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Zero Net Energy Demonstration Home
PulteGroup
Design Case Study

Source: Can Anbarlilar, PG&E

PulteGroup (Pulte) completed a zero net energy (ZNE)
demonstration house with support from Pacific Gas and Electric
Company (PG&E) and its consultant team. Beginning with an
existing Pulte home design, the project team was able to reduce
the modeled site energy consumption by 52% compared to their
standard practice through strategies such as moving the ducts
into semi-conditioned space and replacing the furnace with a
heat pump. The incremental cost for the ZNE package, including
appliance upgrades, was more than offset by the final sale price.
Going forward, Pulte plans to include a number of features piloted
as part of the demonstration in a new all-electric multifamily
development in the San Francisco Bay Area.

PG&E ZNE Production Builder Demonstration

PROJECT OVERVIEW
Floor Area: 2,344 sf
Bedrooms: 4
Location: Brentwood, CA
CA Climate Zone: 12
Completion: May 2016
Modeled EUI: 17.2 kBtu/sf/yr
PV Array: 4.62 kW

The State of California has a goal that all new residential buildings
be zero net energy (ZNE) by 2020.1 To support builders in
designing and constructing ZNE homes, PG&E offered support
through a ZNE Production Builder Demonstration. Participating
builders received technical support from start to finish to upgrade
one of their existing prototypes to ZNE while preserving their look
and feel, and in a way that works for their team. The ultimate goal
was to achieve a ZNE home that the builder could replicate to
begin to build ZNE homes at scale. For each builder, the design
consultants recommended energy efficiency measures for the
builder’s standard design based on performance modeling and
substantial past experience with zero net energy and energyefficient homes. They also visited the site during construction to
ensure that the measures were being properly installed. As part
of this offering, PG&E reimbursed up to $15,000 in incremental
cost of the energy efficiency measures; experience shows that
the incremental costs will drop in subsequent projects. Finally, the
monitoring consultants tracked the end-use energy consumption
of the completed home for a year after occupancy to determine
whether the ZNE home is performing as designed and to diagnose
any operational issues.
CPUC (2017) “Energy Efficiency Strategic Plan”
http://www.cpuc.ca.gov/General.aspx?id=4125
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ZNE Goal and Project Approach
The ZNE goal for the project design was zero net TDV to align with California building
energy code, which incorporates Time Dependent Valuation (TDV).2 Site energy was
modeled to understand the energy efficiency of the home.
The Pulte team also had an internal goal of minimizing the number of trades affected
during construction and the behavior change required of the occupants to achieve ZNE
performance. This approach increases the potential to use the features and techniques in a
large production environment. The national and regional purchasing directors were the main
people on the Pulte side interfacing with the PG&E team.

PulteGroup Zero Net Energy Package
Broadly, Pulte made five major moves to improve energy efficiency and to reduce the
modeled site energy consumption of the house by 52%:
● Raising the attic insulation to directly under the roof deck to bring the ducts into
semi-conditioned space

		

● Replacing a furnace and air conditioner with a heat pump
● Installing a condensing tankless water heater
● Using LEDs instead of CFLs
● Providing an induction cooktop and ENERGY STAR® appliances
A gabled roof was chosen for the ZNE home to accommodate the required photovoltaic (PV)
array; other homes in the Pulte community have a variety of roof shapes, including hipped
and gabled styles. A pop-up was also added on the front (south-facing) roof to optimize
the angle of the PV panels and obscure them from view in the home’s front yard. After
significantly reducing the modeled energy consumption, the home was modeled to meet the
zero net TDV design goal with a 4.62 kW PV array.

TDV values energy differently based on its source and on when and where it is consumed or produced. Because “peak”
electricity during hot summer afternoons is the most costly energy for the grid operators to produce, procure and deliver, it
is weighted the most heavily by TDV.
2

“California is clearly leading the charge on Zero Net Energy, and we believe this is an opportunity
to harness the lessons learned with our building partners so we can offer consumers the ultimate
combination of affordability, quality and energy efficiency in the future. We are already developing
plans for future Net Zero prototypes.” -Ryan Marshall, President, PulteGroup

							

Detailed Specifications

Note: a blank cell indicates no change, bold indicates final package
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Highlight: Ducts in Semi-Conditioned Space
To move the ducts into semi-conditioned space, the project team shifted the insulation from
the attic floor to directly under the roof deck using Owens Corning’s boxed netting solution.
The netting was stapled to the trusses, creating long cavities that were blown full of loose
fill fiberglass insulation. Because putting the insulation up against the roof deck brought the
attic within the thermal envelope, the attic was not vented.
Owens Corning used the Pulte ZNE home as a demonstration project, providing training
for the contractors and sending representatives from the technical marketing team on site
to assist with the installation. This support reduced builder concerns about using a new
method.

