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Executive Summary

Advanced planning and design considerations can leverage market-present technologies to yield
high performance, marketable homes. Developing appropriate strategies based on location and
site conditions early in architectural design and building specification is critical. In the Northeast,
the first priority is often a tight high performance building envelope to reduce the heating load up
front. By combining energy-conscious site and building planning with cutting-edge but market-
ready products and techniques, the Consortium for Advanced Residential Buildings (CARB)
developed effective strategies to reduce the overall building energy use in line with Building
America goals in this modestly priced market rate project.

In 2009, MassDevelopment issued a request for qualifications and subsequent request for
proposals for teams to develop moderately priced high efficiency homes on two sites in the
Devens Regional Enterprise Zone. MassDevelopment, a Massachusetts agency that owns the
Devens site (formerly Fort Devens Army Base, in Harvard, Massachusetts), set a goal of
producing a replicable example of current and innovative sustainable building practices with a
near-zero energy potential (see Figure 1). Metric Development, as primary developer and
construction manager, formed one of the successful teams that included CARB and Cambridge
Seven Architects (C7A).

Figure 1. Development sign at Devens

The performance goals were to reach a target Home Energy Rating System (HERS) Index of 40
(to meet the MassDevelopment requirements) and 30% source energy savings over the Building
America (BA) Benchmark 2010. Combining these aggressive goals with affordability and
replicability dictated that the process begin in the basic planning stages and incorporate site
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design for solar access and building planning for simplicity of design and ease of construction.
The resulting design called for four triplex two-story townhomes, each containing two bedrooms
and 1900 ft* of space, including basements. Performance optimization studies were performed
using BEopt software, which determined the insulation levels, overall airtightness, fenestration
specifications, and other thermal enclosure attributes. The developer’s marketing requirements
meant that conventional, although highly efficient, mechanical systems were specified. Design
integration kept all systems, including heating, ventilation, and air conditioning (HVAC) ducts
within conditioned space.

A conventional vented attic with loose fill cellulose insulation formed the ceiling plane thermal
boundary. Arriving at the final wall assembly (R-38, double-wall with dense pack cellulose)
required more effort, as the initial design with 3 in. of closed-cell foam was deemed too
expensive.

With the elimination of the foam insulation, the air sealing protocol for the vertical walls became
critical. Specifically advocated by CARB and adopted by Metric Development is the use of the
exterior sheathing plane as the primary vertical air barrier. All the panel butt joints were treated
with proprietary butyl/polyurethane tape; and the panel edges, terminations, and penetrations
with low-expansion foam to meet the aggressive air sealing target of 2.0 ACHS50.

Conclusions and Recommendations

The energy efficiency measures (EEMs) implemented at the Devens triplex surpass the
anticipated energy performance target. Examining the costs of the energy-efficient upgrades
reveals the most- and least-effective measures. In the Devens end unit, the enclosure
improvements cost the most, but also saved the most energy in the biggest end use category.
(The middle unit enclosure upgrades were less costly by virtue of the reduced surface area
relative to the end units). Lighting and appliances were the most cost effective in terms of
payback period and provided the simplest changes, but also yield limited energy savings.
Mechanical improvements struck a balance between the moderate price and substantial energy
savings. The overall improvements cost $7,804 and saved 46.06 MBtu/yr for a payback period of
13.44 years. This package of improvements proved to be cost effective with a short payback
period and relatively low first cost for significant energy savings.

Final testing of the initial prototype resulted in a HERS Index of 39, exceeding the targeted 40.
Pricing the incremental cost increases for each upgraded system from standard practice
determined cost effectiveness of the final prototype as compared to the specifications and costs
of the BA Benchmark. Based on these outcomes, Metric Development is moving forward with
the next buildings with no significant changes to plans and specifications.
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1 Introduction and Background

MassDevelopment, a Massachusetts agency that owns the Devens Regional Enterprise Zone,
(formerly Fort Devens Army Base in Harvard, Massachusetts) issued a request for qualifications
in 2009 and a subsequent request for proposals for teams to develop moderately priced high
efficiency homes on two sites in the enterprise zone (see Figure 2). Metric Development, as
primary developer and construction manager, formed one of the successful teams that included
CARB and C7A. MassDevelopment’s goal was to produce a replicable example of current and
innovative sustainable building practices with a near-zero energy potential. The homes, to be
built and marketed in a mostly working class area north of Boston, are intended to showcase how
they could be built and sold profitably, and that the results can be scaled to much larger
developments and to infill opportunities.

Figure 2. Photo of the prototype triplex nearing completion

CARB’s objective was to demonstrate and document how advanced planning and design
considerations, as well as optimized whole-house technology, can leverage market-present
technologies and yield high performance, marketable homes. CARB’s performance target was to
improve efficiency levels to 30% better than Building America House Simulation Protocols for
new homes (Hendron and Engebrecht 2010). MassDevelopment’s performance requirements are
actually even higher, and therefore formed the project’s overall performance goals. Initially
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intended to be capable of net zero-energy performance (after photovoltaic [PV] arrays were
installed), the team looked at efficiency levels balanced against projected costs and available roof
area for PV and arrived at a target HERS of 40. The final agreement between the developer and
MassDevelopment included HERS 41 as a minimum performance level to trigger the land
purchase incentives. This contractual requirement ensured that the developer remained
committed and helped to focus the design and planning activities.

The planning process started with a nearly clean sheet of paper, requiring 12 homes to be
constructed on the flat 1-acre infill site. The homes were to be priced at $225,000-$350,000 and
provide a reasonable return to the developer. To achieve these goals, basic planning decisions
were paramount. A design charrette with the architect, developer, and CARB research team was
conducted to develop and evaluate planning options and refine the most promising ones. From
this exercise the basic two-story triplex building configuration was selected for economy of
construction, marketability, enclosure-to-floor-area ratio, and solar site planning.

The simple compact form results in four rectilinear triplexes and allows all homes to be placed
with direct southern exposures for passive solar gain and for future placement of roof-mounted
PV arrays. With the townhouse triplex form, the high floor area to thermal enclosure area results
in economy of construction and allows high-R wall strategies to be incorporated with lower
incremental cost increases. The compact townhome form is also a traditional staple of New
England that was thought to enhance marketability. Lastly, the design enhances energy
performance by optimizing usable floor area relative to thermal enclosure area.

The energy strategy was to reduce the thermal loads as much as practical through enclosure
efficiency, and then apply efficient, low capacity systems to meet those reduced loads. CARB
used lessons learned from previous Building America cold-climate research to incorporate
several of the enclosure strategies developed with Rural Development Inc. (RDI), including the
double-frame walls and dense-pack cellulose fill (Aldrich 2012). These homes are meant to be
“market rate” not definitionally “affordable,” so two major departures from the successful RDI
homes were incorporated: fully insulated and semi-conditioned basements and traditional HVAC
systems. (For cost savings the RDI homes were insulated at the first floor framing, leaving the
basement unconditioned, and conventional HVAC systems were omitted, instead relying on a
single unit heater in each dwelling for space heating). The insulated basements used strategies
that were researched and developed by CARB during side-by-side testing analysis completed in
Chicago in 2004 (Aldrich and Zuluaga 2006) and included in a recent CARB implementation
guide. (Aldrich et al. 2012) In this instance R-13 aluminum faced polyisocyanurate boards were
adhered directly to the interior concrete surfaces.

Ensuring the enclosure assemblies would perform at their intended levels meant that extreme
care was given to air sealing. CARB provided on-site contractor training, observation, quality
control, technical installation support, and verification. Following project completion, CARB
conducted the final test-out and building commissioning. The target HERS Index of 40 was
surpassed at each unit. MassDevelopment intends to build three more triplexes based on the
lessons learned from the completed prototype.

Through the prototype, the additional costs beyond the baseline home have been gathered and
evaluated, and research gaps have been identified. This research provides valuable data on best-
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in-class whole-house solutions with the potential to meet the source energy savings goals.
Working on a prototype test building also allowed training opportunities for the developer and
contractor for better installation when the techniques used are replicated in the remaining

triplexes and in future projects.
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2 Research Methods and Questions

The following research questions will be answered by this project and represent a continuation of
CARB’s work with RDI.

e What solution package can be readily implemented in cold climate homes to achieve at
least 30% energy savings compared to the BA Benchmark?

e Is that solution package commercially viable? Where are opportunities to reduce costs in
this solution package?

e What are the specific gaps to achieving the solution package at a production scale (cost,
risk adversity, implementation complexity, etc.)?

e Based on the results of this test home, what other alternative energy efficiency solution
packages should be considered?

e What are the market interest and consumer reactions, developer and builder reactions and
feedback loops, and stakeholder enthusiasm for replicating the package?

e How effectively does each EEM meet its specific cost and performance targets? How
effective is each when integrated into a whole-house package?

e How effectively and cost effectively does the double wall solution provide R-35 plus
performance? What is the medium-term moisture performance of this assembly in a
northern climate? (This last question will not be answered in this report but will be the
subject of a study in a follow-up report.)

