BA-0911: Prototype House Evaluations—Zeta Communities

10. ZETA COMMUNITIES, SAN FRANCISCO BAY AREA, CA

10.1 Executive Summary

Gate 2 - Prototype: Lancaster Townhouse, ZETA Communities, Oakland, CA

Overview

ZETA Communities is a San Francisco Bay Area startup company which has a goal of
producing factory built/modular houses with net zero energy performance; they have
completed a Prototype (“Lancaster live-work townhouse”) in Oakland, CA. Some
technologies incorporated into this prototype include high performance (triple glazed)
windows, a heat pump water heater, drainwater heat recovery, and a residential-scale
economizer. The house also has a proprietary control system (“zTherm”), which is
intended to make use of semi-active control of the thermal mass located in the conditioned
crawl space.

The house has been through several rounds of tests by BSC, and a data acquisition system
has been installed to measure thermal and energy performance. NREL is slated to perform
short-term testing at this house, followed by long-term (1-year) monitoring.

Key Results

The design is projected to achieve a performance level of 45% reduction relative to the
Building America Benchmark without renewable energy sources, and 95% including
renewables (5.4 kW roof-mounted photovoltaic array). A key challenge was meeting
performance targets in a mild climate (with small heating/cooling loads) such as the Bay
Area. Another challenge was that net zero performance requires the use of only electricity
under the net metering laws currently in effect in California, which limited mechanical
equipment options. The heat pump water heater, for instance, proved to be problematic in
this installation. Some specific systems testing included examinations of subcomponents
of the thermal mass control system and the drainwater heat recovery system.

Gate Status

Table 10.1: Stage Gate Status Summary

“Must Meet” Gate Criteria Status Summary

Source Energy Savings Pass With the enclosure and mechanical characteristics presented in this report,
this plan achieves a performance level of 45% reduction relative to the
Building America Benchmark without renewable energy sources, and 95%
including renewables.

Prescriptive-Based Code Pass The prototype was permitted as a live/work unit, R-3 occupancy. It complied

Approval with the 2007 CBC, CMC, CPC, CEC, CFC (Building, Mechanical, Plumbing,
Electrical, and Fire Codes), and 2005 California Energy Code.

Quality Control Pass The quality assurance and quality control system used by ZETA

Requirements Communities were developed in-house, to account for both factory work and

site-completion work. BSC provided the Builders Challenge Quality Criteria
checklist to ZETA,; site inspection indicated that targets were met.

“Should Meet” Gate

Criteria Status Summary
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Neutral Cost Target Does Not The overall performance of this prototype, given estimated the
Meet builder's estimated costs, were that it did not meet the neutral cost

criteria. Given the zero net energy goal, it was not expected that
the builder would be at the neutral cost point. It should be noted
that the builder's goal was net zero energy use, as opposed to any
specific neutral cost target. Their cost goal was primarily to
produce net zero houses (including renewable energy systems) at
a price point comparable to typical Bay Area construction
costs.The builder is currently examining options to reduce their
construction costs in further work.

Quality Control Integration Pass BSC worked closely with the builder and architect to develop a variety of
details important to health, safety, durability, comfort, and energy efficiency.
BSC also provided details for window installation and flashing, and
foundation water management.

Gaps Analysis Pass Several items proved to be problematic in practice and implementation.
There were several difficulties in the installation of the heat pump water
heater. The newer options available on the market might be a solution to
these issues. The economizer system proved to show a relatively low
efficiency, as well as being an issue for duct leakage to the exterior. The
expense of rainscreen cladding with a fiber cement panel system was
another durability issue. The prefabricated mechanical core and mechanical
room design proved to have some issues for air and thermal barrier
continuity, which will be addressed in future designs.

Conclusions

In spite of several problematic systems and startup issues, ZETA’s Lancaster live-work
townhouse is substantially completed and tested; data collection is also underway. Itis
slated to be sold in late 2009; homeowner agreements to allow data collection and access
for one year after occupancy. Some systems are of particular interest in terms of their
overall energy performance; their relative effectiveness will determine whether they are
included in future work. The monitoring system is designed to capture the performance of
some of these systems, including the “zTherm” controller, the heat pump water heater, and
the heat pump space conditioning system.

D-885



BA-0911: Prototype House Evaluations—Zeta Communities

10.2 Introduction

10.2.1. Project Overview

ZETA Communities (Zero Energy Technology & Architecture) is a San Francisco Bay Area
startup company operating under venture capital funding, with the goal of using factory-
built modular techniques to reduce construction costs, as well as providing an energy
efficient, environmentally-friendly product. The company is closely allied with several
firms that share their goals, including CalStar Cement (a manufacturer of lower embodied
energy cement) and Serious Materials (a manufacturer of low embodied energy gypsum
board, and ultra-high performance triple, quadruple, and quintuple glazed windows).

ZETA’s core mission is to produce net zero energy buildings, as noted on its website:

ZETA produces net zero energy multifamily housing and mixed-use
structures for sustainable communities, focusing on urban infill, transit-
oriented development, public land development and educational campuses.

Their plan is to typically build infill single family houses, townhomes, and apartment
buildings throughout the Bay Area. California is likely to be an excellent market for their
net zero energy product, due to climate, a receptive local population, and the California
Public Utilities Commission’s Long Term Energy Efficiency Strategic Plan. That plan
requires that “all new residential construction in California will be zero net energy by
2020.” In the future, ZETA plans on re-adapting their modular plan to various climate
regions, and spreading their installations over a wider geographic area.

While attempting to build an initial prototype/test house, ZETA suffered through
problems hitting the homebuilding industry due to the poor economy. Several designs
were proposed (and analyzed by BSC), but were not built; they included the Bayview
Townhomes, the Pittsburg, CA prototype, Turk Street condominiums in San Francisco, and
further projects in Marin County and at Crissy Field in San Francisco.

However, ZETA has successfully completed their Lancaster live-work prototype
townhouse (“V1”), located in Oakland, CA (near the Fruitvale BART mass transit station),
as shown in Figure 10.2.1. This building has gone through several rounds of
commissioning testing by BSC, and is slated for short-term testing by NREL. The house is
on track to receive a LEED Platinum rating, and a 240 Green Point Rating.

The builder has suffered some turnover of construction personnel during its time working
with BSC; this resulted in some issues in terms of continuity of knowledge and completion
of long-term items. However, other key managers and consultants are still in place,
providing continuity of knowledge for the team.

