
Integrating Flexibility and Sustainability to Define
a New Net-Zero Apartment Building Prototype

Item Type text; Electronic Thesis

Authors Galko, Amber Elizabeth

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:26:48

Link to Item http://hdl.handle.net/10150/347179

http://hdl.handle.net/10150/347179


Integrating Flexibility and 
Sustainability to Define a 
New Net-Zero Apartment 

Building Prototype

by 

Amber E. Galko

_________________________

A thesis submitted to the Faculty of the 

COLLEGE OF ARCHITECTURE, PLANNING, AND LANDSCAPE ARCHITECTURE

In partial Fulfillment of the Requirements 
For the Degree of

MASTER OF SCIENCE
WITH A MAJOR IN ARCHITECTURE

In the Graduate College

UNIVERSITY OF ARIZONA

2015



2

St
at

em
en

t b
y 

Au
th

or

3

STATEMENT BY AUTHOR

 This thesis has been submitted in partial fulfillment of requirements for an ad-
vanced degree at the University of Arizona and is deposited in the University Library to 
be made available to borrowers under rules of the Library.

 Brief quotations from this thesis are allowable without special permission, 
provided that an accurate acknowledgment of the source is made. Requests for per-
mission for extended quotation from or reproduction of this manuscript in whole or 
in part may be granted by the head of the major department or the Dean of the Grad-
uate College when in his or her judgment the proposed use of the material is in the 
interests of scholarship.  In all other instances, however, permission must be obtained 
from the author.

SIGNED:  Amber Galko

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

                                  December 16, 2014
           Nader Chalfoun   Date
Professor of Architecture and 
     Environmental Sciences      



4 5

Ac
kn

ow
le

dg
m

en
ts

   
| 

  D
ed

ic
ati

on

I would like to dedicate this thesis to my mother, for instilling within 
me a love of reading and a never ending thirst for knowledge.

Acknowledgments

I would like to thank Nader Chalfoun for planting the seed of sustainability in my mind, and contin-
uously opening my eyes to new sustainable technologies and methods. I would like to thank Colby 
Moeller for answering my many, never ending questions and for his guidance and advice through my 
thesis semester, pushing my methodology and never letting me stop questioning. Thank you very 
much to Beth Weinstein for your insight and criticism of my design decisions and ideas.

Many thanks and much love to Shaun for your unwavering support through every late night and 
early morning, making sure I stay on track.

A huge thank you to all of my friends and classmates who have provided me with a constant source 
of support and encouragement.



6 7

Ta
bl

e 
of

 C
on

te
nt

s

Introduction
Abstract
Question
Definitions
Relevance
Literature Review
Flexibility Definition
Boston Problem Definition - Housing
Boston Problem Definition - Energy Use
Climate
Residential Design Standards

Case studies
Macallen Building
Efficiency Plus House

Final Proposal
Floor Plan
Building Plan
Furniture Plan
Rendering
Section
Detail Wall Section
Movable Furniture
Performance Criteria
Final Proposed Strategies
Movable Partitions
Slack Space
Operable Facade
Window Overhang
Radiant Floor Slab
Final Energy Reduction
Net Zero

Works Cited

12
15
16
17
18
20
24
26
28
30
32

34
36
38

40
42
44
46
49
50
52
54
56
57
58
60
61
62
64
66
67

69

Table of Contents

“Versatile is the house;  
just like men, 

flexible yet solid.” 

Bruno Taut   



8 9

Ta
bl

e 
of

 F
ig

ur
es

Average Number of People per Household 
 U.S Census Bureau
Residential Energy Consumption Intensities
 U.S. Department of Energy
Housing Type and Construction Year
 Energy Information Administration
Residential Energy Use
 Energy Information Administration
Climate Zone 5A
 http://labs21benchmarking.lbl.gov/
Psychrometric Chart Winter
 Climate Consultant
Psychrometric Chart Summer
 Climate Consultant
Psychrometric Chart Full Year
 Climate Consultant
Unit Floor Plan

Unit Perspective View

Orientation Allowance

EUI by Orientation

Building Plan

10ft x 10ft Bedroom Size Analysis

1000ft2 - 1 Bedroom

750ft2 - 1 Bedroom

750ft2 - Studio

Interior Perspective

Section - Summer Condition

18

19

29

29

30

31

31

31

42

43

45

45

45

47

46

47

47

49

51

Table of Figures

Please note, any figures not listed  
with a source on this page were 
created by author.

“Architecture should not 
squeeze people into frames 

but give them freedom”
Makoto Yokomizo 

0.1

0.2

1.1

1.2

1.3

1.4

1.5

1.6

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

Title
     Source

PageNumber



10 11

Ta
bl

e 
of

 F
ig

ur
es

Section - Winter Condition

Detail Wall Section

Possible Closet Locations and Uses

Closet Plan and Elevations

Movable Closet Render

Unit Grid

Room Configurations in 1000ft2 Unit

Fixed vs. Movable Demising Walls

Demising Wall Configurations and Unit Sizes

Example of Built Out Slack Space

Open Facade

Partially Open Facade

Closed Facade - 1000ft2 Unit

Closed Facade - 750ft2 Unit

Energy Use Comparison Graphs (kWh)

Sun Angle Comparison

Natural Ventilation

Thermal Mass - Winter Day Condition

Thermal Mass - Winter Night Condition

51

52

54

55

55

58

59

59

59

60

61

61

61

61

63

63

64

65

65

Table of Figures 

Please note, any figures not listed  
with a source on this page were 
created by author.

3.12

3.13

3.14

3.15

3.16

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.11

4.12

4.13

4.14

Title
     Source

PageNumber



12

In
tr

od
uc

tio
n

13

Introduction



14

In
tr

od
uc

tio
n 

  |
   

Ab
st

ra
ct

15

allow a building to evolve as its users do 
in both long and short term. Rooms can 
be added or removed, exterior connec-
tions can change, and uses of rooms can 
change through out the day as spaces 
are used differently. Flexibility will ex-
tend a building’s entire life cycle and 
reducing the need for expensive renova-
tions by making every space multi-use. 
Each building’s entire life cycle should 
be taken into account during the design 
phase, and no building should serve as a 
single use, this idea will also make them 
more sustainable. These two concepts 
will also have very important social and 
economical implications for the users.

