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Background
Next year marks the Centennial of Daniel H.
Burnham’s and Edward H. Bennett’s 1909 Plan
of Chicago. Internationally celebrated then and
now, what became known as the Burnham Plan
redirected Chicago from an unplanned trail of
disorganized industrial and commercial growth to a
planned path toward the “city beautiful”. Along the
way, Chicago became a green city celebrating its
fortunate location on Lake Michigan with a necklace
of parks and boulevards recognized around the
world for its beauty. The Burnham Plan challenged
Chicago leaders to arrest uncontrolled development
and tame the technological revolution that
characterized the early 20th century. Galvanized into
action by Burnham, Bennett and the Commercial
Club of Chicago, the city committed its resources
to creating an urban environment that could meet
the challenges of the new vision, one that could be
both functional and beautiful.
One hundred years later, Chicago and other
major cities worldwide face different but equally
portentous problems and opportunities. New
and powerful forces, both negative and positive,
confront cities and society. Global warming is
changing climate and energizing unpredictably
destructive weather. Population growth and
movement to the cities is at an all-time high.
Global economics are reshaping trade and
disrupting established patterns of supply and
demand, Voracious energy needs are depleting
traditional energy resources, forcing an increasingly
urgent search for energy sustainability. High-tech
materials, communications, computing, biological
and engineering sciences are reshaping what is
possible. Negative and positive, the agents of
change have raised the stakes.
Cities like Chicago must evolve more quickly. Cities
like China’s Shenhzen, now springing up full-grown
almost overnight, need to plan for change from
the beginning. Both will need vision to weave new
technologies into their urban fabric. Both will need
wisdom to adapt their living cities to tomorrow’s
pressing changes. The famous dictum, “Make
no small plans” is attributed to Daniel Burnham.
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Whether he actually said that is not certain, but in
the Plan of Chicago, he came close enough:
“At no period in its history has the city looked far
enough ahead. The mistakes of the past should be
warnings for the future. There can be no reasonable
fear lest any plans that may be adopted shall
prove too broad and comprehensive. That idea
may be dismissed as unworthy of a moment’s
consideration. Rather let it be understood that the
broadest plans which the city can be brought to
adopt to-day must prove inadequate and limited
before the end of the next quarter of a century. The
mind of man, at least as expressed in works he
actually undertakes, finds itself unable to rise to the
full comprehension of the needs of a city growing at
the rate now assured for Chicago. Therefore, no one
should hesitate to commit himself to the largest and
most comprehensive undertaking; because before
any particular plan can be carried out, a still larger
conception will begin to dawn, and even greater
necessities will develop.”
Inspirational then, his words ring even more
strongly true today.
Relevant Trends Trends initiated by emerging
technologies, changing environmental conditions,
and evolving social change will have real impact on
urban evolution. Among such trends evident today
are:
Water Resources
Already in many parts of the world, water supplies
are reaching levels of insufficiency. Complicated
by agricultural needs for irrigation and the needs
of urban centers becoming megacities, the fresh
water resources of our lakes, rivers and subsurface
aquifers are subsiding. In 2003, 9,500 children
were dying daily from insufficient or contaminated
water supplies. One-third of the world’s population,
by some experts’ analysis, live in water-stressed
countries now, with two-thirds of the world to
share their dilemma by 2050. Chicago’s great Lake
Michigan water resource will very likely decline over
the next century with impact for shipping, water
supply, and even the flow of associated rivers,

including the Chicago River.
Mineral Resources
Mineral resources are approaching finite limits,
exhausted in some locations, more difficult to
extract in others. While supplies of some minerals
are in no immediate danger, others are under
severe pressure. Oil is a resource of vital concern,
with production expected to peak in this decade or
shortly thereafter. The Hubbert Curve, long-used as
a predictive tool in the petroleum industry, when
coupled with modern corrective tools, predicts that
we are reaching worldwide peak production now
and face a reduction in production of approximately
3% per year very soon. Not only will that oil
production have to be replaced as an energy
source, additional energy sources will have to be
found to keep pace with the population curve.
Population Movement
In an interesting paradox, the countryside is
becoming less—not more—inhabited as we add to
the population. The people are moving from the
country to the cities. As of 2005, the world was
more urban than rural for the first time. In the next
twelve years 300 million rural Chinese will move
to the cities. In 1950, only two cities in the world,
Tokyo and New York City, were over 10 million in
size. By 1975 there were 4 such megacities, and
by 2003, there were 20. By 2015 there will be at
least 22. In China alone there are between 100 and
160 cities with over 1 million inhabitants (America
has 9, and Eastern and Western Europe together
have 36). Cities are complex, sophisticated systems,
but their managers will need all the skill they can
command to deal with the great urban migration.
The major changes will take place in the developing
countries, but Chicago and cities of the developed
world will feel the effects through immigration as
well as local relocations.
Climate Change
Climate and weather patterns are changing. Some
regions are simply getting drier or wetter, but the
great damage will come from sustained, severe
droughts and intense, prolonged flooding. The
problem is change: eco-systems confronted with

(1) wetter or drier conditions for periods far
longer than the environment or its inhabitants
are prepared, and (2) sudden, short-term, intense
weather events such as violent super tornadoes
and hurricanes, cloud-bursts, blizzards and heat
waves. Climate zones for cities will change; by the
end of the century, Chicago will have summers
similar to those now experienced by Mobile,
Alabama and winters like those of today’s northern
Arkansas.
Increasing Expectations
The growing availability and capabilities of
communications such as cellular telephones,
satellite and cable TV, and the Internet across the
country (and the world) are providing people with
daily knowledge of living conditions, problems,
products, threats and services everywhere. The
media are creating growing avenues for fast
communication between protectors and populace.
They are also educating the populace on the state
of conditions and creating expectations that both
fuel demand and create willingness to change.
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Internet Penetration
Computer use and Internet access grow
exponentially every year. Information of
encyclopedic detail can be obtained more and
more easily, and complex, sophisti¬cated processes
can be used remotely. Access to high-quality
communications and sophisticated computer tools
are increasingly available to individuals and groups
anywhere. In North America, Internet penetration
reached 71% in 2007.
Emerging Technologies
The pace of technological change continues to
accelerate, bringing new science to commercial,
institutional and industrial uses at an ever
quickening pace. Most notable among many fields,
major technological innovations can be expected in
the new disciplines of molecular nanotechnology,
robotics and the biosciences. Computing capacities
continue to grow at the exponential pace predicted
by Moore’s Law, radically increasing power and
decreasing size and cost— and dra¬matically
increasing the usefulness of digital electronics in

Charter
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almost every aspect of business, institutional and
personal life.
New Relationships
Greater public mobility and access to information
is changing the nature of association for many
individuals and organizations. Organizations that
once operated in isolation are now players in a
common environment. Sometimes the emerging
relationships are competitive, sometimes
cooperative. New forms of relationship can be
expected to be created as conditions evolve.
Hyperconnected Infrastructure Focal Point:
The city as an organism lives on the basis of
movement of people, materials, energy and
information through its urban networks. Computing,
communications, robotics and nanotechnology,
among many fast-evolving technologies, are
creating a technological world in which almost
anything or anyone can be connected meaningfully
to anything or anyone else. How should these
capabilities be directed to redefine city structure?