Original plans called for a second unit to be built in the adjacent lot (“V2”), however, this
plan has been suspended indefinitely. Instead, ZETA is concentrating its current efforts on
a multifamily building located in Berkeley CA (SmartSpace™ Student Efficiency Housing),
in collaboration with Berkeley developer Panoramic Interests. Preliminary analysis of this
project is covered briefly under Building Science Corporation’s multifamily working group
participation.
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Figure 10.2.1: ZETA
Lancaster live-work

PROJECT SUMMARY
Company

Company Profile

Contact Information

Division Name
Company Type
Community Name
City, State

Climate Region

SPECIFICATIONS
Number of Houses
Municipal Address(es)
House Style(s)
Number of Stories
Number of Bedrooms

Plan Number(s)

prototype
townhouse
(Oakland, CA)

10.2.2. Project Information Summary Sheet

ZETA Communities

ZETA Communities is a provider of Zero Energy Technology & Architecture
structures (residential and commercial) and communities that operate at net
zero energy and carbon. The innovation is in the design and factory-based
manufacturing. The cost target is mass market residential and commercial.
ZETA is a development-stage company. Established in 2008.

Naomi Porat, CEO

ZETA Communities

San Francisco Office

848 Folsom Street, Suite 201
San Francisco, CA 94107

T 415.946.4084 F 415.651.9481

n/a

Developer (Startup)
Lancaster Lofts
Oakland, CA
Marine (3C)

1

612 Lancaster Street, Oakland, CA
Multifamily/townhouse affordable

2

2

n/a
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Floor Area 1561 ft* (457 ft* work space first floor)
Basement Area n/a

Estimated Energy Reduction  45% over BA Benchmark without photovoltaics; 95% with PVs

Estimated Energy Savings $992/year without photovoltaics; $93/year with PVs
(Electricity @ $0.13/kWh)
Estimated Cost $165/ ft* (budgeted target; $135/ ft* target for production);
initial prototype costs likely higher than targeted
Construction Start July 2009 (setting of units; factory construction started February 2009)
Expected Buildout October 2009 (completion of punch list items)

10.2.3. Targets and Goals

The target goals for 2009 for Hot Dry/Mixed Dry Climates are to achieve an overall energy
consumption reduction of 50% when compared to the Building America Benchmark
protocol for Communities and 50% for Research Homes.

Also, some aspects of this project are of particular interest on a research level. The central
air handler system and other building components are being set up to take advantage of
the diurnal swings of this coastal climate to reduce heating and cooling loads through the
use of “smart” control operation of air movement, and thermal mass. This system is
described in more detail in section 10.3.2.4 (“zTherm” Controller).
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10.3 Whole House Performance and Systems Engineering

10.3.1. Energy Analysis Summary

Table 10.2: Estimated Whole House Energy Use for ZETA Lancaster (no renewables)

ESTIMATED WHOLE HOUSE ENERGY USE
Source (MMBtu/year) Site (MMBtu/year) Area + Bsmt (sq ft)

26 1561 +o0
8 8 % Electric No. of Bedrooms
100% 2

Table 10.3: Estimated Whole House Energy Use for ZETA Lancaster (including
renewables)

ESTIMATED WHOLE HOUSE ENERGY USE
Source (MMBtu/year) Site (MMBtu/year) Area + Bsmt (sq ft)

2 1561 +o
8 % Electric No. of Bedrooms
100% 2

With the enclosure and mechanical characteristics presented in Table 10.6 and Table 10.7,
this plan achieves a performance level of 45% reduction relative to the Building America
Benchmark without renewable energy sources, and 95% including renewables.

Note that this predicted performance (not reaching net zero energy use) is largely an
artifact of Benchmark operating conditions and other modeling assumptions. For
instance, this prediction does not include any effect of the zTherm controller, extended
thermal comfort ranges (setpoint), or energy-conscious occupant behavior. Specifically,
homeowner operation has a huge effect on actual energy use; the owner of a net zero
energy house is likely to be self-selecting for a low user. Given the unfavorable net
metering laws in California (see the sections "Site-generated Renewable Energy"),
overspecifying the PV array size would both increase first cost, and provide no financial
benefit for the homeowner. Therefore, this system size was considered reasonable to
assure actual net zero performance in reality.
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10.3.1.1. Parametric Energy Simulations
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Figure 10.3.1: Parametric energy simulations for ZETA Lancaster

Note that the final parametric bar in Figure 10.3.1 shows the addition of renewable energy
as a proportionate reduction of all end use loads (since this is an all-electric house).

10.3.1.2. End-Use Site and Source Energy Summaries

Table 10.4: Summary of End-Use Site-Energy

Annual Site Energy

BA Benchmark Prototype
End-Use kWh therms kWh therms
Space Heating 3990 0 1806 0
Space Cooling 365 144
DHW 3174 0 999 0
Lighting* 2054 819
Appliances + Plug 4223 0 3866 0
OA Ventilation** 0 0
Total Usage 13805 0 7634 0
Site Generation 0 0 6918 0
Net Energy Use 13805 0 716 0

*Lighting end-use includes both interior and exterior lighting

**In EGUSA there are currently no hooks to disaggregate OA Ventilation

it is included in Space Heating and Cooling
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Table 10.5: Summary of End-Use Source-Energy and Savings

Source Energy Savings
Estimated Annual Source Energy Percent of End-Use | Percent of Total
BA Benchmark Prototype Prototype savings | Prototype savings

End-Use 1076 BTU/yr 1076 BTU/yr
Space Heating 46 21 55% 16%
Space Cooling 4 2 60% 2%
DHW 36 11 69% 16%
Lighting™ 24 9 60% 9%
Appliances + Plug 48 44 8% 3%
OA Ventilation** 0 0 0% 0%
Total Usage 159 88 45% 45%

Site Generation 0 79 50%

Net Energy Use 159 8 95% 95%

Notes:

The "Percent of End-Use" columns show how effective the prototype building is at reducing energy use in each end-use category.

The "Percent of Total" columns show how the energy reduction in each end-use category contributes to the overall savings.

10.3.2.1. Enclosure Design

Table 10.6 (below) summarizes the building enclosure assemblies used for this project.

