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In China’s current landscape the paradigm for urban development is 
the rapid creation of whole neighborhoods instead of the conven-
tional piecemeal approach of creating individual buildings that grad-
ually aggregate over time into neighborhoods.  China’s approach is 
complex and fast moving, and has resulted in the highly repetitive 
form of tower-in-park typology being applied throughout the country 
to develop new neighborhoods.  This development strategy creates 
living environments that require households to adopt patterns of daily 
living that consume excessive resources and needlessly contribute 
to climate degradation by relying on mechanically controlled interior 
climates in neighborhoods requiring excessive dependence upon au-
tomobiles.  

This situation presents compelling opportunities for planners and de-
signers to create a more energy efficient city form.  What is required 
is an effective method of accurately predicting, during the design 
process, patterns of neighborhood energy consumption. This thesis 
presents guidelines for doing this.  When partnered with the Energy 
Proforma© the guidelines can help make possible rapid yet highly 
energy efficient urban design and development at the neighborhood 
scale.  

Development of these guidelines drew upon the research of the Mak-
ing the Clean Energy City in China Research Group led by Dennis 
Frenchman and Christopher Zegras.  Other resources include litera-
ture describing previous approaches to neighborhood scale designs 
and guidelines, and an examination of current and emerging practices 
in the field of urban design and development.  Finally, student proj-
ects are incorporated into the thesis and interwoven with the guide-
lines to illustrate the forms that potential developments might take. 
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1.0a Sunshine 100 - a typical tower-in-park develop-
ment in Jinan  © George X. Lin
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1.0

Introduction

The urban landscape of China is be-
ing radically transformed by changing 
standards of living, rapid urban devel-
opment, and widespread adoption of 
more energy intensive, high consump-
tion life styles.  While numerous stud-
ies have examined energy consumption 
and efficiency at the metropolitan and 
building scales, few have focused on 
the neighborhood scale.  The Chinese 
refer to this scale as “superblocks”: the 
neighborhoods, commercial districts, 
and real estate projects that form the 
basic building blocks of urban growth.  

Typically taking on a tower-in-block ty-
pology, this government mandated form 
has removed residents from environ-
ments that promoted community devel-
opment and diversity of use and has put 
restrictions on family composition and 
adaptation.  The absence of mixed uses 
and accessible activities has increased 
dependence on personal automotive 
transportation and diminished opportu-
nities for walking and, consequently, for 
communal interactions.

The repetitive form, single use develop-
ment of “super blocks” may convey an 
image of modernity and order, but “if 
the sameness of use is shown candidly 
for what it is - sameness - it looks mo-
notonous.  Superficially this monotony 
might be thought of as a sort of order, 
however dull.  But esthetically it un-
fortunately also carries with it a deep 
disorder: the disorder of conveying no 

“If we are to adapt to the histori-
cally unprecedented changes in 
thinking and practice, new de-
sign concepts and methods must 
be created.”  

~ Thom Mayne, 
Combinatory Urbanism 2011
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to discoveries that have resulted in the 
creation of a series of evidence-based 
Clean Energy Guidelines for designers, 
policy makers, and developers.  Accord-
ing to Ben-Joseph in The Code of the 
City (188) “standards we have to work 
with should only be used as a baseline 
and not as a device to prevent excel-
lence from being created.”  It is precise-
ly the creation of excellence that the 
Research Team intends to result from 
the use of its Clean Energy Guidelines.  
The Guidelines are intended to foster 
creative solutions to the challenges 
posed by the necessity of designing 
and building more energy efficient and, 
at the same time, more livable urban 
environments.  Used in tandem with 
the Team’s Energy Proforma (described 
below) the Clean Energy Guidelines al-
low designers and developers to rapidly 
design neighborhoods that consume 
less energy per household.  

direction” (Jacobs,1961).  The current 
unrestrained continuation in China of 
tower sprawl in a field of formless city 
constitutes not only an esthetic disor-
der, but a dangerous compromise to 
the country’s ability to provide for the 
future health and welfare of its popula-
tion. 
 
The current development designs used 
in China are largely incompatible with 
the climate for which they are intend-
ed, and their implementation requires 
excessive and unsustainable expendi-
tures of energy for basic living needs.  
The adverse consequences of continu-
ally building this high-consumption city 
form is what led to the creation of the 
Making the Clean Energy City in China 
Research Team. The Team’s extensive 
investigations into fundamental rela-
tionships between neighborhood scale 
designs and energy consumption led 

The following chapter introduces the 
research background, scope, questions, 
methodology and product of this thesis.
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ties of the forms with the embodied 
attributes.  The output evaluation pro-
vides projected measures for embodied 
energy (imbued in materials and con-
struction), operational energy (includ-
ing heating, cooling, lighting/power, and 
conveying), renewable energy (what is 
produced onsite to offset energy ex-
penditures), and transportation energy 
(expended to move from and around 
the site).  The output also includes en-
ergy consumption per household within 
the tested development, the develop-
ment capacity, and common area ex-
penditures.  The Energy Proforma© tool 
provides an opportunity to derive con-
clusions from the data output and on 
the basis of critical relationships within 
the design, to further iterate and test 
until the design of an optimal prototype 
is produced.

In cooperation with Tsinghua University 

Under the guidance of Professors Den-
nis Frenchman and Chris Zegras, the 
Making the ‘Clean Energy City’ in China 
Research Team created the base and 
context for this thesis.  The Team de-
veloped the Energy Proforma© tool for 
measuring and testing the energy con-
sumption of a cluster design (“cluster” 
is defined as a 200m x 200m section of 
neighborhood.  The Energy Proforma© 
is a web-based, open-source tool de-
veloped as a support to the decision 
making process of planning.  Designers 
input a simplified model of the neigh-
borhood design, assigning to forms a 
series of attributes (derived from earlier 
empirical analysis establishing values to 
critical variables and coefficients) that 
serve to better define potential energy 
consumption, production (in the form of 
renewables) and patterns of use.  The 
Energy Proforma© is then “run” on the 
design and evaluates the physical quali-

1.1 Research Background

in Beijing, the Research Team conduct-
ed two studios to create neighborhood 
designs. During the summers of 2010 
and 2012, the students researched ex-
isting neighborhoods within the city 
of Jinan, and then designed their own 
prototype neighborhoods for the proj-
ect site of Jinan West – a new develop-
ment situated around a new high-speed 
rail station. Each of these neighborhood 
designs contained a cluster component 
tested by the Energy Proforma© tool to 
discover the most vital physical relation-
ships within the neighborhood form that 
result in significant reductions in energy 
consumption. Continuing this research 
at MIT, the Research Team continued its 
statistical analyses, resulting in further 
refinements to the Energy Proforma© 
tool. It is this work, and the author’s par-
ticipation in the 2012 studio, that form 
the categories and rules for the guide-
lines proposed in this thesis.
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code. Each framework was introduced 
as a new approach to creating urban 
form and each resulted in successes 
and failures to varying degrees since 
their introduction.  

This thesis also examines two recent 
attempts by cities to incorporate sus-
tainable practices into development 
and resident behavior: “Chicago: Add-
ing Green to Urban Design: A City for 
Us and Future Generations” and “Guide 
to Copenhagen 2025.”  The practical 
value of each of these approaches to 
urban development is tested by being 
coupled with the Energy Proforma© 
tool, in which sustainable practices are 
embedded rather than merely inserted 
or overlaid.  

Recognizing the capabilities of the Ener-
gy Proforma and the metrics it displays, 
this thesis articulates the qualitative 

Urban designers have long attempted 
to introduce prescriptions and “tool-
kits” to insure the quality design of cit-
ies. Primarily considered a method of 
protecting public well-being, the appli-
cations reflect changing values that un-
derlie the efforts to regulate the form of 
a cities. A greater responsibility for pro-
tecting the environment has emerged 
in the 21st century as a planning value.  
As an example, mindful redevelopment 
to mitigate climate change has been in-
troduced in a variety of ways, including 
the promulgation of municipal energy 
standards, third-party rating systems, 
and individual cities’ visions for “green-
ing” their urban spaces and practices. 
This thesis reflects on three frameworks 
developed to guide urban development: 
Clarence Perry’s Neighbourhood Unit, 
Christopher Alexander’s Pattern Lan-
guage, and the College for New Urban-
ists’ Urban Transect and Form Based 

“lessons” indicated and supported by 
the work of the Research Team.  These 
“lessons” form the basis for the Clean 
Energy Guidelines contained in Chapter 
4 of this  thesis.

1.2 Research Scope 



11

1.0 Introduction

The way neighborhoods are designed 
and the resulting arrangements of 
buildings influences the daily habits 
and behaviors of residents and, conse-
quently, their consumption of energy.  
Design arrangements also impact build-
ing systems life-cycles and operations.  
The work of the Research Team has 
produced data, designs, and methods 
critical to understanding how to design 
neighborhood forms that consume less 
energy.  One of the major contributions 
of this thesis is to use these discoveries 
to create Clean Energy Guidelines that 
can be used in companion with the En-
ergy Proforma tool.  

The creation of these qualitative Guide-
lines was a response to two key ques-
tions:

1.3 Research Questions

1. What is the relationship between 
the physical design characteristics of 
neighborhoods and the energy they 
consume and produce?

2. How can knowledge of these fea-
tures be translated into a systematic 
approach that will enable designers 
and policy-makers to make decisions 
that result in more energy efficient 
neighborhoods?

This thesis uses research data to de-
termine what best combination of 
best practices will produce low-energy 
neighborhood configurations.  This ap-
proach entails a bundled approach to 
design and development practice: the 
dual deployment of the Energy Profor-
ma© tool, and the Clean Energy Design 
Guidelines (authored in this thesis). 
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The data for the research is found in the 
substantial library of work produced by 
the Research Team and the Summer 
Studios.  Rather than including these 
materials in their entirety, each guide-
line and each section of the Clean En-
ergy Guidelines has examples from the 
research that were key in its formula-
tion and demonstrate the form-energy 
feature being highlighted.    

The author’s studio design experience 
and her the use of the Energy Profor-
ma© led to an understanding of the 
methods of collecting and analyzing the 
data. Evaluated by both professors and 
students, the sampling of ten designs 
and resulting energy outputs contained 
common design attributes that equat-
ed to lower energy consumption, and 
therefore deemed necessary for inclu-
sion.   

1.4 Methodology
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1.5 Key Product

The Clean Energy Guidelines create a 
structured path toward clean energy 
design. Organized in descending scale, 
the guidelines suggest avenues of de-
sign investigation that will lead to better 
energy use. To preserve the option for 
universal application, few of the guide-
lines include specific metrics. Once the 
Energy Proforma© tool is calibrated to 
locational settings, the outputs indicate 
measures that achieve improvements. 
The original research and testing was 
based in Jinan, Shandong Province, 
China, but soon the project will be used 
globally.  Within the structure of each 
guideline, the first research question is 
about the relationship of neighborhood 
physical design to energy consump-
tion and is answered in the Energy and 
Implications section that explains and 
quantifies the connections between en-
ergy and urban form with metric sam-
ples taken from the research evidence. 

“The patterns can never be ‘designed’ 
or ‘built’ in one fell swoop – but patient 
piecemeal growth, designed in such a 
way that every individual act is always 
helping to create or generate these 
larger global patterns, will, slowly and 
surely, over the years, make a commu-
nity that has these global patterns in it.” 
(Alexander, 1977, 03) This is rarely the 
norm in the Chinese landscape where 
the design and construction of com-
plete neighborhood segments is deter-
mined by centralized authority.  While 
efficiency at this scale is important, the 
final result would have a more organic 
feel by drawing upon the lessons and 
form perpetuated by the long-standing 
vernacular of a given area (as seen in 
the Urban Taxonomy). The Clean Energy 
Prototypes inform six common practic-
es of urban arrangement that can result 
in better urban form.
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Chapter 3 creates a context of urban 
form guidelines for city-making. Includ-
ed is an examination of different ap-
proaches for optimized configurations, 
how these have stood up over time, 
if value shifts have rendered them ob-
solete, and whether each approach is 
holistic and includes elements such as 
energy measures.  Each approach has 
an important foundational concept that 
informs its formulation and application 
and consequently, important lessons 
can be learned from its successes and 
failures. 

This thesis is organized as follows:

Chapter 2 expands the introduction of 
the Making the Clean Energy City in 
China Research Team’s methodology 
and findings, beginning with the Jinan 
neighborhood survey that produced the 
Urban Taxonomy and the Clean Energy 
Prototypes.  It shifts into the use of the 
Energy Proforma© and its web inter-
face and outputs.

1.6 Thesis structure 

Chapter 4 Chapter 4 contains the Clean 
Energy Guidelines meant to be used by 
designers and developers to guide them 
in the design process. By following the 
critical initial steps they will find that 
their designs will begin at higher levels 
of energy efficiency.  The Guidelines 
are intended to be used in conjunction 
with the Energy Proforma© tool.  These 
guideline is represented qualitatively, 
but displays the metrics of a sample 
project that incorporates the approach 
and produces results in keeping with 
the goal of lower energy consumption. 
The Guidelines are organized overall in 
a descending scale (regional to urban 
to building to unit). Each begins with 
the impact summary of each step, the 
guideline, a graphic sample (pulled from 
the collected data for the project, the 
energy impacts with sample outputs, 
and the long term implications.
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Chapter 5 concludes the thesis by with 
a discussion of the future direction of 
making clean energy cities one neigh-
borhood at a time. It is a fundamental 
DNA, specifying the essential relation-
ships between form and practice which 
can begin to signal meaningful steps to 
take for efficient neighborhood design. 
This information is distilled into qualita-
tive urban design guidelines with quan-
titative measures that can be utilized 
by a design and development team to 
expedite the integration of energy sav-
ing measures in a context of fast-paced 
design phases without sacrifice energy 
saving measures in favor of a swift prod-
uct completion. If followed, the qualita-
tive guidelines promote the design of 
Clean Energy neighborhoods and cities 
that are critical in this age of diminishing 
natural resources.
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2.0a Scalar relationships of current energy design
© author
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Neighborhood
Design

2.0

Making the ‘Clean Energy City’ in China

The design of buildings has been the 
subject of the sustainable development 
movement for many years. Research 
and innovation has resulted in new 
approaches to building materials, inte-
grated and generated energy systems, 
controlled and responsive façades, and 
resource and waste reuse. The urban 
scale has been addressed with efforts 
to provide alternative transport options, 
such as bike- and car-share programs, 
better and more accessible mass tran-
sit, and the introduction of sprawl con-
trols such as urban growth boundaries. 
While these are all positive steps to-
ward the long range goal of effectively 
addressing climate change, the building 
and urban scales of such interventions 
lie on different ends of the spectrum, 
as was discovered and established by 
the Making the ‘Clean Energy City’ in 
China research. A critical element that 
has been missing is the neighborhood 

scale: how the design of collections of 
buildings, streets, and open spaces, de-
termines how energy is consumed. The 
formation of the Making the ‘Clean En-
ergy City’ in China research group was 
prompted by the need to investigate 
this and related issues.  

The current practice as mandated by 
Chinese urban development policy is a 
system of vast land-clearance, parcel as-
sembly, and single-developer neighbor-
hood construction. The dominant form 
being built upon this new landscape is 
the highly-replicable tower-in-park – a 
city fabric defined by “two symbiotic 
instruments of Megalopolitan develop-
ment – the freestanding high-rise and 
the serpentine freeway. The former has 
finally come into its own as the prime 
device for realizing the increased land 
value brought into being by the latter” 
(Frampton, 1983, 16). Typically housing 



2.0b Tower-in-park condition which typifies Chinese 
urban development  © Christopher Rhie
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in China what was in the 1990s and 
2000s an expanding middle and upper-
income population, this highly-replica-
ble form was swiftly implemented to 
also accommodate the urban migration 
of formerly rural households. Operat-
ing under the misconception that more 
households would be living within this 
typology, the practice was codified.

The majority of the models operate as 
gated communities that are distant from 
the existing central business district. 
This establishes an ever-dependent rela-
tionship with automobiles, accentuated 
by a public realm dominated by parking 
surfaces and structural entries. Sparsely 
distributed, single-use structures fill the 
parcel and these are networked with in-
terior roads. The spacing between the 
towers, enforced by day-lighting laws, 
created shaded gaps of planted green 
space that the isolated residents rarely 

utilize. The residential high-rise towers 
lack alternate uses within and residents 
must then drive for services and em-
ployment. The buildings are controlled 
climate, homogenous structures lack-
ing in diversity of units to serve a varied 
population. These inefficient neighbor-
hood forms consume high amounts of 
operational and transportational energy 
due to the combinatory nature of liv-
ing elements and practices. Given the 
rising demand for housing and devel-
opment in this region, and all over the 
world as urban populations continue to 
grow, a more conscious way of devel-
oping neighborhoods and cities must 
be designed and implemented to alle-
viate the already dire pressures placed 
upon natural resources to mitigate the 
effects of climate change.
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The research group began with a meth-
od of analysis by which a survey of ver-
nacular urban forms were studied. This 
practice, employed by designers such 
as Alvar Aalto and termed by Kenneth 
Frampton as “critical regionalism”, looks 
to how sensitivities of climate, light, to-
pography, and tectonics are observed 
and understood in application (Framp-
ton, 1983, 27). Once the vital charac-
teristics are isolated and observed to 
establish a system of best practice, the 
concepts are able to be imbued into 
new types of design process and urban 
form. 

In conjunction with this regional survey, 
the group received unprecedented ac-
cess to data documented the energy 
consumptions and living patterns of 
600 Chinese housholds. Through exten-
sive analysis and regressions, the group 
was able to better understand the influ-

ences in daily life that led to types and 
quanitites of consumption. This infor-
mation was then able to be extrapo-
lated into the base data for the Energy 
Proforma© site and the documentation 
of the city prototypes. 

After an exhaustive process of research-
ing the neighborhoods of Jinan, the 
critically extant characteristics of each 
area allowed them to be classified into 
six basic clean energy neighborhood 
prototypes. These are evident in many 
combinatory applications, but the vari-
ety is distilled into an essential set. An 
Urban Taxonomy was generated by the 
research team that cataloged the case 
studies under each of the prototypes, 
and subsequent global samples. 

2.1 Urban Taxonomy through Traditional Neighborhood Survey
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footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail
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• If properly oriented, the cluster al-
lows sun to penetrate to all units, 
retains heat in the winter, and can 
mitigate the effects of wind in cold cli-
mates. Energy is conserved by mod-
eration of the microclimate and the 
reduced need for elevators in low rise 
structures. It also allows for individu-
al front doors on the perimeter and 
semiprivate space inside the block, a 
highly livable arrangement. 

• The collection of small blocks cre-
ates a highly permeable (accessible), 
pedestrian dominated environment 
that can easily accommodate a mix of 
shops, services, and schools where 
convenient and feasible. This reduces 
the need for a car, which may still ac-
cess any unit through shared streets, 
although parking would ideally be lo-

Small Perimeter Blocks: cated at the periphery of the neigh-
borhood. 

• Low rise allows for lighter weight 
construction and reduced embodied 
energy. 

