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great-room has an inset shelf, resulting 
in an extra-deep wall between the 
great-room and the bath behind the 
deep interior wall (see arrow in Figure 
2). The construction is such that there is 
a large gap between the top plates for 
the two “adjacent” walls; the gap being 
the depth of the shelf in the great-room 
wall. This gap was completely open to 
the attic, and if not capped would allow 
the blown-in attic insulation (at that point 
not yet installed) to drop, leaving a hole 
in the air barrier and the ceiling insula-
tion. This was brought to the attention of 
the superintendent, who sealed the 
opening using air-barrier material and 
caulking. The specified air leakage was 
2.0 SLA.  A 3rd party HERS rater mea-
sured envelope leakage with a blower-
door test, but with the incorrect target.  
He passed the house at 2.3 SLA, or 
15% above the specified leakage, which 
BIRAenergy determined to make a 
negligible difference in whole-house 
energy use. The home passed all the 
other tests and inspections prescribed in 
the efficient design, including low duct 
leakage, quality insulation installation, 
and a bevy of HVAC tests (see Table 1).

Analysis for Marketing

At De Young’s request, BIRA energy 
provided an analysis of energy bills, com-
paring estimated bills for code homes to 
those predicted by the simulations of the 
ZNE home.  This analysis showed that 
the energy bill savings would be almost 
$1,700 annually, using tiered-rate schedules.  
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Project Name:
De Young Zero Net Energy Home

Location:
Clovis, CA

Architect/Engineer:
De Young Properties

Owner:
De Young Properties

Year Built: 
2013

SF: 
2,064 ft2

ZNE Target/ metric for project:
Source-ZNE

PG&E ZNE Consultant Team:
BIRA Energy

PG&E Consultation for the De Young Zero Net Energy Home  design of the efficiency package, and later with the con-
struction of the ZNE home. The goal was set at source-
energy ZNE; that is, that the home would produce as 
much energy as it consumed on an annual basis, with all 
energy, both consumed and generated, determined at 
the source (i.e., electricity -power-plant and/or natural 
gas distribution plant). Energy analyses were performed 
using BEoptE+ v1.3 in Climate Zone 13, which includes 
Fresno and surrounds. The BIRAenergy simulations of 
the De Young 205 plan predict that the home, built with 
the ZNE package features (excluding the PVs) designed 
by BIRAenergy, should use 64% less energy than if built 
with the 2008 Title 24 package D features, and almost 
30% less energy than if built to the California Advanced 
Home Program (CAHP) Tier 2 specifications. The home 
has a 6kW PV system on the rear roof, facing south. The 
combination of the efficiency package and the PV system    
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The energy-efficiency features that comprised the ZNE design for De Young 205 plan 
credit: BIRA Energy
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On an average monthly basis, the ZNE bill would be about $17/month, which is one-
tenth that for the code home of $175/month. BIRAenergy also provided technical 
assistance in the development of signage and informational materials for De Young to 
market the ZNE home, and participated in the Ribbon-Cutting, public unveiling of this 
new Zero Net Energy home. 

ZNE Package – De Young Properties De Young ZNE 
Final Design – As Built 2013 Plan 205 – Fresno Ca – Original Design Dec 2012 

 
Building Component Efficiency 

Feature 

 
Estimated 
Base Title 

24 

 
Current De 

Young Tier 2 
Design 

 
ZNE Design Dec 

2012 

 
ZNE Package 

As-Built 

 
Incremental 

Costs: to 
CAHP and to 

ZNE 
Envelope (R-Values)  ($) 
Roofing (% Reflec./ %Emittance) N/A N/A Cool: 60%/93% 33%/90% $0 
Roof (attic) R-38 R-49 R-49 R-49 $0 
Radiant Barrier Yes Yes Yes Yes Yes 
Wall (Exterior; Cavity +Foam Sheathing R-13+R4 R-15+R4 R-15+R4 R-15+R4 (incl) 
Quality Insulation Installation Verified Yes Yes Yes Yes Yes 
Wall (garage) R-13 R-13 R-15 R-15 (incl) 
Exposed Thermal Mass N/A N/A Exposed Slab & Tile Exposed Slab & Tile $2,483 
Envelop Leakage (SLA) 3.0 2.5 2.0 2.0 $300 
Window (U-factor/SHGC) 0.33/0.23 0.33/0.23 0.23/0.33 0.33/0.23  
HVAC System (units in Feature description)   
Cooling (SEER / EER) 14/12 16/13 19/14 19/14 $2,660 
Verified EER Yes Yes Yes Yes  
Furnace (AFUE) 0.80 0.94 0.94 0.95  
Duct Location Attic Attic Conditioned Space (dropped ceilings) $2,700 
Duct Leakage – Tested < 6% leakage Yes Yes Yes Yes  
Duct Insulation (R-value) R-6 R-8 R-8 R-8 $0 
Envelope Air Leakage – Range CFM50 for No Yes Yes Yes  
Factory Sealed Air Handler <2% leakage No Yes Yes Yes (incl) 
Verified Refrigerant Charge No Yes Yes Yes (incl) 
Verified Adequate Airflow No Yes Yes Yes (incl) 
Verified Fan Watt/cfm <0.58W / cfm No Yes Yes Yes (incl) 
Verified Max Cooling Capacity No Yes Yes Yes (incl) 
Water Heating (units in Feature description)   
Water Heating System Standard 