Source: Can Anbarlilar, PG&E

Measures Considered But Not Implemented
A number of measures initially recommended by the design consultants were not ultimately
incorporated into the final design. Based on modeled energy savings, including high solar
heat gain coefficient (SHGC) windows and high thermal mass was not cost effective in
this case. There were construction concerns about including a cool roof and skylights,
maintenance and water-use concerns about using evaporative cooling in a drought-prone
area, and maintenance and water tank storage space concerns about including solar water
heating.
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Modeled Energy Performance
The energy savings impact of the implemented energy efficiency measures was evaluated
using both site energy and TDV metrics to weigh their impact on the overall modeled
energy performance. Because TDV is weighted seasonally and hourly, the modeled energy
savings are different in each metric. The final package reduced the modeled site energy
consumption by 52% and the modeled TDV energy to 22%, compared to standard practice
for the same home model.3
As seen to the left, efficiency
improvements in heating had the most
significant impact on modeled site
energy and TDV savings. Cooling is
generally needed during peak TDV
periods, so the reduction in modeled
energy consumption for cooling was a
substantial component of TDV savings
(11%) but did not have a significant
impact on site energy savings.
As seen on the next page, the modeled
monthly energy consumption shows a
W-shape for both site and TDV energy,
primarily because of seasonal heating
and cooling loads. TDV multipliers for
electricity are the highest in July through
September and affect all end uses, not
just the cooling.
For both site energy and TDV energy, PV production follows an inverted U-shape, with
production peaking in the summer months. Although site PV production does not exceed
consumption during any month, the home is still modeled as net zero TDV because
electricity is weighted more highly during the afternoon peak production hours using the TDV
metric.
In order to place the site energy modeling results in a larger context, the Pulte ZNE home
modeling results were compared to the performance of a ZNE exemplar home, based on
project results from The Technical Feasibility of Zero Net Energy Buildings in California.4
The Pulte ZNE package’s modeled energy use intensity (EUI), 16.8 kBtu/sf/yr, was virtually
the same EUI as the exemplar in the same climate zone. Comparing energy performance
using only EUI can penalize smaller homes, since some loads, such as heating and cooling,
vary depending on floor area, but others, such as water heating, appliances, and plug
loads, vary mostly based on the number of occupants. Comparing to the performance of
the ZNE exemplar home using the number of bedrooms plus one as a proxy for number of
occupants, the Pulte ZNE package is modeled as using 9% less energy per person than the
3 bedroom, 2,100 sf ZNE exemplar home.
3
4

Energy modeling was done with BEopt 2.3 using the 2013 CEC weather file for California climate zone 12.
http://www.calmac.org/publications/California_ZNE_Technical_Feasibility_Report_CALMAC_PGE0326.01.pdf
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Modeled Site Energy

Modeled TDV Energy
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Lessons Learned
Boxed Netting Installation
Installing the cathedralized attic with boxed netting for the first time took about four times
as long as Pulte’s standard blown in insulation on the attic floor; the Pulte team plans to
cut this in half, but it is still longer than the standard process. This attic solution is also a
critical path task, resulting in a shorter window in which it has to be installed without pushing
back the whole project schedule. The safety requirements are also different for this ZNE
demonstration home; extra boards were laid for fall protection and for workers to walk on. In
a production environment this might not be adequate.
Initial measurements show that the system is performing well and keeping the attic within
1-2°F and 5-8% relative humidity of the house. This performance is despite being only a
semi-conditioned space; there are no supply or return grills in the attic.
Heat Pump
Heat pumps do not raise the temperature of air as quickly as furnaces; this required
behavior adjustments from both the contractors and occupants. After installation of the
multistage heat pump, the way the controls were ultimately configured, without specific
consideration of heat pump operation, resulted in the inefficient electric resistance backup
heat strips coming on frequently. Changing the setting to use 100% indoor air during the
coldest times of day generally resolved the issue.5 Also, the air coming out of supply vents
is not as hot with a heat pump as with a furnace for a given indoor air temperature. To get
supply air at the expected temperature, the occupants increased the setpoints, which also
resulted in initial high use of the heat strips. The indoor temperature in homes with a heat
pump does not recover as quickly from setbacks as the temperature in a house that is
heated by a furnace. Even though the smart controls of the house could detect when the
occupants were coming home (based on location of their cell phones), the house was not
always warm enough on arrival because the setpoint setbacks were so large. Training the
occupants to choose a smaller range of setbacks resulted in a comfortable home.
Financial Findings
The incremental cost associated with the ZNE package for the Pulte ZNE home totaled less
than 3% of the sale price. The induction cooktop and ENERGY STAR appliances accounted
for more than 40% of the incremental cost. Pulte does not typically provide a refrigerator or
laundry machines, and the cooktop was chosen primarily as an upgrade rather than as an
efficiency measure. The attic insulation and the heat pump each accounted for about 17% of
the incremental cost. The home was sold using a bid process, resulting in a final price that
more than covered the incremental cost of the efficiency upgrades.