• Large roof surfaces provide ample 
space for PV and solar hot water (and 
the court yields space for geothermal 
wells, if desired.

2.1c Small perimeter block axon and Proforma 
outputs
© Making the Clean Energy City in China
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building n
footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail
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2.0 Neighborhood Design

• These forms are typical in many 
clean energy projects because, when 
aligned east-west with proper shad-
ing devices, they can maximize solar 
gain in the winter and reduce it in the 
summer, lowering heat and cooling 
energy demands. In China, units are 
typically arranged off common stair-
wells serving 3-4 units per landing 
with no elevator. (Elsewhere units are 
accessed off single-loaded corridors.) 
This efficient plan enables cross venti-
lation in each unit, reducing demands 
for cooling, and minimizes energy use 
in common space and elevators. 

• Shops, restaurants and services on 
surrounding streets are accessible on 
foot from within the enclave. Larger 
scale enclaves should be well con-
nected to surrounding public streets 
to enable direct access (as opposed 

Walk Up Slab Enclaves: to a single gated entry, which increas-
es travel distances and energy use by 
cars). 

• Low rise allows for lighter weight 
construction and efficient floor plates 
with minimal common space reduces 
embodied energy. 

• Sloped roof surfaces can provide 
ideally oriented space for PV and so-
lar hot water, however, the amount of 
roof surface per unit is less than the 
small perimeter block, and becomes 
even lower as the height of the slabs 
increases.

2.1b Walk up slab enclave axon and Proforma 
outputs
© Making the Clean Energy City in China
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building n
footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail

3.1d Urban grid axon and Proforma outputs
© Making the Clean Energy City in China
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Modeling Metropolis

• This prototype is less able to take 
advantage of energy savings to be 
found by integrating high and low rise 
building systems because there is no 
regular pattern of form. Of course, 
individual structures may be orient-
ed and designed to take advantage 
of passive solar heat gain and loss, 
however the overall potential to save 
energy is less than would be found 
in a more integrated system. The ma-
jor energy savings of this prototype 
emerge from its ability to achieve 
relatively high densities within a very 
accessible, livable environment. 

• As with the perimeter block pro-
totype, city streets surrounding the 
blocks maximize opportunities for 
shops, restaurants, services, schools 
and parking structures to be integrat-
ed in the fabric, all conveniently ac-

Urban Grid:  cessible because of the grid. Animat-
ed public streets encourage walking 
and use of the public realm, reduces 
use of autos, the time people spend 
in their apartments, and energy con-
sumption. The densities that may be 
achieved by this prototype makes 
mass transit more feasible. 

• Taller structures enabled by this pro-
totype require heavier construction, 
more steel and therefore have more 
embodied energy. 

• As with passive measures, the 
Mixed Grid has less potential for in-
corporating renewable energy sys-
tems than a more organized form, 
notwithstanding individual opportuni-
ties on a building by building basis.
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building n
footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail

3.1e High density perimeter block axon and Pro-
forma outputs
© Making the Clean Energy City in China
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2.0 Neighborhood Design

• If the clusters are properly oriented, 
and taller elements carefully located, 
sunlight to units may be maximized, 
and wind minimized, during winter 
months, reducing heat demands. 
During the summer, taller elements 
may shade the units and court spac-
es below, reducing cooling demands. 
Furthermore, by integrating the en-
ergy systems of high and low rise 
structures, chimneys or vertical spac-
es within taller elements can provide 
natural ventilation for the entire block, 
and recover and re-circulate heat in 
cooler months. 

• Conventionally scaled (2 lanes with 
parking) city streets surrounding the 
blocks maximize opportunities for 
shops, restaurants, services, schools 
and parking structures to be inte-
grated in the fabric, all conveniently 

High Density Perimeter Blocks: accessible because of the grid. Ani-
mated public streets encourage walk-
ing and use of the public realm, tends 
to reduce auto usage, the time spent 
by people in their apartments, and en-
ergy consumption. 

• Taller structures require heavier con-
struction, more steel and therefore 
have more embodied energy. Lower 
structures may be of lighter construc-
tion, yielding moderate embodied 
overall. 

• The roofs of low rise elements pro-
vide good locations for photovoltaics 
and solar hot water. Taller structures 
are less efficient solar collectors, due 
to small roof areas, however, depend-
ing on height they could offer sites for 
wind power. Court spaces provide lo-
cations for geothermal wells.
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footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail

2.1f Urban sponge axon and Proforma outputs
© Making the Clean Energy City in China
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• Traditional variations of the Urban 
Sponge cluster type are organized 
around spaces and courtyards of 
various sizes which allow sunlight to 
enter but mitigate the microclimate, 
protecting from cold winds in the 
winter and providing shade and natu-
ral ventilation in the summer. These 
benefits extend into three dimensions 
including even high rise structures 
with upper level “court” spaces that 
provide daylight or shade as appropri-
ate, natural ventilation, and places for 
cooling vegetation, saving energy in 
surrounding units on all sides. Taller 
elements may naturally ventilate and 
recapture heat from lower elements 
as with the High Density Perimeter 
Block prototype. 

• The Urban Sponge is a pedestrian 
environment, where cars and park-

Urban Sponge: ing structures are relegated to the 
periphery of the blocks. However, ve-
hicular access to service and vertical 
circulation must be maintained on the 
ground level. This saves energy by re-
ducing car travel and elevator use to 
the degree that mixed uses - schools, 
services, even shops and restaurants 
- can be located on routes of move-
ment at or above ground level. 

• Embodied energy consumed per 
unit would depend upon density and 
height. Taller structures enabled by 
this prototype require heavier con-
struction, more steel and therefore 
have more embodied energy. 

• The sensitivity to design can be giv-
en to the location of photovoltaic and 
solar heating elements, which maxi-
mize energy capture.
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building n
footprint 156.25

�oors : variable
uses
see �gure
red = ground �oor retail
white = residential
yellow = residential

building 1, 10
footprint 847.5
�oors 4

uses
�oors 1 - 4 : residential

building 2
footprint 1275
�oors 6

uses
�oors 1 - 6 : residential

building 11
footprint 1275
�oors 4

uses
�oors 1 - 4 : residential

building 3, 12
footprint 1275
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 412.5
�oors 1 - 4 : residential

building 4
footprint 2700
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 1575
�oors 4

uses
�oors 1 : ground �oor retail partially
ground �oor retail area : 225
�oors 1 - 4 : residential

building 6
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 1, 4, 7
footprint 1200
�oors 6

uses
�oors 1 - 4 : residential

building 1
footprint 3375
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 2
footprint 900
�oors 4

uses
�oors 1 - 4 : parking

building 3
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 4
footprint 375
�oors 6

uses
�oors 1 - 6 : residential

building 5
footprint 225
�oors 4

uses
�oors 1 - 6 : residential

building 1
footprint 2000
�oors 6

uses
�oors 1 - 6 : residential

building 2
footprint 1600
�oors 18

uses
�oors 1 :  ground �oor retail
�oors 2 - 18 : residential

building 3
footprint 975
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 4
footprint 600
�oors 12

uses
�oors 1 :  ground �oor retail
�oors 2 - 12 : residential

building 5
footprint 375
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 6
footprint  750
�oors 18

uses
�oors 1 - 18 : residential

building 7
footprint 1725
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 8
footprint 800
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 9, 10, 27 - 30
footprint 225
�oors 3

uses
�oors 1 -3 : residential

building 12
footprint 105
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 1, 3, 4, 6
footprint 875
�oors 24

uses
�oors 1 - 24 : residential

building 8, 9, 12, 13
footprint 875
�oors 18

uses
�oors 1- 18 : residential

building 2
footprint 1800
�oors 6

uses
�oors 1 - 6 : parking

building 5
footprint 1500
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 7
footprint 1560
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 10
footprint  2375
�oors 6

uses
�oors 1 - 6 : parking

building 11
footprint 1250
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 14
footprint 812.5
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : commercial

building 24
footprint  285
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 25
footprint 1670
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1220
�oors 1 - 6 : residential

building 26
footprint 450
�oors 6

uses
�oors 1 - 6 : residential

building 17, 19
footprint  262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1575
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 21
footprint 750
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 22
footprint 225
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 11, 13
footprint  225
�oors 3

uses
�oors 1 : ground �oor retail
�oors 2 - 3 : residential

building 14
footprint 1750
�oors 6

uses
�oors 1 :  partially ground �oor retail
ground �oor retail area : 1187.5
�oors 1 - 6 : residential

building 15
footprint 262.5
�oors 2

uses
�oors 1 :  ground �oor retail
�oors 2 : residential

building 16, 18, 23
footprint 600
�oors 6

uses
�oors 1 :  ground �oor retail
�oors 2 - 6 : residential

building 6
footprint 187.5
�oors 6

uses
�oors 1 - 6 : residential

building 7
footprint 900
�oors 24

uses
�oors 1 - 24 : residential

building 8
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 9
footprint 1310
�oors 6

uses
�oors 1 - 4 : parking

building 10
footprint 1750
�oors 6

uses
�oors 1 - 6 : residential

building 19
footprint 1500
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 20
footprint 1000
�oors 4

uses
�oors 1 - 4 : parking

building 21
footprint 937.5
�oors 18

uses
�oors 1 : ground �oor retail
�oors 2 - 18 : residential

building 16
footprint 1125
�oors 4

uses
�oors 1 - 4 : parking

building 17
footprint 3125
�oors 24

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1375
�oors 1 - 6 : residential

building 18
footprint 937.5
�oors 6

uses
�oors 1 : ground �oor retail
�oors 2 - 6 : residential

building 11, 15
footprint 900
�oors 18

uses
�oors 1 - 18 : residential

building 12
footprint 300
�oors 6

uses
�oors 1 - 6 : residential

building 13
footprint 1175
�oors 24

uses
�oors 1 - 24 : residential

building 14
footprint 3200
�oors 4

uses
�oors 1 : partially ground �oor retail
ground �oor retail area : 1125
�oors 1 - 6 : residential

building 2, 5, 8
footprint  1200
�oors 6

uses
�oors 1 -2 : ground �oor retail partially
ground �oor retail area : 450
�oors 1 - 6 : residential

building 10, 11
footprint 1200
�oors 6

uses
�oors 1 - 2 : ground �oor retail
�oors 3 - 6 : residential

building 3
footprint 345
�oors 2

uses
�oors 1 - 2 : ground �oor retail

building 6, 9, 12
footprint 630
�oors 2

uses
�oors 1 - 2 : ground �oor retail

2.1g Tower networks axon and Proforma outputs
© Making the Clean Energy City in China
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• To maximize solar gain, and benefi-
cial shade, towers need to be careful-
ly located to not interfere with each 
other or activities on the ground. This 
will inevitably be more difficult than 
high-low schemes given the number 
of towers and suggests that office 
and hotel uses, which require less di-
rect sunlight, be concentrated more 
in the northern sections of a district 
or on the lower levels of the towers. 

• Connecting upper levels provides 
the opportunity to establish a second-
ary public realm of shops, services, 
educational, and social activities in 
the air, and convenient access be-
tween living and working -- between 
apartment and office buildings. This 
makes the most sense where the 
density is sufficient to also sup-
port activity on the ground.  The two 

Tower Networks: realms can be then effectively linked. 
This networked, mixed use environ-
ment can reduce the need for vertical 
trips and car trips on the ground, sav-
ing energy. 

• Embodied energy consumed per 
unit would depend upon density and 
height. Taller structures enabled by 
this prototype require heavier con-
struction, more steel and therefore 
have more embodied energy. 

• This predominantly high-rise cluster 
provides less roof space than alterna-
tives and therefore has less potential 
for photovoltaic or solar hot water 
generation. Depending on height and 
spacing, the towers do offer opportu-
nities for wind power generation. By 
using towers to achieve density, more 
ground space can be made available 
for geothermal wells, if appropriate.



 

 
 

Figure 10-4: Taxonomy of Clean Energy Neighborhoods

4 June 2012                    MIT - Tsinghua - Energy Foundation 142

2.1h Complete urban taxonomy generated by Making the ‘Clean Energy City’ in China team
© Making the Clean Energy City in China
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2.1i Sunshine 100 - a typical tower-in-park community in Jinan, and a study site for the research team
© George X. Lin
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Prototypical models alone were not suf-
ficient to create better clean energy de-
signs. While making some of the con-
nections visible, the researchers began 
to apply sophisticated multivariate re-
gression models and statistical analysis 
to construct an assessment tool that 
accurately reflects the building and liv-
ing patterns of neighborhood design.
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Upon the realization that urban form is a 
major factor in determining the energy 
consumption of a given neighborhood 
development, the notion of having a 
method for quantifying it and identify-
ing the critical relationships influencing 
energy consumption generated the cre-
ation of what is now called the Energy 
Proforma©. Such tools had not been 
explored, and this particular tool was 
released as an accessible web-based 
interface for a wide audience. While 
energy modeling is common practice 
in the field of mechanical engineering, 
traditionally it was a simple calibrated 
calculation examining a single build-
ing based upon the ratio of glazing to 
solid façade, the material components 
of both applications, and the effective-
ness and operational energy of power 
and HVAC loads. This provides numeri-
cal analysis for satisfying municipal en-
ergy codes, ASHRAE standards, and 

LEED requisite requirements, but is 
flawed for numerous reasons. It fails to 
capture the ramifications of many other 
aspects of buildings and development 
that researchers have attempted to de-
fine and account for in a comprehensive 
manner. This became the mission of the 
Energy Proforma© development team.

What has been lacking is an effective 
and universal procedural system for 
measuring the performance of a given 
development.  This was the first step 
taken by the development team, un-
der the guidance of Professors Dennis 
Frenchman and Christopher Zegras.  It 
was accomplished by forming collec-
tive considerations and classifications, 
using defined and consistent sources 
of data, and establishing an output unit 
that allows for direct comparison. Once 
these are created, a common measure 
output for such projects can be com-

2.2 Energy Proforma©: An Iterative Tool for Clean Energy Neighborhood Design
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pared and studied from a variety of con-
texts and uses. By seeking to create 
a new approach to guiding an iterative 
design process, the first step was es-
tablishing new specific classifications 
of energy consumption that will lead to 
a more inclusive measure. The complex 
interactions that were identified early 
became organized into four fields:

• the frequency and distances trav-
elled by residents depending upon 
the access to services, employment, 
activities, and uses around them with 
more energy being wasted by isola-
tion;

• the integration of technologies ca-
pable of generating renewable clean 
energy and offsetting the operational 
consumption.• lifecycle process of building con-

struction, from the energy expended 
in the sourcing, production, and trans-
portation of given materials, the ener-
gy expended in the maintenance and 
replacement to continue occupancy, 
and finally the demolition of the sites 
and buildings;

• operations of the buildings energy 
systems, including the residential 
units, work spaces, and common ar-
eas;

These categories became the defini-
tions of the four main dimensions of the 
Energy Proforma© measures: Embod-
ied, Operational, Transportational, and 
Renewable. All of these are combined 
to provide a more holistic image of the 
Total Energy Consumption of a given 
neighborhood design, or to borrow a 
term from financial proformas, the net 
present energy value of the project. 
While the Proforma© disseminates the 

outputs into four distinct categories, 
there are several variables that over-
lap and have intrinsic effects upon the 
overall design realm: building orienta-
tion, ground- and upper-level circulation, 
block distribution, configuration of form 
and uses (vertically and horizontally), 
and the resulting human movement. 
The resulting system became the basis 
for a practical tool that can be used in 
an iterative process and provide real-
time feedback for formal and program-
matic decisions made during the design 
phase that can affect the relative energy 
performance of a development.



2.2a A sample output of the 
Energy Proforma©
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To begin the process of using the tool, 
the Energy Proforma© is calibrated to 
specific location, climate, and socio-
economic factors. Next is the input of 
the series of attributes that define all of 
the individual components of the physi-
cal model.  These attributes can include 
details such as the number of floors 
that are commercial, the percentage of 
glazing and photovoltaic coverage, the 
amount of open space, frequency of 
road networks, or physical adjacencies. 
Once these attributes are applied to the 
forms, the models and variables can be 
processed by the Energy Proforma©. 
The output then informs a designer 
of what the current categorical perfor-
mance measures are reporting. This 
output level is interactive and the user 
is able to adjust certain inputs to im-
mediately realize some of the ramifica-
tions of particular decisions. Design de-
cisions are not prescribed or idealized, 

which leaves a unique decision-making 
process to the designer with opportu-
nity for innovative outcomes.

The strength of this system is a method 
that is complete, integrating all of the 
factors affecting the energy perfor-
mance of a project over its life cycle 
(construction, operation, and demoli-
tion) and combining them to the single, 
proportional energy output of the proj-
ect. This iterative process encourages 
an understanding of the more complex 
connections held within the form-ener-
gy system of a particular urban design. 
This establishes an effective method 
for both research and practice. On the 
research side, a series of “cluster” 
models (the predetermined size of 200 
meters by 200 meters) can be rapidly 
designed and tested under controlled 
situations to generate a collection of 
comparable results. It is also transpar-

ent, so the data, assumptions, causal 
elements, and their interactions can 
be followed for future replication when 
required. When applied to practice, the 
designer has a swift system of continu-
ous output on the predicted energy per-
formance of a neighborhood design. As 
it is tested through the traditional work 
phases (Conceptual stages through De-
sign Development), the user is able to 
understand fundamental relationships 
and trade-offs necessary to achieve 
lower-energy design.
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3.3 Bundling Practice and Policy for Better Energy

The research group currently has a team 
dedicated to understanding multilevel 
policy and how it can best be affected 
to better incorporate comprehensive 
energy considerations. Policy goals for 
urban development can be established 
to work in tandem with advanced tools 
such as the Energy Proforma©. To first 
accomplish such foundational changes, 
a deeper understanding of the necessi-
ty for a comprehensive method for bet-
ter urban design must include an overall 
reduction in energy consumption. Po-
tential reforms aimed at neighborhood 
development policy, building upon this 
research on energy-efficient urban pat-
terns in Chinese cities, include energy 
performance standards, land lease and 
parcelization reforms, property and op-
erational taxation, carbon credit trading, 
and a transparency/disclosure program. 

Any path to successful reform requires 

establishing a common protocol for 
evaluating total energy consumption at 
the neighborhood scale. When coupled 
with the Energy Proforma and the sub-
sequent Clean Energy Neighborhood 
Urban Design Guidelines (see Chapter 
4.0), deeper level policy changes can 
assist in a realization of lower relative 
energy consumption of real estate de-
velopment schemes across four dimen-
sions of energy use: operational, trans-
portation, embodied, and renewable 
energy generation. 
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2.3a Bundling process diagram
© author
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2.0 A representation of new neighborhood form
© author
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New
Ordering

3.0

Ordering the Built Environment in Urban Design

Frederick Law Olmsted Jr., and in turn 
many professionals in the planning 
field, felt there was a vital necessity 
to regulate the role of the developer 
in the interest of the city (Ben-Joseph, 
2005, 100). Rather than allowing an ur-
ban landscape to be manipulated at the 
hands of “ignorance and greed on the 
part of landowners and builders” (Olm-
sted, 1916, 3), the process should be 
clearly guided and enforced to protect 
the public interest while maintaining 
measures for inventiveness and inge-
nuity.