Abstract

Two key architectural concepts that must 
be taken into account in every design 
are sustainability and flexibility. These 
two ideas are inherently tied to one 
another. Sustainability refers to ideas 
and processes that provide solutions 
meant to better our built environment 
by using renewable resources, and re-
ducing the amount of energy used in 
order to ensure our planets well-being 
for future generations. Flexibility refers 
to the capability of adaptation in order 
to accommodate different situations and 
circumstances. Users will always change 
through time, while a structure remains 
the same. The goal of flexibility is to 
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How can flexibility and 
sustainability be intrinsically 
tied to one another in order 

to design a new Net-Zero 
prototype for apartment 

complexes in Boston?

17

flexible –  adj  –  the capability of adapta-
tion in order to accommodate different 
conditions or circumstances 

sustainable –  adj – of a way of using 
methods and resources so that they are 
not completely depleted, damaged, or 
destroyed

net zero  –  n –  a building that is highly 
energy-efficient and over the course of a 
year will use renewable technologies to 
produce as much energy as it consumes 
from the grid. 
 
prototype –  n – an original model upon 
which something is based or formed

apartment complex –  n –  a collection 
of five or more adjacent dwelling units, 
often sharing common spaces
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 Between 1975 and 2010, the average U.S. house 
 size has increased by 41%

 During the same time period, U.S. household size 
 has decreased by 18%

Figure 0.1
Average Number of People per Household 1960 to 2012

19

to predictable and unpredictable changes in 
life, give the user a more solid sense of indi-
vidualism, as well as enhance a user’s sense of 
place and community by allowing individuals to 
stay in place longer. Homes become individual 
places of refuge, but with today’s busy, mobile 
lifestyles, they need to reflect multitasking per-
sonalities. In addition to daily flexibility, housing 
should grow and shrink with changing needs 
based on life cycle. Housing needs to be able 
to change without costly renovation as family 
size changes, and as the user ages and their 
needs change. As Tatjana Schneider states it in 
her book Flexible Housing: “Housing designed 
without flexibility are already obsolete.”

          Apartment buildings use the second most 
energy per square foot out of all the hous-
ing types. Attached units are generally more 
energy-efficient due to fewer exterior walls, 
which are prime locations for heat loss or gain. 
Therefore, this statistic is surprising. A number 
of issues could contribute to this excess energy 
use, such as user mentality, excess site con-
sumption, and the way the energy is metered. 
This thesis will seek to solve issues pertaining to  
apartment comfort, both mentally and physical-
ly, and the energy use associated with it.

          Average housing size in the United States 
has been rising steadily for the last 40 years, 
while family sizes have been continuously 
shrinking. This prompts many questions, such 
as what are households doing with this extra 
space? Is it really necessary? Across the US, 
many households, approximately 40 - 50%, are 
renting their current homes rather than buy-
ing them. In response to this, homes must be 
able to accommodate a wide variety of users. 
Apartments are generally designed to cater to 
an average user, and thus may not be capable 
of adapting to the needs of every user. This 
design mentality must be stopped, users should 
not have to sacrifice their personal comfort and 
sense of self simply because they are renting.

          There is a large literature base on sus-
tainability. While sustainability is not a new 
concept, society is realizing more and more just 
how important sustainability is to our planet, 
and the importance of preserving our natural 
resources. Flexibility is also not a new concept, 
it was first discussed in the early 1920s by 
Bruno Taut, who specifically reference flexible 
housing by saying: “Versatile is the house; just 
like men, flexible yet solid.” Flexibility is an es-
sential design tool that allows housing to adapt 

Type   Per Ft2 (kBTU)    Per Household  % of Total   
                 (kBTU)           Consumption
Single Family:    
   Detached   55.0             108.4                 73.9%
   Attached   60.5    89.3        6.6%
Multi-Family:
   2-4 Units   94.3    85.0        6.3%
   5+ Units   69.8    54.0        8.6%
   Mobile Home  58.7    70.4        4.6%

Figure 0.2
Residential Delivered Energy Consumption Intensities By Housing Type in 2005
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Literature Review

 The concept of flexibility can be used to 

improve dwellings and offer a higher standard 

of living. Flexible housing refers to housing 

that changes and adapts to the user’s lifestyle, 

whether on a daily, seasonally, yearly, or life-

time basis. It allows homes to grow and adapt 

to suit the user’s needs, thus eliminating costly 

renovations or relocation, and allowing a higher 

degree of individuality. If flexible solutions are 

applied to urban dwellings, then homes in the 

city can respond to changes in daily lifestyle. 

The many resources available on the different 

aspects of flexible dwelling create an interest-

ing and thought-provoking discourse. 

 In his 1985 book The Concept of Dwell-

ing, Christian Norberg-Schulz explores the many 

nuances of dwelling, and defines private dwell-

ing as a place of retreat. Norberg-Schulz states 

that dwelling is a place where one can retreat 

and develop their personal identities, and also a 

place that functions as “the general background

to human life.” 1 He goes on to explain that the 

form of the house is determined by the purpos-

es within. Lam and Thomas explain in Convert-

ible Houses that the lifestyles of city-dwellers 

have changed and developed through the 

years, and multitasking and functionality have 

become essential factors in everyday life. Lam 

and Thomas call for a re-assessment of the 

concept of dwelling in order to incorporate and 

accommodate today’s busy schedules into the 

home. In Flexible Housing by Schneider and 

Till, flexible dwelling is defined as housing that 

responds to the unpredictability of human life. 

They assert that this type of dwelling should act 

as “a shock absorber, there to soak up the dy-

namics of living.” 2 This concept fuses the ideas

of Norberg-Schulz and Tam together, allowing 

our dwellings to accommodate our lifestyles, 

and act as a retreat. 

 Mankind began as a nomadic, hunt-

er-gatherer species only residing in one place 

until the resources were depleted from that 

area.3 The earliest forms of dwelling were 

created to accommodate this lifestyle and were 

constructed of nearby material and assembled 

in very little time. As agriculture began and 

evolved, mankind’s shelters became

more permanent and more communal. The 

earliest dome-shaped huts evolved into igloos, 

tents, long houses, yurts, then communities 

developed as the structures were arranged into 

clusters and compounds. This eventually devel-

oped into cottages and farmhouses.4 Mathias 

Schwartz-Clauss states in the introduction of 

the book Living in Motion, “Every nomadic 

lifestyle has its settled moments, just as every 

settled lifestyle has nomadic aspects.” 5 

 Dwelling is an important and broad ar-

chitectural concept. This paper will be discuss-
21

to change as well.9 They state that multitasking 

has become a big part of modern everyday life. 

There has been a drive to constantly better our 

surrounding environments, and flexible housing 

became a way of exploring how to give individ-

uals more control over their environments. 

