
H I G H  P E R F O R M I N G  B U I L D I N G S  Sp r i n g  20162 22 2

requirements of high performance 
construction with local labor markets, 
urban context and neighborhood pro-
cess, and developer-driven cost con-
siderations creates a unique expres-
sion in each city and neighborhood 
in terms of scale, program, materials 
and energy strategy. But in each case, 
the high performance, low-cost equa-
tion relies on a few key moves: a sim-
ple massing; a tight, thick envelope 
with easily constructible detailing; 
and a minimal approach to systems 
and technological solutions.

T he City of Boston E+ 
(Energy Positive) Green 
Building program, a design 
competition and develop-

ment initiative launched in 2011, 
aims to promote the next generation 
of green buildings. The pilot program 
focused on underutilized city-owned 
parcels in emerging neighborhoods, 
asking developers and architects 
to develop prototypical designs for 
energy positive housing. 

While environmental sustainability 
was a key project driver, economic 

and social sustainability were also 
major goals of the initiative; construc-
tion budgets were intended to be 
market-typical, despite the high perfor-
mance building features. The first proj-
ect completed under the E+ program 
was Roxbury E+, a three-story wood-
frame urban townhouse development. 

Design Approach
The design team was selected for its 
expertise in designing modestly scaled, 
high performance urban homes for 
first-time home buyers. Balancing the 

CONCEIVED AS A REPLICABLE PROTOTYPE for family-friendly, energy-efficient urban 
townhomes, this four-unit project in Boston’s Roxbury neighborhood is proving the possibilities 
for market-rate, high performance housing. Traditionally, highly sustainable housing has been 
designed on a custom basis, available to customers willing to pay the associated cost premium. 
This net positive energy project proves that sustainable housing can also be affordable for 
homeowners, make business sense for developers and help reinvigorate urban neighborhoods.

The Roxbury Energy 
Positive (E+) project, an 
urban townhouse proto-
type for high performance 
developer housing, was 
the first completed under 
the mayor of Boston’s E+ 
Housing Initiative. These 
townhouses have consis-
tently generated more 
energy than they consume 
since their completion 
in 2013. 
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thick, tight envelope allowed heating 
and cooling systems to be adequately 
scaled rather than oversized, as is typi-
cal in residential design-build HVAC.

The E+ homes incorporate thermally 
robust double-stud walls with R-41 
blown-in cellulose insulation and a 
certified air infiltration rate of 0.57 
at 50 air changes per hour (ach) at 
50 Pa, a level comparable to Passive 
House requirements. Roofs and floors 
are also well-sealed and highly insu-
lated, at R-69 and R-52, respectively. 

Triple-glazed windows with U-values 
of 0.105 complete the robust exterior 
envelope. High-efficiency heat recov-
ery ventilators (HRVs) are used to 
moderate air exchanges within a well-
sealed envelope, exhausting stale air 
and supplying filtered, fresh air with 
minimal energy loss. 

The framing strategy for the project 
aimed to achieve high performance 
while reducing construction waste. 
The adjustable distance between the 
two walls allowed for tuning of the total 
wall thickness to meet appropriate 
insulation values determined through 
the energy modeling process. 

Efficient framing strategies designed 
to optimum value engineered (OVE) 
framing techniques increased total area 
of insulation while mitigating waste. 
Studs and joists are no more than 24 

photovoltaic panels. The angle of the 
roof was evaluated at a number of 
different inclines, and the resulting 
geometry represents a compromise 
between ideal solar orientation, usable 
space on the third floor, and architec-
tural and zoning considerations vetted 
through a public neighborhood process. 

3) A north-facing reverse bay win-
dow at each unit allows for generous 
natural light and cross ventilation 
(Figure 1), while echoing the playful 
surface geometries of surrounding 
residential fabric. The large open-
ings on the north façade offer diffuse 
daylighting for interior spaces year-
round, while recessed southern-facing 
windows are tuned to provide daylight 
and solar gain in the winter and shade 
in the summer. East and west glaz-
ing on corner units is minimized and 
shaded to prevent excessive heat gain 
in early morning and late afternoon.