The practice of controls and guidelines 
for the development of urban form has 
been present and considered in a vari-
ety of approaches within the planning 
field. Over time, the systems of values 
that cause the priorities of practice to 
rise to the fore may adjust: the abil-
ity for a child to negotiate a safe urban 

realm established a framework for the 
Neighbourhood Unit, the balanced and 
systematic application of aesthetics by 
a universal user prompted the creation 
of the Pattern Language, and the desire 
to depart from a damaging Euclidean 
separation provoked the New Urbanists 
to devise the Urban Transect. All three 
offer insight to the past successes and 
failures of prior frameworks for neigh-
borhood-scale formal guidelines. Also 
researched are the two prominent solu-
tions for sustainable design, BREEAM 
and LEED ND, and finally two progres-
sive urban comprehensive plans.

Urban planners and designers are con-
tinually confined and influenced by the 
obligations of public and private actors 
with a multiplicity of agendas and ex-
pectations. The specific approaches, 
devised by planning professionals and 
experts to create a neutral framework 

of urban design in which they can shape 
the built environment, are examined in 
the following section.

Current precedents, such as the exam-
ples profiled in this chapter, have limi-
tations posed by the the design of the 
approach, whether the framework only 
accounts for form or energy, rather than 
recognizing and embracing the more 
complex relationship of form-energy 
and allowing a designer to exploit the 
full extent of a neighboehood design 
potential.



3.1a Perry’s view of conventional and neighborhood 
street systems
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find antiquated from a planning per-
spective, e.g. the occupants of the unit 
would work outside of the area and the 
area itself would not contain centralized 
functions but be a mixed use, horizon-
tally distributed neighborhood.  Perry 
envisioned a sequential process of de-
velopment from the ground-up at a time 
when new neighborhoods on open land 
were common and space constraints 
were not the concern they are today.

The urban design proposal of the Neigh-
bourhood Unit is based upon six re-
quirements (Perry, 1929, 34):

3.1 Neighborhood Unit: Walkability Measures as Design

An early pioneer in providing a docu-
mented framework for the ordering of 
urban form, Clarence Perry released 
the Neighbourhood Unit as a sensible 
method of community-centric neigh-
borhood planning where civic assets 
are distributed in an accessible and eq-
uitable manner. The primary prescrip-
tive goal of the configuration was to 
create a prototypical system of design 
application that could be both replicable 
and customized with fixed controls em-
bedded within the implementation pro-
cess. This scheme of arrangement is 
to create neighborhoods that promote 
“family-life communities” rather car-
rying the intention of being a detailed 
plan (Perry, 1929, 34). The purpose for 
defining this neighborhood as a unit is 
to imply the distinction of being an en-
tity unto itself while still acting as part 
of a whole. A series of assumptions are 
made in advance, which many would 

Modeling Metropolis



3.1b Perry’s Neighbourhood Unit principles
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1. Size – A residential unit development 
should provide housing for that popula-
tion for which one elementary school 
is ordinarily required, its actual area de-
pending upon population density.

2. Boundaries – The unit should be 
bounded on all sides by arterial streets, 
sufficiently wide to facilitate its by-pass-
ing by all through traffic.

3. Open Spaces – A system of small 
parks and recreation spaces, planned to 
meet the needs of the particular neigh-
borhood, should be provided.

4. Institution Sites – Sites for the 
school and other institutions having ser-

vice spheres coinciding with the limits 
of the unit should be suitably grouped 
about a central point, or common.

5. Local Shops – One or more shopping 
districts, adequate for the population to 
be served, should be laid out in the cir-
cumference on the unit, preferably at 
traffic junctions and adjacent to similar 
districts of adjoining neighborhoods.

6. Internal Street System – The unit 
should be provided with a special street 
system, each highway being propor-
tioned to its probably traffic load, and the 
street net as a whole being designed to 
facilitate circulation within the unit and 
to discourage its use by through traffic.



3.1c Plan of Clarence Perry’s Apartment House Unit: “A method of endowing a multiple-family district with 
interesting window vistas, greater street safety, more liberal open spaces and a neighborhood character

2.1d Accompanying metrics
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reinforced what he considered the FHA’s 
agenda of utilizing the unit system “as 
instrumentation for segregation of eth-
nic and economic groups…termed in-
harmonious” (Isaacs, 1948, 19). Rather 
than being a form for containing, Isaacs 
saw boundaries as a method of exclu-
sion, lacking the egalitarian permeabil-
ity of a democratic design. In time the 
contained property of the Neighbour-
hood Unit can be seen in the features of 
a gated community (even without the 
physical gate) where communities are 
contained and isolated rather than part 
of a larger whole. Originally purported to 
meet the fundamental needs of family 
life, Perry’s Neighbourhood Unit lacked 
the ability to be a viable guide for urban 
design when compact development 
and enhanced walkability became com-
mon priorities, but the only measure of 
a rational system was the population of 
a given development.

These principles were derived from a 
series of ideals that Perry believed vital 
to a comprehensively considered plan. 
He then established a series of metrics, 
first calibrated to “Low-Cost Suburban 
Development” to understand the ca-
pacity and distribution of various attri-
butes of the neighborhood, such as the 
number of residents to support a school 
(Perry, 1929, 37). The school was in-
tended to be the most centrally located, 
walkable entity in order to ensure that 
a child’s walk to school was safe, only 
about one-quarter mile.   Boundary arte-
rials meant only smaller, interior streets 
were crossed. The boundaries of the 
perimeter roads serve to confine the in-
terior space into a distinguished “place” 
with the suggested width of such 
streets being 160 feet, and width of 
the remaining bounding streets slightly 
smaller at 120 feet (Perry, 1929, 37). 
“Smaller” interior streets are then 40 to 

50 feet wide which Perry deemed ap-
propriate for the density and needs of a 
single-family residential neighborhood, 
designed to fit the character of use 
rather than encouraging through-traffic. 
Those networks would be subject to a 
“functional disposition” by which they 
are employing a “tree-like design for 
the street system…branches, covering 
all sections of the unit, facilitate easy 
access to the school, to the main street 
stem, and to the business district” (Per-
ry, 1929, 39). The value of open space 
and recreation was recognized with the 
recommendation of providing 10% of 
the land area given to parks.

The plan faced significant criticism in 
years and decades to follow. The most 
infamous came from Reginald Isaacs 
who characterized the neighborhood 
unit as a mechanism for subdivision and 
financial gain for mortgage lenders that 



3.2a Rhizome structure diagram of Pattern 
Language process  © author
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3.2 Pattern Language: Structuring Design

central to it” (1977, xi).

Through a method of design guidelines, 
a user is able to understand an emer-
gent language which will signal the 
presence of a pattern that will lead to 
the coherent inclusion of a new layer 
of design patterns. The method of ap-
plication is similar to a mathematical 
generative grammar which is simply a 
series of rules that will predict (or lead/
guide) a particular combination by creat-
ing a set of problems and documented 
solutions. Similar to a mathematical or 
quantitative approach, “each pattern 
may be looked upon as a hypothesis 
like one of the hypotheses of science. 
In this sense, each pattern represents 
our current best guess as to what ar-
rangement of the physical environment 
will work to solve the problem present-
ed.” (Alexander, 1977, xv). 

Pattern Language, established by Chris-
topher Alexander and his team at the 
Center for Environmental Structure, 
was devised as a structured yet univer-
sally accessible approach to ordering 
urban form based upon the isolation 
of fundamental and extant patterns. 
Alexander’s intention was that even a 
layperson is capable of employing suc-
cessful and objectively “good” design 
practices through the utilization of a 
clearly mapped approach. As Alexander 
states, there are “two essential purpos-
es behind this format. First, to present 
each pattern connected to other pat-
terns, so that you grasp the collection 
of all the 253 patterns as a whole, as 
a language, within which you can cre-
ate an infinite variety of combinations. 
Second, to present the problem and so-
lution of each pattern in such a way that 
you can judge it for yourself, and modify 
it, without losing the essence that is 



3.1c Pattern language process of “growing” path 
networks in street distributions

3.1b The gradual building of goals and paths in 
spaces
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When all these patterns are taken to-
gether, a particular “language” will 
emerge, but the makers of this system 
declare there is an infinite series of out-
comes. Theoretically, when taken in a 
combinatory practice, “no pattern is an 
isolated entity. Each pattern can exist 
in the world, only to the extent that is 
supported by other patterns: the larger 
patterns in which it is embedded, the 
patterns of the same size that surround 
it, and the smaller patterns which are 
embedded in it.” (Alexander, 1977, xiii). 
The guidelines are introduced by its 
authors as an established method for 
reliably distilling good systems and cri-
teria that will make for a good design. 
In this case, good is represented by the 
multiscalar mixture of repetition and 
compositional uniquity.  Because of the 
potential number of combinations and 
outcomes and the individual ingenuity 
of the designer, rarely would uniformity 



3.1d Pattern language network of paths and goals; 
goals should be limited to a 10 minute walk apart
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the immeasurable results of a project. 
The design is a progression over time, 
as the “patterns can never be ‘de-
signed’ or ‘built’ in one fell swoop – but 
patient piecemeal growth, designed in 
such a way that every individual act is 
always helping to create or generate 
these larger global patterns, will, slowly 
and surely, over the years, make a com-
munity that has these global patterns 
in it.” (Alexander, 1977, 03). While this 
is an application to be embraced in the 
smaller building realm, or even in a col-
lective method across neighbors, this is 
not capable of being exercised in large 
developments where centralized devel-
opment relies upon the rapidity and af-
fordability of a streamlined construction 
process. This approach offers a neces-
sary flexibility and option of form that 
can enhance form-energy benefits, out-
weighing the convenience of replicated 
forms, such as the towers in China.

result, in spite of the finite palette con-
tents.  Instead, the result is “a pattern 
language” with “the structure of a net-
work…there is no one sequence which 
perfectly captures it” (Alexander, 1977, 
xviii).  Like the rhizomatic structure of a 
tree the path travelled within a network 
can be configured in an endless number 
of ways.

The concept of thinking in terms of pat-
terns, whether identifying those that 
are emergent or applied through a sys-
tem, has readily been embraced in a va-
riety of fields from software and inter-
face design to pedagogical techniques 
in linguistics and speech structure. One 
of the successes was isolating the im-
portance of the pattern concept and its 
ability to multiply and divide space and 
systems and a variety of scales.  Poten-
tial downfalls include its subjective ap-
plication by the non-professional, and 



3.3a Ecologocal transect serving as a base for the Urban Transect
(source: http://www.transect.org/)
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3.3 Urban Transect & Form Based Code: Ordering Intensities

Following years of use separation en-
couraged by regulations embodying 
Euclidean zoning, the Urban Transect 
was devised as a prescriptive tool for 
urban planning by DuanyPlater-Zyberk 
and the College for New Urbanists. Ini-
tially inspired by the Ecological Transect 
to spatially organize and establish order 
for the given contents of an ecosystem, 
the view shifted to the human ecosys-
tem (Bohl, Plater-Zyberk, 2000). The 
Transect was created as an attempt to 
establish a new normative theory  for 
contemporary development. By assem-
bling a lexicon of form and features, 
then assigning a place or characteristic 
for such as condition, the concept be-
comes a system for assembling an ur-
ban milieu possessing the universality 
that comes with ease of application, but 
also with an innate sense of place and 
uniquity that come with community en-
gagement. 



3.3b T-zones of the Urban Transect (source: http://www.transect.org/)
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Transect is called a ‘model,’ the funda-
mental importance of the Transect is 
its flexibility for communities to create 
immersive, sustainable human habi-
tats” (Neely, 2006).  By utilizing build-
ing form and typology, rather than more 
traditional zoning methods (which led to 
the separation of uses and the isolation 
of sprawl), the new paradigm is to cre-
ate blended forms and uses at a human 
scale through a collaborative process 

Rather than ordering what already is 
there, the opportunity is presented to 
establish a desired organization and to 
build toward it using a common lan-
guage that creates the framework for a 
new zoning system (SmartCode).  Uti-
lizing common urban modules within 
a system of shared knowledge and 
resources, a way is provided for the 
community to evolve gradually toward 
its defined vision. “Even though the 

of multidisciplinary experts and public 
participation. Rather than approaching 
development in an overly incremental 
fashion, the imagining of the complete 
environment allows for the creation of 
a development strategy and regulations 
that are compatible with the actions and 
expectations of citizens and developers 
(Neely, 2006). 

The Transect has “orders” of built envi-
ronment that transition from rural to ur-
ban and has been divided into Transect-
zones (T-zones) that step down in levels 
of intensity while defining the general 
development intent with respect to the 
other zones. The basic zones are:
     •T-1 Rural Preserve
     •T-2 Rural Reserve
     •T-3 Sub-Urban
     •T-4 General Urban
     •T-5 Urban Center
     •T-6 Urban Core



3.3c Existing prototype diagram - urban wedge (source: http://www.transect.org/)
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The T-zones vary, not only in levels of de-
velopment intensity measured through 
ratio and typology, but also in intensity 
of natural and social components. The T-
zones could be considered graded habi-
tats that possess particular attributes 
and qualities specific to their character 
and intensity, but intended to be flexible 
and adaptive based upon the nature of 
each specific area. The zones are meant 
to be structurally balanced based upon 
what are termed walksheds (pedestrian 
paths derived from the watershed meth-
odology) and planners can “assemble 
environments into one continuous sys-
tem [that] promotes sustainable, coher-
ent urban pattern composed of human 
environments” (Talen, 2002). There is a 
place for preservation in this model, but 
the designations must first be estab-
lished to complement the order. With 
the emphasis on walkability, there is a 
closer link between transportation and 
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use with the application of methodolo-
gies similar to transit oriented design/
development.

The application methodology begins 
with the process of analysis. Once the 
focus area has been identified by local 
planners and officials, the area is then 
evaluated for  calibration and compari-
son to existing transect prototypes for 
direction (Center for Applied Transect 
Studies, n.d.). This process is accom-
panied by an in depth environmental 
assessment referred to as the Quadrat 
and Dissect in nature which is com-
posed of a spatially sectional and sur-
face study. An evaluation of the exist-
ing human habitats is then conducted 
which emphasizes the identification 
and location of zones of value by citi-
zens and planners.

A point to be emphasized is the impor-

tance of the Transect as only the first 
step in the process. The Center for Ap-
plied Transect Studies (CATS) created 
the model and framework to be part-
nered with a Form Based Code (FBC). 
The Form-Based Codes Institute defines 
the framework as “a method of regu-
lating development to achieve specific 
urban form, with a lesser focus in land 
use, through city or county regulations” 
(Form-Based Codes Institute, 2010). The 
concept of the Form Based Code is the 
alteration of the urban realm through 
form rather than land use to generate 
a more integrated space that harkens 
to the successful traditional urban pat-
terns of scholars such as Jane Jacobs. 
The land use based codes tend toward 
a separation of uses that is neither nec-
essary nor encouraged, and is seen as 
a factor that helps to perpetuate sprawl.  
In contrast to land use based codes, the 
Urban Transect approach prescribes the 

parameters for the physical environ-
ment with the emphasis placed on the 
quality of the public area to produce 
“pedestrian-friendly, context sensitive, 
design-driven, and implementable de-
velopment outcomes thus enhancing 
a community’s identity and long-term 
sustainability” (Mercier, 2008). By fol-
lowing a community-driven vision for 
the form of the city, there is greater 
ease in following the integrated proce-
dure of plans, codes, and policies.

The method of calibrating or formulat-
ing the FBC occurs as civic participa-
tion involving planners, policy-makers, 
professional facilitators, consultants, 
and community members participate in 
an extensive public charette process to 
reveal mutual community priorities and 
place-specific constraints or issues. All 
Public engagements must be inclusive 
and, to the extent possible, motivated 
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The ground floor shall house only retail or temporary office uses 
(also lobby and access for upper storey uses).

*Upper storey uses may be either: (Block B) residential, or (Block A 
and C),  residential, office or lodging.

Fronting the square and the North/South Retail Street (between 
Blocks A and B) there shall be functioning entry door(s) along the 
STREET facade at intervals not greater than 75 feet.

The garage (parking for vehicles autos, trailers, boats, etc.) shall be 
at least 20 feet from any STREET FRONTAGE (except for basement 
garages).  Except where otherwise designated on the REGULATING
PLAN.

The STREET facade shall be Built-To the REQUIRED BUILDING LINE
(RBL) within 75 feet of any BUILDING CORNER, and Built-To not less 
than 75% of the RBL overall.  There are no required side setbacks.

Any unbuilt STREET FRONTAGE shall have a STREET WALL along it, 
between 6 feet and 15 feet in height.

Parking for vehicles (autos, trailers, boats, etc.) shall be at least 20 
feet from any STREET FRONTAGE (excepting basement garages). 
Garage/parking entrances shall be no closer than 75 feet from any 
BUILDING CORNER (except where otherwise designated on the 
REGULATING PLAN).

The building shall be between 2 and 4 Storeys to in height, except 
where otherwise noted here or on the REGULATING PLAN.
Any parking structure w/in the block shall not exceed the eave 
height of any building w/in 75 feet.

Any unbuilt RBL or COMMON LOT LINE shall have a STREET WALL
built along it, between 6 feet and 15 feet in height.

The ground floor elevation shall be no more than 18 inches above 
the fronting sidewalk elevation. 

No less than 80% of the ground floor shall have at least 12 feet 
clear height.  No less than 80% of the upper storeys shall each have 
at least 8 feet  8 inches clear height.

within 100 ft of 

October 2001

The primary ground floor facade shall have no less than 60% F
ENESTRATION (measured between 2 and 10 feet above the fronting 
sidewalk). Awnings and overhangs are encouraged.

Upper storey facades shall have between 30% and 70%
FENESTRATION (measured for each storey between 3 and 9 feet 
above the finshed floor).

*Except facades along Treat Blvd. and Jones Rd., no less than 50%
of the top storey units shall have BALCONIES.

ARCADES are permitted if designed and constructed in contiguous 
STREET FRONTAGES of at least 200 feet (or any complete RBL 
fronting the square). Consult the Masterplan.

3.3d FMB envelop standards for storefronts
(source: http://www.formbasedcodes.org/)
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by a shared desire to provide unbiased 
and unabused service to the commu-
nity. Dissemination of information for 
the public is fundamental to continued 
application and support and is only ac-
complished by producing all related 
documents in plain language and mak-
ing them readily available. This helps to 
demystify what has been a traditionally 
obtuse process. Over time it can result 
in opportunities for the perpetuation 
and self-preservation of what is good 
and successful for the entire commu-
nity.