 In 1920, Bruno Taut was the first to 

specifically reference flexible housing by saying: 

“Versatile is the house; just like men, flexible 

yet solid.” 10 Frank Lloyd Wright paved the way 

for flexible housing types with his use of open-

plans and movable partitions. His Usonian 

House expanded upon these ideas and became 

an affordable and modular home utilizing an 

open-plan.11 Flexibility played a key role in the 

modernist movement; it became both a social 

and moral imperative. Marcel Breuer called for 

buildings “… of which every part can be altered, 

which are flexible, and which can be combined 

in different fashions.” 12 Modernist flexibility 

took two main forms: rooms with unspecified 

uses and folding or movable elements the 

respond to multiple needs within a space. Le 

Corbusier, who believed in the house as a tool, 

studied the idea of flexibility in a house he built 

for his retired parents. In this small house he 

designed “A gridded folding and sliding screen 

to separate the guest area and an extendable 

dining room table to accommodate extra din-

ers” as well as furniture that is built into the 

form of the building.13 

ing dwelling in a private sense. Dwelling not 

only refers to shelter, but also the idea of home. 

Christian Norberg-Schulz states that humans 

find their purpose in life in social interactions 

outside of the home, but “When our social task 

is accomplished… we withdraw to our home to 

recover our personal identity. Personal iden-

tity, thus, is the content of private dwelling.” 6 

Expanding upon the idea of “withdrawal” that 

Norberg-Schulz mentions, he also states that 

dwelling functions as a retreat, saying it “…is 

not a place where the outside world is forgot-

ten; rather it is a place where man gathers his 

memories of the world and relates them to his 

daily life of eating, sleeping, conversation,

and entertainment.” 7 Similarly, in his essay 

“Modern Architecture and the Flexible Dwell-

ing,” Robert Kronenburg says “Home… is more

and more about a set of personal activities, 

habits and relationships that establish continu-

um of habitation in the same location.” 8 

 The vernacular architectural typolo-

gies of huts, igloos, and tents were successful 

flexible pieces of architecture. The user had 

the ability of adding rooms, or arraigning the 

dwellings to best suit their needs. Private dwell-

ing is the building typology that has responded 

quickest to the new and ever-changing needs of 

today’s lifestyles. Lam and Thomas argue that 

because human lifestyles are constantly evolv-

ing: the way designers thinks of dwelling needs 
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 Flexible housing responds to the un-

predictability of dwelling.14 Flexibility refers to 

spaces that can physically change, both tempo-

rarily and permanently, and spaces that can be 

used in a multitude of ways. Schneider and Till 

assert that flexible housing exists for person-

al reasons, such as an extending or shrinking 

family; practical reasons, such as old age; and 

technological reasons, such as the updating of 

old services.15 Flexibility extends the lifetime 

of a building by allowing the units to grow and 

shrink with the users and abolishing the need 

for costly renovations. As Mies van de Rohe 

stated, “Buildings should last longer than their 

original intent.” 16 

 Kronenburg agrees with Schneider and 

Till’s reasoning for incorporating flexibility in 

dwelling, and contributes to it by including 

the idea of working from home. Working from 

home has become more common due to the 

ecological concerns of commuting and remote 

working due to technology advancements. He 

supports Norberg-Schulz’s idea that one devel-

ops his or her personal identity in the home, 

stating that flexible housing “…is also about 

creating an identifiable picture of yourself as an 

individual.” 17 

 Kronenburg challenges the idea that the 

familiar possessions people bring with them to 

a space helps them to define their sense of self. 

He does this by saying that the way that one 

arranges their possessions relates to the sense 

of self that they connect with the objects. This 

means that if one were able to physically move 

their space, then they would create an equal 

feeling of comfort and self because they would 

feel ownership of the space. Flexible housing 

can be accomplished in a countless number of

ways. At a very basic level, flexibility can occur 

pre-occupancy or post-occupancy. Pre-occupan-

cy flexibility can be desirable because it gives

future users a voice in the layout of their space. 

Post occupancy enables users to occupy their 

home in multiple ways. Kronenburg provides a

brief and whimsical overview of the many 

possibilities of post-occupancy flexible housing, 

saying the space may

     “…move from one place to another or be 

     changed in its shape or structure – walls might 

     fold; floors shift; staircases extend; lighting, 

     colours and surface textures metamorphose. 

     Parts of the house could leave the site and re

     turn, or the entire building could roll, float or fly 

     to a different location.”

 In their book Convertible Houses, Lam 

and Thomas explore a variety of precedent 

studies of dwellings incorporating flexibility.

Most of their collected projects focus on saving 

space in an urban setting. Their projects explore 

the use of curtains, transparent and frosted

23

1 Norberg-Schulz, Christian. The Concept of Dwelling. New York: Electa/Rizzoli, 1985. 108
2 Schneider, Tatjana, and Jeremy Till. Flexible Housing. New York: Architectural Press, 2007. 6
3 Schoenauer, Norbert. 6000 Years of Housing. New York: Garland STPM Press, 1981.
4 Schoenauer, 6000 Years
5 Schwartz-Clauss, Mathias, and Alexander von Vegesack. Living in Motion: Design and Architecture 
  for Flexible Dwelling. Weil am Rhein: Vitra Design Museum, 2002. 17
6 Norberg-Schulz, Concept of Dwelling, 89
7 Norberg-Schulz, Concept of Dwelling, 89
8 Schwartz-Clauss, Living in Motion, 23
9 Lam, Amanda, and Amy Thomas. Convertible Houses. Salt Lake City: Gibbs Smith, Publisher, 2007.9
10 Schneider, Flexible Houses, 17
11 Schwartz-Clauss, Living in Motion, 25
12 Schneider, Flexible Houses, 18
13 Une Petite Mason 1923-24 Schwartz-Clauss, Living in Motion, 25-28
14 Schneider, Flexible Houses, 5
15 Schneider, Flexible Houses, 5
16 Schneider, Flexible Houses, 19
17 Schwartz-Clauss, Living in Motion, 58
18 Schneider, Flexible Houses, 5
19 Schwartz-Clauss, Living in Motion, 21
20 Lam, Convertible Houses, 10
21 Schwartz-Clauss, Living in Motion, 56
22 Schwartz-Clauss, Living in Motion, 65

glass panels, furniture with wheels, color, 

innovative storage, transformable spaces, 

transformable furniture, and merging interior 

with exterior. They claim that flexibility can be 

achieved in many ways by stating “The person-

ality of each room can be radically altered with 

simple acts.”