Table 10.6: Enclosure Specifications

SPECIFICATIONS

Low-slope roof with 2x12 rafter/joist framing

R-32 Icynene low-density foam sprayed cavity

2x6 Advanced Framing with extruded polystyrene insulating sheathing

Low density spray foam in most walls, cotton batt in long common walls;

2x4 R-13 to garage (long wall) + R-5 XPS

Conditioned exterior insulated crawl space (part of “smart” control system)

R-7.5 (1-%2") XPS at concrete foundation wall exterior;

R-5 (1") XPS under 2" rat slab floor

ENCLOSURE
Ceiling
Description -
Insulation -
Walls
Description -
Insulation -
Foundation
Description -
Insulation -
Windows
Description -
Manufacturer -

U-value & SHGC -
Infiltration
Specification -

Performance test -

Fiberglass frame double glazed with suspended film (“triple glazed”)

Serious Windows Series 725 High solar gain

U=0.23 SHGC=0.42

2.5in’ leakage area per 100 ft envelope (1154 CFM 50/4.3 ACH 50)
682 CFM 50 (2.5 ACH 50) for Lancaster prototype (August 2009 tests)
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The San Francisco Bay Area has an exceptionally mild climate; for instance, Oakland, CA
has 2880 HDD Base 65° F and 435 CDH Base 65° F; design temperatures are 37.5° F
(heating 99.6%) and 81.8° F (cooling 0.4%). As a result, the heating and cooling loads are
only 1/3 of the total load (for the Benchmark), thus reducing the “leverage” of enclosure
improvements. This issue is shown in the parametric study (see Figure 10.3.1), and is
covered in more detail in “2008-12-02 ZETA Lancaster Analysis.pdf,” and “2009-07-06
ZETA Bay Area Space Conditioning.pdf.”

It is unfortunate that this factor weakens the financial arguments for enclosure
improvements. However, given the goal of zero net energy performance, and the expense
of photovoltaic systems, the greater enclosure improvements can be financially justified
relative to the incremental cost of adding additional PV modules.
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Figure 10.3.2: ZETA exterior wall section (c/o DSA Architects)
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Cavity insulation: The insulation choices were decided by a rather circuitous path. Initial
plans were made to use damp-spray cellulose as cavity-fill insulation, with R-5 XPS on the
exterior to provide condensation control and reduce thermal bridging. However, there are
apparently major moisture-induced class-action lawsuits against damp-spray cellulose
installers in California. This resulted in such a strong risk-averse mentality that no nearby
cellulose installers were willing to do this installation. As a result, the design team chose
to use low-density (0.5 PCF) spray foam insulation throughout the building. At some
portions of the building (long non-windowed sides), the builder unilaterally decided to try
recycled cotton batt insulation. However, post-construction cost analysis of the spray
foam showed that it is not a sustainable option for a production basis, both due to installed
cost, as well as the requirement for an additional step in the production line (i.e., “flipping”
the wall panel). In addition, there were several customer service issues with the specific
spray foam subcontractor used at this project (see Figure 10.3.3).

Figure 10.3.3: Spray foam installation (walls) Figure 10.3.4: Spray foam installation (overhang
showing excessive “shaving” of surface over front porch)

The insulation that will be used in future projects has yet to be decided; some options
under consideration include dense-pack cellulose, spray-applied fiberglass, or batt
insulation.

Foundation design: The crawl space foundation is designed to be a thermal mass
reservoir, with supply ductwork that is open to the space, “bleeding” the air to the first
floor. This results in coupling between the supply air and the thermal mass of the crawl
space.

The foundation was actually a matter of particular contention due to its high cost. The
installed cost was close to double of expected budgeted figures. However, after further
study with the builder, it was determined that much of the cost was due to groundwater,
constricted site conditions, and poor soils conditions, as opposed to issues exclusively
attributable to the energy efficiency measures.
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Figure 10.3.5: Exterior view of conditioned crawl Figure 10.3.6: Interior view of conditioned crawl
space, showing 1.5" R-7.5 XPS space (“thermal basement”)

The HVAC system is controlled by a system (“zTherm”) that takes inputs of exterior,
interior, and crawl space (a.k.a. “thermal basement”) conditions, and then runs the air
handler appropriately, to minimize condenser-based space conditioning runtime.

In order to provide insulated thermal mass, the cast concrete stemwalls were insulated on
the exterior with R-7.5 XPS (see Figure 10.3.6), and the slab insulated at R-5. Of course,
the airtightness of the crawl space is critical, as air leakage from that space is effectively a
low-pressure supply duct leak to the exterior. However, the builder carefully detailed
rigid and spray foam, resulting in excellent results (see Figure 10.3.6).

Of course, given that California crawl spaces are typically low, vented spaces with bare
earth floors and minimal access, the idea of cycling interior air through a “crawl space” is
unappetizing to a typical consumer. This required the preparation of some educational
materials for customers and investors in ZETA; the document “2009-03-04 ZETA Thermal
Basement Memo V2.pdf” was created as a layperson’s explanation for the moisture physics
of foundations and moisture control measures being taken with this construction, in order
to minimize risk of any moisture or indoor air quality complaints.

Moisture control measures are critical to the success of this assembly; specific measures
included an interior drainage system and gravel field with sump pump, XPS insulation
under the slab for condensation control, membrane waterproofing on exterior stemwalls,
and drainage mat at the inaccessible foundation wall (zero-clearance lot line).

Windows: Ultra-high performance Serious Materials 725 series windows were selected
for this project; these are fiberglass frame, triple glazed (double glazed with suspended
film; U=0.23 SHGC=0.42) units. However, there was some uncertainty where they would
be selected, due to their high cost—a double glazed fiberglass frame (Inline) unit was
considered at one point.
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Figure 10.3.7: Laser glass thickness meter, Figure 10.3.8: Serious Materials 725 label at
indicating double glazing + suspended film factory during unit assembly.

Unfortunately, energy analysis showed that in the mild Bay Area climate, these ultra high
performance windows had minimal benefit, and were not a very cost-effective selection.
For reference, it was in the range of a 60-70 year simple payback. Some of the specifics are
discussed in “2009-06-15 ZETA Lancaster Economic Optimization.pdf”

Airtightness: The blower door testing indicated that the overall airtightness of the
building was excellent (see 2009-07-03 ZETA Lancaster Testing Report.pdf and 2009-09-
03 ZETA Lancaster Testing Report Il.pdf), with final results at 682 CFM 50 (2.5 ACH 50),
compared to the goals of 1154 CFM 50 (4.3 ACH 50). This was expected, given the spray
foam construction throughout.

10.3.2.2. Mechanical System Design

Table 10.7 (below) summarizes the mechanical systems used by this project.