The team approached these questions by identifying the largest energy end uses, and therefore
the most potential savings, weighing the costs and benefits of each EEM, and determining the
point at which further improvements to a particular building component were warranted or if
diminishing returns came into play.
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3 Technical Specifications

Building components were chosen for their local market availability, improvement over the
BA Benchmark, and cost effectiveness. Table 1 summarizes the EEMs implemented at the
end unit of the Devens triplex prototype, compared to the BA Benchmark. The 1,975-ft*
attached townhome has two levels plus an unfinished insulated basement, two bedrooms, and
1.5 bathrooms. Figure 3 through Figure 5 show floor plans of the prototype triplex. Figure 6
shows the triplex under construction.

Table 1. Prototype Building Specifications

Component

BA Benchmark 2010

Prototype Specification

Foundation Assembly

Above-Grade Exterior
Walls

Ceiling Assembly

Window Glazing

Cooling System

Heating System

Uninsulated basement slab; R-10
(2-in. extruded polystyrene at
R-5/in.) at exterior OR R-19

(5.5-in. fiberglass batt insulation)

on interior of basement cavity wall
Wood 2 x 4 stud frame, 16 in.
o.c.”; R-13 (3.5 in. fiberglass batt)
+ R-5 continuous insulation
(1 in. extruded polystyrene
at R-5/in.)
R-38 fiberglass batt
insulation
U-0.35, SHGC"-0.35, double pane,
non-ENERGY STAR®

1.5-ton air conditioner, SEER® 13

78% AFUE* gas furnace
Non-ENERGY STAR gas storage

Uninsulated basement slab;
R-13 (2-in. polyisocyanurate
at R-6.5/in.) at interior side of
foundation wall

Wood 2 x 4 double stud
frame walls, 16 in. o.c., R-38
(10 in. dense pack cellulose at

R-3.8/in.)

R-59 loose fill cellulose
(16 in. at R-3.6/in.)
U-0.24, SHGC-0.22,
double pane, vinyl
1.5-ton air conditioner,
SEER 16, programmable
thermostat
96.5% AFUE condensing gas
furnace
96% condensing gas tankless

WAEISET BN I water heater, 40-gal tank, EF® 0.59 water heater, EF 0.96
Lighting 66‘?0 incandescent, 21% 0% incandescent, 95% CFL,
CFL’, 13% T-8 fluorescent 5% T-8 fluorescent
Appliances Non-ENERGY STAR appliances ENERGY STAR
Air Sealing 7.4 ACH50 1.6 ACH50
Ducts In conditioned space, R-0 In cor(;dit}(gge’ d8s5p ,T{c}{ R-8,
* On center

® Solar heat gain coefficient

¢ Seasonal Energy Efficiency Ratio
4 Annual Fuel Utilization Efficiency

¢ Energy factor

" Compact fluorescent lamp
¢ Leakage to outside

" Total leakage
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Figure 3. Triplex basement plan, C7TA
(courtesy of Cambridge Seven Associates, Inc.)
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(courtesy of Cambridge Seven Associates, Inc.)
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Figure 6. Triplex during construction

3.1 Building Enclosure

In the Northeast with its typically cold winters, a high performance building enclosure greatly
reduces the building thermal loads, and thus the overall energy consumption. Enclosure
improvements were therefore the top priority in achieving whole-house improvements at the
prototype Devens triplex. Insulation R-values were significantly increased above the BA
Benchmark levels; modeling optimization was used to determine the levels needed to meet the
performance target. The R-value of attic insulation was 35% higher than the BA Benchmark, and
the wall insulation more than doubled the R-value of the BA Benchmark.

3.1.1 Above-Grade Walls

Based on early parametric studies, the design team understood that to meet the HERS 40 target,
the above-grade walls’ R-values would need to approach R-40. Multiple approaches, including
structurally insulated panels (SIPs) and thick exterior foam sheathing, were investigated; the
developer selected the double-wall method for cost and constructability reasons. Once the basic
assembly was finalized, the team investigated the insulation materials and methods. The
significant air sealing advantages of closed-cell spray polyurethane foam (ccSPF) led to its
inclusion in the initial assembly used in the design development drawings. Originally specified at
2-in. continuous against the inside of the sheathing, the remainder of the wall was to be filled
with dense-pack cellulose, for a nominal wall R-value of 42.

Cost estimating by the developer forced this assembly to be reconsidered because the cost for a
moderate market-rate product was higher than desired. CARB re-evaluated the available options
and determined that by limiting the SPF to rim-joist applications and general air sealing, the
target HERS Index could be met, but with more aggressive air infiltration targets (see Sections

11
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3.1.2 and 3.1.3). The final specification for the above-grade walls thus evolved to 10 in. of dense
pack cellulose (R-3.8/in.) for a nominal value of R-38, with ccSPF used only at mudsills, rim
joists, and for other air sealing purposes.

Because no exterior continuous insulation is used for this assembly, an interior side vapor
retarder becomes code required. To simplify the assembly, and to keep potential water vapor out
of the assembly altogether, CARB specified a vapor retarder latex paint primer on the gypsum
wall board, which CARB has used successfully in the past.

Figure 7. Above-grade walls with dense pack cellulose insulation

3.1.2 Below-Grade Walls

As noted in Section 3.1.1, the developer desired that the full basement foundations for these
homes be usable and potentially occupiable. This dictated that the basement be treated as
conditioned space and that the vertical walls define the thermal enclosure, and not the first floor
framing. CARB’s experience is that polyisocyanurate adhered directly to the foundation walls is
the most cost-effective and practical method, and allows the insulation to remain exposed (if
rated for exposure as is the specific polyiso used here), or to be covered in drywall should the
future owner decide to finish the space.

The optimal R-values also needed to be considered, and again with HERS 40 as the target, the
design team arrived at R-13, or 2-in. of polyisocyanurate. The material was installed full height
and was adhered directly to the interior concrete wall surfaces with construction adhesive. All
seams were covered with foil Underwriters Laboratories-rated duct tape.

12
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Figure 8. Below-grade walls

3.1.3 Attic Insulation

The Devens triplexes use standard raised-heel roof trusses and vented attics for cost,
constructability, durability, and energy performance reasons. The optimal ceiling insulation
levels can thus be economically achieved by various types of loose fill insulation: either mineral
fiber (fiberglass or mineral wool) or cellulose. As the wall assemblies were to use dense-pack
cellulose, the decision was made to use loose fill cellulose at the ceiling plane as well. Energy
modeling optimization suggested R-59, or 16 in. at R-3.6/in.

b TR e A i o 4
tecion 0 1Y i e Ty . g
Vit Rp s SRS S S A e, v

Figure 9. Attic insulation

3.1.4 Air Sealing
With the financial decision to eliminate the 2-in. ccSPF insulation from the above-grade walls,

the design team understood the need for a more aggressive air infiltration target. Even though
this was developers’ first attempt at such high performance targets, CARB lowered the

13
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infiltration specification to 2.0 ACHS50 from 3.0 ACHS50 to make up for the slightly lower R-
value in the walls. With this, the execution of the air sealing became critical, so CARB provided
the strategy and on-site training to the contractor.

The vertical framed wall air sealing was handled mostly at the exterior sheathing surface, which
used a proprietary integrated water-resistive barrier oriented strand board and urethane-butyl
joint tape. This product works exceptionally well on the vertical planes, leaving only the edges,
terminations, and penetrations to otherwise address. The basement mudsill and the rim joist were
covered with 3 in. ccSPF, and low expansion foam was used at all penetrations.

All penetrations at the attic ceiling plane were also sealed with low expansion foam. This
included covering electrical boxes for surface-mounted devices such as smoke detectors with
fire-stop ccSPF. Exposed frame wall top plates were similarly covered and sealed before the
cellulose loose fill insulation was installed.

Final blower door testing on April 6, 2012 revealed that the home achieved 1.6 ACHS50,
exceeding the target of 2.0 ACHS50.

The final aspect of the high performance building enclosure is the windows. Rather than the BA
Benchmark-specified double-pane non-ENERGY STAR windows with U-0.35 and SHGC-0.35,
the Devens triplexes have vinyl double-paned windows with U-0.24 and SHGC-0.22. Vinyl low-
e windows with these impressive performance characteristics have become far more common
and available at only minimal cost premiums.

3.2 Lighting and Appliances

The BA Benchmark specifies 66% incandescent bulbs, 21% CFLs, and 13% T-8 fluorescent
bulbs. At the end unit in the Devens prototype, there are no incandescent bulbs, 95% CFLs, and
5% T-8 fluorescent bulbs. An ENERGY STAR refrigerator and dishwasher were installed, which
was an improvement over the non-ENERGY STAR appliances in the BA Benchmark.