The end result of this process is con-
densed into a shared concept or com-
munity vision. One could conceive of 
the FBC as merely, for better or worse, 
a codified version of this vision. Once 
the community commitment has been 
made, the base code is then calibrated 
to the place. This occurs through local 

planners and related players identifying 
areas of import, and possibly the assign-
ment of zonal values for following the 
transect or a related model. Production 
of the required materials follows in the 
form of regulating plans, public space 
standards, building form standards, ad-
ministration outlines and assignments, 
and definitions {graphic}.  Additional 
items can sometimes include: architec-
tural, landscape, signage, environmen-
tal resource, and annotation standards. 
This can then translate into a direction 
for a compatible city form, while still fol-
lowing the axiom “Form follows Func-
tion” (Mehta, 2006) with an emphasis 
on diversity, legibility, adaptability, conti-
nuity, quality, accessibility, and character 
– all elements that contribute to making 
places for people (Place-Making). 
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Pattern Language:
Structuring Design

Non-hierarchical system to create 
cohesive combinations

Formally infinite

Universally accessible

Clear path of application

Urban Transect:
Ordering Intensities

Engaged Process learned from pro-
totypes

Context sensitive with prescriptive 
solutions

Incompatible with municipal regula-
tions & codes

Restrictive formal guidance

Neighbourhood Unit:
Walkability Measures as Design

Derived Lessons

Focused on neighborhood scale of 
development & arrangement

Human space as dictate

Static metrics forced approach to 
become obsolute

Inflexible & non-responsive to reflect 
shifting values
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3.4 BREEAM and LEED ND: Categorical Sustainable Frameworks

While the previous frameworks have 
looked specifically to the development 
of urban form through a series of mea-
sures and dictates, they were not con-
ceived with the intention of consider-
ing sustainability and energy. There are 
several aspects of best practice that 
the methods embrace that have inher-
ent positive effects, such as walkable 
neighborhoods that shift transportation 
away from cars, but the concept of en-
ergy and resource conservation is not a 
focus. This changed in the 1990s with 
the introduction of several “green build-
ing” frameworks that created systems 
for assessing and rating buildings by us-
ing impact and success scores. These 
frameworks reflected and added impe-
tus to a growing industry awareness of 
the importance of sustainable building 
practices.

The United Kingdom (UK) Green Build-

ing Council established the first nation-
al environmental assessment system 
called Building Research Establishment 
Environmental Assessment Method 
(BREEAM).  Introduced in 1990, it began 
as an energy assessment system for 
office buildings.  Subsequent versions 
quickly embraced other typologies, 
such as industrial and retail. BREEAM 
requires the assessment process to be 
performed by independent, licensed 
assessors trained to provide accurate 
validation and certification issuance 
(Parker, 2009). This system dominat-
ed the “green building” landscape in 
the UK and through Europe, eventu-
ally spreading to areas such as the Gulf 
countries. Eventually a larger scale ver-
sion emerged, BREEAM Communities, 
focusing on the whole community scale 
of planning and design to generate liv-
able and viable places for residence and 
commerce.

In 1993 the US Green Building Coun-
cil released a similar system known as 
Leadership in Energy and Environmen-
tal Design (LEED) of which there are 
now several versions differing by ap-
plication. The LEED evaluation systems 
have typically consisted of a categorical 
credit accumulation measured for grad-
ing (certified, bronze, silver, gold, and 
platinum). It played a pivotal role in the 
landscape of US development.  Prior to 
LEED, US industry frequently “shunned 
environmentally-friendly materials or 
energy-efficient systems for the high 
initial cost and ‘pseudo-science’” [but 
over time] legitimized/mainstreamed 
Green Design as a business invest-
ment” (Quirk, 2012).  LEED for Neigh-
borhood Development (ND) is a system 
that emerged from the need to consid-
er a development scale larger than the 
single building. 



50

Modeling Metropolis

ficiently programmed to discern with 
greater specificity ideal locales.  This 
can result in a somewhat superficial 
satisfaction of some metrics, resulting 
in arguably inaccurate ratings.  Another 
drawback is that BREEAM and LEED 
are not “smart.”  As design processes 
move forward there is not a capacity for 
measuring the dynamics between met-
rics.  Metrics must be met to achieve 
the receipt of a credit, but opportunities 
cannot be exploited for obtaining feed-
back during design about how projected 
performance on one set of metrics will 
affect performance on other metrics.  
Both BREEAM and LEED require ongo-
ing attention to building performance 
after construction by means of post-
construction appraisals, but feedback 
at this stage is too late to impact the 
design process.

These rating systems were created in 

Benefits of these rating systems include 
reliable measures based upon “research 
back standards that [provide]…credibil-
ity” (Quirk, 2012) and perceived ease of 
use.  Both systems operate by applying 
a categorical rating system that assigns 
credits according to the extent to which 
a metric threshold is satisfied.  As more 
are credits achieved, a project receives 
higher recognition.  The thresholds are 
quantitatively based, and in the case 
of both BREEAM and LEED, the rating 
system can be adapted to prevailing cli-
matic conditions. 

Although they have an empirical basis, 
BREEAM and LEED both rely upon iso-
lated rating systems that do not consid-
er the specific context or purpose of the 
development (Quirk, 2012). While there 
is award given to developing brownfield 
and for choosing locations close to oth-
er developments, neither model is suf-

an attempt to develop a “broad-spec-
trum, holistic approach to being Green” 
(Quirk, 2012).  Some of the greatest 
successes of BREEAM and LEED are 
due to the positive impacts on public 
relations and financial return that certi-
fication can provide.  Competition be-
tween the two systems has been posi-
tive: when one is more effective, the 
other adjusts to improve, thus creating 
a type of “dynamic tension between 
the two competing systems” (Parker, 
2009).  However, the downside to both 
remains the lack of true, real-time mea-
sures at the design level able to provide 
feedback necessary to optimize the pro-
duction and operations of a new devel-
opment.



ADDING GREEN TO 
URBAN DESIGN
A CITY FOR US AND 
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3.5a Chicago’s Adding Green to Urban Design: A 
City for Us and Future Generations
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3.5 Greening City Plans

As long as the built realm is part of a 
system of exchange, whether as a 
system of capitalism in the interest of 
globalization or the expansion of ideolo-
gies, there will be situations of conflict-
ing and compromising sensibilities at 
the point of intersection between the 
practice of urban design and the prac-
tice of real estate development.  Ac-
cording to Thom Mayne, the notion of 
shaping cities through comprehensive 
plan-making as a means of controlling 
their growth is “increasingly ineffec-
tive simply because future develop-
ments cannot, in the present volatile 
societal dynamics, be accurately pre-
dicted” (Mayne, 2011, 09). Given this 
pessimism in the capacity of the urban 
planner and designer, does this render 
the comprehensive plan ineffective, or 
more significantly, obsolete? It may in-

stead usher in the need for a reconfig-
ured approach to the city plan. Rather 
than the excessively zoned designa-
tions of the past, cities are introducing 
new approaches in an attempt to base 
city-making on best-practices. “The 
complex interplay of human and natural 
forces shaping cities today and into the 
future demands that architecture give 
form to urban forces active beyond tra-
ditional building and property lines, and 
also that large-scale planning assume 
more flexible and adaptive spatial struc-
tures that are capable of accommodat-
ing the unpredictable…new design con-
cepts and methods must be created,” 
(Mayne, 2011, 09) but with this notion 
of dexterity there must also be a sys-
temic framework to ensure excellence 
in the built environment.



Water
Too much waTer is senT To chicago’s combined sewer sysTem.
Ninety-eight percent of the City is served by a “combined” sewer system that conveys stormwa-
ter runoff and sewage in the same pipe to a treatment facility. xi  Close to 60 percent of Chicago’s 
land area is covered with surfaces such as rooftops and paved areas that do not allow water to 
infiltrate into the ground. xii  During prolonged storms, the water runoff from paved areas can ex-
ceed the sewer conveyance and treatment capacities. This can result in surface ponding, flooded 
basements and sewage flowing into Chicago’s river system.  Since the water includes untreated 
sanitary waste, it can cause public health problems and serious ecosystem deterioration.

expecTed climaTe change will increase 
sTormwaTer managemenT needs.
The current amount of impervious surfaces already creates a 
problem for the combined sewer system. As a result of glob-
al climate change, summer rainfall will occur in more intense 
storms. The increased rainfall intensity, combined with the 
amount of impervious areas, may exceed the ability of Chicago’s 
sewer system to handle the amount of stormwater that enters 
the system.

green soluTion: 
Design to reDuce the 
volume anD rate of 
stormwater runoff 

entering the combineD 
sewer system.

sTormwaTer: “why Do basements flooD so often?”

11

The green roof on the Gary Comer Youth Center absorbs stormwater and provides an opportunity for 
students to learn about environmental stewardship.

This landscaped parkway was designed to collect stormwater from the 
sidewalk, sending less to Chicago’s combined sewer system.

These are before and after photographs of one of Chicago’s green alleys. This alley off Rockwell was reconstructed using a permeable paver 
system.  This new design improves the drainage by allowing the stormwater to infiltrate into the soils beneath the alley.

Before After

AIR
urban heaT islands:  “why is it so hot in the city?”

15

large areas of dark pavemenT and roofTops and lack 
of vegeTaTion Turn The ciTy inTo an oven.
Cities like Chicago have many dark-colored structures — roads, asphalt parking lots and asphalt 
rooftops — that absorb heat and reradiate it.  This slows cooling at night.  The result, called the 
Urban Heat Island Effect, increases temperatures 2 to 8 Fahrenheit degrees over those in surround-
ing rural areas.  Urban Heat Islands also prolong and intensify heat waves in cities.  The raised 
temperatures lead to increased air pollution levels and heat related illnesses and deaths. 

Trees and other plants provide shade, which contributes to cooling the air and buildings.  Lack of 
vegetation intensifies the Urban Heat Island effect, increasing the air temperature, which makes it 
increasingly difficult for plants to survive.  
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expecTed climaTe change will increase The 
need for cooling.
Extreme heat is expected to occur more often, increasing the energy 
demand for building cooling. The extreme heat is likely to increase 
heat illnesses and deaths. 

green soluTion: 
Design to reDuce surface 

temperatures. 

urban heaT islands: “why is it so hot in the city?”

This GIS map shows the 
percentage of tree canopy cover 
throughout the City.  
Darker shades of green signify 
higher percentages of canopy 
cover.

This recent photo of City Hall’s green roof clearly 
shows the contrast between a vegetated and 
non-vegetated roof.  The temperature differences 
between a vegetated and non-vegetated roof can 
be as much as 70 degrees.

3.5b Plan excerpts addressing heat islands
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sible form of human settlement” (Daly, 
2008, 03), and that through the con-
tinuation of compact development and 
living, natural resources will be more 
efficiently used by urban dwellers. The 
plan is intended to promote strategies 
for better design and to potentially po-
sition Chicago on the national stage as 
a leader in sustainable urban practices 
that address issues relating to water, 
air, and land. 

One of the methods of implementa-
tion is the treatment of exposed urban 
“surfaces” – building facades, roofs, 
streets, yards, open spaces, parking 
lots, driveways, sidewalks, and alleys. 
Traditional values are reiterated in the 
first chapter, such as the benefits of ur-
ban density, and also point to the gov-
ernment’s role in supplying controls 
that ensure sustainable urban develop-
ment. The second chapter presents the 

As municipalities are poised to enter 
a future of space-constrained develop-
ment, dwindling resources, and increas-
ing urban population growth, several 
cities have been issuing sustainability-
based plans. Two such plans are the 
“Guide to Copenhagen 2025” and the 
“Chicago: Adding Green to Urban De-
sign: A City for Us and Future Genera-
tions.”  It is worthwhile to briefly exam-
ine these documents as examples of 
the kind of planning one might expect 
from two cities with reputations for be-
ing  progressive and forward thinking as 
they seek to cope with the challenges 
of making themselves sustainable and 
livable places for the 21st century.

The Chicago plan was adopted by the 
city in November 2008, with Mayor 
Daly stating that it “builds upon the 
notion that densely developed cities…
are the most environmentally respon-



SUSTAINIA

COPENHAGEN
2025

GUIDE TO

 Exploring the sustainable capital of tomorrow 

3.5c Guide to Copenhagen 2025
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Approach and Action, Integration, Inno-
vation, and Assessment. The plan does 
not provide any formal guidance for the 
creation of the built city environment, 
but instead gives advisory direction to 
the city and the Plan Commission on 
how to regulate and review urban de-
sign and development projects. There 
are also points regarding the distribu-
tion of public finance and investment 
for the city’s built spaces. The only evi-
dent measures reflect on past practice, 
e.g. green roofs already constructed. 
There are no concrete metrics estab-
lished within the categories, or even a 
normative basis for comparison. While 
it makes early mention of, and continu-
ally returns to, the conservation of the 
natural resources, there is no mention 
of energy consumption according to 
urban form. Ultimately the plan’s most 
prominent contents, beyond the ges-
ture of “green” commitment, are the 

goal and objectives of the plan:

Plan Goal: 
Maintain and improve Chicago’s urban 
design to optimize its environmental 
benefits for current and future genera-
tions.

Plan Objectives: 
     • Water – Capture and use precipita-
        tion and encourage water conser-
        vation.
     • Air – Improve air quality.
     • Land – Preserve and expand the
        quality and function of vegetated 
        surfaces.
     • Quality of Life – Improve safety and
       public health and engage people 
       in the outdoor environment.

Chapter three is made up of the “21 
Key Actions” that are divided between 
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TIP FOR THE URBAN 
PLANNER 
- LIFE BEFORE BUILDINGS 

In the transformation from industrial use to residential 
area, urban planners focused on creating life in the neigh-
bourhood before building new houses. 

Early on, Carlsberg hosted various kinds of cultural 
events. This meant that by the time new residents started 
moving into the area, Carlsberg was already a popular des-
tination for culturally aware Copenhageners.

CONCERTS 
The old Bottling Hall Tap 1 proved to be a great venue for 

concerts, and quickly became one of the favourite music 
venues in Copenhagen. Tap 1 is still active today – make 
sure to check out the program while you are in Copenhagen.

A YOUTH ENVIRONMENT 
Storage Cellar 3 was rebuilt into rehearsal rooms and a 

student café for the local music high school Sankt Annæ. 
This fostered a creative environment for the younger gen-
erations and made the Carlsberg district a big part of the 
students’ everyday lives.

ART
In one of the old large garage buildings, the Royal Danish 

Academy of Fine Arts moved in and began hosting exhi-
bitions from upcoming artists. When you visit Carlsberg, 
stop by – you might be lucky and get a glimpse of the next 
Picasso or Van Gogh.

26  // GUIDE TO COPENHAGEN 2025

1
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3

In Copenhagen, retrofitting alone accounts for a de-
crease of more than 20 pct. in heat consumption and 30 
pct. in total energy consumption when comparing 2025 
with 2010. Citizens save money on their energy bills with-
out changing their lifestyle.

3 KEY BENEFITS 
OF THE COPENHAGEN 
RETROFITTING 
INITIATIVES

The average EU citizen spends 90 pct. of his time in-
doors. Research shows that improved day lighting and air 
quality in retrofitted buildings enhances productivity and 
has a positive impact on public health. 

The investments in retrofitting have positively affected 
the economy of the city: 

* Overall energy consumption in Copenhagen de
 creased, raising the productivity per kWh consumed.

* The construction sector experienced a much wel-  
 comed boost in demand for their services. 

* The value of retrofitted energy-efficient houses has in-
creased, giving homeowners an economic gain.

3.5d Plan excerpts addressing culture and retrofit 
priorities
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suggestions for application and a rather 
vague implementation timeline for bu-
reaucratic training and adoption.

In contrast to the entirely internal ef-
forts of Chicago, the Guide to Copen-
hagen 2025 enlisted the assistance of 
an outside consultant, Sustainia, in the 
development of their plan for taking the 
city into the future. The Guide’s inten-
tion is to establish an achievable scenar-
io for a carbon-neutral city by the target 
year of 2025. Told through a narrative 
of the future citizen engaged in activi-
ties of their daily lives, the visualization 
of the sustainable city in the Guide is 
intended to stimulate interest and mo-
tivation to support change. A graphi-
cally dynamic and lively composition, 
the Guide took the approach of adopt-
ing a guidebook medium as an acces-
sible tool for every citizen to understand 
the designs and measures required to 

help the city reach its goal. Developing 
the plan was a multidisciplinary effort 
with contributions from Microsoft, GE, 
BIG Architects, Knoll, and IKEA. Inter-
spersed throughout are “mantras” that 
are simply rephrased principles such 
as “all citizens should live within a 5-10 
minute walk to green areas.”

The Guide lacks the standard linear 
format typically used to help readers 
understand how a plan will be imple-
mented.  Instead, data and qualitative 
guides are interspersed throughout 
the narratives and cityscapes. Under 
a title “This City is Made for Walking,” 
one finds the statement, “It takes five 
minutes to walk four hundred metres. 
Installing conveniences such as shop-
ping and public transport within this dis-
tance promotes walking and cycling” 
(Hansen, 2012, 14).  It is significant and 
should be acknowledged that the Guide 
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2008
“The Environmental Zone” is 
launched. It prohibits diesel-
fuelled vehicles without 
particle filters from entering 
the city. Previously, it was 
estimated that particle pol-
lution caused hundreds of 
premature deaths annually in 
Copenhagen. 

2006
“Bryggebroen”, a bridge 
solely for pedestrians and 
bicyclists spanning the 
harbour in Copenhagen, 
opens – it creates a new 
shortcut for cyclists over 
the harbour.

2002
The first public harbour swim-
ming pool is opened, officially 
marking the revitalisation of 
the harbour. 

2002
The first phase of the Copenhagen 
Metro is opened with the inaugura-
tion of 11 stations.

2001
The world’s most efficient 
Combined Heat and Power 
plant is built, warming hous-
es in the city with excess 
heat from power production.

1995
“Bycyklen” (The City Bike) is 
introduced. It is the world’s 
first large-scale urban bike-
sharing programme. 

77 // HISTORY

CO2

2012
“Project Clean Cab” is 
launched, introducing the city’s 
first taxis running on 100 pct. 
electricity.

2011
The first discussions on solu-
tions for traffic congestion in 
Copenhagen commences.

2011
Copenhagen experienced 
the worst floodsin for more 
than 50 years leaving large 
parts of the city kneedeep 
in water for days – this 
increased the awareness 
and focus of climate adap-
tion amongst politicians 
and citizens

2010
Copenhagen opens its first 
district cooling system, mak-
ing it possible to cool office 
buildings in the summer using 
sea water..

2009
100 pct. electric-powered 
buses become part of the 
public transportation system 
in Copenhagen.

2009
A unanimous City Council 
signs the “Copenhagen 
Climate Plan,” putting forth 
ambitions of a carbon neu-
tral Copenhagen in 2025.

78 // HISTORY

2050
Denmark becomes 
independent  
of fossil  
fuels.

2025
Copenhagen becomes 
the first carbon-neutral 
capital in the world.

2025
Half of all Copenha-
geners now commute 
to work and places of 
education by bike.

2018
The Metro City Ring opens, 
making it more convenient 
than ever to commute via 
public transit.

2016
The first inhabitants 
move into the new 
Carlsberg district – the 
first carbon neutral 
part of Copenhagen, 
with more than 3,000 
homes and green areas 
for residents.