Gas 
Gas Tankless Solar+Gas Tankless 

Backup 
D’Mand System & 

Struc Plumb 
 

Water Heater Size (gal.) 50 Tankless Tankless 50 (gal)  
Solar DHW: Solar Fraction N/A N/A 0.7 N/A  
Energy Factor 0.62 0.95 0.95 2.4 EF HPWH $1,150 
Distribution Type Kitchen Ins Kitchen Ins Kitchen Ins Insulated Loop (incl) 
Lighting    
LED% / CFL% / Incandescent% 0/75/25 0/75/25 80/20/0 100% LED $3,000 
Controls: Vacancy Sensors Baths Baths Bed+Baths+ 

Laundry 
Bed+Baths+ 

Laundry 
(incl) 

Controls: Dimmers Hall+Dining Hall+Dining Nook+Dining Nook+Dining  
Other Energy Efficiency Features    
Appliances N/A N/A Energy Star Energy Star $0 
Cooking N/A N/A Gas Gas (incl) 
Clothes Dryer N/A N/A Gas Gas $300 
Home Energy Management System N/A N/A e-monitor e-monitor $500 
Annual Energy Use: % Better than 2008 Title 
24 Code 

Meets 
Code 

36.7% 64.3% 64.3%  

Energy Efficient Package Total Cost – Incremental over De Young Standard of CAHP Tier 2 $13,093 
On-Site Generation    
Photovoltaic System Pre-Paid Lease None None 5.5kW-South 6kW-South $5,500 
ZNE Home (Source Energy Basis) Incremental Cost over De Young Standard CAHP Tier 2 + PV $18,593 
 

De Young Properties is a regional production builder in 
the greater Fresno area (CA Climate Zone 13). The De 
Young ZNE home is one-story with 2,064 sqft of condi-
tioned floor space (De Young model 205), and 12% 
glazing as function of floor area. Under an agreement 
with De Young, PG&E contracted BIRAenergy to 
provide technical assistance needed by De Young in 
their development of a buildable ZNE energy-efficiency 
package. The building site and model-plan were 
chosen by De Young from their current building plans 
and lots. The De Young 205 plan was chosen for sev-
eral reasons; most important being that it is a deriva-
tive of their most popular plan, the 210 Plan, with the 
difference that it does not have an interior courtyard. 
BIRAenergy met several times with De Young, initially 
to discuss project goals - first by helping them with the 
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are predicted to produce ZNE using source energy as 
the basis, and be a net producer using Time Dependent 
Valuation (TDV) as the energy metric. (TDV is the 
metric used by the California Energy Commission’s 
energy efficiency building standards, commonly 
referred to as “Title 24.”) Construction-based issues 
were the initial concerns to be decided. These included 
different approaches to passive solar, requirements of 
roof orientation and area, and different techniques to 
get ducts out of unconditioned space. While De Young 
was hesistant to make major changes to the building 
plans, due to cost, market, and sales concerns, they 
decided to include a small increase in thermal mass, 
properly orient the home, and move the ducts (or at 
least the majority) out of conditioned space. Based on 
their evaluations of the construction and cost impacts of 
different approaches to putting ducts in conditioned 
space, De Young decided to make duct-chases in con-
ditioned space by making the ceilings in the halls a foot 
lower than the 9’ ceilings elsewhere in the home.   
These dropped-ceiling duct-chases would be carefully 
sealed, especially at the tops of the chases so that they, 
and the ducts they would ultimately carry, would be 
below both the air barrier and insulation, and thus in 
conditioned space. Ducts in conditioned space was 
agreed to be a key element of the energy-efficiency 
design leading to ZNE, and that the remainder of the 
required energy savings would need to come from 
increased efficiency measures and on-site generation.  
After many iterations of design, simulations, estimated 
costs, and review, a “ZNE Package” was agreed upon in 
December 2012, and De Young went from design to 
construction, including final costing.   