Figure 10. CFL and pin-based lighting installed

3.3 Heating, Ventilation, and Air-Conditioning Systems

Given the very high performance thermal enclosure intended for the Devens homes, the potential
options for appropriate HVAC systems are numerous. At RDI’s Wisdom Way development,
similar buildings made do with 11,000-Btu unit heaters and no real distribution system (Aldrich
2012). Because these homes are market rate, the developer thought such an unconventional
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approach would limit sales and insisted on a more conventional approach. The two systems
shortlisted for further scrutiny were ducted air-source heat pumps and condensing gas furnaces
with conventional air-conditioning outdoor units. The advantage of the air-source heat pump was
that natural gas would not need to be brought to the site, which saved considerable costs. The
lack of natural gas would, however, limit options for domestic hot water (DHW). The gas
furnace/conventional air conditioner combination would be a less expensive first-cost option, but
would require that natural gas infrastructure be brought to the site.

Figure 11. Duct during framing

3.3.1 Final Heating, Ventilation, and Air-Conditioning Specifications

Weighing and comparing the various options eventually led to the selection of a conventional but
very high performing 95.6 AFUE condensing gas furnace, and a 1.5-ton 16 SEER air-
conditioning system. This single-zone setup includes a programmable thermostat, and was
chosen because it provides the highest energy efficiency of all the options investigated.
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Figure 12. Air handler in basement

3.3.2 Distribution System

The next challenge was to integrate the ducted distribution system into the compact plan
completely within conditioned space. Early design decisions had considered this and resulted in
the use of open web floor trusses on both levels to accommodate the ducts. The basic premise
included running the first- and second-floor ducts separately in each floor system and using floor
registers for distribution in this heating-dominated climate.

Several iterations with C7A resulted in a final variation of this basic concept; the first-floor
kitchen is served through a ceiling register fed from the second floor ducts. There are two return
registers, one at the base of the stair near the first-floor ceiling, the other at the top of the stair
near the second-floor ceiling.

Final testing of the ducted HVAC distribution system found total leakage at 25 pascals to be 85
CFM; leakage to the outside was zero.

3.3.3 Fresh Air Ventilation

CARB has had excellent results using exhaust-only ventilation strategies to meet ASHRAE
Standard 62.2 ventilation requirements in similar cold-climate projects, and incorporated that
strategy again here. The low-sone ENERGY STAR bath fan located in the second-floor
bathroom incorporates a continuous operation mode that can be set to continuous flow, when the
occupant turns off the boost feature. The bedroom count (two) and size of these dwellings dictate
a continuous exhaust flow rate of approximately 43 CFM. Final testing confirmed that the design
ventilation rate was met.

3.4 Domestic Hot Water
The BA Benchmark has a non-ENERGY STAR gas storage water heater with an EF of 0.59 and
a 40-gal tank. The condensing gas tankless water heater installed at Devens has an EF of 0.96
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(see Figure 13). This piece of equipment was chosen because of the decision to bring natural gas
onto the site and to achieve a HERS Index of less than 41. After resolving to provide natural gas
to the townhomes, the team focused on tankless water heaters as a relatively high efficiency
solution to one of the higher end use energy loads. More standard, noncondensing tankless water
heaters were investigated, but their lower efficiency values (EF .84 to EF .87) forced
consideration of the condensing units, which have become more market available. The
approximately 10% performance improvement over the noncondensing units helped lower the
final HERS Index below 41. The water heaters were installed in the basements with the other
mechanical equipment.

Figure 13. Tankless water heater
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4 Targeted and Simulated Energy Savings

To align with the BA goal, 30% source energy savings were targeted. Figure 14 shows that the
Devens end unit was able to achieve 30.71% savings in source energy over the BA Benchmark.

This equates to a HERS Index of 39 for this dwelling. The building enclosure improved by

approximately 14% over the BA Benchmark, lighting and appliances by about 4%, and HVAC

by approximately 11%. Figure 14 shows the BA Benchmark with cumulative incremental
changes, which combine to simulate predictive energy savings at the Devens end unit.
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Figure 14. Achieved energy savings of Devens end unit over the BA Benchmark

To create this chart, energy savings were isolated by comparing the BA Benchmark and the

measure improvement. The chart was built up by modeling the measure improvements from the

most savings (air sealing) to the least energy savings (foundation) with the programmable
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thermostat at the end. The programmable thermostat is placed last to better demonstrate the
Devens end unit’s improved capabilities.

The single greatest contributor to overall energy savings was the improved air sealing. It shows a
7.71% drop in energy use compared to the BA Benchmark. Applying heating system upgrades
improves the home by an additional 4.32%. When the heating system improvements are looked
at independently, there is a 5.71% improvement. Using the cumulative approach demonstrated in
Figure 14 the overlapping energy savings of the individual measures is eliminated.

In the Northeast, the heating load often uses the most source energy—this applied to the Devens
end unit. The BA Benchmark consumes 44.74 MBtu annually for heating. Improvements to the
home’s air sealing, furnace, and overall enclosure insulation, and installation of a programmable
thermostat reduced heating energy consumption by 53.87%. Decreasing the heating energy
consumption was a critical factor in achieving the 30% targeted energy savings.

The next biggest end use was the large appliances, using 21.34 MBtu/yr in the BA Benchmark.
With the refrigerator and dishwasher upgrades, large appliance improvements had only a 5.30%
decrease in large appliance energy use. This improvement did not greatly contribute to the
reduction in energy consumed.

The domestic hot water (DHW) system was the third largest end user, demanding 20.59 MBtu/yr
according to the BA Benchmark. DHW energy use decreased by 41.48% with the improvements
from a 0.59 EF gas storage water heater to an EF 0.96 condensing gas tankless water heater.

The lighting demands 18.97 MBtu/yr per the BA Benchmark and was the fourth largest energy
user. The change from 66% incandescent, 21% CFL, and 13% T-8 fluorescent to 95% CFL and
5% T-8 fluorescent decreased lighting energy use by 35.37%.

Other improvements to HVAC fan/pump and cooling had much smaller end use loads but greater
improvements. According the BA Benchmark, the HVAC fan/pump uses 4.89 MBtu/yr and used
66.46% less with the improvement to the air-conditioning system. The BA Benchmark cooling
system uses 3.85 MBtu/yr and 60.26% less energy with the improvement. Cooling improvements
increased the system efficiency, but did not substantially improve cooling because it accounts for
such a small percentage of the total building energy use.

Overall, the improvements save 46.06 MBtu/yr. Three of the four greatest end uses (according to
the BA Benchmark) also saved the most energy. Only miscellaneous loads and ventilation fan
loads remained the same from the BA Benchmark to the final design.
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5 Cost Data and Cost Effectiveness of Energy Efficiency
Measures

The purpose of this prototype was to build a moderate priced, highly efficient prototype home.
Improvements over the BA Benchmark cost an additional $7,804 and saved more than 46
MBtuh/yr. Costs for each improvement were estimated using market and regional costs and
validated by the National Renewable Energy Laboratory Retrofit Cost Database (NREL 2010).

Cost effectiveness of these improvements is determined by simple payback. The cost is divided
by the annual utility savings to see payback period in years. The utility savings are $580.66/yr,
so the combined improvements have a payback period of 13.44 years. The improvements can be
grouped into three categories: enclosure, mechanical, and electrical improvements (see Table 2).

The shortest payback period of all is in the electrical improvement category. In a single year,
these improvements save $103.90, and it costs only $140 to upgrade the lighting. The payback
period for electrical improvements is less than two years. The payback period for appliances
(refrigerator and dishwasher) is negligible because the cost difference between an inefficient
model and the efficient is incrementally small. Installing energy-efficient appliances is a simple
way to lower energy use in new construction residential units.

The second shortest payback period was in the mechanical improvement category, which would
save the resident $215.31 annually. Mechanical improvements cost $2,827 and the payback
period is 13.13 years. The mechanical improvements had relatively short payback periods,
including the heating system upgrade (8.62 years), DHW upgrade (13.93 years), and the air
conditioning/programmable thermostat upgrade (18.28 years).