Project Statement
Using Structured Planning methodology, develop a
vision for 21st century Chicago (and, by inference,
other major world cities). Explore the changes
to cityscape and urban living that could be
implemented from an enlightened response to
fast-changing social conditions and the application
of such all-pervasive omni¬technologies as biotechnology, information science, robotics and
nanotechnology. In the spirit of the Centennial,
use Burnham’sPlan of Chicago as inspiration for a
maximized “no small plans” approach to describing
the city of the future. In particular, consider your
proposal as a view toward the realization of the
full potential of hyper-connectivity to adaptive
infrastructure.
The proposal should:
1. c onsider governmental, institutional, commercial
and professional uses as well as uses for
individuals and the public.
2. c ollect, incorporate and refine best projections
and concepts as they have been conceived by
organizations, publications and planning experts
throughout the futures community.
3. a ccommodate concepts developed by other
project teams to extend and enhance the
effectiveness and reach of hyper-connected
adaptive infrastructure.
4. integrate formats for report and presentation
with those of other project teams to present a
coherent, holistic set of concepts.
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Goals
As general guidelines the proposal for hyperconnected infrastructure should:
• E
 xplore a full range of possibilities, paying
especial attention to the products of emerging
technologies successfully advancing through
research and development.
• Include ideas for any processes, tools, systems
and products needed for services— including
procedures, policies, events, activities,
organizational concepts and any relevant
relationships among them.
• E
 xplore revolutionary as well as evolutionary
ideas.
• A
 ccommodate all users of the system, from
implementation to adaptations and provide for
them in the design. Thoroughness is a step
toward system integrity.
• C
 onsider potential costs thoughtfully; the
proposal should not incorporate frivolous
concepts, but it should not ignore potentially
breakthrough ideas simply because they may be
expensive.
• T
 reat the design problem as design from the
inside out; users’ needs come first, with every
attempt possible made to satisfy them in some
way, even when tough design decisions must be
made.

fully attainable under today’s conditions may be
achieved tomorrow— if they are known.
Resources Resources for the project will be:
Physical:
•	The facilities of the Institute of Design, including
Room 514 as general meeting space at the
beginning of each class session, and 2nd, 3rd
and 5th floor for team activities.
• C
 omputing support from the fifth floor computer
facilities.
• Equipment as necessary from ID resources.
Financial:
• (to be determined)
Human:
• Planning Team:

Hyperconnected Infrastructure | Chicago Vision for the Future
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Cecilia Ambros Ruth Nechas Daniel Erwin Amanda
Wirth
•Project Advisors:
Charles L. Owen Distinguished Professor Emeritus
John Pipino Adjunct Professor

• C
 onceive the properties and features of systems
and their operations as means to build trust
and cooperation with the community and its
institutions.
Overall, the solution should:
• A
 ssume that the proposal can be acted upon
as it is conceived. Do not under-propose on the
assumption that a concept might be politically
difficult to achieve.
• D
 emonstrate what might be achieved. The
value of the proposal is in its ideas, not its
certain attainability. Ideas that might not be

Charter
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Schedule The project will be conducted from August
26 to December 5, 2008.
Methodology
The project will be conducted
using Structured Planning (See articles on the
subject by Charles Owen at http://www.id.iit.edu
under the Publications section of Our Research:
1. Context for Creativity, 1991.
2. A Critical Role for Design Technology, 1993.
3. D
 esign, Advanced Planning and Product
Development, 1998. Also, see the book by
Charles L. Owen. available at the Institute of
Design:
Structured Planning. Advanced Planning for
Business, Institutions and Government. 2007),

Issues
Consider the following topics as initial issues to
be investigated. Supplement them with additional
issues as information is developed during the first
phase of the project.
Technology. What approach should be taken
toward the incorporation of available and emerging
technologies?
Adaptivity. How should elements of the system be
prepared to respond to evolving social, political,
technological and environmental conditions?
Partnerships. What approach should be taken
toward partnering with other gov¬ernmental
organizations, institutional organizations, suppliers
of funding, educational institutions, etc.?
Disaster Contexts. What provisions should be made
for extreme environmental conditions and the
changes that can be expected with climate change?
Means of Introduction. How should advancements
be introduced to facilitate acceptance and
implementation?
Inter-institutional Relationships . How should
relationships with potentially competing or
cooperating governmental entities be developed?
Cost. How should costs and funding of system
elements and their operations be approached?
Geographic Focus. How narrowly or broadly
should the vision for the city be drawn— local,
metropolitan, regional?
Mission. What balance should be sought among
commercial, governmental, institu¬tional, general
public and private sector services?
Sustainability. How should elements of the system
approach tradeoffs between functional effectiveness
and sustainability?
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Infrastructure
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure

How does the system define infrastructure?

Originator
Ruth Nechas
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008

Position
Cecilia Ambros
Daniel Erwin
Amanda Wirth

Constraint
Objective
Directive

Sources
Team deliberations

In Vision for the Future, the definition of infrastructure
must be constrained to the facilities, services, and
installations needed for energy, water, waste management, and communications.

Alternative Position
Constraint
Objective
Directive
Constraint
Objective
Directive

In Vision for the Future, the definition of infrastructure must include all the basic facilities, services, and
installations needed for society including transportation and public institutions such as schools, post
offices, and prisons.
In Vision for the Future, the definition of infrastructure
must include all the basic facilities, services, and
installations needed, both public and private

Background and Arguments
The scope of this project is to imagine the city of Chicago
throughout the next 100 years, a time period over which the
infrastructure will consist of utilities such as energy, water,
and communications. Over such a prolonged period of time
the city's approach to policy areas like education and the
rehabilitation of criminals will be driven by public sentiment,
making it difficult if not impossible to plan far in advance.
Instead, the system will focus on aspects of infrastructure
that address the permanent needs of a city. These long-term
needs require extensive planning because of the longevity
of the structures involved, and will be much more physically
and economically efficient if deployed on a multi-decade rollout schedule.

tem will rely heavily on interactions with, regulations upon,
and investments by private entities, but its primary focus
will be civil. It will impose mandates on residences and even
encourage community building, but it will aim to minimize
restrictions and to give citizens as many degrees of freedom
as possible.
Finally, transportation of people and goods will be considered separately. It is addressed in the "Responsive
Transport" section of this project.

These long term needs provided by infrastructure naturally
impact all aspects of the city's daily life. While the system
will not focus on these areas, it will impact public institutions
like schools, post offices, and prisons. The system must provide for these equally as well as for individuals, however it
should leave the specifics of how those institutions will work
to their respective administrators.
The private sector will also be greatly affected by the new
utility system, but, once again, this cannot be the priority of
a city-wide plan over the course of a century. The new sys-

Version: 2

Date: 8 September 2008

Date of Original: 4 September 2008
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Utility Management
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure
Originator

Should the responsibility for utility management and production fall to
the individual or the city?

Cecilia Ambros
Contributors
10 Sep. 2008
10 Sep. 2008
10 Sep. 2008

Position
Daniel Erwin
Ruth Nechas
Amanda Wirth

Constraint
Objective
Directive

Sources
Team deliberations

While individual homes should have the capacity to
manage and produce their own utilities, the city as a
whole should provide larger elements of the utility system to ensure quality and availability.

Alternative Position
Constraint
Objective
Directive
Constraint
Objective
Directive

Individual homes should be constructed in such a way
as to handle all aspects of utility management and
production to encourage stainability and independence.
Utilities should be a civic matter so that there will be
a consistent standard in quality and the abundance of
these vital resources.

Background and Arguments
There are both pros and cons to a centralized or a distributed utility management process. The proposed system
endeavors to capitalize on the benefits of both strategies
while eliminating the corresponding negatives.
In both proposals the biggest disincentive is the capacity for
catastrophic failure. In a centralized system, dangers such
as cascading blackouts or the possible contamination of the
water supply could be disastrous for the city's citizens. For
a distributed system, technological forecasts indicate that it
will not be practical for a domicile to completely handle all
of its utility needs. This is particularly true in a dense urban
area like Chicago where most residents will not have vast
amounts of land to use for renewable energy generation.
But even if a remarkable technological breakthrough were to
present itself, an individual would still be vulnerable to system failure and the cessation of crucial utilities. As a result,
the system should provide a safeguard for both models to
ensure public safety.