In colder climates energy recovery ventilators (ERVs) or heat recovery ventilators (HRVs) can be installed to prewarm the
outdoor air before it enters the heat pump to avoid long periods of 100% indoor air.
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Source: Resource Refocus LLC

Completion and Next Steps

Source: Resource Refocus LLC

“The learning has been
immense, and the project has
been a pleasure.”
-Brian Jamison,
National Purchasing
Director, PulteGroup

PROJECT TEAM
Builder Team:
PulteGroup
ZNE Team:
PG&E
BIRAenergy

The Pulte ZNE home was completed in May 2016, with a
subsequent ribbon cutting attended by officials from the State
of California, Pulte, PG&E, and other partners. The process of
completing the ZNE home with PG&E is already influencing how
Pulte is proceeding with new homes in California.
Residential heat pumps are not common in California; the Lennox
representative was surprised when Pulte wanted to install one. If
Pulte, one of the biggest builders in the country, continues to install
them in this community and beyond, it will require Lennox to shift
its distribution system. Hopefully this will make heat pumps more
accessible and affordable for everyone.
Although training the homeowners of ZNE homes can be effective
for a small number of homes, it is impractical at production
volumes and does not carry over when ownership eventually
changes. Therefore Pulte is working with thermostat manufacturers
to address some of the issues that were revealed in this ZNE
demonstration home with updated control strategies. They would
like the “away” mode of the thermostats to be turned off during
set up in high performance homes with heat pumps so that the
setbacks do not cause occupant discomfort by taking longer than
expected to get the indoor temperature back up to the set point.
Finally, Pulte has purchased land where they plan to build a high
performance, all electric multifamily development using some
of the features piloted in this demonstration, including a semiconditioned attic with boxed netting, heat pumps, and 100% LEDs.

Resource Refocus LLC
Frontier Energy, Inc.
This case study was written by
Resource Refocus LLC based on
consultant reports and project analysis.

“PG&E” refers to Pacific Gas and Electric Company, a
subsidiary of PG&E Corporation. ©2018 Pacific Gas and Electric
Company. All rights reserved.
This publication is funded by California utility customers and
administered by PG&E under the auspices of the California
Public Utilities Commission.
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PulteGroup
Monitoring Case Study
Measured Site Energy: Monthly
Consumption and Production
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PROJECT OVERVIEW
Floor Area: 2,344 sf
Bedrooms: 4
Location: Brentwood, CA
CA Climate Zone: 12
Completion: June 2016
Monitoring Dates:
November 2016 - October
2017 (after occupancy)
PV Array: 4.62 kW

Under the auspices of Pacific Gas and Electric Company’s
(PG&E) Zero Net Energy (ZNE) Production Builder Demonstration,
PulteGroup (Pulte) built a ZNE home with R-38 fiberglass
insulation under the roof deck creating a semi-conditioned attic for
the air source heat pump and ducts. Both the condensing tankless
consumption
water
heater and the clothes dryer are gas, but the cooking is
induction. The builder installed a 4.62 kW PV array, which was
sized to fully offset modeled TDV but not site energy consumption.
The solar energy produced by the PV array offset 44% of annual
site energy consumption, less than the 58% predicted by the
energy modeling. Heating, ventilation, and air conditioning (HVAC)
loads were the single biggest end use1, accounting for 29% of total
consumption, followed by plug loads at 24%.

Measured Energy Performance
The energy consumption of specific end uses was monitored for a
year to understand the house’s performance while occupied.
To align with California building energy code, the ZNE goal for this
project was based on Time Dependent Valuation (TDV). Because
TDV is a modeling metric that cannot be accurately assessed
for measured energy performance data,2 ZNE performance
was evaluated using the site energy performance predictions
of the zero net TDV model. The measured data showed that
the PV production offset only 44% of site energy consumption,
substantially less than the 58% predicted by the model, so the
performance was not in line with the home’s ZNE design.3
Site energy production was within one percent of what was modeled, but consumption was about 30% more. About 70% of this
increase was due to cooling and plug loads, although appliances
and lighting consumption were also more than modeled.