Building enclosure improvement-related annual utility savings are $261.45 and had an upfront
additional cost $4,837 to upgrade, making the payback period 18.50 years. Although air sealing
alone has a payback period of just 2.15 years, it is dependent the quality of installation, improved
insulation type, and R-value of all enclosure insulation. There are longer payback periods for the
attic insulation upgrade (27.95 years), window upgrades (28.09 years), foundation insulation
upgrade (32.00 years), and the double wall (44.74 years). Although these enclosure
improvements have the longest payback period, they have the most significant impact on energy
savings in the Devens end unit.
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Table 2. Payback of Prototype Building Specifications

Upgrade Energy
Component BA Benchmark 2010 SP::iti;)thfifm Costs per | Savings (in P(aigfsc)k
P Measure | MBtu/yr) y
Uninsulated basement slab; Uninsulated
R-10 (2-in. extruded basement slab;
. polystyrene at R-5/in.) at R-13 (2-in.
FX‘S‘S‘::I‘I‘:)‘I"“ exterior OR R-19 (5.5 in. polyisocyanurate $288 0.77 32
y fiberglass batt insulation) at R-6.5/in.) at
on interior of basement interior side of
cavity wall foundation wall
Wood 2 x 4 stud frame, 16 Wood 2 x 4 double
Above- in. o.c.; R-13 (3.5 in. stud frame walls, 16
Grade fiberglass batt) + in. o.c., R-38
Exterior R-5 continuous insulation (10 in. dense pack 52880 331 4474
Walls (1-in. extruded polystyrene cellulose at
at R-5/in.) R-3.8/in.)
- R-59 loose fill
P S e b cellulose 5469 1.27 27.95
y (16 in. at R-3.6/in.)
Window | U-0.35, SHGC-0.35, double U-0.24,
Glazing pane, non-ENERGY STAR SHGC_OQZ.’ $00 251 28.09
double pane, vinyl
Air Sealing 7.4 ACH50 1.6 ACH50 $300 11.56 2.15
Total Enclosure Improvements $4,837 21.42 18.50
1.5-ton air
Cooling 1.5-ton air conditioner, conditioner, SEER
System SEER 13 16, programmable SO ol L
thermostat
Heatin 96.5% AFUE
g 78% AFUE gas furnace condensing gas $666 6.48 8.62
System f
urnace
Water Non-ENERGY STAR 96% condensing gas
Heatin gas storage water heater, tankless water heater, $1,161 6.86 13.93
g 40-gal tank, EF 0.59 EF 0.96
Total Mechanical Improvements $2,827 17.53 13.13
Appliances Non-ENERGY STAR ENERGY STAR n/a 1.34 n/a
appliances
66% incandescent, 0% incandescent,
Lighting 21% CFL, 95% CFL, $140 5.77 1.65
13% T-8 fluorescent 5% T-8 fluorescent
Total Electric Improvements $140 7.11 1.35
$7,804 46.06 13.44 vear
Total Improvements additional | MBtu/yr Ay
payback
cost saved
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The optimization curve in Figure 15 shows the curve’s relationship with the BA Benchmark, the
final Devens end unit, and the final Devens end unit without the programmable thermostat. The
BA Benchmark point shows the home saves little source energy and the energy-related costs are

very high.

The final Devens end unit point reinforces how much it saves in source energy and in energy-
related costs compared to the BA Benchmark. Without a programmable thermostat, the home
saves less energy and energy-related costs are higher than the actual design.

The final design point is very close to the optimization curve, indicating the final design package
is close to ideal in terms of annual energy related cost savings and source energy savings.
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Figure 15. Comparison of modeling iterations and optimization curve
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6 Research Question Conclusions

With the basic goal of meeting or exceeding the BA Benchmark by 30% with cost in mind, the
team was interested in answering this overarching research question:

Question: What solution packages can be readily implemented in cold climate homes to achieve
at least 30% energy savings compared to the BA Benchmark?

Conclusion: This solution package successfully surpassed the target of 30% source energy
savings, using only market-present technologies to achieve the targeted source energy savings.
This can be attributed to early planning and design decisions, and proper installation. The
uniform upgrade in enclosure construction contributed to more than 14% improvement over the
BA Benchmark.

This prototype represents a viable solution package. Its standout feature is its replicability. The
improvements, such as a double stud wall, are simply efficient construction methods that do not
require special equipment, skills, or training, just extra attention during installation.

Question: Is that solution package commercially viable? Where are opportunities to reduce costs
in this solutions package?

Conclusion: This solution package is commercially viable. For $7,804, this unit’s improvements
had a payback period of less than 14 years. This triplex building is the first prototype in a series
of four similar buildings. The developer has indicated remaining with the exact energy efficiency
improvement package for future triplexes as this prototype building, based on its success.

Question: What are the specific gaps to achieving the solution package at a production scale
(cost, risk adversity, implementation complexity, etc.)?

Conclusion: Air sealing stands as a huge barrier to effectively deploying this solution package.
The team’s thoroughness in installation led to better than anticipated infiltration results. This
improvement is determined by the quality of installation and by material choice, and was
confirmed with blower door testing. This construction team has determined a good air sealing
strategy at will be replicable in the future triplexes. Specifically advocated by CARB and
adopted at Metric Development is the use of the exterior sheathing plane as the primary vertical
air barrier. The structural sheathing and proprietary joint-tape system used effectively seals the
planer elements leaving only the edges, terminations, and material transitions to be sealed. The
CARB team provided walk-through inspections and subcontractor training to point out the
critical remaining areas to be sealed, and methods and material options available. Most
nonsheathing air sealing was accomplished with low expansion ccSPF.

Question: Based on the results of this test home, what other alternative energy efficiency
solution packages should be considered?

Conclusion: To reduce source energy use and associated costs, the developer might consider
switching from an electric to a gas clothes dryer. The developer might also consider decreasing
window area; however, this will impact user comfort.
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It would be interesting to see the impact of a solar PV panel installation. Miscellaneous electric
loads remained unchanged from the BA Benchmark to the final design. This could substantially
decrease each unit’s electric load, especially because this building has a south-facing roof.

Question: What are the market interest and consumer reactions, developer and builder reactions
and feedback loops, and stakeholder enthusiasm for replicating the package?

Conclusion: This triplex building was the first of four slated for construction on this site. The
developer’s HERS goal keeps all parties invested in creating a robust prototype by planning,
adjusting, and replicating. It will be interesting to see what the developer retains and discards
based on lessons from the prototype triplex.

Initial marketing results were very encouraging. The first (middle unit) triplex dwelling went to
buyer contract approximately 30 days following completion. Closing on that home occurred the
end of September. Based on early interest and foot traffic the developer has commenced
construction on the final two triplexes.

Question: How effectively does each EEM meet its specific cost and performance targets? How
effective is each when integrated into a whole-house package?

Conclusion: Individual EEMs provide interesting results. In the Devens end unit, the enclosure
improvements cost the most, but also saved the most energy in the biggest end use category.
Lighting and appliances were the most cost effective in terms of payback period and provided
the simplest changes, but also yielded limited energy savings. Mechanical improvements struck a
fine balance between the moderate price and substantial energy savings, with a payback period
of $7,804 and energy savings of 46.06 MBtu/yr, for a payback period of 13.44 years. This
package of improvements proved to be cost effective with a short payback period and relatively
overall low cost for considerable energy savings.
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(courtesy of Cambridge Seven Associates, Inc.)

26



U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

VACATNWORKING — PROJECT\SHEETSNAOD DOWER SHEET.OWE  5/25/2D12 H:A &M

ISSUED FOR PERMIT

28 October 2011

DEAMNG LIST

Caver Sheet, Project and Code information
Bassment/ Foundation Floor Plan
Ground Flaor Plan

8acond Floor Plan

Bullding Eiwations

Interior Elvations

Bulkding Sections:

Baction Datulls

Frasning Plans

Electric Layout Plans

LE S S SN ¥

f

R Tonivam - A Tawor Yerd
‘or Pkl Way on i Lask T D,

Palarc Dunige Calogery - B
BasicWind Bymod - GOWPH

Ground Snow Loads - 50 PEF

Mk Unkerrady Dinkuded Live Loack.
vk R L Loomin

Py R, Gorpiruciion

B

EnORpRON: A COMNTKH 1-Hon ok VYl it ks D ok Corda PRaving o ikl Equiprrbl, Dhakch o Ve 1 i ey of 0 Wral, WPl 0 b
R For Evposure Frow Both ks and 6l Evaesd o am bo Tight 1 Exterior Wallw and Undevakde of Roof Gtwathing. Ebvealonl vl Shal ko hwaded n
cedarce Wil Cheplams 34 Through &3, ool Sl Rl

Tl MO Exlerbr Wil

o i HHMAN SEPAV KN DETINGE
RIERINCL TG
Faccvadie[Fira Ravislancs Fsled] 1-Hour Tasied Loos Than 8 Foal.
Wale'Hol Frs Fovisiencs Pried) OHowr 28Fm
ROE12A Mrchms oo
Excaplont -
R st
A30211L3 - Calluioss Looes Ml Ineulstion Bhal Comply 'Wih CPE0 18CFR Paria 1208 and 1404, 1ecrR
Pors 1288 ord 404,
RN210.4 - Biossd
[T} ry MR
Than

Eximkr Sl - Aetick ighl Aearca st Tep Larirg.
RM¢  Ewomnor Evarn end Fosoun Opwrinos

r——

Emiplo: o

RIRLI - Bepura Funt.

RI0:12 - Dirswankom: Dinction.