A centralized system naturally has a much greater capacity
to manage massive utility needs and provide access to much
more sophisticated equipment than what could be expected
on a local level. A centralized system would also be able to
monitor and update its utility management in a capacity that
a homeowner or neighborhood could not.
In short, a diversified approach to utility management offers
greater security and reliability for the system as a whole. The
system will pay equal attention to innovations for micro and
macro utility management.

Many distributed nodes, whether in individual homes or in
small communities, would create redundancy in the system.
The likelihood that the city will be unable to generate power
or water for its citizens decreases rapidly as the number of
different modes and places of generation and processing
increases.

Version: 2

Date: 10 September 2008

Date of Original: 4 September 2008
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Sustainability
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure

How should the system support sustainable resource management?

Originator
Amanda Wirth
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008

Position
Cecilia Ambros
Daniel Erwin
Ruth Nechas

Constraint
Objective

The system should support sustainable resource
management through innovative waste management,
industry regulation, and citizen participation.

Directive
Sources
Jenks, Mike and Nicola Dempsey. Future
Forms and Design for Sustainable Cities.
Burlington, MA: Architectural Press, 2005..

Alternative Position
Constraint
Objective

The system should support sustainable resource management by providing citizens with the information
they need to be responsible consumers.

Directive
Constraint
Objective

The system should support sustainable resource management by mandating zero waste through "closed
loop" systems.

Directive

Background and Arguments
Sustainable resource management is an ambitious goal, but
with the right incentives at every level of the system it can be
accomplished. The biggest impact will come from requiring
industries to practice "Cradle to cradle" design and manufacturing. These standards should apply to infrastructure
projects and utility generation as well as to consumer and
agricultural products sold in the city.
Another model of stainability relies on individual users to
ensure that the products they buy and use come from sources which responsibly manage the land. Organic produce,
LEED-certified buildings, and many other independent or
industry-defined classifications help consumers know what
they are buying and give them a choice to help the environment. The many individuals who are already passionately
involved with living sustainable lifestyles demonstrate that
this kind of information can influence many individual decisions and, indirectly, influence the choices of industries that
serve them. However relying on the motives of individuals
does not allow for collective actions that will more swiftly
and decisively deal with looming problems.
The system should seek to balance these two models by
recycling and closing the loop where it is feasible while
relying on individuals to reduce their consumption and use
products and services that don't depend on non-renewable
resources.
Version: 2

During the 20th century it became clear that natural mechanisms such as ecosystems, ocean currents, and climate can
be affected by the massive operations of industrial production and consumption (Jenks and Dempsey 2005). If the
system is to avoid the fate of the many lost civilizations
described in Jared Diamond's Collapse, it must not destroy
any of the complex environmental interactions which provide
its food, water, energy, and other goods. Although enormous
and continuing efforts have gone a long way towards reducing humanity's environmental impact, there is still opportunity to better integrate industrial and agricultural production
into Earth's natural cycles.
The most comprehensive and complete way to ensure that
natural processes can continue indefinitely is to operate
under a "closed loop" model, where anything taken in by the
system is eventually returned to its starting point. However,
the environmental benefits associated with moving beyond
mere stainability to enforce a closed-loop resource cycle will
not balance out the costs of measuring and controlling the
provenance of all the inputs and outputs of an economy as
large as Chicago in the foreseeable future.

Date: 8 September 2008

Date of Original: 4 September 2008
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Utility Ownership
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure

How should the system be owned and operated?

Originator
Daniel Erwin
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008

Position
Cecilia Ambros
Ruth Nechas
Amanda Wirth

Constraint
Objective

The system should rely on government to ensure that
the system is integrated and open, and on corporations to implement the system.

Directive
Sources
Team deliberations

Alternative Position
Constraint
Objective

The system should rely on market forces and the
efforts of utility companies themselves to work out
how best to view and implement the system.

Directive
Constraint
Objective
Directive

Government should own a large share of the system
and make management decisions to ensure that it will
be implemented as planned.

Background and Arguments
The government should carefully leverage its influence
through both investments and regulations to ensure a highly
interconnected system, while relying on private organizations to provide most of the specific solutions and implement
them.
Investments should focus on creating a network of conduits
within the city which will be useful to many types of utilities, including water, waste, energy, and communications.
This will be a large investment that might take more than a
decade to recoup, but will ultimately lead to a more flexible
and efficient system for all of the utilities. This is exactly the
kind of collective good - one which private organizations cannot guarantee enough follow-through to invest in, and which
they might unfairly exploit once it was built - which governments are needed to pursue.
Regulations should encourage utility companies using this
conduit to open their systems to competitors, following the
model of the telephone company deregulation of the 1980s.
This will help ensure continued R&D investments by and
technological advancement by companies looking to stay
ahead of their competitors, and will allow companies to more
easily collaborate towards shared goals. This "open innovation" landscape can be accomplished by mandating hardware and software interoperability standards.

Version: 2

The government will keep a holistic viewpoint on the utilities,
ensuring that they all are supported in the city's infrastructure and that customers have easy access to all the necessities. This will allow utility companies to focus on competing
for market share and for better products within that single
space.
A primary competing view is that government should let the
market determine the most effective standards and industry best-practices. This approach encourages businesses to
engage in offensive and defensive business practices such
as blocking customers from easily switching their provider,
keeping existing technologies dominant even after newer
technologies are available, and generally distracts businesses from developing newer, better ways to serve customers.
Another approach, where government takes a primary ownership role and has a heavy hand in the development and
operation of utilities, generally slows the pace of innovation.

Date: 8 September 2008

Date of Original: 4 September 2008
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Implementation
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure
Originator

What approach should the system take to changing the existing utilities,
policies, and infrastructure?

Daniel Erwin
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008

Position
Cecilia Ambros
Ruth Nechas
Amanda Wirth

Constraint
Objective

The city should introduce the proposal in an incremental manner, starting with the parts which will bring the
most opportunity for growth.

Directive
Sources
Welch Mark and Kieran McLaughlin.
"Information is Power: The Intelligent Utility
Network." The Uitilities Project Volume 7,
May 2007, www.utilitiesproject.com/documents.php?grID=443&d_ID=4315

Alternative Position
Constraint
Objective

The system should aim to have all of its parts implemented by a certain completion date.

Directive
Constraint
Objective
Directive

The system should offer incentives to key stakeholders
to ensure that they are willing to participate in realizing the system.

Background and Arguments
Because of the large expenditures required to build a system
of the scope of the entire infrastructure of Chicago, it is necessary that the project will be implemented over a long time
period. The city generally expects to replace 1% of its infrastructure in a given year, meaning that a system - like this
one - which requires significant changes to almost every part
of the infrastructure will take a full century to implement.
Although this system will require a much higher rate of
investment than that, it will still take long enough that the
global and economic context, the technological possibilities,
and the culture of Chicago's citizens all will have changed.
The system must be designed so that individual modules can
be completed in a short amount of time and be immediately
valuable, and so that each completed part will make it even
easier and more valuable to take the next step.
"The strategy is the end state - not the next step. Pursuing
incremental steps without the benefit of the bigger picture can lead to fragmented, suboptimal solutions. ...
Implementation can be incremental and spread over time, as
long as each step is part of the larger strategy." (Welch and
MscLaughlin 2007) The value of the system depends heavily on its role in interconnecting many disparate parts. This
means that those parts must be built first, and the interconnections will happen next. The role of the system is to ensure

Version: 2

that those independent parts are built in a standardized way
so that - even if they seem fragmented and unrelated to the
individual or company building them - they can be easily
interconnected when a sufficiently many pieces are in place.
Another strategy envisions the system as a single, complex
unit, which must be implemented all at once. Because the
system will be more valuable as a completed whole with
all its pieces in place, this viewpoint would implement the
system in one area before moving on to the next area. The
system would increase the willingness of the next area to
make the investment by demonstrating its value in a neighboring area. This approach has the added benefit of allowing
all of an area's utilities to be upgraded to state-of-the-art in
a comprehensive manner. However, the high level of centralized planning and control this would require is unlikely to be
achieved and leaves that area of the city in a precarious position if plans change or funding runs out in the middle of the
upgrade process.
The whole system will be flexible enough to continue to give
returns on the investment even if the entire plan is not completed.

