Ceiling Fans Three ENERGY STAR ceiling fans 
MEL Controls 20% savings via non-critical load management. 
Renewables / Vehicle Charging   
PV System 9.54  kW DC Rated PV System  

(36 – 265W Modules) 
Electric Vehicle Charging Yes 

 

End-Use 

Title-24 
Basecase Honda Smart Home 

Electricity 
(kWh) 

Electricity 
(kWh) 

% 
Savings 

Miscellaneous 3,264 2,622 20% 
Vent Fans1 156 47 70% 
Appliances 2,133 1,633 23% 
Lights 1,775 760 57% 
HVAC 
Pump/Fan 819 143 82% 
Cooling 1,083 108 90% 
Heating 2,369 591 75% 
Hot Water 1,656 459 72% 
Total 13,256 6,363 52% 