RI02 - rcow Weds - Sques Fesl,

RIRZ1 - Labark St - Liarh & Bap.
RN i Firs Bprhikor e

N Thas

e prampe—

P Homsing Ack: Agon 0 s e

SEHERALNOTER:

1. ALLDMENSVGNS LOGATED O THE DRANINGB ARE TOBE FIELD Bt
OCCLR, NOTIFY THE ARGHITEGT FOR GLARFIGATION.

2 ALL MATERIALS, MEANS, AND METHODS AND RESULTING CONSTRLICTION BHALL COMPLY LOCAL CODES. 0
FLRNISH AND INSTALL AND INSTALL ALL LABCR, EQLIPKENT, MATERIALS, SUPPLIER, ANID SERVICES REQUIRED, NECESRARY, CR INCIDENTAL FOR
A COMPLETE PREJECT.

3. THE CONTRACTOR BHALL COMPLY WITH ALL APPLICABLE FEDERAL, BTATE. AND LOCAL LAWB, RULE, AND REGULATIONB AND BAFETY X
‘THE COMSTRUCTION OF THIS PROJECT.

4. ARCHTECT|  ASRERTOS MATERIALS LOGATED OH THIS SITE. IF HAZARDOUS
NATEFUALE ARE ENGCLNTEREL THE CONTRAGTOR BHALL NOTIFY THE DWNER IMETIATELY.

& MINOR DETAILS NOT UBUALLY FRO A COMPLETE, PROPER,
INSTALLATHON, OR DPERATION OF ANY PART OF THE WORK SHALL BE INCLUDET IN THE WORK A3 IF [T WERE 8PECIFIED OR [NDICATED ON THE
DRAWINGS.

& CONTRACTOR BHALL B RESPONSIELE FOR THE PRC ALL NEVF THE AREAR
‘THE LINIT CFWORK OF THESE DRAWYINGS. SHALL KEEF AREAB GLEAR OF DEBRUS

T. REMOVALS OoF WITH NEW'WORK. FULLY MAINTAIN INTEGRITY OF
EXISTING STRUCTURE(S]). FINAL DETAILB TO BE APPROVED THROUGH THE SHOP DRAVWING PROCESS.

4 THE TO PROVIDE A DESGH ML + HVAC, PLURMRINE, ELEGTRICAL, AND FIRE PRIVEDTIGNS
COMPONENTS OF THIS PROJECT. LAYOUTS FOR LIGHTING, SPRINKLER HEADS, L BE ALY

TC AVOID CONFLICTS. LAYOUTE TC BE REVIEWED WITH THE ARGHITECT.
ALL FiPE AND DUCT PENETRATIONS THROUGH WALLS, SLABS, AND CE|LINGS EHALL
I

®

™= DHICOOE, L WFPALIFE BAFETY
CODE, AND LOGAL JUFSEDNCTION.

0. ALLWATER, SEWER, AND ELECTRICAL WORK SHALL 5E TOTHE
oF pevenL

11. UTILITY LECATIONS TOBE HY THE ALL LTLTY TO THE APPROVAL OF,
PERMIT OF DEVENS AN UTRITY THE ML AL UTRITY

‘11 THE CONTRACTOR SHALL BE RESFONBIBLE FOR THE REMOVAL FROM THE 3TE ALL CEBRIS 3 BHALL
LEAVE THE SITE N SAFE, CLEAN, AND LEVEL CONDITION UFON COMPLETION TN

1 FORALL AND o TWITH THE ARCHITECT. FGRALL MEGHANIDAL AND INBULRTICN

DOMLT WNTER

Devens S

Unified Permit Documents

ustainable Housing

27

Revised: October 26, 2011

Owmner Devens Net Zsro LLC
Boston, MA.
Contrackor MNatric Corporation
Baston, MA
Architact CAMBRIDGE SEVEN ASSDCIATES, INC.
Cambridge, MA
Bibb
Engineer Winchester, MA
Sustninabla Bleven Wintar Asscciatos, Inc.
Dealgn MNorwall, CT
Coneultant
Civil FBL Associxies
Engineer , MA



U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

GENERAL NCTES:

1. BULDING TO BE FULLY PROTEGTED BY AUTOMATES
SPRNKLER BASEMENT, FIRST FLOOR,
BECOND FLOOR, AND ATTIC. INBTALL PIPES IN
MANNER TO PROTECT PIPING FROM FREEZING.
SPRINKLER SYSTEM IN ATTIC SHALL BE DRY TYPE

= , ‘.. + Eild

® OO RON ®
'" |

E .
BB P sl
PEASTONE 4"—, T—T :-—T—T
WS ‘ . L : .
ser, \ 1B ! 18-85 ! ars el
\ CMENBICNA TG FACE OF FRANING, TYP. ‘ ‘T DIMERSICHS TO FACE OF FRAMING, TYP. ’Eﬁ | ERWENG DN TG FACE OF FRALENG, TYP. Lr
- b
1 |4 |EEEEEEEE L - v PLANTING
IHE:-A R [l | %
L REFL
LF‘L:::'! 103y FLOORNG, TIP. M VPN LY, . ~r e A !
i REFL 1 &
oY A g 1L
= g8 opfes [
NG ! 1
mrrun ‘ |
PAD, TYF. ' o .‘» T PREL Y : ‘r Z,
() g —— . Joo— = ITE
© — 8T = | i = ISSUED FOR PERMIT
[® 13 O OCTOBER 26, 2011
I 5: _K N DINING ROOM
Efe . o a 8 |—ROOM-
o fal ity 1087
| i E@E A MISC. REVISIONS 20462011
-1 ! l‘; Muriber Renibkory Data
- ]
| —ceuma | ow
| e ’||' o~ wﬁm"m T
WAL KITCHEN |—1
SUPPLY i B @E
dy b B W ]
N LIVING / DINING -
A Ll d -||' zr ‘IIJ'ﬂjI.
STAR, TYF.
B | [ Cambridge Seven Assoclates, Inc.
T LVING ROOM _| -
ShiTariidy B H == D “ Arshitects and Plarmsr
| ceine -2 HFL RATED CIMISING WALLS TO -
—T — 1051 Masnchunatn Avo
S mmmmmn_\ — 1 b Cambridgn, MA 21
UNCERSIDE OF RCOF [ =] = | BT 422-TOM Pax 4227007
-l G : ==

Data OcAober 20, 2010

BHEATHING, TYFIGAL T
P o # 1018
mrw] - £ — . 5
o = = i ‘ Li‘ — I repc Devens Sustainable Housing
I
|
I

Drean by A Chacked &
- TVP. 2@” o|

Eosle A NOTED

|

|

|

I
ey 244 'ML.%' 2 "y Craaing This
Ground Floor Plan

NOTES:
1. DIWENGIONS AND NOTEE SHOWN [N UNIT A ABOVE
ARETYPCAL FGRALL UNITE

2 GOORDINATE ALL MECHANIGAL INFORNATION
INCICATED WITH MESHAMCAL DESKH,

WWGFESA;WM

|
3. HVAC SYSTEN TO BE [ S5 IGH-BUILD N ACCORDANCE ‘
|

|
i
L
:

A1

16 = T

VA\CSD'WDRMING — PROJECT\SHEETS'A1 BROLND FLOGR PLANDWG §,/25/3012 H:48 AM

@ GROUND FLOOR PLAN

28



U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

11

PROJEET\SHEETS'AD BASEMENT PLALOWE 9/25/2012 848 AM

VE\CSDWDRAING —

@

o
At

t
|
|
NOTES:
1. DIMENSIONS ANC NOTES SHOWN (N UNIT A ABOVE
ARE TYPICAL FORLALL LINITA,
|
|

T T T T T
| I | | I
e | ] =i | L | Py
I 1 I 1 [
! ! Lo L gy |
NOTE: WS WINDOWS AND STEPPED
'WANDOW WELL DR WELL WITH FIXED
| | | | | LADDER TYPICAL THB SIDE.
AREAWAY WELL TO BE BILCD
] . L
\WITH POLYCARBONATE COVER,
ICAL
1 | I | | I
-
b Ly ! | A ! ‘ ! Lars B
L — ] | ; L —] [¢] Ol O i —— T
I e I
—==groIz EEETTEEE L
= W
::[I LI ‘ ‘ | W=y ”=:
: ®|l® i
‘ ‘ | — 107 GONCRETE
& CONCRETE [=— FOUNDATION WALL
FOLNDATION / | e | IRIA I
DEMEING WALL IEYIREN - tm——— Z"WIDE x 17" DEEP
~ [ e
FOOTHG
U st i
 —— |z-nea=—‘—- ( - |
A FOOTHG [ B 'A
‘ v ‘ 7} \E/
I BASEMENT I I i BABEMENT
| : Al i
I I ’Af:?' I 1
h b [
| aE s |
| | :l % 1= I
‘ ‘ EXE ‘ T |
1
| | e T 1
BTAIR BTAIR
| L
| | | |
1 ; ‘ | Iy
[ — I I = R
: : : T T
‘ \—n.l.lmanvnnmmai ‘ ‘ | |
CENTERED CH WINDOW ABOVE, i [
| | | | |
'WELL TC BE FILLED Wl NN
PEASTCHE. TOP CF PEASTONE TC:
| o e o Eomem
| | | I
| | | |
\ \ \ |

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

ISSUED FOR PERMIT
OCTOBER 26, 2011

A MISC, REVISIONS 042011
Hurber L ata
Cambridge Seven Associates, Inc.