Date: 8 September 2008

Date of Original: 4 September 2008
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Participatory Planning
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure

What approach should the system take to planning its future evolution?

Originator
Cecilia Ambros
Contributors
30 Sep. 2008
30 Sep. 2008
30 Sep. 2008

Position
Daniel Erwin
Ruth Nechas
Amanda Wirth

Constraint
Objective

The system should solicit the input of users to use as
the basis of its planning.

Directive
Sources

Alternative Position
Constraint
Objective

Elected leaders and professional civil servants must
ensure the rapid and efficient use of new technologies
to maintain a secure and productive society.

Directive
Constraint
Objective
Directive

Corporations and research institutions should collaborate to advance science and implement new technologies in the most efficient and socially profitable
manner.

Background and Arguments
The system will better meet the needs of Chicago's citizens
and other users when by relying on their input making decisions about its growth and evolution. The system is designed
to be highly adaptive and flexible, so that even within the
guidelines laid out by this plan there will many important
decisions to be made to determine the character of the system at every stage. With an increase in the availability of
ubiquitous computing, the system will have easy access to
information about the behaviors, needs, and opinions of the
city's populace. It will leverage this access to adapt in a way
that is responsive to their needs.

Another viewpoint privileges the opinions of elected government and highly-trained civil servants who administer the
government's regulations. Because they have more experience in the theory and operations of cities and utilities, these
individuals are more qualified to make important, long-term
decisions about how to shape the city. While experience and
training are certainly important in making decisions about
how to invest large sums of public resources, the system
must prioritize the opinions of public citizens in areas where
they have greater expertise, such as identifying the needs,
desires, and goals of their communities.

Whether at the level of the behaviors of household systems
where most of the system's functions will be automated
and its implementation will be customized, or at the level of
entire neighborhoods where the system must site processing
and local generation plants, the system will not make any
decisions without examining usage patterns of affected citizens and also contacting them directly.

A third approach would rely primarily on companies and
markets to drive the shape of the system. While this method
could produce an efficient and effective system, it would
be likely to overlook many of the needs of users in order to
increase its own profits. It might never ask citizens whether
they prefer open spaces, for instance, knowing that they
will pay nearly as much for a house with no parks nearby.
Citizens must not merely have input, they must control the
discussion about what the system will become.

The population will lead public discussions to determine the
goals and methods for expenditures of public funds to build
infrastructure projects. While these ideas and discussions
will be supplemented by further communication between
government, academia, and industry before they are implemented, the input of the users will be considered as the most
important facts in the discussion.
Version: 2
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Privacy
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure
Originator

How should the system address the surveillance and privacy of the public?

Amanda Wirth
Contributors
5 Oct. 2008
5 Oct. 2008
5 Oct., 2008

Position
Cecilia Ambros
Daniel Erwin
Ruth Nechas

Constraint
Objective

The system must assure that the privacy of the public
is protected and surveillance is not imposed onto them
without their consent.

Directive
Sources
Mitchell, William J. Me++: The Cyborg Self and the
Networked City. Cambridge, MA: MIT Press, 2003.
Karr, Paul. Intelligent Communications Platform
Provides Foundation for Clean Technology
Soultions to Smart Grid. White Paper. May 9, 2008.

Alternative Position
Constraint
Objective
Directive

The systems should determine its own standards of
judgement to determine if and when surveillance is
necessary for the purposes of creating an adaptable
city.

Solove, Daniel. Understanding Privacy. Cambridge,
MA: Harvard University Press, 2008.
Greenfield, Adam. Everyware. Berkley, CA: New
Riders, 2006.

Background and Arguments
In an increasingly connected society, boundaries will continue to become less rigid and transform to more fluidly
connected networks; this creates, as William Mitchell states,
a "widening moral circle" (2003, 6). A hyperconnected
infrastructure within the city without the bounds of space
will need to consider what moral policies it must follow with
respect to the privacy of it's citizens.
With a ubiquitous and imbedded sensorial infrastructure, it
would be possible to survey the population in their everyday
interactions with the city. Such information could supply city
planners with incredible amounts of information to build a
city which could respond well to the growing population. The
benefit of accessing this information because "the power of
a network grows geometrically according to the amount of
resources and assets actively connected to it." (Karr 2008)

being. In order to facilitate mutual respect between the public and the city it is vital that the system require consent from
the citizens in order to operate.
Building a sensorial infrastructure that operates from citizen consent will require the development of new standards.
Adam Greenfield outlines a few policies that ubiquitous systems must follow. Among those include self-disclosure which
would provide provisions to notify us when we are in the
presence of some information system (Greenfield 2006, 237);
and the ability to deny ubiquitous systems (246).

However the development of new technologies must always
respect human values including privacy. While privacy is
considered quite ambiguous Daniel Solove defines it as
"encompassing freedom of thought, control over one's body,
solitude in one's home, control over personal information,
freedom from surveillance, protection of one's reputation,
and protection from searches and interrogations" (Solove
2008, 1). The danger in disclosing too much information to
the system would threaten one's identity and personal well
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Defining Statement
Project

Issue

8

Historic Preservation
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure
Originator

How should the system balance historic preservation with the need for
compliance with the infrastructure?

Ruth Nechas
Contributors
10 Sep. 2008
10 Sep. 2008
10 Sep. 2008

Position
Cecilia Ambros
Daniel Erwin
Amanda Wirth

Constraint
Objective
Directive

Sources
Team deliberations

The system should balance the need for structures
that can receive the new infrastructure and are energy
efficient with the distinctive architecture that gives the
city part of its character and identity.

Alternative Position
Constraint
Objective

The system should mandate that all structures can
participate in the new infrastructure and that antiquated construction that is energy inefficient be removed.

Directive
Constraint
Objective
Directive

The system should not alter the architectural legacy of
the city that is a large part of its history and reputation
around the world.

Background and Arguments
The proposed system will require many changes to structures, both residential and commercial. With the advent of
new utilities and systems of delivery, the micro infrastructure
within a building must also be changed. In addition, outdated building materials can waste resources and are prone to
degradation. Thus, the completely new construction can be
more efficient, more functional, and longer-lasting.
However, it is not the intention of the system to simply steam
roll each community it encounters to produce a homogenous
yet energy efficient landscape. Chicago's historic architecture
comprises a significant part of the city's character and identity. The architectural landmarks in the downtown area especially could be considered a treasure worthy of preservation.

utility system will be backwards compatible with the preexisting system.
Areas that are designated as historical landmarks can and
should be preserved under the guidance of local government. They will need to be part of the system to continue to
function and this process of updating could be very delicate
and time and labor intensive. Despite this obstacle, the effort
should be made to preserve Chicago's physical heritage.

It is the intention of the system to balance these competing
goals to create an innovative and efficient city that remains in
touch with its cultural legacy. To accomplish this, the system
should blend the two approaches to satisfy both needs.
Once the new utility system is in place, all heritage construction will have a 75-year grace period in which to conform to
the new infrastructure demands. This should be an ample
amount of time for structures to turn over. At the end of this
period, structures that have not complied with the new regulations will be updated or removed. In the interim, the new
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Defining Statement
Project

Issue

9

Participation
Question at Issue

Chicago: Vision for the Future
Hyperconnected Infrastructure

How should citizens regulate their participation in the system?