Table 10.7: Mechanical system specifications

MECHANICAL SYSTEMS SPECIFICATIONS
Heating

Description - 9.5 HSPF Air Source Heat Pump

Manufacturer & Model - Goodman SSZ16 Series Condenser w. AEPF Series Air Handler

Cooling (outdoor unit)
Description - 16 SEER Air Source Heat Pump
Manufacturer & Model - Goodman SSZ16 Series Condenser
Cooling (indoor unit)
Description - Variable Speed/ECM Modular Blower Air Handler
Manufacturer & Model - Goodman AEPF Series Air Handler
Domestic Hot Water

Description - Electric tank water heater with attached air source heat pump unit
Drainwater heat recovery system (all second floor loads)
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MECHANICAL SYSTEMS SPECIFICATIONS

Manufacturer & Model - AirGenerate AirTap A7 (2.11 EF, 7000 Btu output)
Bradford-White M240T6DS 40 gallon unit

GFX drainwater heat recovery system

Distribution

Description - Insulated sheet metal and insulated flex duct in conditioned space
(conditioned crawl space and interior cavities)

Leakage - Initial tests: 175 CFM 25 total/133 CFM 25 economizer taped
(15%/11% of AHU flow; 11%/9% of floor area)

Duct leakage to exterior 46 CFM 25/0 CFM 25 economizer taped
(4% of AHU flow/3% of floor area)

Final test: 125 CFM 25 total/85 CFM 25 supply/40 CFM 25 return
120 CFM 25 with economizer taped

Ventilation

Description - Heat recovery ventilator exhausting from bathrooms,
supplying to second floor main space, 91 CFM high speed

Manufacturer & Model - Suncourt Airiva HE100 100-130 CFM nominal
(not HVI Certified; no ratings available)

Return Pathways

Description - Door undercuts at bedrooms with
two returns (low on first floor; high on second floor)

Dehumidification

Description - None
Manufacturer & Model - n/a
PV System
Description - 5.4 kW grid-tied PV system; 24 panels, 225 W/panel
Manufacturer & Model - SunPower 225 panels

Sunnyboy (relabelled SunPower) inverter (SPR-5000m)
Solar Hot Water
Description - none

Manufacturer & Model - n/a

Fuel Selection and Net Zero Energy: One decision that informed the entire selection
process for mechanical systems was the selection of fuels to use on site. Given the
builder’s programmatic requirement for net zero energy performance, the specifics of
California net metering came into play. Unfortunately, the current state laws are set up so
that any excess renewable energy production or “net energy generation” (over the course
of a year) is simply forfeited to the utility company.

One typical strategy used in previous BSC projects has been to burn fossil fuels on site to
their best advantage—for instance, for domestic hot water production. The source energy
of this site-burned fossil fuel is then counterbalanced by providing excess renewable
energy generation (typically photovoltaics), thus netting out to zero source energy.

Therefore, given the constraints of California net metering, this option would be a serious
financial loss: the only economically reasonable way to achieve net zero energy
performance is with an all-electric house. This problem is discussed in more detail in
“2009-10-09 ZETA Lancaster LEED ID Credit.pdf”.
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Space conditioning system: Given this all-electric constraint, a heat pump system was
selected for heating and cooling. The mild climate of the San Francisco Bay Area lends
itself to the use of an air source heat pump for heating. As outdoor temperatures fall, the
efficiency of the equipment decreases, due to the increased work required to extract heat
from outdoor air. In addition, when temperatures hit the mid to low 30s, the efficiency
falls further, due to the requirement to add defrost energy, to melt frost that accumulates
on the outdoor unit.

However, the ASHRAE design temperature (99.6% condition) for Oakland, CA is 37.5° F;
therefore, the equipment operates at high efficiency levels for most of the season. This is
shown in Figure 10.3.9, which plots the efficiency (COP) for several heat pumps against the
outdoor temperature, including the 16 SEER/9.5 HSPF Goodman unit specified (2 and 3
ton sizes). As mentioned above, the efficiency falls with decreasing outdoor temperature.
In addition, the COP value of 2.8 is plotted on the graph: this is the “threshold efficiency”
level which is roughly equivalent to a furnace burning at an efficiency of 90% AFUE
(assuming source energy figures presented in Deru and Torcellini 2007).

5.0 1
4.5
4.0 4

3.5 1

COP @ 70 F Interior

00 T T T T T T 1
-5 5 15 25 35 45 55 65

T out (F)

—i— 2 ton unit COP 3 ton unit COP
13 SEER unit comparison Threshald COP
San Francisca Winter Desian T

Figure 10.3.9: Goodman 16 SEER/9.5 HSPF heat pump performance, w. 13 SEER
comparison

The design temperature (37.8° F) is also plotted, showing that in almost all expected
conditions, the system will be operating at a higher efficiency level than burning of fossil
fuels on site, as shown by the shaded grey box. A 13 SEER/7.7 HSPF Goodman unit is also
plotted for comparison.

However, one significant problem occurred during the construction process: the final
mechanical plans were never issued to the mechanical subcontractor. As a result (among
other problems) the wrong air handler was selected and installed. The correct 2-ton
outdoor condenser (16 SEER SSZ160241AB) was installed, but paired with a variable
speed (ECM) air handler in the 2-% to 5 ton size range (AEPF313716AA), resulting in high
airflows and excess static pressures (2009-07-03 ZETA Lancaster Testing Report.pdf). At
cooling speed, the system was operating at 1185 CFM, and 285 Pa total static pressure
(1.14 IWCQ).
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BSC first attempted to reduce speeds using DIP switch settings, but the lowest cooling
speed was still resulting in excess pressures. The problem was solved by the installation
of a bypass jumper, to run the air handler in “fan on” speed while in cooling mode (as
discussed in “2009-08-14 ZETA Lancaster Trip Follow Up Items.pdf” and “2009-09-03
ZETA Lancaster Testing Report [I.pdf.” This brought the static pressure down to 120 Pa
range, with airflows in the 750-800 CFM range.

The ductwork system is a mixture of insulated sheet metal and insulated flex ducts, all
located within the conditioned space (except for the ductwork over the garage ceiling).
Several duct leakage tests were performed (see 2009-07-03 ZETA Lancaster Testing
Report.pdf and 2009-09-03 ZETA Lancaster Testing Report I.pdf); each of them resulted
in incremental changes to the system, in order to address duct leakage to outside at the
economizer system, and excess total (interior + exterior) duct leakage. The final tests
resulted in leakage results of 125 CFM 25 total (120 CFM 25 with economizer taped). This
meets the 10% of floor area total leakage requirements of Builders Challenge (156 CFM 25
target). The leakage was also broken down into supply and return leakage, at 85 CFM 25
supply/40 CFM 25 return.

The HERS tester pushed for much more stringent total leakage figure; however, given that
the “open” ductwork system used in the “thermal basement” is essentially several hundred
CFM of duct leakage, it was considered a lower priority for overall energy performance.