Arohiinols and Fiarssn

3 1050 Mamachmatie Avo.
1 Cambskige, MA 02138
BAT 402-THM Fax 4227007

o # 1018

Project Devens Sustainable Housing

Drean oy HA Chegied &

Data OcAober 20, 2010

Eosle A NOTED

Draning Thia

BASEMENT AND
FOUNDATION PLAN

1

BASEMENT AND FOUNDATION PLAN

145

A0

29




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &

Renewable Energy

V\CSD'WDRMING — PROJECT\SHEETSA2 SECOND FLOGR PLAN.DWG 0/35/2012 B4 AM

144 FACE TO FACE OF FRAMING @ @ @
i [ [ I

o~y M ; - \ 21y
) Tt | sy |
1 1
1988 | e
DRENGONE T3 FACE OF FRANING, TYP. | CAENGRENE 10 FACE OF FRONING, TYP.
- o, |
1

®
|
i
|
i
i

e

100"

100"

Ty, TEr

- "WW’"HH?

10

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

GENERAL NCTES:

1. BULDING TO BE FULLY PROTEGTED BY AUTOMATES
SPRNKLER BASEMENT, FIRST FLOOR,
SECOND FLOOR, AND ATTIC. INBTALL PIPES IN
MANNER TO PROTECT PIPING FROM FREEZING.
SHN&ERSWINATHCSHMBEDR\'T\'PE

ISSUED FOR PERMIT

=z

) ""iIIIIIIIII

[ ] ]
| | |
[T 1 |
| - " | |
| " E " r L | |
L e i r"m ! L L, L |. rr L
1 NOTES: i 1 T + 1
| |,&:}2‘mmﬂ"mmmmlm“§mulwﬂﬂl | |
‘ 2 COORDRATE AL | | |
DESIGN. ‘
| SHVAR BYSTE TO BE DEAKN-MILD M ACCORDANCE WITH REQUREMENTE | |
'OF ENERISY STAR VI AND "TO HESRA TESTING FOR DUCT
| LEAKAGE PER FEGN O BHEET AL | |
SECOND FLOOR PLAN

oo

OCTOBER 26, 2011

A MISC, REVISIONS 042011
Hurber L Data
Cambridge Seven Associates, Inc.

Arshiinols and Fiarmsm

N 1050 Mamachusati Ave.
1 Cambeidon, MA 02108
BT 42Tt P 42 07

o # 1018

Project Devens Sustainable Housing

Drean oy HA Chegied &

Data OcAober 20, 2010

Eosle A NOTED

Draning Thia

Second Floor Plan

0

16 = T

A2

30




Energy Efficiency &
Renewable Energy

Q =z | |§ §,
3 =& 1 , g .
2 g5 |2 i AHERE:
L o mn ..mw ©
5 2% |5, P % | s
= 3° |B¢ AR
2 2 | (g Bl b, g
&lz o £z - RN ]
- Rt LA
Dm <] ¢ mmmmm:ma <
g o B ] f
m mm & m ; MM m
1 I ¥ e o WA
11T i
wm mmm _ WW mM m.m mw mw l_
mw £ Enl b mmm ,
1P i ;
1THLLLL L .
B lgamnm s e
g A o =
» § mm f bt mnlGh I

YR

& LINEAL VINYL TRIM WINDOW ZURRDUND, TYP.
ALUN O STOCK WRAPPELD % + 1'"

ICE AND) WATER SHIELD MEMBRANE AT ALL
WAL MOLINT EXT., LIGHT BEYORD, TYPICAL

-4 LINEAL VINYL TRI4 WINDOW SURROUND, TYF.
-4 LINEAL VINYL TRIN DOOR SURRCUND, TYP.

PLUME NG AN HVAL VENTS TG BE
TIPICAL _
WERTICAL B VINYL TRIM AT € OF PARTY
“KICK-OUT" FLABHING AT EA. ROOF, TYPICAL
'BOLID GOAE WCOD EXTERIOR DOOR.
-~
(%]

H . .
nE w
Bge ad . ;
i I 18
i 5! Sd ||
; GEshR &R Bag 87 3 8 : 3 \ T | @ f
A A A A X I 3

(o) ﬂ% \ (e]e) m
1 .

AR | \ \ :
U P mmp ({11 NG :

T || E | % mmmw! \ :

kel kelattabul sludulelaliluls il Z

e T T [ e £5E | 3 Z i !

e T L e .2 TR ) mv

T ] 4 % = sl § B £ A%

I e 0= = - EERIEERG

i ER N == O A i

inan R , A i

e e =
S /7 R | - ) P,
(G v == H e L1 _ g
s WIEE=EE|| ¢ R e it
ity ] m felreistulraiataiaielsfjatel ST = = | ||| 58
GG | 0T £ B i e H REpH | | == mm
W FH = \HH i O i it == mm
A e T 1] 6 jol 2] %
R g _ [ B 2 ()= A e L T
b Gk ] _ g T 5L
[HHH H HHHHHHHHHHHH .

(o)l = e e rm e ||| T 1, I3
........................... HH =] (HHHHHHHHHHRHHHHRH | =]
il shlulitad el Z AT = 1 EHE:
A m e T | : 1 m
iyt gt A iy = = [=1 HHHHHHHHHHHHHHHH i ]
s ) W == mmm_ g - T T m
AR ) BT / i R F=T=
uasaseii i | i 1| : B = ImBE
R e T - sm i z -~ HE == m 2
et [ T4 [ 111 | % m it s R R ﬂ.._.&.z ‘ |w o
T Gy | & mm < Iy " _Wk R HE

O ittt 2 L == |||
............... |58 g A | (I = 2

EA 7| B g O il Hmuwer) z

7 Ins e ma_ o mm g iyt aluRlatalaliRukalatyd _ ] =

o = EHHE R P g || | , 1 |8

g 208 2 R B |2

: b £ 0 G FEHEEEE e P \ 1 12

w a I iR ah d
Elr T R 8 e
| | % (0B m
_ _ A @

ENERGY

U.5. DEPARTMENT OF

WY BY'E ZL0Z/5Z/6 SMATSHOIYAIT SNTUNE O9S19IHS\ID0M0ES — AHIRaRaGDR A

31




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

VE\CSDWDRMING — PROJECT\SHEETSA4 BUILDING ELEVATONS.DWG 9/25/2012 S4B A

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

ISSUED FOR PERMIT
OCTOBER 26, 2011

Huriber Retbion Data

Cambridge Seven Associates, Inc.

Arohiinols and Fiarssn

3 1050 Mamachmatie Avo.
1 Cambwkige, MA 02138
BAT 402-THN Fax 4227007

o # 1018

Project Devens Sustainable Housing

Draan oy BHR Chegied &

Data OcAober 20, 2010

Eosle A NOTED

KITCHEN AND BATHRCOM CABMET SCHEDULE:
O
= LMD 54" CARMET
(C) =16 SORANER MAEE
(D) =28°8INK BAGE WIBPCHOE TRAY
(&) woon
(Fy =Wz
(@) =waiE
@ =K1, WALL BHELF
2 L1 L0 zr r £ zr 1z (J) =dbrVANITY CENTER BOWL LAV
(K) = Wama0 BASE CABINET
@ =at2
T e i o
S ’ | |] N 27 h 10 FIXTURES L
¥ 1= - ., ¥ 11 1|1 i
| 80LID BURFACE COUNTER ———————— MCROWAVE W
| @ - \\ |:| BULTH .
¥ ou o . - ’ gy l—msumcls_liu.lm ‘—mmus::"mluru Ll
T T i ¥ h . g e T =
e /'3 Ve ~ e : =1
b | 11 DCIBHWASHER | ||| REFRIGERATCA /' & 1 O [ b 11 11 11 — i
. KEANDIE
r ., ., -, -
o8 / vt e |1 ! ! / ‘ WOODUAE THP—— | — @ @ @ ©
e I E 4 = ]
FILLER PANEL— 244
FLLER
=
- = o 200 24 L s 24 15 28 1 2 20 o 2 o i
KITCHEN - NORTH 2 KITCHEN - WEST KITCHEN - SOUTH
=10 =14 2
|, T r r Ny r |, 3T r r i r
4 rmowe —  rmowe 2T PTD.CW —}— Fmem
5|
; 00D WINDOW s - S0L0'WO0
2 L - H Sl vy E o
HARTNVARE sl
§ ——ToaeT ?7mum § T’Z—mum / TOULET
| i C B
POWDER ROOM - NORTH POWDER ROOM - EAST POWDER ROOM - SOUTH POWDER ROOM - WEST
1M H = 1 1
" e 1 I 1
1 1
| —+UNEaR
WALL LIGHT W MR, FT- ~———1—NREWR,FTD. R, PTD.
i3
MIFRCA WITH HED 4
EAEORARD 4 [ oM H |-— cousinamon &
VATH WABTIC TUBSHOWER
VANTY CARINET
- WTH BUILT [N 5K =