Originator
Ruth Nechas
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008

Position
Cecilia Ambros
Daniel Erwin
Amanda Wirth

Constraint
Objective

To receive the benefits of the system, users should
have to choose (or opt-in) to participate.

Directive
Sources
Team deliberations

Alternative Position
Constraint
Objective

Because of the overwhelming positives offered by the
system, users should be required to remove themselves (opt-out) from participation.

Directive

Background and Arguments
The question of opt-in versus opt-out is really a philosophical difference about how intrusive the system should be in
a citizen's life. The ultimate goal of the system is to support
the life and activities of individuals, which requires both
maximizing the efficiency of the infrastructure and keeping
intrusions on the individual to a minimum.
As the creators of the Chicago Metropolis 2020 project
stated, "We do not believe in coercing people to behave differently. We do believe that people will behave differently if
offered a better range of choices."
In the proposed system, the dissemination of information
and the opportunities for the public to access this data will
be almost limitless. As a result, the possible points of interaction throughout the system could be overwhelming. While
there are many potential benefits to this structure, the system should not impose itself on the citizenry or to inconvenience them with endless interruptions.

it should be easy to accomplish.
While personal preference will always be respected, there is
one exception to this rule. In the case of emergency situations, the system can override the citizen's level of participation to communicate vital instructions or to assess areas of
crisis.
In short, the proposed system is designed to be a tool for the
populace, not a nuisance. To accomplish this goal, citizens
will be allowed to participate in the aspects of the system
they desire and will not have to continually block the implications of the infrastructure on their day-to-day lives.

A model where the individual must opt-out of the updates
and bulletins from the system could require almost constant
vigilance to keep the flood of information at bay. Instead, the
citizen should request participation and only in the areas and
aspects that they feel will improve their life. Furthermore,
disengaging with the system should always be an option and
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Project
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Utility Management
Question at Issue

Chicago: Vision for the Future
Originator

How should the infrastructural system make best use of available resources?

Daniel Erwin
Contributors
8 Sep. 2008
8 Sep. 2008
8 Sep. 2008
15 Sep. 2008

Position
Cecilia Ambros
Ruth Nechas
Amanda Wirth
Charles Owen

Constraint
Objective
Directive

Sources
Mitchell, Williams J. E-topia. Cambridge, MA:
MIT press, 1999.
Mozer, Michael. "The Adaptive House.
Boulder, Colorado." The Adaptive House,
2005, http://www.cs.colorado.edu/~mozer/
house/

The system should maximize the use of intelligent
anticipatory technologies for routine operations and
predictable special operations, converting to an advisory and support role for the unexpected.

Alternative Position
Constraint
Objective

The system should use intelligent, anticipatory technologies to adapt to user needs and efficiently manage
resource.

Directive
Constraint
Objective
Directive

The system should provide intelligent anticipatory
technologies for all well-defined resource management
tasks while reserving control to trained and responsible human administrators.

Background and Arguments
An urban population boom would strain current infrastructure. The megacity of the future must be able to make the
most efficient use of its resources at any given time. Smart
technology embedded in the environment could make this
ideal a reality. "...Smart devices and intelligent environments
will be programmed to forage intelligently for the supplies
and conditions they need in order to operate." (Mitchell
1999, 62) While foraging in a conventional sense may not be
necessary, the ability to access, compare and communicate
resource information automatically among infrastructural
elements of the city would add immeasurably to the city's
ability to operate efficiently.
Individuals do not have the ability or the time to optimize
their own energy use — as just one example of resource
management. Nor do system managers in any comprehensive sense. It is not a problem of willingness, but a problem
of complexity and scale. A system that can learn to anticipate
citizens' behavior and system responses could, potentially,
make better decisions for the city than can individuals or systems operating in classic top-down management mode.

is seldom used during the day, it now turns off the water
hater during daytime. It senses and learns. (Mozer 2005)
By extension, this kind of sensing, learning, anticipating
technology could be used to optimize in other resource
management tasks. The temptation is to turn complete
control over to the system. The counter argument is that no
computer system has yet been or has been projected to be
capable of outperforming human intelligence in unexpected
situations—and the unexpected is always a potent possibility in the realm of complex systems. A best-case compromise
would suggest a massive use of anticipatory technology in
routine and advisory capacity with human judgement in control positions.

Michael Mozer's Adaptive House in Boulder, Colorado demonstrates the power of anticipatory technology. The home
anticipates the arrival of its occupant at a certain hour and
respond by warming the house. After learning that hot water
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Function Structure

201
Installation

101
Constructing
1. Acquire materials

102
Renovating

202
Operations

103
Educating

104
Introducing

105
Optimizing

8. Remove
unnecessary materials

13. Communicate
learning needs

18. Incentivize
adoption

23. Balance power
load

9. Update existing
structure

14. Publicize
capabilities

19. Initialize systems

24. Reduce waste

20. Integrate with
existing utility
systems

25. Select energy
source

32. Filter information

26. Conserve water

33. Separate waste

2. Appropriate space
3. Prepare site
4. Stage materials
near site

10. Merge new and
existing structures

15. Demonstrate value
16. Teach functionality

5. Manage resources
6. Install new
infrastructure
7. Secure utilities

20

106
Processing

11. Upgrade with new
additions

17. Engage community

107
Distributin

29. Generate energy

34. Route inform

30. Filter water

35. Route energ

31. Recycle waste

36. Distribute
computing

37. Move water

38. Transmit en

21. Encourage
partnerships

27. Conserve energy

22. Test new
equipment

28. Optimize
information

39. Move waste
12. Install access
points

Hyperconnected
Infrastructure

202
Operations

106
Processing

203
Emergency
Operations

107
Distributing

108
Storing

109
Mitigating

66. Restore area to
previous state

70.
deli

54. Develop plan of
response

60. Identify affected
parties

67. Build improvements

71.
usa

55. Build emergency
awareness

61. Communicate
information

68. Track performance

72.

62. Customize
response

69. Follow up after
recovery

73.
inte

49. Solicit public input

56. Develop
emergency warning
methods

50. Collect
information

57. Practice
emergency plans

51. Prevent misuse of
systems

58. Maintain supplies
and equipment

40. Store energy

45. Identify risks

30. Filter water

35. Route energy

41. Store data

46. Monitor
conditions

31. Recycle waste

36. Distribute
computing

42. Manage storm
water

37. Move water

43. Store drinking
water

38. Transmit energy

47. Predict and
forecast disaster
48. Analyze previous
disasters

44. Store waste
39. Move waste

112
Recovering

59. Identify
emergency source

34. Route information

33. Separate waste

111
Responding

53. Establish teams or
systems

29. Generate energy

32. Filter information

110
Preparing
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Function Structure

63. Coordinate relief
64. Mobilize
emergency services
65. Administer relief

52. Implement
mitigative measures
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112
Recovering

Function Structure

204
Quality
Control

113
Monitoring

store area to
us state

70. Examine
deliverables

ild improve-

71. Track status of
usage

ck performance

72. Meter usage

low up after
ry

73. Monitor system
integrity

114
Managing

205
Adaptation

115
Maintaining

116
Repairing

117
Using

96. Engage the
system

119
Customiz

100. Define ob

74. Define objectives

79. Inspect system

82. Identify problem

89. Maintain health

75. Enforce standards

80. Clean system

83. Report problem

90. Connect with
others

97. Accept service

101. Participat
planning

91. Play within the
built environment

98. Consume
materials

102. Commun
concepts

92. Acquire
knowledge

99. Collect feedback

103. Customiz
system

76. Prioritize
objectives
77. Assign tasks
78. Implement
process

81. Perform routine
maintenance

84. Identify solution
85. Develop repair
process
86. Correct problem
87. Validate repair

93. Travel within the
city

88. Record incident
94. Support
employment
95. Disconnect from
the system
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118
Interacting