 A contemporary example of flexible 

dwelling can be found in Steven Holl’s work, 

primarily his Hinged Space Apartments in 

Japan. These apartments use hinged swinging 

walls to allow the occupant to re-order their 

house during the day and seasonally as they 

see fit. This allows the apartments to stay inde-

terminate rather than fixed. Shigeru Ban also 

adapted the concept of flexibility by creating 

dwellings free of interior walls. This allows the 

space to be a continuous volume with movable 

rooms.
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Flexibility Definitions

Daily Flexibility is categorized by small, quick, and simple strategies that can be performed on a daily 

or weekly basis by the user based on their needs. The purpose of these strategies is to allow each 

space to have multiple uses, and to allow the user to control their thermal comfort through passive 

environmental means.

 Examples:     Movable Partitions, Curtains, Convertible Furniture, Operable Windows, Lighting 
            Dimmers, Operable Shading  Devices

Short Term Flexibility is categorized by medium, relatively easy strategies that can be performed on 

a daily, weekly, or seasonal basis by the user. The purpose of these strategies is to allow each room to 

transform according to seasonal changes (such as sun path), as well as programmatic changes de-

sired by the user.

 Examples:     Migratory Living, Convertible Exterior Living Area, Convertible Rooms, Sliding / 
            Movable Rooms

Long Term Flexibility is categorized by extensive, complex, or difficult strategies that can be per-

formed on a yearly basis or between occupants. The purpose of these strategies is to allow each 

room to transform according to household size and programmatic needs of the user.

 Examples:     Open Floor Space, Slack Space, Joining, Dividing

Daily Flexibility Examples

Operable Window    Balcony                                 Convertible Furniture       Movable Partitions

           Studio KO         Bloomframe Interior for Students / Ruetemple            Raydoor

Short Term Flexibility Examples

          Operable Facade        Movable Furniture          Operable Walls      Movable Partitions

          Apartments In Cambrils    Red Nest Mobile Wall     Sharifi-ha House  MIMA House

Long Term Flexibility Examples

   Slack Space          Joining / Dividing                                                    Slack Space

    Incremental House           Lake Shore Drive  Sustainable Housing in Nantes 25
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Problem Definition - Boston Housing Crisis

 In the year 2030, Boston will reach the momentous occasion of it’s 400th anniversary. The 

city is currently experiencing an important time of growth, with the population projected to reach 

over 700,000 by 2030 for the first time since the late 1950’s. Household sizes have been steadily 

decreasing (see p.18) and are much smaller than they were sixty years ago, meaning that with few-

er people in each residence, our current housing stock is unable to accommodate this population 

growth.1 Boston’s housing stock must go through a series of changes in order to successfully accom-

modate it’s new residents. 

 There is currently a housing crisis in the city, Boston is the third most expensive city to rent 

in the United States, following San Francisco and New York City. This is a result of the incredibly low 

city-wide vacancy rates, with only a 3.7% vacancy rate in rental units. Research conducted by The 

Boston Foundation has shown that when rents fall below 5.5%, landlords are able to extract higher 

rents from their tenants.2 This is a trend across the United States, with vacancy rates hitting the low-

est national rates since the mid-1980’s.

 Mayor Marty Walsh has proposed a plan set to add 50,000 new housing units to the city by 

2030. These new units will represent a 20% increase in the city’s housing units which will accommo-

date a 13% population increase.1 This plan, outlined in the article “Housing a Changing City: Boston 

2030,” outlines the goals for this proposal, including focusing on the city’s aging population, and 

middle class residents.

 [The city] must ensure that seniors who wish to remain in their homes are able to do so, while 

 providing resources and support for those who wish to downsize. It must assure Boston’s children that 

 they will have a place to study and rest so they can succeed in school, and it must help the city retain 

 a strong middle class while strengthening and stabilizing Boston’s neighborhoods.3

The housing demand lies primarily in the hands of the aging baby boomers and empty nesters who 

are looking to downsize their large single-family homes, and young professional millennials who are 

looking for smaller, more urban homes than their parents lived in.4

 The state of Massachusetts has implemented other plans for increasing the amount and 

density of its housing, including zoning initiatives such as “Chapter 40R.” 40R is also titled “The Smart 

Growth Overlay District Act,” allowing cities and towns to create special “overlay districts” with 
27

1 Martin Walsh, Housing A Changing City: Boston 2030. (City of Boston, 2014), accessed November 5, 2014, 
http://www.scribd.com/doc/242401317/Housing-A-Changing-City-Boston-2030, 4

2 Mary Jo Meisner and The Boston Foundation, eds., The Greater Boston Housing Report Card 2013: What Fol-
lows the Housing Recovery? (Boston: Northeastern University, 2013), accessed October 10, 2014, http://www.
tbf.org/~/media/TBFOrg/Files/Reports/2013%20GBHRC.pdf, 7

3 Changing City, 1

4 Housing Report Card, 6

5 “Chapter 40R,” Executive Office of Housing and Economic Development, accessed October 30, 2014, http://
www.mass.gov/hed/community/planning/chapter-40-r.html

increased densities.5 The goal of this act is to dramatically increase the amount of housing by increas-

ing the amount of land close to a city center that is zoned for dense housing, while also requiring a 

high percentage of affordable units, mixed use areas, and a connection to public transit. This will cre-

ate “smart growth” by creating transit-oriented communities that “create a distinctive sense of place 

and fulfill a significant market demand for convenience, while reducing car trips and preserving open 

space elsewhere in the community.”5

 So far, these changes have seen results, in 2013 the number of building permits issued in the 

city reached the highest since 2000. 2/3 of these permits were issued to units in apartment or condo 

buildings consisting of 5 or more units.4 Boston’s housing will benefit from flexible dwellings, which 

will contribute toward the Mayor’s vision of retaining residents of all age groups. It is projected that 

the largest population group increase will be senior households looking to age in place, followed by 

young professionals. These are two groups who will be going through major life changes and will 

want to have the ability to change and modify their dwellings to suit their new needs.
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the high energy use surprising, however homes 

in Massachusetts are significantly older than 

homes in the rest of the country. Only about 

15% of the current housing stock has been 

built in the last twenty years. This means that 

many homes are not insulated properly, and are 

most likely using outdated mechanical systems. 

Heating systems account for 59% of the energy 

use in the state. This is largely due to the cold 

winters, however if the majority of buildings 

have outdated and therefore inefficient heating 

systems, there is potential for energy reduction 

and savings. 

Problem Definition - Energy Use 

 A crucial part of the problem definition 

for this thesis is energy use. An intense study 

was completed to determine the current ener-

gy use within apartments in the city, and how 

that figure compared with the rest of the Unit-

ed States. Data was collected using information 

available from the United States Department of 

Energy. 