Domestic hot water heating system: The all-electric constraint mentioned above
resulted in the selection of an electric domestic hot water system. The reasonable upgrade
path was to use a heat pump water heater, given the limitation of electric resistance water
heaters (1.0 COP/0.9 EF). The unit selected was an add-on heat pump unit, mounted
above an existing water heater tank (40 gallon electric unit selected), with a relatively low
price point (roughly $700 retail). A refrigerant coil heat exchanger tube is threaded into
the hot water storage tank, via a specifically designed compression fitting (see Figure
10.3.11).

However, the product quality, installation, and operating efficiency proved to be
disappointing, at least initially. First, the location of the heat pump unit became a matter
of a design that changed during the construction process.

At first, the mechanical room (which is adjacent to the garage) was intended to be exterior
to the conditioned enclosure, and the heat pump located inside this room. However, the
walls between the mechanical room and conditioned space proved to be difficult, if not
impossible, to air seal and insulate effectively. Problems included mechanical
penetrations, a flush-mounted electrical panel (zero insulating value in wall to bathroom),
insulation of the ceiling and floor, and connections to the prefabricated mechanical core.
This is covered in more detail in section 10.5.6 Gaps Analysis. As a result, the mechanical
room was moved within the conditioned space, and a weatherstripped door provided.
However, this meant that the heat pump water heater needed to draw air from the garage,
and exhaust to another location. The design chosen was to draw air from the garage, and
exhaust the cooled air to the roof, through a duct in the mechanical core. Operating the
heat pump in this configuration resulted in extremely constricted airflow (85 CFM vs. 180
CFM nominal), as well as condensation on the exhaust duct. At the same time, the COP of
the unit was estimated, by measuring duct inlet and exhaust temperatures, as well as
airflow and wattage draw (see Figure 10.3.10). A COP under 1.0 resulted from this quick
check.
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Figure 10.3.10: Ductwork attached to AirTap air Figure 10.3.11: Kinked fitting on AirTap water
source heat pump water heater heater

Part of the problem was that the DHW heat pump heat exchanger tube was damaged
(kinked) during installation (see Figure 10.3.11), resulting in restricted refrigerant flow. It
is not clear how much of the problem was due to this kinked line, as opposed to the
restricted airflow.

BSC provided analysis to show that moving the heat pump water heater to the garage
should have a minimal risk of excess cooling to that space (see “2009-09-03 ZETA
Lancaster Testing Report I1.pdf”). This was based on the presence of a continuously
running exhaust fan in the garage (98 CFM, for LEED-H purposes), the presence of the PV
inverter (resulting in waste heat), and measured temperatures in the west-facing garage
(noticeably above exterior temperatures).

The heat pump unit was sent back to the factory for exchange with a replacement unit; the
reinstalled unit was then tested during the October field visit. This newly installed unit
(see Figure 10.3.12) was tested for airflow, AT, and power draw, indicating that
performance was similar to factory specifications. In addition, the unit was installed by
plumbers without incident (i.e., no damage to or kinking of the refrigerant line). Infrared
photography showed a “cold spot” above the heat pump output, as would be expected;
garage temperatures and ambient dewpoints will be tracked to determine any
condensation risks.
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Figure 10.3.12: Water heater reinstalled in garage Figure 10.3.13: Plumbing connections

Drainwater heat recovery: A drainwater heat recovery system was installed in the
mechanical core, capturing the drainwater heat from all second floor loads, which included
the kitchen and master bathroom; there is also a bathroom on the first floor, which does
not have heat recovery.

During the first (June 2009) field visit, it was found that the drainwater heat recovery
system was plumbed incorrectly to domestic hot water system, and would not function
(see “2009-07-03 ZETA Lancaster Testing Report.pdf”). It was plumbed to provide
tempered water to the hot side of the water heater, not the cold supply. This problem was
corrected in time for the August field work; short-term field testing was done on the
system (see 10.4.3 Systems Testing).

Ventilation: The ventilation system was another item whose design evolved over the
course of construction. BSC’s analysis (see “2008-12-02 ZETA Lancaster Analysis.pdf”)
recommended the use of a central fan integrated ventilation system; simulations indicated
that a heat recovery ventilator is not a cost effective upgrade in this mild climate, and
would potentially result in increased energy use for ventilation due to fan wattage draw.

However, the builder unilaterally decided to install an HRYV, in a fully ducted configuration:
exhausts drawing from both bathrooms, supplying to the hallway, with exterior ducts
through the roof. The unit was located in the second floor closet. The installed unit was a
non-HVI certified unit; build quality was rather questionable. Features included a plastic
“corrugated cardboard” heat exchanger core, shaded-pole duct booster style fans, and case
insulation only on front and back, not sides.
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Figure 10.3.14: Heat recovery ventilator installed Figure 10.3.15: Interior of HRV, showing heat
in second floor closet exchanger (plastic core) and filter

Installation problems also plagued the operation of this unit. One consultant noted that
the ductwork was first set up to pull air from the bathrooms, and supply that “exhaust” air
to the hallway; this was changed before our field test visit. During our field test visit, we
found that the corrected ducting supplied air to the bathrooms instead of exhausting air;
this fan was field-reversed to the correct orientation. However, flows were measured
lower than the 50 CFM per bath required for Builders Challenge, LEED, and ASHRAE 62.2,
despite the fact that the HRV is a nominal 100 to 130 CFM unit. Therefore, we
recommended that the builder retrofit an inline fan (Fantech FR series), connected to the
HRYV controls, to boost the exhaust fan rates (see “2009-08-14 ZETA Lancaster Trip Follow
Up Items.pdf”). Measurements after this retrofit (see Figure 10.3.16) indicated that the
modified system met minimum requirements (86 CFM upstairs/67 CFM downstairs).

Figure 10.3.16: Fantech FR150 inline fan Figure 10.3.17: Fantech Ventech fan controller
retrofitted on HRV exhaust side (bathroom exhaust + dilution ventilation runtime)

In addition, controlling the HRV was an issue: it required a control that could both provide
on-demand bathroom exhaust (for two full bathrooms) as well as timed runtime to
provide dilution ventilation; a Fantech Ventech controller was used (see Figure 10.3.17).
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10.3.2.3. Lighting and Miscellaneous Electrical Loads

As discussed earlier, the mild climate means that lighting, appliance, and miscellaneous
end use loads form a larger fraction of the overall energy use, and therefore are that much
more critical to deal with. For instance, switching to a compact fluorescent lighting
package resulted in a 6% improvement over Benchmark—the second largest line item
improvement. Similarly, the Energy Star appliance package resulted in a 4% improvement
(albeit with a longer payback, due to the greater purchase cost).