Envelope
Through past experience with devel-
oper-driven high performance hous-
ing in the Philadelphia and Chicago 
markets, the design team gained an 
understanding of envelope design as 
related to energy code requirements 
and local labor market dynamics. 
Chicago’s code requires continuous 
exterior insulation, pointing toward 
a wood-frame wall assembly with 
exterior rigid insulation, while 
Philadelphia’s labor market condi-
tions make double-stud, wood-frame 
walls a less expensive and more eas-
ily executable choice. 

Lessons from these experiments 
helped shape Roxbury E+'s envelope 
design, which was adjusted to reflect 
Boston’s humid continental climate. 
Warm summers are followed by cold 
winters, with snowfall totals that can 
exceed 100 in. Annual rainfall aver-
ages between 40 to 60 in. 

These climate features necessitated a 
calibrated relationship between active 
heating and cooling systems, and pas-
sive envelope and siting strategies. A 

Massing
The massing for the Roxbury E+ proj-
ect began with an elemental box—
straightforward and affordable to con-
struct, and predictable in its ability 
to be tightly air-sealed and insulated. 
The simple massing controls surface 
area-to-volume ratios, and reduces 
corners and joints where infiltration 
is most likely to occur. In response to 
its site context, the box was shaped 
through three operations: 

1) The buildings step down the 
block in response to the local topog-
raphy, expressing the character of 
the site and allowing for ideal solar 
orientation. Daylighting and solar 
access for photovoltaic panels at the 
south-facing sloped roof drove the 
project’s north-south site orientation.

2) The roofs are southwardly sloped 
to maximize solar geometry for 
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Drawing inspiration from the surrounding 
neighborhood, the north building façade 
incorporates a double-height reverse bay 
window, which provides diffuse daylighting 
and prevents excessive heat gain.

Figure 1 
NATURAL VENTILATION  
AND DAYLIGHTING

The building section is tuned to maxi-
mize solar geometry for photovoltaic 
panels and north-facing daylighting, while 
allowing for passive cross ventilation.

U
rb

an
ic

a

ISA

1  Ventilation
2  North-Facing Windows
3  Photovoltaics
4  Southern Glazing Solar Gains

1

2

3

4



2 4

in. apart, and joists align with wall 
studs to ensure direct structural load 
paths, allowing for single top plates. 

Wall corners are framed with two 
studs (rather than three or four), and 
framed openings are sized appropri-
ately to reduce jack and king studs 
at the sides. Fifty-one percent of 
construction waste was diverted from 
landfills to be recycled.

Robust air sealing is equally criti-
cal to an efficient wall assembly. In 
recognition that high performance 
detailing is often novel for residen-
tial contractors, the design team 

 BUILDING AT A GLANCE

Name Roxbury E+ Townhomes

Location Boston

Owner  Private

Principal Use 4 townhomes

Occupants 13

Expected (Design) Occupancy 16 (4 per home) 
 Percent Occupied 81%

Gross Square Footage 7,883 
 Conditioned Space 7,883

Distinctions/Awards AIA COTE Top 10, 2015; 
LEED for Homes Platinum, 2014 

Total Cost $1.5 million 
 Cost per Square Foot $194.72

Substantial Completion/Occupancy 2013

ENERGY AT A GLANCE

Annual Energy Use Intensity (EUI) (Site)  
15.18 kBtu/ft2

 Electricity  (Grid Purchase) 15.18 kBtu/ft2

Annual On-Site Renewable Energy Exported 
17.02 kBtu/ft2

Annual Net Energy Use Intensity  
–1.84 kBtu/ft2

Annual Source (Primary) Energy –5.79 kBtu/ft2

Annual Energy Cost Index (ECI)* $0.47/ft2

Savings vs. International Energy Conservation 
Code-2009 Design Building 59%

Carbon Footprint 11.6 lb CO2e/ft2•yr

Percentage of Power Represented by 
Renewable Energy Certificates** 100% 
  Number of Years Contracted to Purchase 

RECs 10

Heating Degree Days (Base 65˚F) 5,651

Cooling Degree Days (Base 65˚F) 921

Annual Hours Occupied 8,760

*Energy cost index reflects cost of electric-
ity used from grid. However, each of the four 
homeowners was able to generate enough 
electricity through renewables within the first 
year of operation to "bank" credit with the util-
ity company, resulting in no electric bills.