 Energy will be discussed in this thesis 

in terms of EUI or Energy Use Intensity. EUI is a 

measurement of energy use within a building 

per unit area in one year.  

 The total delivered residential site 

energy consumption in New England (which 

includes Massachusetts, Maine, Connecticut, 

Rhode Island, Vermont and New Hampshire) is 

77 kBtu / ft2 per year. This is 23.8% higher than 

the United States average of 58.7 kBtu / ft2 per 

year. 

 Understanding exactly why the ener-

gy use is higher in New England is essential in 

determining how to begin to reduce it. Possible 

contributing factors include age of home, con-

struction method, amount of heating required, 

and home size.  

 As shown in Fig 1.1 to the right, Mas-

sachusetts has an almost equal ratio of apart-

ments to single-family homes, which makes 
29

    

Figure 1.2 - Residential Energy Use

         Housing Type:               Year of Construction:

Figure 1.1 - Housing Type and Construction Year

1%

16%

24%59%

Massachusetts
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18%

35%

41%

U.S.
1%

16%

24%59%

Massachusetts
6%

18%

35%
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U.S.

Air Conditioning

Water Heating

Appliances, Electronics, 
Lighting, etc

Space Heating
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 Boston is located within the moist section of the Humid Continental climate zone, or zone 

5A, as defined by the Köppen Classification. This climate zone characterized as bring cool and hu-

mid with four distinct seasons. Spring and fall temperatures and amount of precipitation vary from 

year to year. Summers are warm to hot, rainy, and humid, while winters are cold with snow. Boston 

experiences 6572 Heating Degree Days per year. The amount of precipitation through the year is far 

above the United States average, with 45 inches of rain per year, and 48 inches of snow 17% and 

52% above average respectively. 200 days on average per year are sunny. Yearly temperature lows 

occur in the month of January which averages a temperature of 19˚, and yearly highs in July with an 

average temperature of 84˚.

 A study of the psychrometric charts for the city has reviled that over the course of one year, 

Boston is only thermally comfortable for 8.2% of the year (Figure 1.6), this breaks down into 13.9% 

comfort in summer and only .7% comfort for winter. This study also revealed which passive and 

active strategies are most effective through out the year. Mechanical heating was most effective, at 

bringing the temperature into the comfort zone, and passive strategies such as internal heat gain, 

passive solar direct gain, shading, and thermal mass were also shown to be effective. This study will 

help to inform which passive strategies should be implemented into the final design to help reduce 

the energy that this apartment uses to provide thermal comfort to it’s occupants.

MoistDryMarine

Humid Continental 
Climate Zone

Figure 1.3 - Climate Zone 5A
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Full Year Strategies: BostonBoston:   Full Year
48.6%  Heating (add Humidification)
24.5%  Internal Heat Gain
11.4%  Passive Solar Direct Gain (Low Mass)
9.7%    Sun Shading of Windows
9%       Natural Ventilation Cooling
8.6%    Fan-Forced Ventilation Cooling
7.2%    Passive Solar Direct Gain (High Mass)

6.4%    Wind Protection of Outdoor Spaces
5.2%    High Thermal Mass Night Flush
4.5%    High Thermal Mass

8.2% Comfort

Boston:   Summer
39.6%  Internal Heat Gain
21.3%  Heating (add humidification)
16.6%  Sun Shading
15.3%  Natural Ventilation Cooling
14.6%  Fan-Forced Ventilation cooling
12.1%  Passive Solar Direct Gain (Low Mass)
12.1%  Passive Solar Direct Gain (High Mass)
8.9%    High Thermal Mass (Night Flushed)
7.7%    High Thermal Mass
6.3%    Dehumidification

13.9% Comfort

Boston:   Winter
79.5%  Heating (add humidification)
12.5%  Passive Solar Direct Gain (Low Mass)
11.6%  Wind Protection of Outdoor Spaces
9.9%    Internal Heat Gain
2%       Passive Solar Direct Gain (High Mass)

0.7% Comfort

Figure 1.4 - Psychrometric Chart Winter

Figure 1.6 - Psychrometric Chart Full Year

Figure 1.5 - Psychrometric Chart Summer
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Unit Sizes:

Studios shall be approximately 500 net sq.ft.

1 Br. shall be approximately 750 net sq.ft.

2 Br. shall be approximately 900 net sq.ft.

3 Br. shall be approximately 1,200 net sq.ft.

4 Br. shall be approximately 1,400 net sq.ft.

velopment in Boston is an organization aimed 

at “making Boston the most livable city.” They 

aim to reach this goal through the creation of 

“strong, vibrant neighborhoods.  Working with 

Boston’s communities, we help build neigh-

borhoods through the strategic investment of 

public resources.” The DND offers design stan-

dards in order to promote cost effective, envi-

ronmentally-responsible, quality design. These 

size constraints will be implemented in the final 

proposal to assure that this project is proper-

ly sized, and fits into the fabric of the existing 

units.

 The following are standards for 

multi-family housing as specified by the DND.

“Design, Construction and Open Space Unit
RESIDENTIAL DESIGN STANDARDS,” Department 
of Neighborhood Development , accessed Octo-
ber 5, 2014, http://www.cityofboston.gov/dnd/
PDFs/D_2010_DND_DESIGN_STANDARDS-112010.
pdf.

Residential Design Standards

 As humans, there are a few basic ele-

ments that are necessary to survive and main-

tain basic thermal comfort: shelter, food, and 

sleep. The earliest of dwellings were made 

to accommodate these basic needs. Today, 

dwelling sizes are on the rise and have been 

growing larger and larger consistently for the 

last 40 years. Superfluous functions are added 

as a display of wealth, or to quell an increas-

ingly unsatisfied population. Homes have living 

rooms, family rooms, dens, and media rooms. 

Spaces that can’t possibly be used all at once, 

but many people feel are necessary to have in 

their homes. 

 The Department of Neighborhood De-

4 Bedroom

3 Bedroom

2 Bedroom
1 Bedroom

Studio
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Use/Room    Min. Area  Min. Dim.

Living Room   150 SF   12’-0”

Dining Room    100 SF   10’-0”

Living/Dining (1 Bed)   200 SF   12’-0”

Living/Dining (2 Bed)   225 SF   12’-0”

Primary Bedroom   120 SF   11’-0”

Secondary Bedroom   100 SF   9’-0”

Full Bath    35 SF   5’-0”

Hallways    N/A   3’-0”

Coat Closet    6 SF   2’-0”

Bedroom Closets   8 SF   2’-0”

Linen Closets    4 SF   1’-6”

Storage (basement or other)  30 SF   2’-0”

Minimum Kitchen Counter Space (not to include sink):

Studio unit  shall have at least 4 linear feet.