Miscellaneous end use loads, however, were a more difficult problem to address; after
other measures are taken, they are still a critically large fraction of the total (roughly 25%
of the Prototype case), as shown in the parametric energy simulation results (see Figure
10.3.1). The sum of MELs, appliances, and lighting is an even higher proportion of the
total: roughly 60%.

Cooling
2% Heating
24%

Other
50%

DHW

13%

Lighting
11%

Figure 10.3.18: End use load breakdown for ZETA Lancaster (without PV array)

ZETA has explicitly addressed miscellaneous and phantom loads by providing switched
outlets with centrally located switches (“zWatt Zapper,” see Figure 10.3.19). One design of
the whole-house controller (yet to be implemented) is to function as a real-time occupant
energy feedback system. In the meantime, BSC has installed a centrally-located Energy
Detective watt meter to provide feedback to occupants on the prototype operation.

All installed lighting is compact fluorescent or LED; the recessed fixtures on the first floor
are all pin-based CFL fixtures (see Figure 10.3.20). Most lighting fixtures are Energy Star
certified as well.
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Figure 10.3.19: Plug load control with “z Watt Figure 10.3.20: Pin-based compact fluorescent
Zapper” switched receptacles light recessed fixtures (in

10.3.2.4. zTherm Controller

As mentioned above, enclosure and the mechanical system are integrated with a
proprietary measurement and control system (“zTherm”) that is designed to take
advantage of the diurnal swings of this coastal climate to reduce heating and cooling loads.
Significant components include:

A residential-scale economizer: 12” duct from the return plenum to the exterior,
controlled by a normally-closed motorized damper; pressure relief is provided by
an electrically operated skylight at the top of the central stairwell.

A “thermal basement” storage crawl space: a crawl space with exposed concrete
on the interior, with exterior insulation.

An open duct supply system for the first floor: three supply ducts are open to the
crawl space, distributed throughout the space. The supply air is then “bled” into
the first floor through floor transfer grilles. The second floor has a conventional
supply duct system.

Interior and exterior temperature and relative humidity measurements

Operating modes for this system include:

Night flushing and/or subcooling to offset daily cooling loads

Conventional daytime economizer operation, if there are favorable interior and
exterior conditions.

During the heating season, “sequestration” of excess heat due to solar gain to
crawl space/storage, for potential recovery later (see Figure 10.3.21:)

Recovery of this heat, if needed, by operation of the central air handler (see Figure
10.3.22:)
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Figure 10.3.21: Daytime operation, showing Figure 10.3.22: Nighttime operation, showing
storage of heat by crawl space thermal mass(  re-release of stored heat to interior from crawl
c/o DSA Architects) space (c/o DSA Architects)

Note that the performance of this system will be highly dependent on the willingness of
occupants to allow flexibility in interior setpoints; however, given the low dewpoints
throughout the year, it seems that reasonable comfort conditions could be extended over a
larger dry bulb range. However, this feature has not yet been implemented at the
Lancaster site.

The control interfaces as shown in Figure 10.3.23 and Figure 10.3.24; they include both a
two-line “thermostat” type wall controller, and a computer interface screen that
simultaneously shows all relevant control parameters.

Figure 10.3.23: zTherm controller computer Figure 10.3.24: zTherm wall “thermostat”
screen interface prototype interface

Note that the effects of this system could not be modeled within the EnergyGauge USA
simulation, and were not included in our energy analysis.
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10.3.2.5. Site-generated Renewable Energy

Given the builder’s net zero energy goal for this project, the use of renewables (specifically
photovoltaic panels) was critical in achieving these results. A 5.4 kW grid-tied
photovoltaic system (24 panels, 225 W/panel) is installed on the south-facing sloped roof,

covering a slightly less than half of the roof footprint.

Figure 10.3.25: 5.4 kW PV array mounted on roof,
surrounding skylight

Figure 10.3.26: Installation of solar radiation
sensor during data acquisition system setup

Note that this sloped roof is at a relatively flat angle of 2:12 pitch (9 degrees), which is
lower than the optimal 30 degrees determined by Christensen and Barker (2001) for this
region. A quick comparison run in PVWatts showed that this lower angle resulted in a 7%
penalty (roughly $70 of electricity per year, at 13¢/kWh), which is not sufficient to justify

the cost of a racking system to raise the array.

200 q
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30 degree tilt

9 degree tilt

Figure 10.3.27: PVWatts comparison between optimal 30° tilt and 9° actual tilt

Sizing of this photovoltaic array was a matter that required some analysis. The builder’s
goal was to add sufficient panels to meet the net zero energy target. However, as
discussed above, California’s net metering laws are set up so that excess production is
forfeited to the utility—so “overbuying” panels is essentially buys an annuity for the utility
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company. The builder was under the misunderstanding that the energy use of an occupied
house could be precisely predicted—i.e., “If we get a slightly better fridge, could we put on
one fewer PV panel?” BSC disabused them of the precision of these predictions, pointing
out data on existing houses, showing a factor of three difference between identically built
units (see “2009-04-09 PV Sizing Calculations.pdf”). The effect of occupancy overwhelms
any attempts to accurately predict use for a given house.

Given the assumptions of operating the house at Benchmark conditions, the 5.4 kW PV
array is sufficient to cover 91% of the predicted annual energy use. However, this
prediction does not include any effect of the zZTherm controller, extended thermal comfort
ranges (setpoint), or energy-conscious occupant behavior. Given that the target audience
for a net zero energy house is likely to be self-selecting for low consumers, this sizing was
considered reasonable for net zero performance.

The cost of this system was greatly reduced by state and federal incentives. From a system
purchase price of roughly $8/watt, the cost was offset by $2.20/watt state credits, and
$1.70/watt Federal credits, resulting in a net price of roughly $4/watt. However, it is
unknown if these rebates will (or can) be sustained over longer periods.

10.4 Construction Support

10.4.1. Construction Overview

Many of the events and obstacles during construction are covered under the sections
10.3.2.1 Enclosure Design and 10.3.2.2 Mechanical System Design. However, some specific
milestones during construction:

* February 2009: Start of construction of modules in San Leandro, CA factory

*  March 2009: Site foundation cast and insulated; water management systems
installed

* May 2009: Setting of units at Oakland, CA site

*  June 2009: First BSC testing visit; enclosure complete but mechanicals still being
fitted out

*  August 2009: Second BSC testing visit; interior finishes and mechanical systems
substantially complete, with some punch list items

*  October 2009: Third BSC testing visit; reinstallation of water heater;
commissioning of bathroom exhaust system
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Figure 10.4.2: Module on truck being transported

. from factory to site (May 2009)
Figure 10.4.1: Factory assembly of Lancaster

modules in San Leandro (February 2009)

Figure 10.4.4: Site finishing work on assembled
modules (June 2009)

Figure 10.4.3: Setting of units on site, Oakland, CA

10.4.2. Educational Events and Training

In conjunction with the June 2009 field testing visit, John Straube, Ph.D., P.Eng. (a principal
of Building Science Corporation) conducted a half-day training session to all ZETA
personnel, covering an overview of net zero energy houses (see “2009-06-15 ZETA NZEH
overview.pdf”).