Draning Thia

Interior Elevations

BATH - EAST

BATH - NORTH
W

BATH - SOUTH

AW =1

154

BATH - WEST
-

Ad

32




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

1w

———————

#
1]
1

1

A4 W

f

Ve

I8

LF

| E—
o DU | S

-

i

| N

[Eim N

HERS Index 38

e vk o (660 57 )

R58(16 + wlldoic)

Aliove Grate Extarior Wik (131 57)

R38(10 14" celulozz)

Biitlow Grade Ewiencr Walls (55 SF )

F-13¢7 payiso), ‘candiones” Daseman

[Tizer o) Uninstlated slab and frame fioor
I (A1 D (e i Aeea] PR
Sk, W-LSE)

nilbalion
Venliiation I

24 lwitan, 5.6 Walls

e WhisperGreen Fv 08VKS2
Heating (f 84% AFUE condensing gae furmace

ool [

16 SEER. 1.5 lun AC, pruy Lskal

Fol Wialer

95% it stanl corm

Duchwork (no leakage to uiside')

Within conditione
Bown 0 sl iod o allic uur)

e [needs cucts wikin 2

Liahtng 10 DFL (£5% pin-yoe)
Tridne TNER 3T STAR, 40 KRN/t
Tl areeaier ENERSY STAR, EF>0.70
Rincwabics none

@ BUILDING HERS INDEX 40 SPECIFICATION

NA

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

ISSUED FOR PERMIT
OCTOBER 26, 2011

Huriber Retbion Data

Cambridge Seven Associates, Inc.

Arshiinols and Fisrmsm
! = -
1 Cambwidge, BA 02128
BAT 422 THM Pax 422-7007

o # 1018

Project Devens Sustainable Housing

Drean oy HA Chegied &

Data OcAober 20, 2010

AV GRACE EXTERIR WALLE!
Re89 {044 CELLULOSE
RSLLATION)
CEILING AT ROCF TRUBSES;
R-28 (¥ GELLULOGE INMALATION}
ROOF .
-$— -
frea FIREALL EETWEEN UNTB AL EXTEND TO
(NDERURDE OF ROCE BHEATHNG N[ BE BENED
TIOHT TO BHEATH N6, SHEATHIO SHAL B FFe
TREATED FLYWO00 AT BHALL BXTED 4 HIL
TOEACH BIBE OF FREWALL, TYPIGAL,
L o
R,
TG
T —
’
§ 1
s i
= —
1
T I WALL BEYOND —=
4 BTAR !
{— 0. v o
b EE s “"'?“\b
L [
- CLEAR FIMBH BOLID {'
b APy, VP, .
TOP SUBFLOOR
$m4f 5 E‘;ﬁ-ﬂ’m 1
FE T i H H
S / I =
: 74
2 \ -
o EE = - -
B -
1
§ ! WOTH STAR WITH ———|
WOUD RALING, CLEAR
m—— i R
FFEL 1 Il 1 .
soe i L1 0
R =
\—mmrauz
QAT STONE BEYOND
1
VR
BASEUENT
FFEL -7 ~

Eosle A NOTED

Draning Thia

Building Sections

EXTERIOR WALL SECTION

V\CSDUWDRMING — PROJECT\SHEETSA5 BUILDNG SECTIONSOWG  D/25/2012 S49 AW

BUILDING SECTION
M=

A5




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

V\CSDUWDRMING — PROJECT\SHEETSA5 SECTION DETALS.OWG  9/25,/201Z Bdg AW

DEVENS NET ZERQ, LLC

ELASHNGAAP NDER VINYL BTING: 2 Q%ﬁz) C. DEVENS, MAGEACHUSETTS
] ATEA BAY, YR, .
i CANTTY, TYP,
1GE A0 VAATER SHIELD MEMDAANE # EELEADHERED SZS
v Flaging 2 WOOD BILL
CONTALUM.DRIP EDGE & DANPRONSLL
SIVHVE m..
E ’
VINTLTAM g 5 WIKDOW i
SLUNHUY COL STOCK COVERED tRFASCIA P ferf g AAMEEETH SZ ]
TRRLE+ BOFFT Ho i == . i
ROOF RILLATON, TYF. [t
T4 £ ALLR CONL STOCK WRAFRED xRS L oM NaA - SZQS
/ BNCOW AT,
PREAPPLEDVINYL GASING . . “‘Tv VINTL GABNG
e I
EXT. REATHIVG
DETAIL AT CANOPY TYPICAL DETAIL AT ROOF EDGE TYPICAL WINDOW HEAD DETAIL TYPICAL WINDOW SILL DETAIL
7 o TiE= 1 N o 0 5o
o IZE 16 WO0D CPEN WEB —=! C‘% B i wgn?n:«’a;;ﬁn
i "CONT AL DRUF EDGE *2’ ROOATRUBS ) o 1 (E« mw&um
D 1 o %mnumma . y CelLLLGeE BSUCATKH PER LU
13 RAE BUPPORT A 124 PLYWOCD, REFER TO 1
! = % FTe 4 e
! e sToe A7 VP, PTI. pan
s 1 &% CYR, FD. g
_— ks
L -l o f Hout v 4 24 WOGD STUD AT 24*0.C. i
wooo ! s - L ol O CELLILOS MEALATIN
@ — - mu A BHEATHMG iy 1 HRL &
0 N o /‘/ HTOEC 24T THE THE | 22 DOUBLE HEADER L
e RAFIERS /R 127 0vE,PTD.
7 ) s - GOANER BEAD) |Hlu;.‘;; Y
S5 Rrers B ISSUED FOR PERMIT
R OCTOBER 26, 2011
GALY, BT :::;‘ " R W
° DETAIL AT CANOPY 13 DETAIL AT CANOPY TYPICAL DETAIL AT SECOND FLOCOR TYPICAL DETAIL AT SECOND FLOOR DEMISING WALL - SECOND FLOOR
.a--wo- - T =12 ( )11:2--1'\4-
A sy, VINTL B Cb & e ——;:FQHI:T"M ] ZLAYERS {7 FRLGWB EA. 0.
b oS o | WO BTUD AT O, z Ty STuma AT Humoar Favwon o
TR GRADE: T BHEAT WOODFLOOR {——— CELLLCUS INSULATION DEMBING WAL, ] COLORED
' TETHK 2 S ¥ ACVANTEGH SUB FLOGR. 1BTRDOR CElLoS BTN P L
Dnmw = Ry UL ASSEMBLY R
ity -
. PBoon,
H WA
3 H et )
|" o ] PRl B
: i W >
1 [ T e
Lo Rk J B R
H mn 1H* WODD CPEN WE
— "\, " - RO
RN ON L SPRINKLER LNESHEADS
z 4 gEE
AT TSRS | Cambridge Seven Associates, Inc.
o o i ) i R e,
DETAIL AT GANOPY 12 DETAIL AT CANOFY FOUNDATION DETAIL AT FIRST FLOOR FOUNDATION DETAIL AT FIRST FLOOR DEMISING WALL - GROUND FLODR n
FmiDr A A AT 112 - [ IIr 3 1 I 1"'-“.7;‘-."&
e oo —— T e WO+ [ B me o I P
EXTEND DOWN H
BB BB E=HE=H =R R S e BEALANT iy VINVL TR
E: | AR TR SRR f sma 018
E T E=H B=H BB B BB BB * [E  TRwATRAE TPl f .
i E - FH e roe Dievens Sustainable Housing
E 5 ﬁ © : 53%1 E{ I I I ” I I I I a ::/%%mmﬁﬁ“ I W Drasn by JBHR Checlad &
I nm P T - |
) el | g e n s e e e e ek || B M 05T 5T — T [
P, o ATERWIE Joows w0 | F=L BT B e (B B B B B T B ™| | o - F # P
FoorNg = i a - M g nonm | € —
' S CONT. T HEHE I | B=H E=H EEH EH B ¢ : ES / gzgzgz 2 L INSULATION N i The
i o D E: | L TN . WINDOW ng
: === | FFEH B=H B ] b ™ 2 DRAYALL CAATY, T, Section Details
| eesemer i e - e s e « | pee
el e el st I S | SR <, 0 o
Y owmmon R | ke, 'S¢ ) - -
— .7. S = ¥ L4 %z . ﬂ ﬂ 1 ﬂ ﬂ: : AR
e BB EH BB B B BB [ 4 Ny HEEEED
1 ‘ ! L 234 RODS E“E‘m: . A6
DETAIL AT CANOPY FOUNDATION DETAIL AT BASEMENT TYPICAL WINDOW JAMB DETAIL TYPICAL WINDOW JAMB DETAIL
14 For 1 Nigere 8 v SIM AT DOOR JAMB 8 o