104. Test adap

105. Update th
system

204
Quality
Control

14
aging

205
Adaptation

115
Maintaining

116
Repairing

117
Using

118
Interacting
96. Engage the
system

119
Customizing
100. Define objectives

objectives

79. Inspect system

82. Identify problem

89. Maintain health

e standards

80. Clean system

83. Report problem

90. Connect with
others

97. Accept service

101. Participate in
planning

91. Play within the
built environment

98. Consume
materials

102. Communicate
concepts

92. Acquire
knowledge

99. Collect feedback

103. Customize the
system

ze
tasks

ment
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Function Structure

81. Perform routine
maintenance

84. Identify solution
85. Develop repair
process
86. Correct problem
87. Validate repair

93. Travel within the
city

88. Record incident
94. Support
employment

104. Test adaptation
105. Update the
system

95. Disconnect from
the system

Conclusion
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity

1

Materials Degrade too Quickly
Sources

Associated Functions

O'Keefe, Phil. "The
Freight Tunnels After
Abandonment."The Chicago
Tunnel Company Railroad,
"http://users.ameritech.net/
chicagotunnel/tunnel1a.html

1. Acquire Materials
24. Reduce Waste
105. Update the System

Constructing
Originator
Ceclia Ambros
Contributors
8 Oct. 2008		
8 Oct. 2008		
8 Oct. 2008		

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
While any built objects will be expected to
degrade over time and eventually to fail
unless they are kept up, new materials can
enable longer material life than was possible
just decades ago. Building for the long-term
will save maintenance cost and time and
ensure a more stable, effective system.

Design Strategies
Find new sources

Extension
As an alternative to robust materials which will not degrade, materials which
warn of their degradation will allow better and easier inspections as well
as helping to prevent unnecessary failures of materials. Materials embedded with sensors or warning markings will let maintenance personnel know
when they are ready to be repaired or replaced.
Some abandoned structures can be profitably repurposed, such as the coal
tunnels under downtown Chicago which now house electrical and telecommunication lines. However, conduits, cables and pipes buried beneath the
city's streets will be much more difficult to reclaim, especially as they will
gradually reach failure state and may not be accessible due to other utility
structures in the vicinity which are still in service. These structures include
large amounts of metals and other potentially useful materials and should
be harvested and recycled when they are no longer useful as utility carriers.

Solution Elements

E Smart Brick
S Diamond Streets

Version: 3

Date: 29 November 2008

Date of Original: 8 October, 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Surrounding Site May Be Harmed
Sources

Associated Functions

Personal observation

3. Prepare Site

2

6. Install Infrastructure

Mode
Installation

12. Install Access Points

Activity

81. Perform Routine Maintenance

Constructing

86. Correct Problem

Originator
Daniel Erwin

105. Update the System

Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Large construction projects are disruptive to
the environment.

Extension
A large, dirty area, the staging site is usually nearby undeveloped land.
During construction in downtown areas, a lane of the street is usually confiscated for this purpose, obstructing traffic and redirecting pedestrians.
Depending on the scale of the project, these inconveniences can go on for
months.
The situation is even worse when constructing underground projects, such
as pipes and cables. In these cases, trenching leaves roads torn up for
weeks. Furthermore, any repairs or maintenance will require digging up
the street again. And every time this occurs, new materials are required to
repave the streets.

Design Strategies

Solution Elements

Build in a low-impact way

E Trenchless Technology

Build away from existing structures

M Modular Streets
E Deep Tunnels
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity
Constructing

Construction is Repetitious, Labor-intensive and
Dangerous
Sources

Associated Functions

Joo, Hanjong. "A study on
the advantages on highrise building construction
which the application of
construction robots take."
International conference on
Control, Automation, and systems, October 2007.

5. Manage Resources

3

85. Develop Repair Process

Originator
Amanda Wirth
Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Workers are strained and put in danger during
construction operations.

Extension
Many parts of the construction process, from jack hammering a street to
run wires beneath it, to the chemicals inhaled when painting the interior of
a nearly-completed building, expose workers to health risks and repetitive
injury strain.
"Robot technology is more efficient and safe, so automation with construction robot technology must be practiced for productivity increase. "(Joo
2007)) Even the most complicated of tasks can be automated. New solutions like tunneling robots, in-pipe crawlers, and other automated tools can
avoid risking human health.

Design Strategies
Automate construction
Facilitate construction processes

Version: 3

Solution Elements

E Construction Robots
S Modular Streets

Date: 29 November 2008
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Design Factor

Sources

Project

4

Coordinating Disparate Utilities

Chicago: Vision of the Future
Hyperconnected Infrastructure

Associated Functions
5. Manage resources
77. Assign Tasks

Mode
Installation

78. Implement Process

Activity

85. Develop Repair Process

Constructing
Originator
Ruth Nechas
Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation

Extension

Schedule management is a long-standing
problem in the construction trades.

Ensuring that all the pieces arrive to the site at the right time is relatively
straightforward as it can be planned and organized well in advance - though
even this requires competent management. The more complex issue is
reconfiguring schedules on the fly when unexpected conditions - discoveries
about the geography of the site, mistakes or badly-manufactured pieces, or
over-optimistic projections - cause delays that have cascading effects.
Power transferred over a superconducting network, not to mention the
hydrogen that will flow along with it, are not supported by the standard
110-volt outlets which have been standard in the United States for many
decades. A similar problem will exist with information lines, and - to a lesser
extent - with water and other utilities. Smart, nano-flexible materials will
help to fill the gap, but there will as always be some aspects of the system
that remain the same in order to successfully interconnect with the incumbent way of doing things.

Design Strategies
Automate schedule management

Solution Elements

E

Auto Scheduler

M Just In Time Infrastructure
M Construction Robots
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity
Constructing
Originator
Cecilia Ambros
Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

5

Congestion of Right of Way
Sources

Associated Functions

Kuhn, Beverly. "Utility Corridor
Structures and Other Utility
Accommodation Alternatives
in TXDOT Right of Way." Texas
Department of Transportation,
September, 2002.

2. Appropriate Space
6. Install New Infrastructure
105. Update the System

Interview with Pete Mulvaney
of the Chicago Water
Department, Jardin Water
Filtration Plant, Chicago Il,
November 3, 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Space reserved for utilities quickly becomes
filled when allowing ample space for multiple
trenches between utilities.

Extension
" As deregulation of the utility industry has taken effect, the influx of newly
formed utility companies has resulted in a high demand for access to right
of way. New growth and expansion of underground utilities in urban areas
also result in increased demand and increased competition for the space
available on highway right of way for public utilities (6). Concerns and problems caused by this increased demand require examination of a number of
issues. These issues include congestion, compatibility, associated liability,
and the costs attributable to engineering, construction, maintenance, and
relocation of these facilities." (Kuhn 2002)
When water, sewage, gas, and electric lines were first installed, no one had
ever imagined there would be need to run fiber-optic, cable, or any other
new utilities. Because of this, no effort was made to leave clear, interconnected spaces where new cables could run under the city.
With the possibility of adding hydrogen distribution and unknown new communications vehicles, it is necessary to conserve as much space as possible
under the city's streets to avoid this problem in the future. More immediately, the system must transfer energy and information without the immense
expense of restructuring the entire existing underground.