2015
Fourteen new pocket parks are 
opened to the public, making the 
city greener than ever. 

77  // GUIDE TO COPENHAGEN 2025

HISTORIC TIMELINE 
OF CARBON NEUTRAL 

COPENHAGEN

1863
The first public transportation 
option is unveiled in Copenhagen. 
The horse tram carried 20 passen-
gers at a time from Sankt Annæ 
Plads to Frederiksberg Runddel.

1992
Wind turbines are raised in 
the waters just off the east-
ernmost part of Copenhagen 
harbour, supplying 900 
households with clean energy.

1976
The first Wastewater Manage-
ment Plan is formulated. The 
plan is the first step towards 
the revitalisation of the Copen-
hagen harbour and diminishes 
the health hazards of sewage.

1947
The plan for Copenhagen’s 
urban development, “The 
Finger Plan,” is developed. It 
emphasises green wedges of 
recreational areas for Copenha-
geners to enjoy in between the 
“fingers” of urbanization. 

1910
The first bike lane is estab-
lished in Copenhagen as the 
bridle paths paved with loose 
stones along the lakes are 
opened up to cyclists.

1925
The first steps towards a cen-
tralised district heating system 
in Copenhagen are taken. 

3.5e Plan excerpt of a timeline for carbon neutrality
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is a collective effort of a broad cross-
section of city residents and was not 
simply left to technocrats and design-
ers. However, the Guide lacks practical-
ity.   Subtle data is buried in qualitative 
claims instead of being included in di-
rect and specific forms that profession-
als can extract and employ in a mean-
ingful manner. That there is currently no 
companion guide for practice is a sig-
nificant drawback to this approach.

As promotional pieces that can en-
courage resident involvement, provide 
general information, generate enthu-
siasm for, and confidence in, the city 
administration, these documents seem 
to work well.  Modeled on the travel 
brochure, both are effective examples 
of advertising (an important takeaway) 
that combine helpful information about 
sustainability, with past, present and fu-
ture projects that have and will changed 

how the city expends energy and pro-
vides more opportunities for residents 
to enjoy a “greener” life style.  

Perhaps because the plans, especially 
Chicago’s, primarily focus on changing 
the energy consumption of individual 
structures and infrastructures (already 
existing or planned for the future) their 
methodology seems neither intended 
nor capable of providing a more com-
prehensive focus.  Much of the meth-
od of creating sustainability seems to 
involve piecemeal efforts at altering, 
adding and overlaying. It seems to be 
intended primarily for the building scale, 
not the neighborhood, with no apparent 
method of measuring energy consump-
tion of, an existing or planned neighbor-
hood as a whole system.  This approach 
is of very limited use for making new 
neighborhoods from the ground up 
and for planning changes to elements 
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of existing neighborhoods in situations 
where it is important to know how the 
planned change impacts the neighbor-
hood as a whole.

In contrast, because energy conserv-
ing principles are embedded into the 
Energy Proforma© and the Clean En-
ergy Guidelines, they provide a way of 
measuring how different individual enti-
ties in a neighborhood work both indi-
vidually and together to achieve more 
comprehensive goals of sustainability. 
It is this level of design that begins to 
reveal the most basic form-energy rela-
tionships that are capable of making a 
substantial difference and improvement 
in neighborhood design for the future. 
Mitigating climate change must be a 
result of deeper impacts from the DNA 
of a city, the most elementary levels of 
urban construction that embodies the 
principcals from the inside-out, rather 

than a mere address of sufacing  and 
superficial networks which is merely tri-
age.
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3.6 New Ordering: A New Way to Form

The above approaches to urban plan-
ning and development, though different 
from each other, all function as frame-
works for a more or less fluid planning 
process.  Ultimately, the codes and 
partnered systems strive for a similar 
result: a variegated, compact, walkable, 
and sustainable form which is com-
monly accepted to be conducive to the 
development and sustainability of com-
munity vitality. But are any of the key 
variables in these approaches able to 
be defined, quantified, and measured?  
Measurements taken of key variables 
provide the empirical evidence needed 
to evaluate successful application of an 
approach and its ultimate practicality.  
Without evidence, degrees of success 
or failure cannot be determined, and 
planning remains a repetition of what is 
“professionally deemed good practice” 

rather than a process proven to produce 
good neighborhood design.

When compared across case studies of 
applications, the product can be varied 
in typology, scale, and use.  This comes 
from the malleability of the codes, regu-
lators, and users. Certainly the Pattern 
Language and Urban Transect strive 
to avoid an over-formulaic approach to 
prevent homogeneity and/or failure 
(Kohr, 2004, XX), and to establish sig-
nificant patterns of activities and layers 
of meaning necessary for a cohesive 
sense of place. The continuing struggle 
to establish a normative and navigable 
approach to planning will cause the re-
sults of these approaches to exist in a 
state of limbo between the predictable 
or formulaic and the haphazard and in-
coherent. Regulations will continue to 

be over-relied upon and “continue to 
exert influence and shape the built form 
of the global landscape” (Ben-Joseph, 
2005, xx), and the continued subjectiv-
ity of applications without quantifiable 
accountability measures will remain a 
serious shortcoming.



3.6a A diagram representing components of new 
guidelines structures  © author
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Clean Energy
Guidelines

4.0

Application and Practice

The guidelines are intended to be used 
in conjunction with the Energy Profor-
ma©, which is where they depart from 
more traditional applications of design 
guidelines and formal codes. In this 
case the guidelines do exactly what is 
implied in the name: they guide. By be-
ginning with an informed view on the 
energy consumption of given forms 
within the urban taxonomy, the design-
er is able to begin the design process 
with formal clues that improve energy 
consumption. The critical difference be-
tween earlier and more conventional 
guidelines and the Clean Energy Guide-
lines is that because of the Energy Pro-
forma©, after following an initial recom-
mendation, the designer can dimension 
and determine the implications of each 
design decision. The initial design en-
deavor can systematically consider and 
implement each guideline while testing 
iterations with the Proforma©.

These guidelines and directives are 
qualitative and quantitative derivations 
that comprise the 3 years of global re-
search by the Making the ‘Clean Energy 
City’ in China group at MIT. By applying 
the design characteristics and lessons 
on best practice herein, the preliminary 
stages of design will begin to formulate 
an urban neighborhood that makes ef-
ficient use of energy on a city-scale. 
Topics for guideline content include 
elements such as: height, orientation, 
porosity, road networks, unit sizes, 
parking, transportation access, and 
construction type, among others. When 
taken together, the composition of form 
and relationships such elements have 
to one another, the characteristics that 
affect energy consumption can be ad-
justed. The guidelines are written from 
perspectives of empirical research, best 
practice, and on-going investigation that 
all contribute to a more flexible type 

of development approach, where the 
goal is not to meet a fixed or arbitrary 
minimum standard but to optimize per-
formance through the continual adjust-
ment across an array of variables which 
has the potential to reach a higher over-
all energy performance standard than 
could have been planned.

Note: Unless noted otherwise, the ma-
terials and images used for this section 
are created by the Making the Clean En-
ergy City research group and the Beijing 
Urban Design Studio, 2012.



4-0.1 Diagram of walkable nodes within a connected 
framework  © author
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general principles
0.1 Modal Shifts from Automobile Ownership

The use of cars and other personal mo-
tor vehicles that burn fossil fuels is a 
major contributor to the degradation of 
the environment and climate change. 
Providing for the needs of pedestrians, 
bicyclists, and mass transit users will 
help reduce use of such personal ve-
hicles. Through an effectively planned 
public realm, urban design can help 
lower greenhouse gas emissions that 
are affecting and accelerating climate 
change. One of the critical components 
is pedestrian networks safely connect-
ed to alternative transportation such as 
bicycles and mass transit.

By moving away from autocentric city 
form, new urban design methods will 
help to create a thriving neighborhood 
that is achieving levels of success in en-
ergy, economy, and social well-being. 
Current models feature streets that are 
spatially dominated by faster moving 

zones dedicated to cars. This practice 
is encouraged by designated spaces 
for people that are spaced beyond a 
recommended five minute walking dis-
tance, and is poorly connected to mass 
transit, which makes driving a personal 
vehicle the most attractive and conve-
nient. Existing urban zones can be ret-
rofitted over time, with the right-of-ways 
becoming reclaimed as public space for 
bicycles, pedestrians, and recreation.

Building up a multitude of car-free zones 
will create a comprehensive urban net-
work that has shifted from a fossil-de-
pendent system. Interconnected multi-
modal systems, as well as capitalizing 
upon new technologies for mobility-on-
demand to close extant gaps within the 
system, can aid in a long-term resolve 
and commitment to make urban areas 
primarily car-free for daily life and activi-
ties.

Modeling Metropolis section 0.0
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0.2 Priority for Pedestrians

One of the most effective methods of 
moving people away from personal ve-
hicle use is to create links of pedestrian 
patterns that are pleasant to experience 
while possessing an ease of use. The 
paths of pedestrians is where commu-
nity interactions can take place, and 
where people can engage in activities 
such as vending, taking respite in seat-
ing, or seeking an exterior dining experi-
ence. Well-ordered and protected spac-
es that are capable of promoting such 
happenings will draw people out of inte-
rior spaces (where energy is frequently 
being spent on interior comfort). Pro-
tection can come in the form of thermal 
comfort (shade from the sun), weather 
and elemental shielding (canopies for 
rain), and personal security (well-light-
ed areas). This can also happen in the 
buffering between less desirable zones, 
such as landscaping or parked cars pro-
tecting the sidewalks from the street 

traffic, or vehicular access points set 
away from public open spaces.

Urban spaces can engage the interest 
of pedestrians through effective transi-
tions between public and private realms 
by creating a permeability with street-
level spaces within buildings to exterior 
spaces. Complementing this with live-
lier street edges will attract commercial 
and recreational visitors and extends 
the neighborhoods hours of use. The 
more lively and populated the space is, 
the safer the pedestrian landscape will 
be. The design of the public realm that 
first considers the movement and activ-
ities of people will encourage people to 
spend more time walking and congre-
gating in public spaces (see 3.4 Pedes-
trian Paths for design strategies).

4-0.2 Pedestrian zone
© Andrew Turco



4-0.3a Three measures of density
(source: http://densityatlas.org/)
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0.3 Developing Neighborhoods with Higher Target Densities

When developing clean energy cities, 
creating urban spaces at higher densi-
ties can prevent the practice of sprawl 
and greenfield development while mak-
ing lively neighborhoods. This is accom-
plished through compact, mixed use 
development where a diverse popula-
tion can live and work while also find-
ing a multiplicity of features to suit their 
needs. Such compact living practices 
will increase the likelihood of people 
travelling to destinations via walking or 
mass transit, and contribute to the re-
duction in personal automotive reliance. 
There is also a reduction in the expanses 
of infrastructure and strain on services 
to communities when the smaller dis-
tances between destinations are main-
tained through dense development. 

Additional methods to aid in densifica-
tion can be the practice of retrofitting 
existing structures (conversion to resi-

This section was developed with aid 
from the Desnity Atlas
http://densityatlas.org/

dential or mixed use and adding space 
or units by increasing structure height) 
or urban infill (building on vacant or 
small lots adjacent to existing struc-
tures to prevent outward, or sprawl, 
development). Establishing an urban 
growth boundary is a regulatory tool 
that can aid in maintaining an ongoing 
contribution to the increase of urban 
density. With the majority of the world’s 
population now living in urban centers, 
the compact nature must be retained 
for long term sustainability. Develop-
ing at a high density is essential for a 
more efficient use of energy and land 
resources over time. There are three 
critical metric when evaluating density: 
building density, dwelling unit density, 
and population density. 



FAR = 9/9 (1.0)

FAR = 1.0
COVERAGE = 11%

FAR = 1/9 (0.111)

FAR = 1.0
COVERAGE = 100%

4-0.3b Diagrams of FAR and building coverage  (source: http://densityatlas.org/)
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Urban density can be represented by 
Floor Area Ratio (FAR). FAR is a ratio 
measure calculated by dividing the to-
tal building area by the site area. It is 
a commonly used control in regulatory 
practice to dictate the intensity of devel-
opment but does not give a complete 
picture of density. Building coverage 
looks at the portion of the total ground 
area of the site covered by the building. 
When this measure is combined with 
FAR, it begins to convey a three-dimen-
sional sense of the development types, 
such as point tower high-rise develop-
ment which can have a high FAR and 
low building coverage percentage, or 
large plate low-rise which can have the 
same FAR but a high building coverage 
measure.



80

80

1 unit = 6400 sf (595 sm) 4 unit @ 1600 sf EA (148 sm)
= 6400 sf (595 sm)

16 unit @ 400 sf EA (37 sm)
= 6400 sf (595 sm)

40

40
20

20

4-0.3c Diagram of dwelling unit density  (source: http://densityatlas.org/)
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Dwelling unit density (also seen as 
DU/area) looks at the number of house-
holds per unit of area (in this case 
square kilometer) and is part of the En-
ergy Proforma© model input/outputs. 
The area of the units themselves is not 
part of the quantification, and the addi-
tional layer of information is required to 
better understand the density at hand, 
but typically an increase in dwelling 
units will result in an increase in densi-
ty. This will also give a more descriptive 
sense of the marketability of a develop-
ment by understanding the real estate 
options and viability of rental or sales 
in a given area. The dwelling unit den-
sity will also give a better sense of the 
services that can be supported by the 
target area, such as schools, public utili-
ties, or grocery stores.



20

20

1 people in 400 (36.5 sm) =

400 sf (36.5 sm)/person

20

20

2 people in 400 (36.5 sm) =

200 sf (18.25 sm)/person

20

20

5 people in 400 (36.5 sm) =

80 sf (7.3 sm)/person

4-0.3c Diagram of population density  (source: http://densityatlas.org/)
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Population density rounds out the 
three metrics by representing the num-
ber of people in a specified area. This 
is not the same as dwelling unit den-
sity, as this considers the total area of 
a given development and how many 
square meters are given to an individual 
in living units, public spaces, and com-
mercial uses. Neither measure alone is 
complete.  They must be used together 
to make the outputs meaningful. This 
measure can better inform the infra-
structural needs of a given community, 
whether provided by the municipality or 
by private development. 



4-0.4a A retrofit proposal for an existing  tower-in-
park development. New proposal includes ground 
level structures for mixed use (pink), upper level 
connections (white), duplex units (blue), and stacked 
micro-units (green). This proposal also includes an 
energy retrofit of the facades and hvac systems. 
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0.4 Retrofitting Existing Structures

Level Uses for further guidance on pro-
grammatic and infill types). New streets 
can be inserted through the superblock 
to increase the distribution network 
and further support the activation of the 
ground level (see section 2.1 Block Size 
/ Street Distribution for guidance on 
street placement and block sizes, then 
section 2.2 on Street Design). The up-
per levels of the buildings can be retro-
fitted through the addition of structures 
for new housing types, connected lev-
els, and programmatic functions. The 
design should include energy upgrades 
to the façade through the incorporation 
of generative technologies (photovol-
taic systems on roof and façade sur-
faces), and passive energy systems for 
example operable louvers to mitigate 
solar gain and decrease dependence 
upon unit cooling systems such as air-
conditioning or green roofs to diminish 
the heat island effect and increase insu-

Retrofit can be an effective strategy to-
wards making a clean energy city and 
attaining a level of carbon neutrality. 
Outdated stock and poorly construct-
ed architecture provides the chance to 
update and modify structures to carry 
them into the future. By reusing exist-
ing structures, there can be a realized 
reduction in the embodied energy of 
the materials expended upon construc-
tion.

The ubiquitous presence of the tower-
in-park typology can be better served 
in the long term by embracing and en-
abling a better vision for neighborhood 
living. Ground level additions can fill in 
the large voids of the base plane which 
is currently dominated by surface park-
ing and unused open space. The new 
forms can house commercial uses, as 
well as direct-entry units, to help acti-
vate this level (see section 3.1 Ground 



4-0.4b Above is a tower-in-park retrofit section showing the integrated sustainability and energy strategies to en-
hance the livability of the tower structures, including partial erosion of the facade, stack effect with vertical natural 
ventilation, cooling pools in the courtyards, geo-thermal wells, and in-unit cross ventilation.
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lative properties of the building.

The effects of these retrofitting mea-
sures have not been quantified by the 
current version of the Energy Profor-
ma©, but the sample project has a doc-
umented performance that is improved 
upon from the tower-in-park base case 
(see the Energy Proforma© section for 
future areas of advancement).



4-1.1a Classic monocrentric city model demonstrat-
ing the outward growth of a city which increases 
developmental and transportational impacts.
© author
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development sites
1.1 Proximity to Central Business Districts or Existing Neighborhoods

section 1.0

Appropriate site selection is essential for the success of creating a sustainable 
community and the main impacts are felt in three areas:

    1. Preservation of greenfield and existing urban fabrics
    2. Transportation 
    3. Economic development

Guideline: New neighborhood development should occur on a previ-
ously developed site in close proximity to an existing Central Busi-
ness District (CBD). Treatment of an existing site should first employ 
efforts of infill development and retrofitting of existing buildings and 
infrastructure.



4-1.1b Compact development can be well-served by 
modes of mass transit 
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opment. Infill will retain the compact 
nature of a city and increase the den-
sity of a site. This practice can avert un-
necessary clearing of more vernacular 
urban village form and displacement of 
rural or peripheral populations.

Reuse and adaptation of existing space 
prevents undue travel distance for resi-
dents to places of employment and ser-
vices. This also protects agrarian land 
that can be preserved for agricultural 
cultivation. This then decreases the 
travel distances of goods to cities for 
consumption, thus reducing the fossil 
fuels expended on the transportation of 
those goods.

Energy Impact Compact city develop-
ment is first achieved through respon-
sible site selection. Sprawl has a multi-
tude of negative environmental effects; 
therefore, whenever possible, it is pref-
erable for a development to utilize land 
that has already been developed such 
as a remediated brownfield or an exist-
ing neighborhood site. Brownfield can 
be properties that are blighted, con-
taminated, functionally obsolete (such 
as transfer stations or outdated infra-
structure), or formerly industrial sites. 
Through applied remediation, the land-
scape can be cleaned and recovered to 
suitability for human use and habitation. 
Often these sites have preliminary in-
frastructure serving them which can be 
utilized by the new development. 

Another approach for preventing sprawl 
is urban infill which promotes the build-
ing of structures among existing devel-



4-1.1c “Tower sprawl” (Frenchman, 2012) neces-
sitates vast highways and long commutes
(source: http://southeastasianews.org/chinese_
ghost_cities.html)
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Implications The current practice by 
the Chinese central government is to 
secure and aggregate numerous large 
parcels of land for new development 
which are then built up by a single de-
veloper.  Necessary infrastructure is 
frequently included. Often these new 
developments occur on agriculture land 
or newly cleared rural or peripheral vil-
lages, displacing the inhabitants. What 
is built is remote from existing devel-
opment, resulting in longer travel dis-
tances for residents on new, longer 
infrastructure to employment, and any 
new businesses are constructed in iso-
lation. Proximity to the CBD or existing 
neighborhood developments will de-
crease these travel distances to em-
ployment, housing, services, activities, 
and amenities, and can partially capital-
ize upon existing infrastructural routes. 
There are better chances of economic 
development for new businesses when 

established in areas that are already 
commercially viable with people treat-
ing the area as a destination of use. 
The adjacency to existing businesses 
attracts foot traffic already reducing or 
eliminating the need to launch a new 
commercial node.