**The homeowners receive solar renewable 
energy certificates (SREC) based on the 
size of the photovoltaic system. Each owner 
receives approximately 10 certificates per 
year, which they may sell in the SREC mar-
ket. As the homes ultimately produce more 
than they consume, we concluded that 100% 
of power used is represented by SRECs. 
However, users buy electricity from the grid 
and then sell back generated electricity to 
the utility.

KEY SUSTAINABLE FEATURES

Water Conservation Underground infiltration 
system, low-flow plumbing, rain barrel, drought-
tolerant and native landscaping.

Recycled Materials Fly ash in concrete, com-
posite quartz countertops, cellulose insulation, 
PEX piping, construction waste management.

Daylighting North/south glazing, large win-
dows with high solar heat gain coefficient.

Individual Controls Mini-split systems, indi-
vidualized controls on each level.

Carbon Reduction Strategies Recycled materi-
als, solar PV panels, solar thermal panel, effi-
cient HVAC systems.

Transportation Mitigation Strategies Minimal 
parking (one spot per house), close to mass 
transit (subway and buses).

Other Major Sustainable Features Heat recov-
ery ventilator system, 37–38 solar panels per 
townhouse, energy monitoring system.

BUILDING ENVELOPE

Roof
Type Wood frame, black EPDM (95% of roof is 
covered by PV panels)
Overall R-value R-69

Walls
Type wood double stud
Overall R-value R-41
Glazing Percentage 18.5% (average)

Windows
Effective U-factor for Assembly 0.105
Solar Heat Gain Coefficient (SHGC) 0.34
Visual Transmittance 0.58

Location
Latitude 42.32°; Orientation North

BUILDING TEAM

Building Owner/Representative Urbanica

Architect ISA (Design Architect),  
Urbanica (Architect of Record)

General Contractor Urbanica Construction

Mechanical, Electrical Engineer  
Engineering Design Build, Inc

Energy Modelers Conservation Services 
Group, MaGrann Associates

Structural Engineer DM Berg Consultants, PC

Civil Engineer C.L.G. Associates 

Landscape Architect Urbanica with Boston 
Redevelopment Authority

LEED Consultant, Commissioning 
Agent Conservation Services Group

Solar PV Consultant Transformations Solar

Energy Monitoring Consultant Embue
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The E+ homes are situated across the 
street from a large park and neighborhood 
playground in Boston’s Roxbury neighbor-
hood, a vibrant and diverse community.

Context and Process

The project was subject to a design 
review process by the Boston Redevelop-
ment Authority (BRA) as well as typical 
zoning process and neighborhood meet-
ings. After the initial competition design 
was secured, the team spent many 
months meeting with city officials and 
neighbors to refine the project’s design.

The architectural character was influ-
enced by the local vernacular of the 
immediate neighborhood, including 
clapboard siding in an array of colors, 
pitched roofs and large bay windows. An 
inverted bay connected the project to its 
context, and was critical to performance-
based innovation.

Traditional bays face out and add sur-
face area and exterior corners, which 
increase surface area and air sealing 
locations. By reversing the bay and 
having it bump in, it provided passive 
shading while locating the large windows 
under cover from the elements and elim-
inated the additional exposure of roof, 
floor, and exterior side conditions.
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deployed its past experience with 
communicating details to insulation 
installers and framers to achieve 
atypical construction techniques.