34




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

VE\CSDUWDRSING — PROJECT\SHEETSNS! FRAMING PLANLDWG  5/25/2012 B4 M

DEVENS NET ZERQ, LLC

INTERNAL MEMBERS TO BE
L] DESKINED EY FABRGATOR
% . TH
. & =
¥ )
1w -||' e -||' "~
NOTE:

1. PAEFABRICATED EEL WOOD
‘TRUEE TO BE CESIGHED /¥ ENCINEERED BIY
FABRIGATOR.

2 ROOF TRUSSES TO BE DESIGHED TO
RECEIVE PHOTO-YCLTAIC BOLAR PANELS
(ON 30UTH SIDE OF ROOF.

4 TYPICAL ROOF TRUSS ELEVATION

18- 10

-

_§

B

NOTE:

1. 1A PLYWOGD FOR LATERAL STABILITY IN DEMESING WALLE TO 5E
FAFTENED WITH B7 NAILR 4° 05,

2 MMM OF 145 LF [18 LF EHOWN) OF HORLZONTAL PLYWOOD
BHEATHING REQUIRED AT EACH DEMISING WALL FRIOM FOUNDATION WALL.
TO ROOF SHEATHING. NAL 18 OF PLYWOOD TO FRAMING A2 SHOWN.

2. BLOGK ALL EDGER OF PLYWOCD SHEATHING.

NOTE:
1. PREFABRICATED 1€° OPEN WEB WOOD TRUES JOISTE TO BE DESIGNED FOR A 40 L38
ILIVE LOAL AND AND 1480 DEFLECTICN.

2 PROVIDE BRIEGING

3 PROVIDE 34" mmmmmmmmmmmmmm

GLUE ANC SCREW

AL

PER JOIST WFG. AND BULDING COOE REQUIREMENTS.

e DD e

LEE
Py}
i

+*
I
T
|

ORS

i |
. g
s | i i
1 III | | |
[ .0 1
| |
e Tl L
[ T - |
Dous E T — |
nu.n.E.mr—_llg ‘
=
DOUBLE JOIST —, i ‘
— \
T I
L | 1
Il L =
T W—f: L 1—1’: :“I—' L
I I I

DEVENE, MASBACHUSETTS

GENRAL NOTES:

1. PROVIDE ROOF TRUBR AND FLDOR TRLISE DEEIGN
COMPUTATIONS AND SHOP DRAWINGS PREPARED
AND STAMPED BY A PROFESSIDNAL STRUCTURAL
ENGINEER REGISTEREL IN THE 8TATE OF
MASSACHUSETTS.

STRUCTURAL NOTES:

STRUGTURE SHALL BE BE SCONNECTED AS FOLLOWS:
1. TRUSA TC TOP FLATE - SIWPSCH HTZ TE AT EACH
TRIJSS, TYPICAL

2. SECOND FLCOR WALL TC FLOOR SYSTEM TO FIRST
FLO%I‘K‘LWALL-BIIIM METCAD ETRAP TE, 24° 0.C.
TYP

RST FLCOR FOUNDATIO! NMNPEC'I'DN SIUPION
STHDWR.I AT EACH GORNER, ENDS OF BHEAR WALL S,
TIVD [Z) LOCATIONS AT GABLE ENDS, AND AT

IDSPAN BETWEEN DEUISING WALLS AT DOLBLE
S'I1.ID LOCATIONS.

ISSUED FOR PERMIT
OCTOBER 26, 2011

@ﬁm WALL / DEMISING WALL FLAN DIAGRAM
NA

1 =1y

@gROUND FLOOR FRAMING PLAN

NOTE:

1 TRUBS MM

2 PROVIDE FRANING OPENING FOR ATTIC ACGESS IN BOTTOM CHORDS OF TRUSS.
FEFER TO LEVEL 2 PLAN FOR LOCATICHG.

Y !..,@

@%@ . 9

!3

m" TREATED P1Y

YIWENC0 ROOF
SHEATHING A MINMUM OF 4 T
EACH SIDE OF FIRE-RATED

|
-
o
|
|

BELOW, TYFICAL

RATED DEMER NG WALLS
. WALLR TO EXTEND T
UNDERSIE GF SHEATHING ANC BE
SEALED TIGHT TO SHEATH NG,

TYPEAL
BRACE WALLS PER UL B2
REQUIREWENTS.

©

|
|
B—-H
|
|

NOTE:
1. PREFABRICATED {€" OPEN WEB WOOD TRUSS JCISTS TO BE DESIGNED FOR A 40 L38
LIVELOAD AND AND 1400 DETLECTICH.

z

PER JOIST WF3.

3 memmmnmmmmmmuwmmm

GLLE AND BCREW.

Y . 9&?

%@i@

——L®

|
1 ! 1
1 ( 1 1 | 1
i i
— 1 T i T
I III b | =
Il | -
T ||;| oIt
I T i r Tl '_i_‘ T
[ I 1= | =
DOLBLE JOIST-
DOLBLE JOIITT——
[T

ORS

______:I_
RN —— | =

Huriber Retbion Data

Cambridge Seven Associates, Inc.

Arshiinols and Fisrmsm
! = -
1 Cambwidge, BA 02128
BAT 422 THM Pax 422-7007

o # 1018

Project Devens Sustainable Housing

Drean oy HA Chegied &

Data OcAober 20, 2010

Eosle A NOTED

Draning Thia

Framing Plan

ROOF FRAMING PLAN

18 = 1

@iECOND FLOOR FRAMING PLAN

1 =1

S1

35




U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

49 AN

UEET\SHEETSWE! ELECTRICAL PLAN.DWE  8/15/2012 &

VE\CSDWDRAING — PRLL

DEVENS NET ZERQ, LLC

DEVENE, MASBACHUSETTS

ISSUED FOR PERMIT
OCTOBER 26, 2011

I 1
I 1
‘I:Z_:ZI‘ -] -] ‘ \E:::jl -] | -] -] \E:__jl
I I ! I I ! I I
(: ) _ I L I . L L L _ ( : J—
= rérdn I ® =T | | m=mr— T E
H L=t H LAl LT H
H H H
Y oo
; [F]9 I AP D
I = [==]]: -]
e | ] |
EMENT BASEWENT BASEMENT
Tﬁ‘ \I’fﬂ B [T g
i I
Ll )]
, | | THHEH
] .
. [==122]
\
Sw LAY 1R e
DI SN = S o
1 o I I o 1 1 I e 1
NOTE: o o (-] |O | 0‘ o |
1. BLECTRISAL LAYOUT N A
I BTYACAL FOREACH UNT. 1 1 I 1
ALY, ALL SLECTRICAL ORK AND
A A wag #
| ST I I 1 | 1
BASEMENT FLOOR PLAN GROUND FLOOR PLAN
=10 1 =10
NOTE
cane

RECESBED
COUPACT FLUDRERCENT EXCEPT AT KITCHEN COUNTERA

EPRINKLER HEADS ARE RECEASSD) AND TC BE AR THIHT
INBTALLATION TO AVOID AR MIIRATION TO ROOF GAMITY. GENTER
EPRINKLER HEADS |H CEILINGS AS REQUIRED. SPRINKLER HEADS TO
BE REBIDENTIAL GONCEALED TYPE HEADS, TYPIGAL.

CELING FANE IN REETROON AND POWDER RDCH 12 PANASONIC
)

FAN B

PROVIDE BUILDING EXHAUST,

Cambridge Seven Associates, Inc.

Arshiinols and Fisrmsm
3 1058 Mamachmatie Avo.
1 Cambwkige, MA 02138
BAT 402-THN Fax 4227007
o # 1018

Project Devens Sustainable Housing

Drean oy HA Chegied &

Data OcAober 20, 2010

Eosle A NOTED

o

Draning Thia

Electrical Layout Plan

SECOND FLOOR PLAN
[y

E1

36




BUILDING TECHNOLOGIES OFFICE

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

DOE/G0O-102013-3903 = August 2013

Printed with a renewable-source ink on paper containing at
least 50% wastepaper, including 10% post-consumer waste.




	Contents
	List of Figures
	List of Tables
	Definitions
	Executive Summary
	Conclusions and Recommendations 

	1 Introduction and Background
	2 Research Methods and Questions
	3 Technical Specifications
	3.1 Building Enclosure
	3.2 Lighting and Appliances
	3.3 Heating, Ventilation, and Air-Conditioning Systems
	3.4 Domestic Hot Water

	4 Targeted and Simulated Energy Savings
	5 Cost Data and Cost Effectiveness of Energy Efficiency Measures
	6 Research Question Conclusions
	References
	Appendix A: Plan Set