The presentation included basic vital information needed in order to understand, market,
and sell these net zero energy houses. It needed to include a fair amount of background, in
order to make the concepts of a net zero house accessible to a non-technical audience. It
included topics such as net zero energy vs. net zero greenhouse gas, off grid vs. grid tied
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PVs, priorities when designing net zero energy, space conditioning equipment, IAQ and
ventilation, and the future of net metering.

Figure 10.4.5: BSC principal providing half-day Figure 10.4.6: Slide from 2009-06-15 ZETA NZEH
training to ZETA overview

10.4.3. Systems Testing

Several systems testing experiments have been conducted in the work to date, including a
sub-component of the “zTherm” system (the time-temperature response of the ductwork
connected to the “thermal basement”), and the drainwater heat recovery system. Both of
these tests were discussed in “2009-09-03 ZETA Lancaster Testing Report IL.pdf.”

Time-Temperature Response: The “zTherm” system itself is a dynamic system that will
require long term testing to demonstrate any effect on energy consumption; it is also
composed of a variety of interacting components. However, some short-term testing could
be conducted on one of these individual components.

One concern with the coupling of the first floor ductwork with the “thermal basement”
crawl space thermal mass was its effect on delivery temperature. Therefore, we
conducted an experiment to get a better feel for the behavior of the HVAC distribution
system’s interaction with the thermal basement. In order to do this, the system was briefly
run in heating and then cooling mode, and temperatures were taken in various ducts—
both in the basement (directly inside the duct, measuring system output, see Figure
10.4.8), on the first floor (showing the effect of the thermal basement, see Figure 10.4.7),
and on the second floor. These temperatures would indicate how much heat or cooling is
being delivered to various spaces, when combined with the previous airflow
measurements.
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Figure 10.4.7: Use of data loggers to collect Figure 10.4.8: Data logger placed in open duct in
delivered register air temperature basement (‘Bsmt Duct’)

Temperature measurements in heating mode are shown below for the basement duct
(direct output of unit), first floor register (near sliding glass door), and a second floor front
bedroom.
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The heat pump puts out air an eventual steady state temperature of ~110° F (pink line);
however, by the time the air gets to the second floor (dark blue), it is closer to 95° F; this
can be ascribed to conductive losses through the ductwork. A secondary measurement
with a Vaisala T/RH meter was closer to 101° F. It is unclear why the later portion (after
1:00) is closer to 88° F.

However, at the first floor, the delivery temperature is cooler—closer to 84° F. Itis clear
that some of the heat is getting “soaked” into the basement. This can also be seen from the
main data logger temperatures: the basement air temperature rises faster than the first
floor. This is expected—the system is supplying air to the basement, and “bleeding” some
of it to the first floor.
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Of course, it should be noted that the delivery temperatures from the first floor registers
are a function of the thermal basement temperatures—i.e., the stored thermal energy in

the slab and concrete walls. In this case, the thermal basement was neutral-to-cool (68°

F). The performance of the system will depend heavily on whether heat can be “banked”
into the thermal basement or not.

The bottom line is that when the thermal basement is “starting from cool” (i.e., 68° F), the
second floor has more heat delivered out of the registers than the first floor. For instance,
a quick calculation estimates the first floor is getting %2 to 1/3 of the heat of the second
floor. But the thing to remember is that the basement is being heated at the same time—
and some of that will “soak” from the basement to the first floor. We will need to measure
the system in operation to have more definitive results. However, if the thermal mass is
often at a cold temperature during the heating season, this might cause temperature
distribution/evenness problems between floors; this can be addressed by dampering off
the second floor registers.

Drainwater Heat Recovery System: A set of experiments was done to determine the
effectiveness of the drainwater heat recovery (“GFX”) system installed. Temperature
measurements were taken of the incoming fresh water (“cold mains supply”), the fresh
water that was heated by the GFX (“Tempered Out”), the drain water entering the GFX
(“Drainwater In”), and the drain water exiting (“Drainwater Out”). These measurement
points are noted in Figure 10.4.9.

Drainwater T In
Drainwater T Out
Cold Mains Supply

Tempered Out

Figure 10.4.9: Schematic diagram of temperature measurements
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These temperatures were measured using thermistors attached to the exterior of the
copper pipes, and then covered by insulation (as shown in Figure 10.4.10 and Figure
10.4.11). These measurement points were connected to a Campbell data logger; in
addition, point temperature measurements were taken of the supplied shower/sink water,
and the draining water, with a handheld thermocouple.

Figure 10.4.10: Drainwater heat recovery system, Figure 10.4.11: Tempered water output sensor
showing cold water input temperature sensor (left) and incoming drain water temperature (right)

Water flow rates were measured for the shower, using a stopwatch and a bucket, to
determine an average flow (gallons/minute or liters/second). Tests were run for the
kitchen sink (hot water only), and the shower, at 130° F and 110° F. From these
temperature measurements and the flow measurement, we can calculate the energy
recovery of the GFX, as well as the fraction of the shower’s water heating energy that it
displaces.
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Figure 10.4.12: Temperature vs. time results for drainwater heat recovery measurements

Table 10.8: Heat recovery calculations of GFX for showering

130 F shower

111 F shower

104 Tin 97.2 Tin
92.7 Tout 89.2 Tout
1.6 GPM 1.6 GPM
8,987 Btu/hr recovered by GFX 6,277 Btu/hr recovered by GFX

Input required for shower @ 130 Input required for shower @ 111

69.8 T mains 69.8 T mains

130 Shower delivered T 111 Shower delivered T
47,709 Btu/hr required 32,651 Btu/hr required

19% saved by GFX 19% saved by GFX

These results are somewhat disappointing: earlier DOE results ("Heat Recovery from
Wastewater Using a Gravity-Film Heat Exchanger," DOE/EE-0247 Revised, July 2005) had
savings of roughly 40% for this plumbing configuration and temperature range. Several
reasons are proposed, including drainwater temperature reduction due to evaporative
shower effects, heat loss through the cast iron drain pipe, or instrumentation issues.