“End use” refers to the final work that the energy did. For example, electricity might be
ultimately used to run appliances, and natural gas might be used to heat water.
2
TDV multipliers are tied to specific weather, grid, and economic projections and assumptions that will not be met exactly over the course of a year, so it is not appropriate to
apply them to measured data.
3
See design case study for information about building specs and design decisions.
1
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Measured Site Energy
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The figures above show the measured energy consumption broken down by end use for the
entire year of monitoring and by month. On the facing page, the charts compare modeled
and measured energy consumption and outdoor temperature.
HVAC
HVAC was the single largest end use, accounting for 29% of the annual energy
consumption. This space conditioning consumption was also much more than was
predicted. To check the values, the energy model was run twice – once with the Typical
Meteorological Year (TMY) weather file that is used for code compliance and once with
the Actual Meteorological Year (AMY) weather file that corresponds to the real weather
during the monitoring period.4 The AMY weather was milder than the TMY weather, so while
space heating was 2.3% less than TMY predictions it was 42% more than AMY predictions.
Cooling, on the other hand, was more than twice as much than predicted using both weather
files, but the difference was slightly more for TMY than AMY (152% and 126% respectively).
Hot Water
Domestic hot water accounted for 18% of the total measured consumption. The measured
consumption was slightly less than the model: 3% lower. It is one of the two end uses that
include gas.
4

Elsewhere in the case study, modeled numbers refer to the TMY data.
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Energy and Temperature Comparisons:
Modeled vs Measured
2000

1500

kWh−e

Hot Water
Plug Loads

1000

HVAC
Appliances
Lights

500

Outdoor Temperature (°F)

0

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

110
90
70

Measured

50

Modeled

30

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Lights
The energy consumption for hard-wired lighting accounted for 10% of overall consumption,
45% more than modeled even without including plug-in lamps.
Plug Loads
Plug loads accounted for 24% of the total consumption, second only to HVAC. 30% of
that was from the family room, likely because of an entertainment center. Interestingly, the
garage circuit which also includes irrigation was also a significant contributor, at 16%. In all,
plug load consumption was 45% more than modeled
Appliances
Appliances accounted for 18% of the measured energy consumption. The gas dryer by
itself was responsible for 58% of the appliance consumption and 10% of the total home
consumption. This is the same percentage as the lights.

Heating Energy
(kWh/day)
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Highlight: Heat Pump
60

Space conditioning is provided by a 3-ton air source heat pump
located in the semi-conditioned attic and an outdoor air handler
with auxiliary heat strips. The system consumed substantially more
energy than expected given the weather conditions.
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On the cooling side, the increase in
energy consumption compared to
the model was much larger, but the
cause is not clear. The indoor setpoint of 76°F is similar to the energy
model, and the system is sized so
that it is running long enough to be
efficient. Possible causes include
distribution losses for the two-zone
system or in the ducts or lower seasonal efficiencies than manufacturer
ratings.

Heat strips are present to meet the heating demand more quickly
and at colder temperatures than the compressor can by itself. They
are included by default despite being less than a third as efficient
as the compressor itself and unnecessary in most California
climates. The occupant complained that the heating system was
not working, likely because heat pumps are slow to recover from
setbacks and because air coming from the vent is not as hot as
with a furnace. In response more heat strips were added to the air
handler in December 2016, increasing the total from 4 to 8 kW. At
the same time, the controls were changed so that the heat strips
would only be used at lower temperatures than they had been but
still at much higher temperatures than is typical. The net effect of
these changes was an increase in consumption to heat the house
at the same outdoor temperatures. Because they ran so often,
drawing such high power, the heat strips were responsible for 49%
of heating energy.

Lessons Learned
PROJECT TEAM
Builder Team:
PulteGroup
Monitoring Team:
Frontier Energy, Inc.
ZNE Team:
PG&E
BIRAenergy
Resource Refocus LLC

This case study was written by
Resource Refocus LLC based on
consultant reports and project analysis.

Heat pumps can be a very efficient way to condition a home, but
they require both occupant education and careful programming
of the controls. Performance testing beyond what is required for
HERS rating can also be necessary to ensure that the distribution
system is efficient.
Especially in ZNE homes, where HVAC has been carefully
designed to be energy efficient, the unregulated end uses of plug
loads, appliances, and lighting make up a large portion of the total
energy consumption; 54% in this case. This is despite the heating
and cooling consuming 46% more than the TMY and 77% more
than the AMY models. As Title 24 becomes more stringent, builders
need to pay more attention to loads, such as appliances, that have
typically not been under their control.
“PG&E” refers to Pacific Gas and Electric Company, a
subsidiary of PG&E Corporation. ©2019 Pacific Gas and Electric
Company. All rights reserved.
This publication is funded by California utility customers and
administered by PG&E under the auspices of the California
Public Utilities Commission.