Design Strategies
Consolidate utilities

Solution Elements

E Utility Mains
S Modular Streets
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity
Constructing
Originator

6

High Barriers to Entry
Sources

Associated Functions

Department of Energy.
"Hydrogen Distribution and
Delivery Infrastructure."
Energy Efficiency and
Renewable Energy
Information Center, October
2006, http://www1.eere.
energy.gov/hydrogenandfuelcells/pdfs/doe_h2_delivery.
pdf

6. Install New Infrastructure
105. Update the System

Daniel Erwin
Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
It is extremely expensive to build provisions
for moving new utilities - like hydrogen - in
bulk throughout the city.

Extension
One of the most significant limiting factors to using electric- and hydrogen
vehicles in the US is that these are not distributed in a way that makes them
accessible to motorists. It is projected that it will take decades to install
such a distribution network. With the accelerating rate of development of
new technologies and new supporting supply chains, this time to introduce
new infrastructure is already keeping the city from taking advantage of new
technologies.
"Most of the hydrogen used in the United States is produced at or very
near where it is used —typically at large industrial sites. As a result, our
nation does not yet have a cost-effective and energy-efficient infrastructure for delivering large quantities of hydrogen fuel over long distances.
Before hydrogen can become a mainstream energy carrier and used widely
by consumers, we must build the infrastructure needed to distribute it."
(Department of Energy 2006)

Design Strategies

Solution Elements

Planning for future growth

M Continental SuperGrid

Use adaptable components

S Expanding Pipes
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity

Utilities Subject to Sabotage & Disasters
Sources

Associated Functions

Kuhn, Beverly. "Utility Corridor
Structures and Other Utility
Accomodation Alternatives in
TXDOT Right of Way." Texas
Department of Transportation,
September, 2002.

7. Secure utilities

7

Constructing
Originator
Amanda Wirth
Contributors
8 Oct., 2008		
8 Oct., 2008		
8 Oct., 2008		

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Natural disasters like tornadoes and manmade disasters like explosions can disable
transmission and pipe lines. Increased prevalence of extreme weather conditions will delay
or make impossible certain construction processes.

Extension
Traditional models like electricity wires hanging in the air are vulnerable
even to mild storms and over-height trucks. In the future, utilities must be
robust enough to survive the immense destructive power more accessible to
individuals by new technologies and the increasingly frequent and intense
hurricanes and droughts created by the changing global climate. For consolidated utility structures, the dangers are highly concentrated, however this
can be used to advantage if the structure is protected by a physical barrier.
"By placing all of the utilities in a common tunnel, utilities are placing all
their 'eggs in one basket.' As indicated by earlier documentation on the
Urban Explorers web site there is a group of people who actively enjoy
exploring tunnels and similar infrastructures. By placing information about
access to tunnels on anonymous web sites, it would be relatively easy for a
terrorist or saboteur to enter a tunnel." (Kuhn 2002)

Design Strategies

Solution Elements

Active monitoring

S Swarm Robotics

Make system components inaccessible

S Utility Silo
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

8

Maintaining Historical Character
Sources

Associated Functions

Personal Observation

9. Update Existing Structure
17. Engage Community

Mode
Installation
Activity
Renovating
Originator
Ruth Nechas
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Although many citizens benefit from new
development, the city's cultural heritage and
social cohesion rely on continuity.

Extension
Although it may be simpler and, in many cases, even more economical to
start with a clean slate when considering complicated new construction
projects, the history of a place can be used to great effect in building an
inviting, stable society. Cultural values like the arts and architecture, ethnic
identities, and even the identity of the city itself are all closely tied with
physical objects in the built environment. While most structures are not
worthy of keeping around to show off for posterity, civic buildings, structures that represent important architectural milestones, and the locations of
important historical events should be protected and preserved.
Given the transformative possibilities of computing technologies, this may
require more than simply saving buildings - it may be necessary to set certain places off-limits to future standard amenities and connectivity to preserve their important qualities.

Design Strategies

Solution Elements

Make updates unobtrusive

M Ambient Computing

Find new materials for updating

M Nano-materials
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Translation of Information is Inadequate
Sources

Associated Functions

Personal Observation

13. Communicate learning needs

9

17. Engage the Community

Mode
Installation

61. Communicate Information

Activity

92. Acquire Knowledge

Educating
Originator
Cecilia Ambros
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
People have trouble finding information they
need, or don't even know they need the info.

Extension
For complex systems, users seldom learn all of the various features available to them. Especially when the system is not the main focus of a user's
work or when - like a city's infrastructure - it is a support for their actions,
users will not take the time to read a long manual detailing everything the
system can do. Even when a system's capabilities can be broken down into
a few high-level features and summarized on a single page, in many instances even that page does not get into the hands of the user.
For example, Chicago has a comprehensive 311 system to give citizens easy,
"one-stop" access to city services. But most citizens are unaware of the
complete range of services available to them and wouldn't know they could
call 311 to ask for help with newborn screening, business fraud, or business
advice. New residents to the city who have not been exposed to the public
awareness campaign might not even know they could call 311 for help with
more basic services like police and sanitation.
A more comprehensive system, with more parts and more services, will
experience this type of problem to an even greater degree. The system can
combat this by using software solutions to offer a streamlined "help" window which will give users simple, concise information relevant in a particular situation.

Design Strategies
Enable users to customize their information

Solution Elements

M Interactive Manual
M My Emergency
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation
Activity
Educating
Originator
Daniel Erwin
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Incentives do not encourage adoption of big,
costly, up-front inconvenience - this applies
both to utility operators and to individuals who must inconvenience themselves to
accommodate a new system.

Design Strategies

Value is Only Apparent After Long-term
Commitment
Sources

Associated Functions

Richards, Christine. "How
Intelligent Is Your Grid?" The
Utilities Project Volume 8,
May 2008, http://www.utilitiesproject.com/documents.
asp?grID=443&d_ID=4632

14. Publicize Capabilities

10

15. Demonstrate value
17. Engage the Community
21. Encourage Partnerships

Vaswani, Raj and Eric
Dresselhuys. "Implementing
the Right Network for the
Smart Grid." The Utilities
Project Volume 7, May
2007,http://www.utilitiesproject.com/documents.
asp?grID=443&d_ID=4286

Extension
"Many intelligent grid technologies provide longer-term benefits, making
them difficult to cost-justify over the short term. Since utilities are riskaware, this can make intelligent grid investments look riskier than traditional information technology investments." (Richards 2008)
Users, too, must invest some time and energy in accepting the new system.
They will have to learn a new system, if not also buy new appliances, alter
the connections in their homes, and at the very least let a repair person
into their home to install the new functionality. While it is necessary to
consider ways to make the transition smoother and less daunting, a more
direct approach is to build enough excitement and anticipation in individuals that they will overcome the inertia keeping them locked into the current
system."Less than 20 years ago, laptops, ubiquitous cell phones, iPods
and Xboxes were not in existence. Considering the emergence of new utility
applications and devices, it is hard to imagine what is to come in the next
five to 10 years. Even today, there is an explosion of new utility and consumer devices, including remote controllable thermostats, consumer-based
energy storage appliances, customer displays, fault indicators, distribution
automation applications and more. Regardless of the applications or devices
that emerge, a standards-based network ensures that they can easily be
incorporated into the smart grid. As exhibited in other industries, including
cable, IT and telecom, a robust and flexible network is the basis for competitive advantage." (Vaswani and Dresselhuys 2008)
Solution Elements

Contact early adopters

M System Evangelists

Generate some buzz

M Ideagora
E Blogs and Wikis
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Installation

Some People are Conservative About Technology
Acquisition
Sources

Associated Functions

Brosnan, Mark J. Technophobia:
The Psychological Impact of
Information Technology. New
York, NY: Routledge, 1998

15. Demonstrate value

11

Activity
Educating
Originator
Amanda Wirth
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Some people have an emotional aversion to
new technologies and will avoid using them
whenever possible.