Color-coded air sealing and insu-
lation diagrams (Figure 2) were 
developed to guide subcontractors 
and installers through the appropri-
ate sequence of insulation, gasket, 
tape and caulk installation to ensure 
tightly sealed and insulated roofs and 
floors. Special attention was paid to 

the intersection of assemblies, a com-
mon trouble spot for infiltration. While 
designing a tight envelope is impor-
tant, energy performance is deter-
mined in equal measure by crafts-
manship and field decisions made by 
builders on site, and a close collabora-
tion between designers and builders 
was crucial to this project’s success.

Systems
While a tight, robust envelope drives 
down energy use, projected use must 
be simulated, and energy production 
systems must be installed to offset 
predicted use. For residential con-
struction, the unpredictable nature of 
residents' energy loads is a challenge. 
Targeting projected use is difficult 

Figure 2 AIR SEALING AND INSULATION DIAGRAM

Sheathing and 
Tape System

All Seams Taped
EPDM Gasket

Under Sill Plate

Butyl Tape
Bottom Plate

To Sub�oor

Butyl Tape
Rim To Sill Plate

Butyl Tape
Lap Over Sub�oor

To Rim

EPDM Gasket
Top And

Bottom Of Rim
Outside Of Rim

Adhesive
Bottom Plate

To Sub�oor

1. 2.

Butyl Tape
Adhesive

Air Barrier
Gasket

Double Stud Wall At Foundation

TOP LEFT As part of the Home Energy 
Rating System (HERS) rating process, the 
homes were subjected to blower door tests, 
which check actual performance of air seal-
ing and envelope tightness.

TOP RIGHT Contractors were educated in 
efficient framing strategies using optimum 
value engineered (OVE) techniques, allow-
ing the total area of insulation to increase 
while minimizing waste.

ABOVE Structural sheathing with an inte-
grated weather resistive barrier is taped at 
a window opening. Butyl tape is lapped over 
flex flashing tape to ensure a weatherproof 
and airtight seal.

Urbanica
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The design team developed highly simplified air sealing sequencing diagrams to 
think through the relationships of various types and locations of insulation and air 
sealing components. These color-coded images were used to communicate these 
more complicated details to the construction team. The transition shown is where 
above-grade frame walls rest on the foundation.
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that would produce energy at a rate 
exceeding occupant demand, pro-
ducing Home Energy Rating System 
Index (HERs) scores between -6 and 
-9, and allowing the buildings to 
feed surplus power back to the grid 
(see HERS Index: An Energy Rating 
System for Homes, below). 

HRVs are used to provide fresh 
air into and exhaust stale air out of 
each home. While typical homes 
allow for infiltration at leaky con-
struction junctions and operable 
windows and doors, homes that are 
tightly sealed need a mechanical 
means of air exchange. HRVs are 
a low-energy means of tempering 
fresh air by using heat exchange 
between exhaust air and fresh air, 
and retain approximately 70% of 
energy already spent to heat or cool 
the fresh air. 

Two outdoor air-to-air heat pumps 
are tied to three ductless mini-split 
units, which provide heating and cool-
ing. Each floor is zoned separately for 
greater control over indoor environ-
ment and less wasted energy. 

with an unknown number of residents 
who have variable schedules, and it 
is hard to predict the impact of post-
occupancy energy monitoring data 
available to residents. An iterative pro-
cess of rigorous energy modeling used 
software that is specifically designed 
for residential projects, and tested 
and optimized energy performance of 
multiple design solutions during the 
concept design and pre-construction 
phases. 

Selecting specialized versus stock 
equipment and appliances was also a 
design challenge. Early energy mod-
els used super low-energy appliances 
that proved to be out of reach for the 
project budget, difficult to source, 
and inappropriate for a prototypical 
market-rate housing project. 