1Br. unit shall have at least 6 linear feet.

2 Br. unit shall have at least 8 linear feet.

3 Br. unit shall have at least 10 linear feet.

4+ Br. unit shall have at least 12 linear feet.

Other:

• Front porches for detached 1-3 family buildings are required in neighborhoods where existing 
houses have front porches. Porches for multi-family projects will be reviewed for neighborhood 
compatibility.

• Window location shall provide for cross ventilation in rooms (where possible) and through units
Bathrooms shall not open onto living/dining spaces.

• Coat closets shall be located near dwelling entrances.
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View of Boston From Unit

Interior Photo

Interior Photo
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Environmental Strategies Used:

 • 90% of spaces are day lit
 • Water use reduced by 20%
 • Heat recovery ventilation
 • Water-source heat pumps
 • Cooling tower
 • Green roof for super insulation and 
    water harvesting
 • Passive solar

Using these strategies, the Macallen 
Building was able to lower it’s energy 
use to 54 kBtu/ft2.year, or a 30% energy 
reduction.

Above: 2nd Floor Plan      Right: South West Corner

Case Study - Macallen Building Condominiums  
 Office dA, 2007, Boston, MA

 The Macallen building is a 140 unit apartment building designed by  Office dA, completed 

in 2007 in South Boston. It was designed as a pivotal building in the urban revitalization of South 

Boston, and it’s location in a transition zone between an industrial zone, an old residential area, and 

highway ramps, provided a unique challenge.  It is Boston’s first LEED certified apartment building, 

and received a Gold rating in 2009 receiving the most points in sustainable sites,  indoor environmen-

tal quality, and materials& resources. It is an example of the way that designers approach sustainabil-

ity within the city.

                    Site Plan

South West Corner
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Building Section

Ventilation Diagram

Lighting Diagram

“Picture Window” West Facade

BathroomUpstairs HallwayEnergy Use, Recovery, and Production Diagram 39

 • Optimized construction with regard to 
    the urban location
 • The highest level of compact design
 • Maximization of energy gains and 
    minimization of thermal loss through 
    the building shell
 • Optimization of the structural technol-
    ogy without any loss of comfort to its 
    inhabitants
 • Assurance of energy needs through 
    renewable, locally generated energy

“Efficiency House Plus With Electromobility - Tech-
nical Information and Details,” Federal Ministry 
of Transport, Building and Urban Development, 
accessed October 20, 2014, http://www.bmvi.de/
SharedDocs/EN/Publikationen/effizienzhausplus_
elektromobil_en_aufl1.html.

Case Study - Efficiency House Plus with Electromobility
  Federal Ministry of Transport, Building, and Urban Development, 2011, Berlin, DE

 The Efficiency House Plus with Electromobility works to provide it’s inhabitants with the high-

est level of comfort while simultaneously ensuring that an optimal energy balance can be achieved. 

This home is located in Berlin, Germany which is a climate similar to that of Massachusetts, warm 

summers and cold winters. While a standard house provides it’s inhabitants with energy from the 

public supply grid, the Efficiency House  generates it’s own energy to be used by the occupants and 

their vehicles, with excess energy either being stored for later use, or fed back to the public grid. 

Energy is generated through the use of PV cells on the roof and south facade, as well as an air-wa-

ter-heat pump which recovers heat from the air in winter. This home has also been designed to be 

flexible. It uses an open floor plan on the first floor, and the structure is located in the exterior walls, 

meaning the second floor can be easily re-designed and customized for each family that lives in an Ef-

ficiency House. The annual energy use of the house is projected to be less than 10,000 kWh, which is 

attainable through the use of energy-efficient equipment and appliances in combination with intelli-

gent control technologies. The home is also projected to generate 16,000 kWh annually, allowing this 

excess energy to go to charging electric vehicles, or is fed back to the grid. The design of the Efficien-

cy House has targeted specific factors that work to embody the strategies that are most important in 

an energy-efficient building:

Electromobility within West Facade - Photo by Author
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Final Proposal



Figure 3.2 - Unit Perspective View
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Figure 3.1 - Unit Floor Plan

Proposed Plan

 The proposed design of this unit is simple and clean. An open floor plan allows the space to 

be broken up and zoned based on the current user’s needs. This is a 1000 ft2 unit, with 750 ft2 of 

conditioned interior space, a 250 ft2 balcony, a bath and a half, and a kitchen. The baths and kitchen 

are combined into an inflexible or rigid core. This core allows for ease of construction by combining 

all water, waste, and gas lines.  

 This unit is designed with multiple passive, active, and flexible strategies which work togeth-

er to create an energy efficient, flexible, and highly comfortable unit for any household size. Ample 

glazing on the south provides daylighting and beautiful views to the occupants, as well as the oppor-

tunity to break down the barrier of interior and exterior space by fully opening. Transom windows in 

the north provide indirect daylight, and are operable to allow for natural ventilation to pass through 

the unit. 

43
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on a grid, so attaining exact north-south

orientation on site might be a challenge. With 

this in mind, a test was simulated in eQuest to 

determine the range of the ideal orientation. 

An allowance of a 15% increase in the Energy 

Use Intensity was considered acceptable, and 

as shown in Figure 3.3 and 3.4 to the right, the 

plan can be rotated 45° east, or 67.5° west and 

remain within this EUI constraint.

45Figure 3.5 - Building Plan

The units are combined to form an apartment 

complex with a single loaded corridor. The 

passive strategies are designed for units with 

southern glazing, so for this reason if the units 

were configured as a double loaded corridor, 

the energy use would be higher in the units 

with north-facing glazing. The unit has an EUI 

of 28.8 kBtu/sf.yr with southern glazing, but an 

EUI of 38.9 kBtu/sf.yr when rotated 180° to face 

north. While the north-facing unit is still able to 

significantly reduce the energy use compared 

to the base case EUI of 77 kBtu/sf.yr by 49.5%, 

it is still 25% higher than the south-facing 

unit. While south-facing glazing uses the least 

amount of energy, the city of Boston is not built 

0
5

10
15
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40
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Orientation

Energy Use Intensity by Orientation

Figure 3.4 - EUI by Orientation

Figure 3.3- Orientation Allowance

45°67.5°
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operable facade in it’s second track. 