Early in the construction process, a few changes were 
made to the ZNE package: window specifications 
reverted to the standard De Young windows, which 
had been upgraded to meet the California Advanced 
Home Program (CAHP) Tier 2 and the next level of 
windows were not available from their normal vendor; 
LED lighting was increased to 100%; and the originally 
planned solar water-heating system was replaced by a 

heat-pump water heater plus a half-kW additional 
PV.  While there are many permutations of efficiency 
features that can result in a ZNE design, the set 
developed with De Young is the result of an iterative 
design-development process that involved closely 
working with the builder to use features that they 
chose as the most cost-effective and marketable.  
The process involved many parametric simulations 
of individual energy efficiency features to rank them 
by cost and impact, accompanied by selection and 
rejection of measures based on other builder con-
cerns including availability, subcontractor knowledge 
or training needed for different features, and overall 
marketability. The selection of eligible features was 
followed by iterations of whole-house energy simula-
tions that captured the interactions of the chosen 
features and provided measurement of progress toward  

the ZNE goal. This process again highly considered 
costs and practicality trade-offs, and required detailed 
discussions with the builder as well as contractors, 
vendors and other project stakeholders.

The largest incremental costs for this Package for De 
Young are the 100% LED package, 6kW solar PV 
system, the highly efficient 19 SEER/14 EER HVAC 
system, adopting the dropped-ceiling chases and 
installation of ducts in them, and the heat-pump 
water-heater + 0.5kW PV (to provide a reduction in 
source energy required water-heating as with the solar 
water-heating). Current solar PV installed costs vary 
considerably, from over $5/Watt for low-volume instal-
lations, to under $1/Watt for production builders (all 
including rebates and incentives). The 6kW PV system 
specified for the De Young model home was antici-
pated to cost between $2.50 - $3.50/W, or between 
$15,000 and $21,000.  However, De Young was able to 
obtain pricing below $1/W via a fully pre-paid 20-year 
lease, where the vendor provided a lease that covered 
the system, installation and maintenance for the full 20 
years, and the vendor received the incentives and tax 
credits. The incremental costs for upgrading the 
energy-efficiency of the home was about $13,000, and 
the PV system was $5,500, for a total cost of about 
$18,500, incremental over their standard CAHP Tier 2, 
which has significant incremental costs compared to 
building at code Table 1 provides the incremental costs 
for De Young to go from their standard construction 
practice, California Advanced Home Program Tier 2 
(CAHP-T2), to the efficiency measures incorporated 
into the source-ZNE home.  Table 1 provides side-by-
side comparisons of efficiency features needed to 
make the 205 Plan just comply with the then-current 
2008 Title 24 requirements, the current De Young stan-
dard practice (CAHP-T2) , the ZNE package design at 
the end of the design phase of the work (Dec 2012); 
and the final design, as built in 2013.    

During the course of construction, BIRAenergy staff 
made multiple visits to the De Young site to view the 

construction and ensure quality installation practices 
were employed and that the specified features were 
properly installed. BIRAenergy staff also regularly con-
ferred with De Young VP Operations, the site superin-
tendent, and their third-party testing company to verify 
schedules, desired installation practices, and that tests 
were performed and performance targets met.
Ducts, chases, and overall air-sealing were inspected 
prior to insulation and most of the ducts. As much of 
the ducts as possible were installed in the hallway 
dropped-ceiling chases, which were well sealed; the 
ducts in the chases, while fitting tightly, were not 
crushed or otherwise compromised (Figure 1).  How-
ever, given the geometries, more than the code-
allotted 12 feet of HVAC system (duct plus the air 
handler) was in the attic; to compensate, BIRAenergy   

required that all the ducts in the attic be buried in the 
ceiling insulation. Along with ducts in conditioned 
space, a key element of  ZNE is tight construction and 
quality insulation installation. Insulation inspections 
showed the insulation to be installed well, filling the 
cavities without gaps or excess compression. The attic 
insulation was blown in evenly and to the correct 
depth. While inspecting the insulation, which was 
installed properly, BIRAenergy staff identified a poten-
tially huge air leak to the attic.  The interior wall in the 

Figure 2.       Arrows point to a gap in air-barrier over a deep-wall 
space that was covered and sealed prior to finish of drywall.
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 1. This lighting package was designed pro bono by the California Lighting Technology Center (CLTC) for De Young and included assistance in finding fixtures appropriate to the 
lighting needs, LED lamps, and De Young style requirements.  The lighting also included appropriate controls, and circadian, hall lighting for safety and convenience.

Figure 1.     A duct chase in a hallway produced by dropping the 
ceiling from 9’ to 8’. This technique was used to keep the majority
of the ducts in the conditioned space.