As manufacturing and industrial func-
tions become cleaner, they are being 
folded into urban program and func-
tions. This means they have forms 
and locations that better correspond 
with the compact fabric of the city, in 
contrast to current common practice 
of sprawling on greenfield adjacent to 
expansive infrastructure. The already 
existing connectivity between these 
nodes of concentrated development 
will present opportunities for creating 
interconnected, multi-nodal networks 
of transportation for residents. 
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4-2.1a Block dristribution of a Jinan superblock

4-2.1b Block distribution of Barcelona, Spain
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Site Planning
2.1 Block Size / Street Distribution

section 2.0

A frequent distribution of streets will create a smaller block size over the gridded 
design area. The small block sizes allow for more opportunities for pedestrian ac-
cess to perimeter buildings and will reduce the need for frequent vehicular trips 
by neighborhood residents.

Guideline: Typical urban block sizes should be no smaller than 60 
meters (approximately 200 feet) and should not exceed 120 meters 
(262 feet) measured from the centerline of the street. These overall 
dimensions allow for the required sizes of all types of programmatic 
uses to be well developed while allowing for the frequent distribution 
of streets through the grid. The smaller blocks create walkable en-
vironments favorable to pedestrians and can reduce the necessity to 
drive by containing a diversity of uses and destinations.
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(80m x 80m)
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Energy Impact The traditional super-
block is the propagated typology one 
encounters in Chinese urban devel-
opment. While it was initially viewed 
as an efficient approach to developing 
several properties with a single entry 
point, the forgotten element was the 
human realm. The large block size will 
be host to large buildings set back from 
the right-of-way and a walkable route. 
The ground level experience lacks a di-
versity of places, uses, and destinations 
and is instead populated by parking lots 
and car access routes around islands of 
housing. A resident is required to drive 
to alternate uses and amenities. This 
driving increases transportation costs 
because, in addition to triggering the 
necessity for driving, the larger block 
sizes and limited path options for a mo-
torist cause trips to be longer. The aver-
age trip length in this development type 
is shorter due to the centralized nature 

of programmatic uses, that makes lon-
ger trips necessary for the majority of 
consumptions (food, shopping, educa-
tion, etc.). 

By making the blocks smaller, there is 
greater opportunity for edge develop-
ment to the right-of-way along principal 
paths of movement. A variety of com-
mercial and civic uses are able to occu-
py the ground level thus making these 
places accessible to residents with-
out relying upon a vehicular mode of 
transportation. An assortment of paths 
is then offered due to the numerous 
street options dividing the land masses 
and allows for fluidity across a unified 
system. Finally, the frequent street dis-
tribution allows for a simpler navigation 
pattern by drivers visiting a given place. 
By being able to more easily correct mis-
direction, less time is spent attempting 
to correctly locate and navigate.



4-2.1f Subdivision of an urban block / street distribu-
tion
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Implications The current practice by 
the Chinese central government is to 
secure and aggregate numerous large 
parcels of land for new development 
which are then built up by a single de-
veloper. Necessary infrastructure is fre-
quently included. Often these new de-
velopments occur on agriculture land or 
newly cleared rural or peripheral villages, 
displacing the inhabitants. What is built 
is remote from existing development, 
resulting in longer travel distances for 
residents on new, longer infrastructure 
to employment, and any new business-
es are constructed in isolation. Proxim-
ity to the CBD or existing neighborhood 
developments will decrease these 
travel distances to employment, hous-
ing, services, activities, and amenities, 
and can partially capitalize upon existing 
infrastructural routes. There are better 
chances of economic development for 
new businesses when established in 

areas that are already commercially vi-
able with people treating the area as a 
destination of use. The adjacency to ex-
isting businesses attracts foot traffic al-
ready reducing or eliminating the need 
to launch a new commercial node.

As manufacturing and industrial func-
tions become cleaner, they are being 
folded into urban program and func-
tions. This means they have forms 
and locations that better correspond 
with the compact fabric of the city, in 
contrast to current common practice 
of sprawling on greenfield adjacent to 
expansive infrastructure. The already 
existing connectivity between these 
nodes of concentrated development 
will present opportunities for creating 
interconnected, multi-nodal networks 
of transportation for residents. 
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2.2 Street Design

Streets communicate the quality of the public setting of a given neighborhood 
and should accommodate multiple users among a larger network. Such streets 
require a balanced design with respect to the number of lanes given to vehicular 
traffic, alternative transport, bicycles, and pedestrians.  Proper furnishings further 
enhance the experience of the public realm. 

Guideline: Streets widths should be confined to the minimum depth 
required to maintain suitable flows and operational needs while 
maintaining conditions that are favorable for the non-vehicular 
uses. Alternative transportation should be accommodated by pro-
viding clear paths of access or crossing for pedestrians, as well as 
areas of refuge, for modal changes to occur. Passengers embarking 
or disembarking on MRT or BRT should be protected from regular 
traffic flows. Street trees should be evenly planted, with species selec-
tion capable of growing into large, shady canopies, and stormwater 
management strategies incorporating green infrastructure should be 
integrated with street grading and drainage patterns.
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Energy Impact Calmed street con-
ditions and the creation of commut-
ing zones for pedestrian and bicycles 
result in a series of benefits: reduced 
car traffic flows, decreased neighbor-
hood transportational energy outputs, 
and smaller road coverage areas.  This 
reduces the heat-island and climate ef-
fects of a neighborhood.  Finally, green 
infrastructures filtrate contaminated 
run-off on site and reduce the need for 
complex water treatment.

Implications There is a paradigm shift 
being experienced the world over with 
the public realm design changing from 
enhancing the experience of the indi-
vidual automobile to the communally-
minded user of alternate transport 
methods. Street design is a pivotal 
part of the fundamental shift in values 
and practices to create better places 
for people and to mitigate effects that 
road design and car travel have had on 
climate change. Comprehensive neigh-
borhood planning and design must in-
clude the design of better streets with 
a diverse range of users laying claim 
to space and movement. In addition to 
approaches such as 2.3 Perimeter De-
velopment, 3.1 Ground Level Uses, and 
3.3 Open Spaces, there are a variety of 
lively uses and places for residents to 
access over shorter distances, minimiz-
ing reliance upon personal vehicle trips. 
Well-considered streets can become 

part of a lively network of open spaces 
and public uses, and even have the ca-
pacity to change use when well com-
bined within the network. The periodic 
surrender of street space for alternate 
uses presents opportunity for pedestri-
ans to recover the streets as a place for 
human uses.
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The “Perimeter block” typology is important to proliferate as a neighborhood 
form. A consistently built-up form along the perimeter of the streets will provide 
opportunities and destinations for pedestrians and increases the liveliness of the 
ground plane. Additionally, the buildings create central interior courtyards and 
open spaces for communal or private use and permits allocation to amenities, 
solar access, and natural ventilation.

Guideline: Development should be concentrated around the perim-
eter of the block, along the right-of-way, and the buildings should be 
suitable to a mixture of uses with emphasis on commercial and civic 
uses.

2.3 Perimeter Development
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Energy Impact Single or a variety of 
buildings should be clustered at the 
perimeter of the blocks. These develop-
ments should contain the most public 
of uses, such as retail/commercial and 
civic functions, to maintain a lively and 
active street level. There is a possibil-
ity for front doors to be on the perim-
eter, especially larger building entranc-
es, shops and services, and establish 
semi-private spaces within the block. 
With the shops and services located 
along the principal paths of movement 
for pedestrians, there is a simple acces-
sibility of mixed uses and destinations. 
The visibility of such functions from the 
vehicular lanes will encourage drivers to 
park and depart their vehicles to engage 
in the lively environment.

The two areas where energy savings 
are most realized are: 

1. A mixed use environment provid-
ing high accessibility and walkability

2. A per household reduction in auto-
motive use and trips

3. An internal void that presents 
greater opportunity for passive en-
ergy exchange

The perimeter development is condu-
cive to mixed use development which 
provides amenities and services within 
a walkable neighborhood. The multiple 
uses will create destinations and stimu-
late trips for residential households. 
Development along the right-of-way 
means many of the spaces are ac-
cessed by pedestrians. This will reduce 
the need for travel by car, reducing the 
overall number of automotive trips per 
household. The internal courtyard space 
will allow day lighting for the interior 

spaces. By creating the internal “void” 
space, there is an improved chance of 
capturing airflow for cross-ventilation, 
thus reducing the need for mechanical 
air movement and the energy expended 
by the equipment. Finally, the central 
space can have a protective quality by 
retaining heat in the winter and mitigate 
the negative effects of wind in cold cli-
mates. Attention should be paid to 
capturing/blocking prevailing seasonal 
winds for cooling and warming (see 5.2 
Building Orientation).
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4-2.3c Perimeters and linear measures

4-2.3b Energy consumption output for Productive 
City with perimeter development
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Implications The perimeter develop-
ment guideline makes the public, pe-
destrian realm a richer setting while 
also maximizing the mixed use develop-
ment potential of a given block. The de-
velopment of the perimeter with com-
mercial and civic uses concentrated 
on neighborhood goods and services 
will maintain a livable and human scale 
to the milieu. This fashion of develop-
ment is frequently found in destination 
neighborhoods and is typical in cities 
throughout the world, such as the urban 
grid patterns built in the 1920s around 
Jinan, or the newer development of 
Bo01 in Malmo, Sweden. The level of 
diversity found in these urban forms are 
in turn able to host a wide array of uses 
and activities within the morphology. A 
smaller density or intensity application 
can accommodate neighborhood level 
retail and services, creating a walk-
able system that is similar to Clarence 

Perry’s “Neighborhood Unit” (cite). The 
higher density and intensity version can 
become a more central urban block with 
larger retail tenants or more prominent 
civic functions accessed from nearby 
blocks by walking (with a pleasant jour-
ney via a lively ground-level) or by alter-
nate transport to promote long-term de-
ferment from automotive reliance.



4-3.1a Mixed use ground levels create active places 
for pedestrians
© Matthew Bunza
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An assortment of uses distributed throughout the ground level creates livable 
places with amenities and services. The activities generated by mixed use at the 
ground level establish an accessible social space, and fosters a continual, daily 
liveliness, and multiple opportunities for employment and economic develop-
ment.

Guideline: Mixed uses should occur within the ground level of build-
ings along main right-of-ways. The allowable uses are commercial; 
(e.g., retail, food and beverage), offices with active storefronts, work-
shops and collaborative spaces, social and community service orga-
nizations, civic organizations, government offices, and recreational 
or open spaces. Less retail-dominant streets should be stimulated by 
ground level live/work units. Street level uses should stimulate and 
reinforce an active environment, vary in dimension (size, width, and 
depth), hours of operation (to maintain longer hours of neighbor-
hood activity), and create and enhance existing pedestrian links, and 
social prospects. Where appropriate, wide pedestrian spaces should 
be created for retail or for restaurants to “spill-out” into a plaza or 
sidewalk for greater outdoor activity. The permeability of the building 
base will increase the number of spaces that can be accommodated, 
creating multiple points of entry, open or transparent facades, dis-
play spaces, and street-front open spaces for additional furniture and 
landscaping.

Public Realm
Design

3.1 Ground Level Uses

section 3.0
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4-3.1c A cluster ground level plan with mixed uses 
throughout, especially along public right-of-ways

4-3.1b Energy consumption output for New Springs - 
a neighborhood with active ground level uses
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Energy Impact Active ground level 
uses, such as neighborhood retail and 
services, reduces transportational and 
operational energy for the neighbor-
hood design. A place that is conducive 
to walking where pedestrians can se-
cure services and satisfy daily needs 
reduces the reliance upon automobiles 
for personal consumption, which in turn 
reduces the transportational energy 
expended by a household. A variety of 
uses present in a neighborhood cre-
ates variations in operational energy 
consumption, enabling members of a 
household to walk to other activities in 
the neighborhood, and minimizes the 
operational energy consumption in the 
home. The staggering of operations 
can better for distribute loads placed 
upon renewable and generative energy 
sources, such as solar or wind.
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3. Continuous Ground Floor Activity

Joint MIT-THU Urban Design Studio
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3. Continuous Ground Floor Activity

4-3.1d Ground levels uses are represented in two 
diagrams: left shows commercial and live/work unts 
as active ground level uses; right shows commercial 
on a main right-of-way and residential walk up on 
residential streets  
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Implications Diverse mixed use ground 
levels result in streets becoming cen-
ters for activity, and engaging the inter-
est of pedestrians while bridging the 
public and private realms. The increase 
in people utilizing the streetscape in-
creases the level of safety and desirabil-
ity of such places as viable destinations. 
Street level spaces should be designed 
to suit a variety of programs to engage 
the interests of the pedestrians in a 
neighborhood, and the increased foot 
traffic such measures generate results 
in greater economic development op-
portunities for the area. The transparen-
cy and permeability of the ground level 
also engages pedestrians in interior 
activities.  The more variation pedestri-
ans experience, the more they discover 
points of interaction within the public 
realm. Furnishings, street art, and land-
scape features, and other street ameni-
ties enliven streets by providing pedes-

trian points of interests and purposes 
for congregation. Among these diverse 
uses lie locations of employment and 
commerce which reduces commutes 
for residents. Close residential proxim-
ity to places of employment increases 
the likelihood of residents walking to 
work rather than driving, further reduc-
ing the transportational energy con-
sumption of a neighborhood.
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3.2 Parking

Traditionally, zoning requirements create overserved parking and results in the single occupancy vehicle being the frequently 
preferred form of transport. The design of denser neighborhood development with enhanced accessibility and mobility to 
destinations results in the reduction of parking provisions. Parking begins to take on different patterns of use, configuration, 
and materials and reduces negative impacts on climate of excessive and inefficient automobile use. 

Guideline: Measures should be taken to reduce the negative impacts of parking in several ways: the reduc-
tion of required parking stalls, the reduction of impervious surfacing, and the implementation of programs 
that reduce the use of automobiles. The areas where better parking design will have an impact are:

1. Improved parking location and points of access: Points of access for parking should not impede the public right-of-way and hin-
der pedestrian flow and safety.  Nor should it create large gaps in perimeter development. Surface parking should be located off second-
ary vehicular paths with safe connections to destinations.
2. Lower parking ratios: In a neighborhood served by public transit, parking ratios should be reduced or eliminated to lessen the num-
ber of parking spaces in a neighborhood.
3. Parking types (structured vs. surface): In a denser development, non-coverage should be given to open space functions rather than 
parking. In less dense locations, parking should not be structured, but rather delegated to surface spaces. This provides potential for 
gradual infill and continual reduction over time in neighborhood parking provisions.
4. Shared spaces and functions: Less space is dedicated to parking when, for example, spaces for residential use are vacated in the 
morning and replaced with office. When parking spaces are not used, they can host recreational functions.
5. Managed parking programs: Parking areas accommodate more automobiles per square meter when parking structures and lots are 
managed and denser configurations, such as tandem parking, are used.
6. Pervious materials for surface parking: The use of porous or penetrable materials allows vegetation to grow through the surface 
and makes possible storm water management through on-site infiltration. 
7. Employer incentive or assistance for public transport: Subsidizing part or all the cost of public transportation reduces the eco-
nomic disincentive to take public transportation.
8. Employer-provided shuttle services: Shuttle services that conveniently connect car-share or transit locations to the location of em-
ployment increases the number of employees using public transit.
9. Priority parking to non-single-occupancy-vehicles: Increasing the convenience factor for car-shares over single-occupancy-
vehicles incentivizes car-pooling.



OPERATIONAL TRANSPORTATION EMBODIED RENEWABLE

Preliminary Design

Revised Design

Final Design

100.5

79.4

57.4 7.1 23.5 (7.1)

38.5 32.5 (6.7)

41.0 29.2 (9.5) 161.2

143.7

80.9

_proforma results based on massing model of a 200x200 m cluster of the 
Jinan Oasis with 968 households.

Sunshine 100

O
pe

ra
tio

na
l

Tr
an

sp
or

ta
tio

n

Em
bo

di
ed

Re
ne

w
ab

le

To
ta

l

100

Jinan Oasis

50

81
.5

100

50

-3
.4

24
.3

3.
4

57
.2

Annual Energy Consumption (MJ per HH)

Avg Unit Size

Building coverage

Building height

Energy Proforma Metrics

26 m 

28 %

80 sqm

South-facing wall ratio 28 %

Surface-to-volume ratio 26 %

Bldg. Function Mix 12 %

Avg. Bldg Footprint 523 sqm

Percentage GF Comm 35 %

Roof PV % 33 %

23

97

14

13
4

Population Density 245 HH / Ha

FAR 2.7

Oasis NeighborhoodVillage for Vitality

Courtyards

The Productive City

ENERGY PRO FORMA ANALYSIS

FAR

ppl/ha

avg unit size

MJ/HH

FAR

ppl/ha

avg unit size

MJ/HH

FAR

ppl/ha

avg unit size

MJ/HH

1.76 

130ppl/ha

97m2

101,400MJ/HH

5.30 

415ppl/ha

80m2

73,500MJ/HH

3.07 

253ppl/ha

80m2

86,800MJ/HH

Tower in the park Retrofitted towers Reinterpreted Grid City

Agri/Culture

SUNSHINE_100

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

DIKOU CLUSTER_01 CLUSTER_02 NEIGHBORHOOD AVG

14

12

10

8

6

4

2

0

OPERATIONAL ENERGY

TRANSPORTATION ENERGY

EMBODIED ENERGY

RENEWABLE ENERGY

TOTAL ENERGY

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

Metrics Sunshine 100 Dikou West Jinan Cluster 1 West Jinan Cluster 2 West Jinan Neighborhood Avg

Operational Energy Consumption (MJ/HH) 97,931 31,686 57,600 55,700 56,650
Transportational Energy Consumption (MJ/HH) 22,842 2,054 600 500 550
Embodied Energy Consumption (MJ/HH) 14,089 4,441 18,800 11,700 15,250
Renewable Energy Consumption (MJ/HH) n/a n/a -4,100 -4,000 -4,050
Total Energy Consumption (MJ/HH) 134,862 38,180 72,900 63,900 68,400

Floor Area Ratio 2.15 0.99 6.74 4.05 5.40
Porosity 0.169 0.705 0.57 0.62 0.60
Populaton Density (HH/skm) 16,624 16,897 38,744 39,377 39,061

Operational Energy
Transportation Energy
Embodied Energy
Renewable Energy
Total Energy

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

-3.7

134.9

54.6

86.8

6.8

29

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

-4.0

55.7
63.9

63.9

0.5
11.7

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

0.0

97.963.9

22.8
14.1

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

-5.2

50.6

81.1

12.9
22.8

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

-3

57

82

3

24

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

134.9134.9

0

20K

-20K

40K

60K

80K

100K

120K

140K

M
EG

A
JO

U
LE

S/
H

O
U

SE
H

O
LD

-7.1

57.4

80.9

7.1

23.5

CO
U

RT
YA

RD
S

86.8

CO
U

RT
YA

RD
S

SU
N

SH
IN

E 
10

0

Ag
ri/

Cu
ltu

re

63.9

Ag
ri/

Cu
ltu

re

VI
TA

LI
TY

81.1

VI
TA

LI
TY

O
A

SI
S

81.5

O
A

SI
S

134.9

SU
N

SH
IN

E 
10

0

135

SU
N

SH
IN

E 
10

0

134.9

SU
N

SH
IN

E 
10

0

134.9

SU
N

SH
IN

E 
10

0

134.9

SU
N

SH
IN

E 
10

0

PR
O

D
U

C
TI

VE

80.9

PR
O

D
U

C
TI

VE

SU
N

SH
IN

E 
10

0

SU
N

SH
IN

E 
10

0

134.9

SU
N

SH
IN

E 
10

0

4-3.2a Energy consumption output for Dikou with 
only occassional street parking
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Modeling Metropolis

Energy Impact The overall reduction of 
parking reduces automobile use.  While 
some automobile use will remain, new 
neighborhoods should strive to be car-
limited.  Reductions in the required 
parking result in corresponding reduc-
tions in dedicated parking space.  As a 
result, structured parking areas which 
consume high embodied energy in 
construction and operational energy 
through lighting and mechanical control 
will be reduced, and the surface park-
ing areas needed can be constructed 
of materials that will reduce heat-island 
effect and increase the amount of on-
site storm water infiltration. The use of 
alternate materials decreases the use 
of asphalt, which contains petroleum, 
and standard concrete, which contains 
aluminum and chloride. An overall shift 
away from automobile use will see a 
neighborhood reduction in transporta-
tional energy.