 The third and final example, figure 3.9, 

is a 450ft2 studio space, with a 150ft2 balcony. 

This plan displays that although this unit is 

small, it is highly functional, and the core works 

to separate the public and private spaces.

providing occupants with a dining room, living 

room, office space, exterior living area, as well 

as two 10’ by 10’ bedrooms. 

 The second example, figure 3.8, shows 

how the smallest unit size, 600ft2 may perform 

as a one bedroom. This condition also utilizes 

the balcony area as interior space, with the 

 The following plans display a few possi-

ble configurations for this apartment. The fur-

niture diagrammed into the spaces allows for 

a more complete understanding of the units. 

The first example, figure 3.7 demonstrates a 

two bedroom, with balcony condition. It can 

be seen that this space has ample living areas, 

Figure 3.7 - 1000ft2 - 2 Bedroom Figure 3.8 - 600ft2 - 1 Bedroom Figure 3.9 - 450ft2 - Studio

Figure 3.6 - 10ft x 10ft Bedroom Size Analysis
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Figure 3.10 - Interior Perspective
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Figure 3.12 - Section - Winter Condition

Figure 3.11 - Section - Summer Condition

Common Corridor Unit Flexible Balcony
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Figure 3.13 - Detail Wall Section 53

Railing
Concrete Paver
Rigid Insulation
Water Collection System

Concrete Slab
I Beam
Energy Recovery Ventilator
I Beam Behind

NanaWall Track
Rigid Insulation
Finish Ceiling
Screed
Radiant Piping
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As this unit was not designed with built-in 
closet space, a flexible rolling closet has been 
designed. This unit has interior hanging space 
and shelving, as well as exterior shelving to 
make sure it is as versatile as possible. Figure 
3.14 below shows possible locations and uses 
within a studio apartment. 

Figure 3.14 - Possible Closet Locations and Uses 55Figure 3.16 - Movable Closet Render

Figure 3.15 - Closet Plan and Elevations
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Through flexible means it is possible to reduce the size of each 

unit, provide daily and seasonal changes according to thermal 

comfort levels, and adapt to multiple family sizes allowing for a 

single modular design, in order to drastically reduce the building’s 

energy use and achieve Net-Zero.

 In order to determine the success of this final proposal, a clear outline of what is to be pro-

posed must be defined. These Final Proposes Strategies are merely one possible solution to the 

complex problem that has been presented. Each strategy will be presented through renderings and 

diagrams, with energy analysis completed in eQuest to validate them. The following Performance 

Criteria form an outline of what the final proposal aims to achieve. 

 Performance Criteria :

  1) Single Set of Modularly Designed Units

  2) Reduce Floor Area (compared to city average) through flexibility

  3) Reduce Energy Use (compared to city average) through sustainability

  4) Able to Accommodate Multiple Family Sizes and the Future User 

  5) Provide Flexibility on a Daily, Yearly, and Seasonally Level

  6) Provide Renewable Energy to Achieve Net-Zero

57

1)   Movable Partitions

2)   Slack Space
 

3)   Operable Façade

4)   Window Overhang

5)   Radiant Floor Slab

              Final Proposed Strategies
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the facade changes occur most frequently, on a 

seasonal basis. The interior partition walls are 

arraigned on a ten foot grid and define the in-

terior spaces of the unit. These walls allow the 

number of interior rooms to change based on 

the user’s needs. An example of possible room 

configurations can be seen to the right

 The demising walls within this project 

allow for an extra level of flexibility by allowing 

the unit sizes to change. These units can vary 

from a 600 ft2 studio, to a 1,400 ft2 four bed-

room apartment. Each apartment has one rigid 

wall where the core is located that includes the 

plumbing and gas lines are located, and one 

rigid wall on the north adjacent to the common 

circulation (As seen on right).

Movable Partitions

 This is a strategy that can occur on a dai-

ly, short term, or long term basis, thus allowing 

the user to manipulate the interior walls of the 

unit to be able to suit the needs of the house-

hold at any time. 

 When a person first moves into a new 

space, the first thing they usually do is work to 

make the space their own. How is this done? By 

unpacking arranging their furniture and belong-

ings in a meaningful way. What if this process 

was different, and one could arrange their 

space to feel at home immediately?

 Movable partition walls allow for com-

plete customization of the space that one 

inhabits. This allows for more versatility with a 

space, and for users to feel a greater ownership 

over the space. 

 This design has three types of operable 

walls: the demising walls, the interior parti-

tions, and the facade, the last of which will be 

discussed on page 62. Movement of the demis-

ing walls will happen least frequently, occur-

ring between occupants, or when a change in 

household size occurs. Interior partition walls 

can be changed by the occupant as desired, and 
Figure 4.2 - Room Configurations in 1000ft2 Unit

Figure 4.1 - Unit Grid 
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1,000 ft2 1,000 ft2 600 ft2 1,426 ft2

1,126 ft2 900 ft2 1,226 ft2 800 ft2

1,326 ft2 700 ft2 2,026 ft2

Figure 4.3 - Fixed vs. Movable Demising Walls

Figure 4.4 - Demising Wall Configurations and Unit Sizes 
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Slack Space

 Slack space is a Long Term flexibility 
strategy where extra space is left around the 
unit with the potential to build in later. The 
balcony space of this unit gives acts as the 
slack space, allowing users the potential to add 
permanent square footage to their conditioned 
space as necessary over time. This gives users 
the flexibility to accommodate any future fami-
ly changes, or unforeseen needs.

Figure 4.5 - Example of Built Out Slack Space
61

Operable Facade

 This strategy can occur on a daily or sea-

sonal basis. A NanaWall operable glazing sys-

tem allows users to have a greater control over 

their environment and feel closer to nature 

by flooding the apartment with daylight and 

providing expansive views. The wall is able to 

be completely opened, allowing for interior and 

exterior spaces to merge, and allow for natural 

ventilation within the space to help reduce or 

eliminate cooling costs in the more moderate 

summer months.

 Using this strategy, users have the ability 

to increase or decrease the conditioned square 

footage of their apartment by 250ft2 (See Fig-

ures 4.8 and 4.9).

Figure 4.6 - Open Facade

Figure 4.7 - Partially Open Facade

Figure 4.9 - Closed Facade - 750ft2 UnitFigure 4.8 - Closed Facade - 1000ft2 Unit
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secondary track. This transforms the space into 

a 1000 ft2 unit. This also allows for seasonal 

balcony space that can turn into conditioned 

space as needed to add square footage in the 

cold weather and not sit unused.