The team decided that stock appli-
ances and fixtures would be balanced 
by high performance renewables 
modeled to produce enough energy to 
offset target use. Final energy models 
showed a solar photovoltaic array 
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HERS Index: 
An Energy Rating System  
For Homes

The Home Energy Rating System 
(HERS) Index is a relative measure 
of a home’s energy usage and effi-
ciency, where the lower the number, 
the more efficient and less energy 
that home uses. According to the U.S. 
Department of Energy, an existing (older 
construction) home will score a 130 
on the HERS Index, and a typical new 
construction home will score a 100. A 
preliminary HERS score is calculated by 
comparing metrics around envelope and 
systems for a particular home against a 
reference home of the same size, shape 
and exposure, while a final HERS score 
is established by performing a blower 
door test, testing duct leakage, checking 
insulation installation, and confirming 
any combustion safety concerns.  
For more information, see  
http://www.hersindex.com/.

A solar array containing 38 solar PV 
panels (and one solar thermal panel per 
unit) typically produces approximately 
42,700 kWh/year, while the combined 
energy consumption of the four units is typi-
cally 35,000 kWh/year, allowing the project 
to feed approximately 7,700 kWh annually 
back into the grid.
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Water

The E+ project’s roof discharge is cap-
tured on site through an underground 
infiltration system and regulated over-
flow to the municipal sewer system. 
A total of 87% of rainwater from a 
maximum anticipated 24-hour, two-year 
storm can be managed on site. 

Landscape design incorporating perme-
able paving and native, drought-tolerant 
species increase site infiltration. Each 
townhouse is equipped with a 50-gallon 
rain barrel (concealed under the deck) for 
harvesting rainwater for garden irrigation. 
To further reduce the building impact 
on the water cycle, all plumbing fixtures 
are low flow, and toilets are dual flush. 
Energy Star-rated dishwashers and wash-
ing machines conserve water and energy.

Urbanica
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The mini-split units have integrated 
programmable thermostats and wireless 
remote controls for easy homeowner 
adjustment. The ductless system was 
selected to provide more efficient heat-
ing and cooling, with fewer runs from 
heat and cooling generation to site 
(as in a split ducted system), and nets 
far less wasted energy than a typical 
home’s heating and cooling system. 

Each townhouse is equipped with 
38 solar PV panels and a solar ther-
mal panel. Domestic hot water is gen-
erated via the thermal panels with an 
electric backup system. 

Through a grant from the Massachu-
setts Clean Energy Center, an energy 
monitoring consultant installed sen-
sors tracking electricity consumption, 
production, and occupant comfort in 
each home for three years post-occu-
pancy. During the first year, the solar 
array produced 42,496 kWh, while 
the building energy consumption was 
32,934 kWh (Figure 3). The remain-
ing excess electrical production was 
fed back to the grid. 

In the years since, the project has 
consistently generated approximately 
7,600 kWh/year more than it consumes. 
Actual site energy use intensity (EUI) 
for the four homes is 15.18 kBtu/ft2, 
which is slightly lower than the pre-
dicted performance at 16 kBtu/ft2. 

Each of the four homeowners was 
able to generate enough electricity 
through renewables within the first 
year of operation to “bank” credit 
with the utility company, resulting 
in no electric bills. The local util-
ity company allows users not only 
to store credit, but to appropriate 
that credit to other users within their 
system. One homeowner was able to 
bank a few thousand dollars’ worth of 
credit and is currently interested in 
forwarding that credit along to local 
family members in other homes. 

Performance data for the project is 
made public through an online and 
smartphone dashboard interface, 
creating a feedback loop encouraging 

  Determine Cost-Benefit Analysis 
Around Big-Ticket Items to Identify 
Critical First Costs Versus Life-
Cycle Costs. Between the time the 
homes were conceived and the time the 
homes were built, photovoltaic technology 
changed enough that the team was able 
to increase actual PV output over pre-
dicted output. As technology continues to 
evolve, the hope is that these high perfor-
mance renewables will be made available 
to a wider range of residential projects. 

  Incorporate Ways to Educate 
Residents and Neighbors to Foster 
Support for Replicable Green 
Initiatives. The energy data portal 
(https://secure.embue.com/eplus-
dashboard/) is public so that users and 
neighbors alike can see real-time energy 
metrics. This feature has encouraged 
other high efficiency projects to undertake 
similar monitoring strategies. 