Implications Planners, building own-
ers, and policy makers have the ability 
to use parking as a means of shifting 
to clean energy neighborhood design. 
The implementation of the above strat-
egies results in a reduction in single-
occupancy-vehicle use, and over time in 
an overall reduction in dependence on 
automobiles.



4-3.3a A cluster site plan with a network of open 
space typologies
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4.0 Clean Energy Guidelines

The provision of open space promotes the creation or designation of landscapes 
within the urban environment. These spaces can be designed or flexible, but 
should be responsive to the needs of the users while serving the function of inte-
grating nature and health into the urban fabric.

Guideline: Open spaces, such as parks or plazas, should host a va-
riety of uses and activities while being flexible in design. Good open 
spaces should consider one or more of these characteristics and pur-
poses: 
   1.	 Use natural/green textures and pervious hard surfaces.
   2.	 Link open spaces with pedestrian networks.
   3.	 Incorporate a multifunctional green infrastructure (for purposes such as     
   stormwater management).
   4.	 Include spaces that are both programmed spaces (playgrounds and 
   furnished amenities for outdoor living) and unprogrammed (for flexible uses 
   by season or time of day/week).
   5.	 Designate recreational and active space to encourage health and provide 
   relief from the urban environment.
   6.	 Exhibit a variety of spaces and uses to foster dynamic community 
   interactions.
   7.	 Preserve nature within the urban development.

3.3 Open Space
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4-3.3b Energy consumption output for Greenway 
with networked green spaces
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Modeling Metropolis

Energy Impact The provision of open 
space within an urban neighborhood 
is vital. Vegetation cover reduces heat 
island effect and mitigates long-term 
climate change. By creating accessible, 
walking places for people to visit their 
neighbors, household members are 
not always indoors and consuming op-
erational energy or driving to a destina-
tion and using transportational energy. 
Open spaces create variations in the 
urban zones of a city, defining places as 
public, semi-public, and private, which 
increases the types of accessible neigh-
borhood destinations for people to visit 
and serves to connect places in ways 
convenient for pedestrians.

On sites with partial building coverage, 
non-building areas can be designates 
for open space. Such spaces can remain 
open or become developed for urban in-
fill. Public open spaces should be inte-

grated with cycling and walking paths 
to make such alternate transport modes 
more attractive. Open spaces can ac-
commodate systems of green infra-
structure, such as bioswales, for storm 
water collection and management. They 
can also become areas where wildlife, 
such as birds, have habitats within the 
city and can host ecological processes 
which promote biodiversity within the 
urban fabric. Finally, open spaces can 
utilized for cultivation. Urban agriculture 
can provide opportunities for exterior 
activities and nutrition, and the food 
consumed has not incurred the trans-
portational energy required for transfer.



4-3.3c Networked open space moving between pub-
lic, semi-public, and private realms
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4.0 Clean Energy Guidelines



4-3.2d Urban park with open space and recreation
(source: http://www.djc.com/stories/)
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Modeling Metropolis

Implications Open space has innumer-
able ecological and social benefits with-
in a community. Given the constraints 
created by urban densification, there 
must be a long-term, concerted effort 
towards preservation of open space.  
Urban nature has the “green lung” ef-
fect upon a city neighborhood, by filter-
ing the air through biological processes 
while having little or no impact on re-
sources (excepting occasional main-
tenance). Offering habitat for animals 
to live in the city is vital to the ongo-
ing survival of plant species in need of 
pollination (through birds and insects). 
The natural environment also contains 
prospects for green infrastructure that 
is well integrated with recreational el-
ements, and can serve larger areas of 
the neighborhood through a tributary 
system (such as storm water manage-
ment networks). These spaces can also 
reduce climatological influences such 

as heat-island effect.

Well maintained open spaces positively 
influence real estate values of surround-
ing properties. Research has demon-
strated that access to green space alle-
viates depression and can contribute to 
a reduction in endemic issues related to 
public health. Sites for personal cultiva-
tion, such as community gardens, can 
be places of rewarding interactions and 
enjoyable activities, and can provide nu-
tritional supplements to families expe-
riencing difficulties obtaining sufficient 
quantities of healthy foods. Well-de-
signed open spaces should measures 
for universal access as a democratic 
approach to experience and use. Parks 
and plazas provide the opportunity for 
people and nature to coexist, and this 
should not be exclusionary. The better 
the design of a place, the more poten-
tial users it will have, thereby diminish-

ing the need to give valuable space over 
to nearly redundant uses.  Diversity of 
place also promotes better community 
and is a distinctive neighborhood asset.

As larger percentages of the global 
population become urban dwellers, 
people tend to live greater distances 
from significant allotments of nature. 
The dispersal of green and open spaces 
in a city will provide sites for recreation, 
methods of mitigating climate change, 
and preserve pockets of urban nature.
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4.0 Clean Energy Guidelines

Pedestrian circulation should be protected and emphasized through contiguous systems of weather/climate protection and 
spaces of activity and security. Once a desirable and well-designed route for walking is made available, many residents and 
visitors will opt to walk rather than drive.

Guideline: A linked system of overhead weather and solar protection should be created through the integra-
tion of a variety of applications. Evenly spaced street trees with wide canopies provide protection from sum-
mer solar gain or winter winds and precipitation. Building canopies that extend over the pedestrian right-
of-way create places of refuge from the elements while maintaining an engaged relationship with the public 
realm. Public and commercial uses allow opportunities for pedestrians to enter or pass through buildings, 
continuing the protective aspect. Coordination in the planning of such elements with adjacent sites prevents 
substantial gaps in coverage. The scale of the design of elements should be commensurate with the projection 
of the climatological elements the pedestrian is sheltered from. Proper human-scale, downward illumination 
will ensure the safety of the spaces that are linked by the protective elements through primary and secondary 
access ways.

The following variety of design elements can be linked into continual, safe passage for pedestrians:
   • Trees and landscape furnishings;
   • Canopies and structural overhangs; 
   • Street lighting at the human scale (not just street lighting for automobiles); 
   • Active, staggered-hour uses to generate lively spaces (spaces do not deactivate after business hours);
   • Assortments of primary and secondary access ways; 
   • Through-block connections when interior spaces contain public amenities or connect disparate public spaces.

3.4 Pedestrian Paths
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4-3.3a Energy consumption output for Greenway 
with contiguous pedestrian passage
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Modeling Metropolis

Energy Impact As covered in Gen-
eral Principles, pedestrian movement 
requires minimal amounts of energy, 
therefore elements found in the urban 
landscape should also serve to create a 
better path. The numbers of people tra-
versing sites by foot will increase when 
the environment is comfortable for pe-
destrians. This results in a modal shift 
away from automotive transit use which 
lowers transportation energy consump-
tion for the neighborhood. When people 
shift to the outside environment, they 
are reducing the operational energy of 
the interior spaces by no longer using 
them.



pedestrian permeability

PEDESTRIAN PERMEABILITY
TEAM      : V-VILLAGE

LOHAS!

3

2012 URBAN DESIGN STUDIO BEIJING-JINAN, CHINA  | MIT + TSINGHUA  |   HOWLAND, LIN, LIU, WENG,  YU  |  9

4-3.4b Pedestrian site circulation goes along right-of-ways as well as through sites and buildings
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Implications Climatological and per-
sonal comfort has the potential for in-
creasing the utilization of pedestrian 
routes. The long-term economic sus-
tainability of a neighborhood will be 
increased with the rate of incidental 
walk-ins. By making pedestrian routes 
safe, desirable, and sheltered from out-
door elements there is a better oppor-
tunity for a modal shift to occur with a 
corresponding reduction in automotive 
transportation, and movement toward 
achieving the greater goal of a car-free 
neighborhood.
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As dense development increases, comprehensive measures must be taken to ensure a greater mode share of public trans-
portation. This can only be accomplished through a well-linked multi-modal system that operates as part of a larger mobility 
framework. Modes of transport demonstrate a high degree of variation and are not simply interchangeable, but a good sys-
tem can be designed to suit specific users in their space and needs.

Guideline: Establish a sensible hierarchy of mobility networks embracing a multi-modal strategy with strong, 
coordinated linkage points to connect modes and promote fluid transfers between regional, urban, and 
neighborhood scales of mobility. Well-designed systems should coordinate hub and transfer locations that are 
connected by safe, accessible walking paths. Transport frequency and times should be coordinated to allow 
for optimized speed in service. Stream-lined systems for payment, such as universal fare cards, should be 
provided across the systems.

A hierarchical system should cover all scales of the city, from the regional to the neighborhood. One example 
of a hierarchical system is a high-speed rail system that serves a region. The station has a light-rail system 
that connects the districts of the city, especially the central business districts. From a centralized location 
within each district, there are electric shuttles in a dedicated lane making stops through each neighborhood 
that are no more than a 5 minute walk apart.  At this final level, stops can feature sustainable personal mode 
options, such as bike- or car-shares and suitable walking environments. This creates a safe and fluid journey 
for commute or recreation.

Transportation 
Systems

4.1 Multi-modal Networks / Linkages

section 4.0



Street Network

Shuttle Bus Network

Light-rail System
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_proforma results based on massing model of a 200x200 m cluster of the 
Jinan Oasis with 968 households.
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4-4.1a Energy consumption output for Remix which 
creates a hierarchical multi-modal system

4-4.1b Partial multi-modal overlay
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Energy Impact Significant benefits are 
realized through the implementation 
and concerted use of a well-serving 
multi-modal transportation network. 
The less often residents rely upon au-
tomobiles, for transportation; the less 
transportational energy is used, result-
ing in reductions in the contributions 
that the use of fossil fuels make to the 
greenhouse effect.  Reducing the physi-
cal space dedicated to automobile stor-
age reduces the embodied energy of 
the construction materials and process-
es, and the operational energy used to 
maintain the spaces through lighting 
and mechanical systems.  



Pedestrians

Bicycles

Public Transit

Commercial Vehicles

Taxis

High
Occupancy

Vehicles

Single
Occupancy 

 Vehicles

4-4.1c Multi-modal hierarchy - prioritized from the top to the bottom
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Implications A well-coordinated, multi-
modal transit network can provide a va-
riety of transportation options and a rap-
id method of movement for residents. 
Currently automobiles are deemed a 
more “convenient” option for many 
commuters, due to low costs incurred 
in time and fuel. By applying compre-
hensive measures, including 2.2 Street 
Design and 3.2 Parking, personal auto-
motive transport can be de-incentivized 
at many points of the journey to create 
a more effective modal shift. As trans-
portation systems become better, the 
dependence upon automobiles de-
creases. This achieves a significant re-
duction of CO2 emissions, embodied 
energy of automobiles and roads, and 
mitigates heat island effect.



4-4.2a Smart mobility vehicle sharing
(source: MIT Medialab)
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Smart mobility and On-Demand mobility models make the neighborhood scale a 
more navigable place via alternate transport options. The design should be based 
on suitable tools, utilizing the compactness of development with an adjustable 
mobility system. This increases the efficiency of a network while answering to lo-
cal needs of a multi-modal framework.

Guideline: Integrate communication technologies to build a more 
responsive transportation network. In the neighborhood scale, shut-
tle systems with short routes and high frequency will better tie into 
a larger system. A continuous run during peak times can mitigate 
congestion, and a tapering during off-peak can remain effective. To 
accomplish this, immediate demand can be sent from a station or 
mobile devise to trigger the activation of a given route. This mobility 
on-demand will create an effective network for addressing compact 
scales within a larger, hierarchical framework.

4.2 Smart Mobility & On-Demand Systems



4-4.2b On-demand mobility
(source: MIT Medialab)
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Energy Impact Smart mobility and On-
Demand mobility models represent 
a level of control and convenience in 
mass transportation that has tradition-
ally been absent. Making more efficient 
use of technologies, commute times 
can be made shorter as part of a more 
efficient system. The modal shift will 
reduce neighborhood transportational 
energy consumption.

Implications The more fluid and effi-
cient a mobility system becomes, the 
less a resident is motivated to opt for 
the “convenience” of an automobile for 
transportation. The Smart Mobility and 
On-Demand systems are able to close 
the gaps in an integrated, multi-modal 
framework. Through multidisciplinary 
planning, such alternative transporta-
tion methods will become the dominant 
method of urban movement.
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Energy Impact Transportational energy 
can be reduced when multi-modal op-
tions are utilized more than automobile 
transport.  To achieve this, the systems 
must be optimized to develop efficient 
mobility with expansive accessibility.

Implications There is a history of these 
two transportation elements not being 
mutually satisfied by the same measure. 
Highways may have a high measure of 
mobility with many people being moved 
around, but a low level of accessibility 
as it prevents people from accessing 
services or consumptive goods due to 
long travel distance, physical barriers 
(lateral crossing), and the economic fac-
tors required for long-distance automo-
bile travel. In the long-term, when these 
two factors are considered in tandem, 
multi-modal systems will better serve 
the urban population and reduce trans-
portational energy consumption. 

A nuanced understanding of the different but complementary natures of mobility 
and accessibility are required to create a better functioning, more comprehensive 
network that decreases automotive dependence and successfully shifts drivers 
away from single-occupancy vehicle use. 

   Mobility: Moving people and goods from place-to-place, such as home-to-
   employment. 
   Accessibility: The ability for people to reach goods and destinations to satisfy 
   their needs. 

In order for a successful neighborhood to function, these characteristic must both 
function in the positive, where mobility will increase access to possible destina-
tions, and access to goods can create more efficient points for mobility.

4.2 Smart Mobility & On-Demand Systems

Guideline: Comprehensive development planning should embrace a 
multi-disciplinary approach. Transportation systems should be de-
signed in conjunction with neighborhoods to increase the positive 
covariance of mobility and accessibility. 



4-4.3a On-demand mobility
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SUMMER 

WINDS

WINTER

 WINDS

GEO THERMAL

GEO THERMAL

4-5.1a Building positions are open to summer winds 
and closed to winder winds
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Buildings that are positioned to better capitalize upon passive energy reduces 
the operational energy of the neighborhood. Solar gain can be used as a passive 
heating solution to reduce the amount of energy required for heating. Prevailing 
winds can be captured for natural cross ventilation to reduce the energy expend-
ed for cooling interior spaces.

Guideline: When planning building placement on a site, consider so-
lar patterns and seasonal prevailing winds. Buildings should be stag-
gered to prevent casting shadows on another building that prevents it 
from being capable of passive heating through solar gain. The build-
ings should consider maximizing sun exposure for the interior spaces 
to reduce the amount of energy consumed for heating. Optimum 
building positioning can utilize prevailing winds for natural ventila-
tion and cooling. Natural cross ventilation requires an exchange of 
interior air with exterior air, requiring windows and interior spaces to 
accommodate the free flow of air.

Building
Forms
5.1 Orientation & Staggering of Structures (Site Porosity)

section 5.0



CLUSTER DESIGN
BASELINE DENSITY

SUN SHINE 100
AVG UNIT SIZE: 90
UNITS / HA: 172
POP / HA: 515
FAR: 2.1

RETAIL/ RESTAURANTS
R+D / OFFICE
RESIDENTIAL

COURTYARD SCHEME (GOAL)
UNITS / HA: 241  (VS 172)
POP / HA: 721
FAR: 3~5 (VARIES PER LOCATION)

PEDESTRIAN STREET

SMALL SHOPS + RESTAURANTS

CLUSTER DESIGN
SOLAR + PROGRAM INTRODUCTION

DENSIT
Y

CLUSTER DESIGN
OPTIMAL PASSIVE HEATING AND LIGHTING

DENSIT
Y

CLUSTER DESIGN
DISTRIBUTED DENSITY

DENSIT
Y

CLUSTER DESIGN
DECREASED SHADING 

DENSIT
Y

CLUSTER DESIGN
MIX USE WHILE MAINTAINING DENSITY

DENSIT
Y

CLUSTER DESIGN
   SINGLE LOADED BUILDINGS

DENSIT
Y

WINTER WINDS

CLUSTER DESIGN
INCREASE DENSITY + BARRIER WALL

DENSIT
Y

4-5.1b Iterative process of changing massing and 
orientation to complement passive systems
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Energy Impact Operational energy is 
the energy that is expended upon the 
heating, cooling, lighting, and general 
operation of a building during its life, 
and is typically the most significant 
stage of energy consumption. Captur-
ing natural systems without mechanical 
production significantly reduces energy 
consumption, and passive energy sys-
tems are entirely clean and free. This 
guideline, combined with subsequent 
measures, can provide and maintain 
thermal comfort to building occupants.



CLUSTER DESIGN
ALL RESIDENTIAL UNITS ON SOUTH
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_proforma results based on massing model of a 200x200 m cluster of the 
Jinan Oasis with 968 households.
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4-5.1d Winds across the project are mapped to cap-
ture natural ventilation

4-5.1e Sun is studied on the site to optimize solar 
gain and shading

4-5.1c Energy consumption output for Greenway 
with staggered form
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4-5.1f Resulting cluster example from Greenway
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Implications The reduction of opera-
tional and total energy consumption 
increases a neighborhood’s indepen-
dence from grid-supplied electricity. In 
many regions, the grid-power is sourced 
from fossil fuels (coal for example), 
with negative environmental and clima-
tological impacts from the fossil fuel 
production process and a correspond-
ing increase in green-house gases. De-
creases in energy consumption equal 
decreases in the negative impacts of 
fossil fuel production.