    Apartment Type          Energy Use Intensity

    750 ft2

        With Balcony  29.8 kBtu/ft2.yr
        Without Balcony  34 kBtu/ft2.yr

    1000 ft2

        With Balcony  34.7 kBtu/ft2.yr
        Without Balcony  38.8 kBtu/ft2.yr

    Flexible Condition  31.4 kBtu/ft2.yr

Operable Facade

 Window overhangs are beneficial in 

summer to block direct gain and help to reduce 

cooling costs. However, overhangs are not ben-

eficial in winter, when the additional direct gain 

is beneficial in lowering heating costs of the 

unit. 

 EQuest was used to simulate the differ-

ences in monthly energy use of two apartment 

units (750 ft2 and 1000 ft2). Each apartment 

size was simulated twice, once with a ten foot 

overhang on the south facade, and with no 

overhang. In comparing these two conditions, 

it becomes apparent that in both cases, energy 

in the summer is drastically reduced by using an 

overhang. The winter condition is more subtle, 

but the energy use is reduced by removing the 

overhang.

 The final design works to combine both 

of these conditions through the use of a flexible 

exterior wall condition. The “overhang” itself 

consists of the floor slab above and does not 

move. The summer condition is a 750 ft2 apart-

ment with a 250 ft2 balcony. The transformation 

from summer to winter occurs by allowing the 

operable facade glazing to pull forward onto a 

63

0

200

400

600

800

1000

1200

Monthly Energy Use in 750ft2 Apartment

No Overhang With Overhang

0

200

400

600

800

1000

1200

Monthly Energy Use in 1000ft2 Apartment

Without Overhang With Overhang

0

200

400

600

800

1000

1200

Monthly Energy Use in 750ft2 Apartment

No Overhang With Overhang

0

200

400

600

800

1000

1200

Monthly Energy Use in 1000ft2 Apartment

Without Overhang With Overhang

Winter Sun 71.8°

Su
m

m
er

 S
un

 2
4.

2°

Figure 4.10 - Energy Use Comparison 
Graphs (kWh)

Figure 4.11 - Sun Angle Comparison 
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cannot enter the space. However, the slab will 

still absorb the heat from the occupants and 

appliances during the day to reduce cooling 

costs, and release it at night when the tem-

perature is cooler. If heating is not required at 

night, this strategy may be paired with natural 

ventilation to create a night flush. The windows 

are opened at night and the warm air radiating 

from the slab is allowed to escape the apart-

ment and is replaced with cool night air.

 In winter, direct solar gain enters the 

space through the large southern-facing win-

dow. The slab absorbs this heat and re-radiates 

it at night to warm the space. These conditions 

are diagrammed to the right. 

 The mechanical system used in this 

unit is a radiant floor slab. This system works 

to pipe hot or cold water through the concrete 

floor slab to heat and cool the unit. This system 

is highly efficient because it works to heat the 

air at the floor first, which rises and is replaced 

by more dense cold air, and the cycle contin-

ues. This solves the problem that is created 

by forced air systems that superheat the air 

toward the ceiling which then cools and falls 

toward the occupants. 

Radiant Floor Slab

 It was speculated earlier in this thesis 

(page 28) that part of Boston’s high energy use 

could be contributed to the considerablea-

mount of heating necessary each year, com-

bined with outdated mechanical systems. This 

unit combines two main heating strategies that 

work together to reduce the energy put into 

heating the space. These strategies are:

  Thermal Mass
  Radiant Floor Slab

 Thermal mass describes a material’s ca-

pacity to absorb, store, and radiate heat energy. 

Materials with high density, and low conductiv-

ity are ideal to be used as a thermal mass. This 

unit has been designed with a concrete floor 

slab. The thermal mass of the concrete works 

through out the year to lower the amount of 

energy used by the unit. It does this by ab-

sorbing heat any excess heat in the unit and 

storing it for a period of time before releasing 

it. Excess heat within the unit could be from the 

sun, heat radiated from people within the unit, 

as well as any heat given off by appliances or 

equipment.
 

 In summer, the unit is shaded via the 

balcony of the above unit, so that direct gain 
65

Figure 4.13 - Thermal Mass -  
           Winter Day Condition

Figure 4.14 - Thermal Mass -  
           Winter Night Condition

Figure 4.12 - Natural Ventilation

To endure that the heat isn’t conducted through the slab 
and into the unit below, a layer of rigid insulation has 
been placed under the radiant piping and top layer of 

concrete.
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Net Zero

 A Net Zero building is a building that is highly energy-efficient and over the course of a year 

will use renewable technologies to produce as much energy as it consumes from the grid. These 

structures must be made highly energy-efficient, with their energy use reduced as much as possible 

prior to producing energy. The following steps as outlined by the Autodesk Sustainability Workshop 

depict the necessary steps needed to properly achieve net zero.

 Steps to achieve a Net-Zero Energy Building:

 1.    Reduce energy loads
 2.    Optimize design for passive 
        strategies
 3.    Optimize design of active systems
 4.    Recover energy
 5.    Generate energy on-site
 6.    Buy energy/carbon offsets
 

 This project has worked to optimize passive strategies such as thermal mass, natural ventila-

tion, daylighting, direct solar gain, and shading, in combination with an efficient radiant floor heating 

and cooling system. These strategies are paired with a super tight envelope to reduce infiltration, and 

an energy recovery ventilator to capture any heat from exhaust air that might be wasted. The energy 

loads within the space however have not been analyzed or calculated. Through the use of LED light-

ing and Energy Star appliances, the energy use may be further reduced.

 Although these units are highly energy efficient, the building must still produce supplemental  

energy. This may be done through the use of photovoltaic panels and solar hot water heaters. As the 

exact number of units is subject to change based on the site needs and restrictions, calculating the 

exact number of PV panels needed will need to occur on a case by case basis for each building.    Base Case: 77 kBtu/ft2.yr
   
   Final Case: 28.8 kBtu/ft2.yr

         This represents a final energy reduction of 63%.

Final Energy Reduction

 The final success of this project can 

be determined by the final energy reduction 

compared to the base case for Boston of 77 

kBtu/ft2/yr as defined on page 28. The goal of 

this project was to reduce the energy use of 

a typical Boston apartment by at least 50%. 

By optimizing the passive strategies in com-

bination with flexible strategies, and efficient 

systems, this project has successfully achieved a 

63% reduction of the base case.

 All energy simulations have been com-

pleted using eQuest according to the following 

outline:

 Orientation
 Windows on South
 Exceed Code for Insulation
 Add Thermal Mass
 Minimize Infiltration
 Flexible Overhang
 Optimize Heating System
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