  Identify Contractors and Suppliers 
With Experience and Knowledge of 
Green Construction, and Also With 
Continued Interest in Education 
and Innovation. 

  Market Availability Drives Market 
Demand. Beyond the success of the E+ 
program through the mayor’s office, local 
developers have seen increased market 
pressure around green housing, resulting 
in more than 15 “energy-efficient” 
homes that have been built within the 
past year near the Roxbury E+ site.

  Allow Users Freedom to Learn and 
Explore How to Best Use Their 
Systems. Each year, owners are able to 
increase efficiency by learning from how 
they used the systems the previous year. 
Last year, one of the homeowners did 
not turn on his mini-split systems until 
early December—past seasons provided 
him with enough data to know that he 
could wait that long and still be comfort-
able in the home. 

  Using Past Performance to 
Develop Projections on Future 
Homes is Difficult Within the 
Residential Market. Beyond the 
inability to project individual users’ spe-
cific schedules and usage, it’s also impos-
sible to predict who will ultimately inhabit 
a home. In modeling, the team always 
assumed that each home would house a 
family of four, but in reality these three-
bedroom homes have been purchased by 
couples or empty-nesters. So final occu-
pancy is often half that of 
predicted occupancy.

Lessons Learned

Kitchen appliances were originally mod-
eled as super low energy, but these spe-
cialized units proved to be out of reach for 
the project budget and difficult to source, 
so stock appliances were balanced with 
high performance renewables. 

Figure 3 ENERGY PRODUCTION, USE, KWH
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kBIM Template and Library

Standardized Tools to Reduce Autodesk® 
Revit® Implementation Costs

Developed for use with Revit 2014, 2015, or 2016, kBIM 
Template and Library provides large-firm capabilities to 
smaller firms.

kBIM Template and Library includes a Revit template, 
customized Revit library, and supporting help 
documentation, all designed to enhance the building 
information modeling (BIM) process for mechanical, 
electrical, plumbing, fire protection, and technology 
disciplines.

Find demos, examples, and purchasing information at 
www.ashrae.org/kbim.
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was acquired by the developer for 
extremely low cost.

The construction team received 
assistance from the Helping Hammer 
Program of the New England Regional 
Council of Carpenters for siding, dry-
wall and flooring installation. These 
carpentry crews were teamed with 
the project as a learning opportunity 
for their apprentices to get hands-on 
experience with more energy-efficient 
construction practices for a new 
apprentice training program. 

Lasting Impact
The Roxbury E+ project team tar-
geted sustainability not simply as a 
technological fix to environmental 
problems, but rather as a relationship 
of responsibility among individuals, 
communities and the environment. 
The mixed-income development 
included a subsidized affordable unit 
(offered to individuals with an income 
no more than 80% of the area median 
income) and three market-rate units 

homeowners to reduce consumption. 
Up-to-date energy metrics can be 
seen at https://secure.embue.com/
eplus-dashboard/. 

Cost and Payback
The E+ townhomes were built for a 
construction cost of $195/ft2, a markup 
of 10% to 15% for comparably sized 
and located conventional develop-
ments. The additional initial costs 
were incurred for extra framing, mate-
rials, and insulation in the passive 
envelope, as well as the high efficiency 
windows and HRV equipment. Of the 
three market-rate units, two were pre-
sold, and the one affordable income 
unit was entered into a lottery pool. 

The project was made financially 
feasible by a number of strategic 
financial initiatives. The project 
team received $120,000 in grant 
funding from the City of Boston 
for Green Building and Affordable 
Housing, and the homes were built 
on a formerly city owned lot, which 

CASE STUDY ROXBURY E+ TOWNHOMES

Materials

Building materials for the E+ proj-
ect were chosen to be robust and 
long-lasting, with locally sourced and 
environmentally sound products priori-
tized during procurement according to 
LEED guidelines. The exterior siding 
materials are a combination of high-
quality fiber cement siding, Forest 
Stewardship Council Certified-wood 
trim, and metal composite panels 
installed in a rain-screen assembly. 