Variation in building height can positively affect the number of households or 
types of program contained on a site. Articulation of form presents opportunities 
to create a diversity of spatial experiences, formal interests, and opportunities to 
realize energy benefits. This can manifest in several ways, from setbacks in the 
façade to vertical stepping in the structure.

Guideline: Buildings should be composed of articulated, layered 
forms for optimal energy consumption. This can be achieved through 
a variety of approaches:

   1. Towers combined with podium levels to accommodate more households but 
   maintain active ground levels or support vertical mixed use.
   2. Stepping the structure to create greater area for amenity space and/or green 
   roof surfacing.
   3. Mid-building setbacks to create amenity space and shading opportunities to 
   reduce solar gain and mechanical cooling loads.
   4. Structural overhangs to increase façade shading and reduce solar gain.

5.2 Height Variation & Articulated Form

4-5.2a Layered, articulated neighborhood roofscape 
of Dikou urban village  © author
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4-5.2b Energy consumption output for Productive 
City with varying heights and articulation
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Modeling Metropolis

Energy Impact Complexity of form is 
evident is many samples of energy-
efficient neighborhood patterns. This 
approach will avoid a single extrusion, 
such as the tower-in-park model, by de-
signing towers engaged with lower-lev-
el structures. Lower structures can be 
less energy-intensive to construct and 
operate, especially when an elevator is 
not required. Articulation creates a re-
duction in operational energy consump-
tion through passive systems cooling. 
The shade projected onto exterior spac-
es keeps the surfaces and occupants 
cool and shades interior spaces main-
tain to maintain lower energy loads. By 
providing additional surface for green 
roof with a variety of heights, there is 
a reduction in heat island effect, as well 
as providing space for urban agriculture 
and cultivation on site. The articulation 
in the building will reduce transporta-
tional energy by creating on site ame-

nity spaces and spatial opportunities for 
diverse programmatic uses. Interior and 
exterior spaces can be passively cooled 
by providing shade through the use of 
set-backs, overhangs, and structural 
canopies



N

• BUILDINGS HEIGHTS MAXIMIZE 
SOUTHERN EXPOSURE

• CROSS VENTILATION IN ALL UNITS

• ENCLAVE MICRO CLIMATE PROTECTS 
FROM NORTH-EAST WINTER WINDS

• DECIDUOUS TREES AS PASSIVE 
SEASONAL CONDITIONING

• CROSS VENTILATION 
THROUGH BUILDING VOIDS

• CONVECTIVE HEATING BY 
SUBTERRANEAN MANUFACTURING SPACE

4-5.2c Section through a block of the Productive City
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4.0 Clean Energy Guidelines

Implications Heavily articulated urban 
form of varying heights is commonly 
found in the vernacular urban sampling 
where a gradual layering of structures 
over time are built to accommodate 
efficiently distributed interior life and 
needs, and to create a diversity of space 
and use. While new neighborhoods are 
not incrementally developed, over time 
there are inherent features within habits 
of daily life that can be embraced and 
simulated in new forms, such as build-
ing setbacks serving as amenity space. 
Occupying buildings that have diverse 
types of spaces at varying heights on 
the interior and exterior creates more 
desirable active places for communal 
congregation within smaller sites, cre-
ating a more compact city form.



4-5.3a Commercial cluster from High Density 
Gardens depicting porous towers and podiums for 
enhanced ventilation

108

Modeling Metropolis

Forms with continuous openings through the building can generate a chimney 
or stack effect for increased natural ventilation and give more interior spaces ac-
cess to fresh air, thus reducing the operational energy spent on mechanical air 
exchange and cooling.

Guideline: Creating a porous, sponge-like form generates air move-
ment, (stack effect), which draws fresh air into the interior spaces of 
a building, and creates movement and air access for interior spaces. 
Openings should carry through the building vertically, drawing cool 
air from the ground level, supplying fresh air and cooling through 
the chase, and expelling warm air from the top of the openings.

5.3 Porous forms
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4-5.3c Energy consumption output for High Density 
Garden with a highly porous form

4-5.3b Examples of porous tower form from High Density Garden 
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4.0 Clean Energy Guidelines

Energy Impact Stack effect is driven 
by the difference in temperatures and 
air densities between two spaces. By 
keeping open cavities within buildings 
and having the entry and exit points oc-
cur in different types of environments 
(ground level vs. roof), a free flow of air 
can take place. Warm air will naturally 
rise in these spaces, and it will create 
a reduction in air pressure in the base 

and lower levels which will then draw in 
cooler air from the exterior “pore” and a 
natural movement of the air from cool to 
warm will occur. Once this movement 
has begun, the channel of air can be 
mildly diverted to provide fresh, cooler 
air to units which will reduce the need 
for mechanical cooling and will reduce 
the building’s operational energy.



4-5.3d Energy consumption output for High Density 
Garden with a highly porous form
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Modeling Metropolis

Implications By properly harnessing 
the thermodynamic characteristics of 
a vertical structure with chases and po-
rous openings, the need for mechanical 
cooling can be reduced. Once this ap-
plication is combined with other pas-
sive strategies such as cross ventilation 
(stack effect can be combined with this) 
and passive shading, the need for any 
structural cooling through the use of 
operational energy can be eliminated. 
The stack effect also serves to deliver 
fresh air to interior spaces that may oth-
erwise not receive fresh air without the 
assistance of ducting and mechanical 
air exchange, requiring operational en-
ergy consumption.



4-6.1a Mixed uses will distribute peak energy loads 
throughout a district
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4.0 Clean Energy Guidelines

Buildings no longer need to be comprised of a single use, and the more programs 
one contains, the more activities and diverse populations it can sustain. Vertical 
mixed uses can be accomplished by better organized internal systems, which en-
able diverse offerings within each structure, creating a well-served neighborhood.

Building
Organization
6.1 Building Programs

section 6.0

Guideline: Mixed use development should be practiced throughout 
neighborhood planning and design in both horizontal and vertical 
configurations. Examples of mixed use development include any 
combination of:

   • Residential (micro-units, flats, duplexes, townhomes, live/work);
   • Commercial (retail, services, office, r&d);
   • Civic (schools, government, community, cultural);
   • Production (shared/collaborative spaces, clean industry);
   • Multiuse spaces;
   • Open space and recreation;
   • Parking.
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TIME OF DAY

EN
ER

G
Y D

EM
A

N
D

INDUSTRIAL

INSTITUTIONAL

RETAIL

RESIDENTIAL
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4-6.1b Energy consumption output for High Density 
Garden and its mixed use development type
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Modeling Metropolis

Energy Impact Combinations of uses 
will typically create a lively, 24-hour 
setting, and can bring people closer to 
their daily necessities and activities. 
The availability of comprehensive ser-
vices and uses on-site means there are 
immediately accessible options for the 
daily-life patterns of neighborhood resi-
dents. The most significant area where 
energy reduction will be realized is in 
transportational consumption with re-
duced travel distances between hous-
ing, workplace, commercial, and other 
destinations reducing overall transpor-
tational energy consumption by creat-
ing a proximity and ground level con-
dition that is walkable. This produces 
variation in building density and cover-
age, creates more compact develop-
ment, and staggers the hours of energy 
consumption on a site. The varied peak 
uses in energy consumption is in turn 
better for the gradual consumption of 

renewable energies. The combinatory 
nature of uses will create a variation of 
form, thus necessitating an articulated 
or varied form (see 5.2 Height Variation 
& Articulated Form).



4-6.1c Vertical and horizontal mixed use create 
variation and activity
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Implications Mixed use development 
opens the door to a variety of program-
ming and design solutions for a given 
neighborhood. Historically, thriving 
neighborhoods in urban settings have 
typically had a mixed use composition 
where residents are able to walk to 
work, seek services, and partake in rec-
reational or community activities. High-
er density, urban development creates 
opportunities for this to again become 
a normative practice and for household 
reliance upon automobiles to fulfill daily 
needs to decrease. Over time this can 
begin to recontain urban growth and 
ensure compact cities full of lively, di-
verse, active neighborhoods.

BIOSWALE

COLLECTED GREY WATER

EDUCATIONAL GREEN HOUSE

COMMUNITY CENTER

LIVE WORK UNITS

LOCAL SHOPS

TOWER RESIDENTS

MAT RESIDENCE

Live work units
Retail & restaurants
Urban agriculture r&d
Community center



4-6.2a A variety of unit types allow for diversity 
among residents
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Housing units should not be homogenous, but should be designed to serve a 
diverse demographic. This can prevent households from being overserved with 
space they need to heat or cool and represents an inefficient use of materials.

Guideline: New structures and neighborhoods should host a variety 
of unit sizes. Households are capable of being mobile within a given 
neighborhood, which maintains continued engagements with the 
community while they are able to move into units that are appropriate 
to their spatial needs. Rather than a homogenous supply, new devel-
opments should look to provide micro-units for single occupancy, 
small units for double occupancy, and several sizes for family units 
to accommodate different size families and structures. If feasible, 
units should be physically responsive to the needs of the occupants by 
being flexible/variable in nature. The provision of accessible amenity 
spaces will also keep the provided area per person at a lower number 
as they require less interior space for activities. 

6.2 Variation in Unit Sizes
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4-6.2c Energy consumption output for Productive 
City and its diverse housing types
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Energy Impact Households residing in 
more unit area than they need results 
in an over-consumption of energy. The 
operational energy used through the 
mechanical heating and cooling of the 
space as well as delivery power will ex-
ceed the amount needed for sufficient 
thermal comfort in an appropriately 
sized space. Under- or un-used spaces 
are composed of materials that required 
embodied energy for their production, 
transportation, and installation which is 
ultimately wasted in such a situation.
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4-6.2a Unit configurations can suit tenants to prevent wasted space and resources
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Implications Diversity of housing stock 
within a neighborhood provides resi-
dents opportunities to change units as 
their family circumstances change, 
without having to leave the community 
and forego relationships and amenities 
they become engaged with.  This keeps 
communities intact longer and im-
proves liveliness and security.  This also 
creates situations where households 
are consuming allocations of space 
more consistent with their needs  rath-
er than being overserved by the square 
meters they occupy. Excessive area re-
sults in larger than needed volumes be-
ing heated, cooled, and lit. This uses un-
necessary operational energy, whereas 
right-sized spaces use only the amount 
of energy residents activities require.  
And with amenities located close to the 
housing, less general living space in the 
unit is required, further reducing interior 
space needed per person. 

Due to a varied and walkable exterior 
environment within neighborhoods, 
less area needs to be dedicated to each 
occupant per unit. These smaller sizes 
permit a more efficient use of space. In 
time, flexible or variable units make this 
dedicated area per person even small-
er, resulting in additional embodied and 
operational energy conservation. With 
fewer building materials dedicated to 
construction, embodied energy used 
in the transportation of materials from 
source and production sites, operation-
al energy spent during manufacturing, 
energy used during construction and 
the operational energy needed to ther-
mally serve the space, all are reduced. 



4-7.1a Extensive green roofs cover the buildings and 
create opportunities for urban agriculture

4-7.1b Green roofs connect buildings and amenities 
in Shanghai
(source: http://farm1.static.flickr.com 
/27/41572708_81e861cc23.jpg?v=0)
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Vegetated surfaces are an estab-
lished system for mitigating urban 
heat islands.

Guideline: Horizontal and 
low-slope roof surfaces 
should be covered with exten-
sive or intensive green roof 
systems. Facades can be built 
up with intensive systems or 
deciduous façades that re-
spond to seasonal changes.

7.1 Green roofs and walls

Building
Materials

section 7.0
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4-7.2c Energy consumption output for High Density 
Garden and its mixed use development type
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Energy Impact Green roofs offer a va-
riety of energy benefits. Due to the in-
sulating qualities of the green layer, it 
reduces energy costs and consumption 
on heating and cooling by maintaining 
a regular interior temperature and re-
ducing operational energy. Vegetative 
surfaces reduce the heat island effect, 
mitigating the effects of urban climate 
change. Plants reduce the air pollution 
and CO2 emissions and have a filtering 
effect on city air. Plants and the planting 
medium capture rainwater and enhance 
water quality. The process of evapo-
transpiration cools the surface below, 
providing an additional cooling effect to 
the already shaded roof surface. Finally, 
vegetation creates natural habitats and 
ecosystems with urban areas.  

Implications A more extensive ap-
plication of green roofs and surfaces 
throughout urban spaces will reduce 
micro-climates in neighborhoods and 
in turn reduce the heat island effect in 
urban areas. Urban air quality dramati-
cally improves as green roofs become 
more expansive, acting as lungs within 
the city. Intensive green roof systems 
are deep enough to be used as sites for 
urban agriculture and, therefore, urban 
biodiversity. Given that green roofs can 
be installed on a wide range of build-
ing types, symbiotic relationship can 
become established between build-
ing programs. Roof top agriculture can 
supply produce to restaurants, support 
research and development, and provide 
educational opportunities for adults and 
children.
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4-7.2a Embodied energy savings are derived from using locally-sourced materials, with the usage of concrete and 
steel minimized as much as possible.

By producing large amounts of CO2 
before and throughout the life of the 
neighborhood forms, current meth-
ods of manufacturing, sourcing and 
transporting have become unsus-
tainable and need to change to less 
energy intensive methods.

Development projects should 
source local materials and/or 
materials with high recycled 
and low-impact content.

7.2 Locally-sourced and manufactured materials
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Energy Impact The materials currently 
used in the construction of a neighbor-
hood are transported from manufactur-
ing sites all over the world. This distance 
incurs high levels of transportational 
energy in addition to the energy inten-
sive material production/preparation 
processes.  For example, the energy 
intensive processes involved in mining, 
smelting, manufacture of aluminum 
panels, and their transportation results 
in high levels of embodied energy.

Concrete is a ubiquitous building mate-
rial, and frequent application makes it 
responsible for high global CO2 emis-
sions. Simple measures can be made 
to lessen its impact, such as using re-
cycled content for aggregate, and re-
moving the toxic additives. Once de-
molished, concrete can be reduced to 
smaller sizes and be reused, either as 
aggregate in new concrete or as fill in 

Implications There is a long tradition of 
low-impact settlements when looking 
to vernacular developments for clues. 
One of the lessons to be taken from 
vernacular development is that con-
struction from locally sourced materials 
creates low-impact settlements. In ad-
dition to becoming an investment in the 
local economies of a region, the reduc-
tion of harmful impacts helps mitigate 
the long-term effects of climate change. 

new building elements, such as gabion 
blocks. While the embodied energy will 
always remain high for concrete, it can 
be reduced through these methods. 
Additional composite materials made 
by natural materials, such as wool bricks 
or natural polymers, frequently prove to 
be stronger than their traditional coun-
terparts and reduce the embodied en-
ergy of the materials.

Locally-sourced materials reduce trans-
portation distances. Low-impact pro-
duction processes reduce the energy 
spent on manufacturing. Natural and 
recycled materials reduce impacts on 
natural resources. Taken together, local 
sourcing, low impact production, and 
the use of recycled and natural materi-
als results in significantly lower embod-
ied energy required for neighborhood 
development.
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5.0 Conclusion

Conclusion 
& Future Direction

5.0

5.1 Role of Guidelines in Neighborhood Development

The bundled approach of using the 
Energy Proforma© together with the 
Clean Energy Guidelines will aid design-
ers and developers in creating more liv-
able neighborhoods that require less 
embodied, operational, and transporta-
tion energy, and that maximize oppor-
tunities to produce renewable energy.  
While the language of the guidelines 
is mostly qualitative, each guideline is 
supported by design samples which 
demonstrate an improved form-energy 
relationship. Coupled with metrics pro-
duced by Energy Proforma© outputs, 
the results give planners clear ideas of 
the consequences of their proposals.    

A caveat: As professionals become in-
creasingly adept at using the Energy 
Proforma© tool and the Clean Energy 
Guidelines, they “must make certain 

that standards do not result in medioc-
rity in urban form or in the public realm. 
They must realize that good urban de-
sign is not a result of standards and 
regulations derived from mathematical 
formulas, but rather from experience 
gained from use” (Ben-Joseph, 2005, 
187).  When bundled, the Energy Pro-
forma© and the Clean Energy Guide-
lines give its users a method that, with 
each iteration, utilizes metrics and the 
experiences and lessons learned from 
past applications. 

The primary contribution of this thesis 
is the creation of the  Clean Energy 
Guidelines to be used with the Energy 
Proforma© to promote a better way to 
develop cities in neighborhood incre-
ments in the face of increasing climate 
change and shrinking natural resources.  

This thesis also significantly contributes 
to the on-going research and of work of 
the Making the ‘Clean Energy City’ in 
China Research Group to help reshape 
energy policy in China.  
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5.2 Implications and Next Steps

By adopting a new approach to urban-
ization, there will be an opportunity to 
create a new generative growth pattern 
based in smarter, livable design, meth-
ods of design and construction that are 
site specific, and policy standards that 
ensure the process is viable from the 
beginning.

These Guidelines, along with continu-
ous feedback and improvement, have 
the potential to influence development 
policy at a time when the current stan-
dards have created an unsustainable, 
ubiquitous pattern that has served to 
accelerate the exhaustion of natural re-
sources, erode community interactions 
at the ground-level, and both alienate 
and isolate citizens. (CITE!!!). 

The Guidelines are intended to remain 

The implications for this project are sub-
stantial, and can have a positive impact 
at many levels of global development. 
Existing Chinese policy and practice 
have perpetuated a form which has no 
derivation from climate, geography or 
tradition.  It has been a modern exer-
cise that has been proven to be a fail-
ure in addressing issues of energy con-
sumption, community development, 
and is inimical to many of the traditional 
ways of Chinese life (CITE!!). Innovative 
urban planning and design in China has 
become an economic and environmen-
tal necessity.  Elevating standards of 
living for the world’s largest population 
in the fourth largest country, is a daunt-
ing challenge faced by the Chinese 
government.   The Energy Proforma 
and the Clean Energy Guidelines can 
make a real contribution to this effort.  

flexible and to evolve over time.  This 
flexibility allows variables such as finer 
grain sustainable design features, e.g. 
water collection and management 
systems, wind production, strategic 
building orientations, to be integrated 
into the Guidelines.  As the Guidelines 
themselves become more practiced, 
they will expand to accommodate the 
new knowledge and practices that will 
elicit a better result. The idea is that by 
keeping the Guidelines a living product, 
they exist “in a state of flux and adjust-
ment – on the one hand with a view to 
preventing newly discovered abuses, 
and on the other hand with a view to 
opening a wider opportunity of individ-
ual discretion at points where the law 
is found to be unwisely restrictive” (Ol-
msted, 1916, XXX). Only with a respon-
sive framework can the neighborhood 
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5.2 Process and feedback loop

designs adapt and improve over time. 
The Guidelines provide precisely the 
kind of responsive framework capable 
of producing an infinite number of re-
sults and, integrated into a feedback 
process, continues to evolve into im-
proved versions of itself.
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