10.4.4. Monitoring

The Lancaster prototype was chosen for the installation of extensive monitoring
equipment, in order to evaluate its net zero performance, and the effectiveness of the
“zTherm” thermal mass system.

Figure 10.4.13: Data acquisition system installed
at Lancaster prototype

Figure 10.4.14: T/RH sensor installed in second
floor return duct
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Thermal basement
concrete slab T Rear

Sensor Key:
[l Lo 1 A Temperature
\ o Relative humidity/

Thermal basement temperature

air TRH

Thermal basement
concrete slab T Front

Exterior temperature/
RH sensor

Garage air
temperature
First floor
concrete slab T

First floor TRH
sensor
(inside return)

Second floor T/
RH sensor
(inside return)

Bedroom 2 T/RH
(on wall)

Bedroom 1 T/RH
(on wall)

Skylight well T (south
side wall of well, shaded
side)

Figure 10.4.15: Sensor locations for ZETA Lancaster prototype monitoring
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The installed channels were as follows:

* T/RH second floor * Relay on indoor HVAC unit (air
handler) for runtime.
* T/RH front left bedroom
* Relay on heating system for runtime.
* T/RH front right bedroom
* Relay on cooling system for runtime.
* T (only) skylight well (south

side/shaded) *  WattNode watt hour meter;
measuring hourly consumption of
* T/RH (only) first floor outdoor (condenser) unit. Connected

to pulse count channel
* T/RH thermal basement

* T/RH exterior (north side of building)

e T x2 thermal basement concrete (Campbell HMP50-L Vaisala)
surface/mid-slab

i * Horizontal solar radiation
* T first floor concrete slab (underneath

slab)

A draft monitoring plan is covered in “2009-07-03 ZETA Lancaster Testing Report.pdf;”
the actual installed testing package is described and diagrammed in “2009-06-02 ZETA
Testing and Monitoring Plan.pdf.” During the August trip, the preliminary data set was
downloaded and examined for consistency; these results are given in “2009-08-28 ZETA
Lancaster Data Check.pdf.”

In addition to the data logger-based system, monthly electrical use is being collected with
a TED (“The Energy Detective”) meter, for disaggregation from the utility bills. There are
three measurement points: the HVAC outdoor unit, the heat pump water heater, and the
electric resistance element of the hot water heater.

Furthermore, NREL will be performing short-term and long-term testing at this Prototype,
starting roughly in early December. Although the house is slated to be sold in late
2009/early 2010, access for the testing crews will be incorporated into the purchase and
sale documents, accommodating one year of monitoring.
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10.5 Project Evaluation

The following sections evaluate the research project results based on the ability to
integrate advanced systems with production building practices in prototype homes.
References are made to the results from field tests and energy simulations, which are
included as an appendix to this report.

10.5.1. Source Energy Savings

Requirement: | Final production home designs must provide targeted whole house source energy
efficiency savings based on BA performance analysis procedures and prior stage energy
performance measurements.

Conclusion: Pass

With the enclosure and mechanical characteristics presented in Table 10.6 and Table 10.7,
this plan achieves a performance level of 45% reduction relative to the Building America
Benchmark without renewable energy sources, and 95% including renewables. It was
interesting to note the specific breakdowns of the energy savings (as follows);

* All opaque enclosure improvements of increasing assembly R values (but not
including airtightness) only added up to a 7% savings over Benchmark.

* Airtightness as a line item was a 6% improvement, and windows were another
6% gain

* The high-efficiency heat pump was a 4% improvement relative to Benchmark,
including both heating and cooling savings.

*  The heat pump water heater was the single largest line item improvement, at
al4% upgrade. This was due both to the major improvement in efficiency (~0.9
EF to 2.1 EF), the large contribution of domestic hot water to the total load, and
the large source energy consumption of the base case (electric resistance hot
water heater)

* The upgrades to compact fluorescent lights and Energy Star appliances
constituted 7% and 3% improvements, respectively.

* The drainwater heat recovery system was estimated at roughly a 1% incremental
improvement. However, this is based on the effectiveness data presented in
previous research; the field measurements suggest that the actual heat recovery
in this installation may be lower (see 10.4.3 Systems Testing).

All of the upgrade strategies were skewed by the low climate-based loads in this Bay Area
location, which reduced the cost-effectiveness of enclosure and space conditioning
upgrades; non-space conditioning loads (domestic hot water, lighting, plug loads) were a
greater proportion of the total.

10.5.2. Prescriptive-based Code Approval

Requirement: | Must meet prescriptive or performance safety, health and building code requirements for
new homes.

Conclusion: Pass
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The Lancaster prototype was permitted as a live/work unit, R-3 occupancy. It complied
with the 2007 CBC, CMC, CPC, CEC, CFC (Building, Mechanical, Plumbing, Electrical, and
Fire Codes), and 2005 California Energy Code. The as-built plan set is attached here (see
DSA Architectural Plans).

The California Energy Code (i.e., Title 24 /CF-1R) results were relatively disappointing; it
reflected only a 27% improvement vs. the Title 24 requirements. When these results were
analyzed in detalil, it was found that the performance of the electric heat pump water
heater is at a penalty relative to the base case (see Table 10.9). This was particularly
problematic, because Title 24 performance this low would not allow the house to qualify
under a LEED innovation credit for “Exemplary performance w/r/t EA10 (Renewable
Energy).”

Table 10.9: Title 24 CF-1R for Lancaster Plan "V1" Expressed as Percentages per
Category

Standard ZETA % of Std % Better

Heating 15.04 6.44 43% 57%
Cooling 5.33 2.79 52% 48%
Fans 0.94 0.63 67% 33%
DHW 12.99 15.09 116% -16%
Total 34.3 24.95 73% 27%

A request for consideration was drafted for submission to USGBC (see “2009-10-09 ZETA
Lancaster LEED ID Credit.pdf”); it provides further analysis of this issue. A major
component of this penalization occurs due to the use of time-dependent valuation (TDV) in
the Title 24 calculations, as opposed to source energy. When a source energy-based Title
24 run was compiled, it showed a 36% improvement relative to the base case (vs. 27%
with TDV), with hot water at a 12% improvement (instead of 16% penalty).

Requirement: | Must define critical design details, construction practices, training, quality assurance, and
quality control practices required to successfully implement new systems with production
builders and contractors.

Conclusion: Pass

The quality assurance and quality control system used by ZETA Communities were
developed in-house, to account for both factory work and site-completion work (although
crews were the same for both tasks at this prototype). Given the nature of this builder
(small size, startup), a rigorous written and doc