Interior finishes with low emissions 
content promote healthy indoor air 
quality, and recycled materials were 
used wherever possible. Blown-in 
cellulose insulation is 100% recycled, 
and 30% fly ash content is incorpo-
rated in the concrete foundation. 
All wood framing, trim, and finish 
woodwork was made from locally 
sourced, FSC-certified wood. Kitchen 
countertops are Greenguard-certified 
composite quartz, and cabinetry is 
made from bamboo slab doors and 
no-added-urea-formaldehyde (NAUF) 
composite wood casework. 
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ASHRAE Design Guide for  

Tall,  
Supertall,  
and Megatall  
Building Systems

Peter Simmonds

The Guide to Meeting the Challenges of Tall Buildings

Tall buildings present unique and formidable challenges to architects and engineers 
because of their size, location in major urban areas, and the multiple, complex occupancies 
they often contain. ASHRAE Design Guide for Tall, Supertall, and Megatall Building Systems 
is a unique reference for owners; architects; and mechanical, structural, and electrical 
engineers as well as other specialized consultants involved in designing systems for these 
buildings.

Expanded since ASHRAE’s previous guide on the topic in 2004, this new design guide 
covers not only tall buildings (taller than 300 ft [91m]) but now also addresses supertall 
(taller than 984 ft [300 m]) and megatall (taller than 1968 ft [600 m]) buildings, with a 
broadened scope and updated content that reflects current standards and industry practices.
 
This guide not only focuses on the efforts of designers of the HVAC systems but also  
addresses the importance of the design team and their collective efforts and concerns that 
are the critical elements in determining the ultimate solutions to the project needs of a tall 
building. This guide addresses design issues for tall commercial buildings, which are very 
often mixed use, with low-level retail, office floors, residential floors, and hotel floors.

Major sections cover the following subjects:
• Architectural design
• Façade systems
• Climate data
• Indoor air quality (IAQ) and thermal comfort
• HVAC systems
• Electrical system interfaces
• Intelligent buildings and controls
• Water distribution
• Plumbing systems
• Energy modeling and authentication
• Vertical transportation
• Life safety
• Needs of residential occupancies

Also included are appendices with examples of stack effect and wind pressure for four 
representative climates, energy analysis examples, and HVAC design criteria and a systems 
description for a multiple-tenant office building.

ASHRAE Design Guide for Tall, Supertall, and Megatall Building Systems is accompanied 
by online content, which can be found at www.ashrae.org/tallbuildings.
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positioning the project as a catalyst 
for local economic revitalization.

Conclusion
Boston’s E+ Green Building program 
requirements set the project chal-
lenge—to create an energy positive 
building on a tight urban site in an 
economically disadvantaged hous-
ing market. The Roxbury E+ project 
team’s holistic design approach took 
into account the risks and rewards of 
bleeding edge technology for energy 
performance—along with the com-
peting stakeholder agendas for neigh-
borhood change, cost efficacy, and 
regulatory constraints—to develop 
a prototypical model for high per-
formance production housing with a 
proven track record. •
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systems were tuned and tested to 
ensure that they were functioning as 
designed. A detailed homeowners’ 
manual was provided, and walk-
throughs were conducted to train 
buyers on the operations and main-
tenance of their homes. A compre-
hensive public awareness campaign 
incorporating a website, signage, 
public tours, and open houses aimed 
to educate the neighborhood at 
large about green building practices 
and green collar job opportunities, 

to support a diverse neighborhood 
while aiding in revitalization.

Economic sustainability for the 
project began with reduced long-term 
energy and operations costs for resi-
dents. The project also trained local 
construction workers in sustainable 
practices, supporting an effort to create 
green collar jobs in the Boston area.

Post-construction and pre-occu-
pancy, mechanical equipment and 

CASE STUDY ROXBURY E+ TOWNHOMES

Generous windows provide ample natural 
daylighting throughout the homes, reducing 
demand for electric lighting.
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