Design Strategies
Show immediate convenience

Extension
"Resistance to new technology in the form of avoidance of computers has
been well documented within the literature; the term 'technophobe' or
'computerphobe' is used to describe individuals who resist using computers
when given the opportunity to use them. ... It is estimated that, on average,
between one quarter and one third of the population of the industrial world
are technophobic to some degree." (Brosnan 2008)
Arthur C. Clarke's famous quote, "Any sufficiently advanced technology is
indistinguishable from magic," captures some of the wonder of what modern science has brought us, but it also reveals why some people might resist
it. While more and more individuals in our society are becoming comfortable
with machines as they become more pervasive and easier to use, radical
new technologies like morphing nano-robots, water-recycling, and automated decision-making systems may cause deep psychological unease in
some users.
Any new system must ensure that users' health, safety, and long-term interests are secured. The system should go a step farther to let users see that
the technologies used are dependable, robust, and natural. It should show
users that, while there are risks and trade-offs that come with the new technologies, they have been thoroughly explored. This will prevent users from
projecting their own fears onto the unknown and turning Clarke's technological magic into black magic.
Solution Elements

M Seductive System

Make it easier to use than not to
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User groups do not have alignment
Sources

Associated Functions

Personal Observation

92. Acquire Knowledge

12

99. Collect Feedback

Mode
Installation

101. Participate in Planning

Activity
Educating
Originator
Ruth Nechas
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Organizations like government, industry, and
the public all have a significant role to play in
designing, funding, and building infrastructure, but when acting in these roles they have
divergent interests.

Design Strategies

Extension
Government's role is generally to keep order. A business's reason for existence is to provide a service and make a profit. The public just wants to have
a pleasant experience. This means that government will often set up rules
and regulations that prevent innovative business opportunities and deprive
citizens of useful services; businesses will often squander public funds and
build shoddy services which don't well serve user needs; and the public will
sit by the sidelines while their infrastructure crumbles.

Solution Elements

Focus on wide range of functionalities

M Research Consortium

Include citizens in planning

M Citizen Jury
M Virtual Town Hall
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Users have to deal with multiple entities
Sources

Associated Functions

Personal Observation

96. Engage the system
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97. Accept Service

Mode
Installation

98. Consume Materials

Activity
Educating
Originator
Cecilia Ambros
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Citizens must take the time to contact several
different entities to have access to water,
energy, communications, and waste-removal
services.

Extension
Citizens must expend considerable time and effort to deal with several different utility companies, many of which have overlapping services like cable
and internet. When moving into a new area, a resident must first find out
which utility companies serve their area and find out about the difference
in quality, price, or service offered by each before calling to set up appointments for installation or activation of each of the services.
While the existence of multiple service providers ensures healthy competition and allows companies to specialize and gain expertise in a particular
utility area, the vast majority of users want the same bundle of services
delivered all at one time, in just one location, and billed to one individual.
Consolidating the customer-service and interaction aspect of these utilities into a single service would ease the burden on the customer and also
reduce the utility companies' costs and allow their management to focus
more on the maintenance and delivery of high quality services, rather than
millions of individual users.

Design Strategies

Solution Elements

single-touchpoint utilities

M E Pluribus Unum

Human customer service

M Tell it to Mama
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Project
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Mode
Operations

Demand may Exceed System Capacity
Sources

Associated Functions

Energy Independence and
Security Act of 2007, Public
Law 110-140,110th Congress,
1st Sess. (Dec 19, 2007)

23. Balance power load

14

24. Reduce Waste
26. Conserve Water

Activity

27. Conserve energy

Optimizing
Originator
Daniel Erwin
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Peak loading of the electrical transmission
and distribution system is significantly greater
than the off-peak load, increasing the risk that
a spike in demand will overload the system.

Extension
Wide fluctuations in power demand require more infrastructure to be used
less efficiently - at night, the amount of power flowing through the grid is
significantly less than it can handle. Smoothing out the usage curve would
allow new capacity to be used more fully and, thus, to be more economically
justifiable. This is the primary goal of the Smart Grid, and the associated
smart meters and smart appliances.
According to the Energy Independence and Security Act of 2007, the
smart grid should:
Deploy "smart" technologies- that is, real-time, automated, interactive technologies that optimize the physical operation of appliances and consumer
devices- for metering, communications about grid operations and status
distribution automation.
Integrate "smart" appliances and consumer devices.
Deploy and integrate advanced electricity storage and peak-sharing technologies, including plug-in electric and hybrid electric vehicles, and thermalstorage air conditioning. Provide timely information and control options to
consumers.

Design Strategies
Provide pervasive system information

Solution Elements

M Smart Grid
M Smart Meter
M Ubiquitous Sensors
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Non-recyclable materials
Sources

Associated Functions

Personal Observation

24. Reduce Waste
31. Recycle waste

Mode
Installation

44. Store Waste

Activity
Educating
Originator
Amanda Wirth
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
The city uses many non-recyclable materials, an unsustainable practice which leads to
increasing landfills.

Extension
Many consumer products and construction projects use materials in a way
which makes them nearly impossible to return as inputs for industry or any
other use. While all materials can theoretically be used, when a product is
put together in a way that requires a lot of energy to reverse - such as bonding gold onto silicon wafers in the manufacturing of electronics - it can be
unecomonical to recycle it.
New technologies - especially nanotechnology - are beginning to make it
possible to efficiently decompose some of these materials. A more efficient
and effective solution is to require manufacturers and construction companies to use designs which support recycling. When products and buildings
can be disassembled into single-material components, recycling becomes
faster and cheaper.

Design Strategies
Require use of more sustainable materials:
Cradle-to-Cradle strategy
New technologies for recycling

Version: 3

Solution Elements

M Nano-decomposition
M Plasma-decomposition
M Trash to Treasure

Date: 29 November 2008

Date of Original: 8 October, 2008
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Project
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No sustainable energy choices
Sources

Associated Functions

Personal Observation

25. Select energy
29. Generate Energy

Mode
Installation

98. Consume Materials

Activity
Educating
Originator
Ruth Nechas
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Even users who are aware of environmental
concerns have no choice but to use electricity
made by burning coal.

Extension
The electric distribution system relies heavily on large generation plants
which require significant investments and decades to pay off. This has
resulted in a very inflexible generation infrastructure that cannot respond to
market pressures asking for cleaner energy solutions.
Giving users more control over their energy will require creating a more
open distribution system, which will be enabled by more efficient long-distance transmission systems that connect to large wind- and solar generation
farms in the Western US. It will also be enabled by distributed generation
like household solar- and wind generation.
Even users who are committed to using environmentally sustainable energy
cannot buy from a power provider of their choice in Chicago. This problem
has been addressed through deregulated energy markets in some states.

Design Strategies

Solution Elements

Distributed energy generation

M Distributed Nodes

Transfer energy long distances

M SuperGrid
M Renewable energy
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Project
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System Does Not Encourage Conservation
Sources

Associated Functions

Personal Observation

17. Engage the Community

17

51. Prevent Misuse of System

Mode
Installation

92. Acquire Knowledge

Activity

98. Consume Materials

Educating

99. Collect Feedback

Originator
Cecilia Ambros
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Chicago's current infrastructure generally
makes it easy to leave on the lights, buy an
inefficient vehicle, and landfill recyclable
materials.

Extension
The utility companies today offer little or no guidance (beyond pricing) on
how consumers should use their resources. This means that a manufacturer
using old, inefficient machines will be supported in installing more electrical
capacity rather than encouraged to seek out newer models which will save
all parties money and reduce consumption of finite energy resources.
It also means that users who have water, energy, thermal, or other leaks will
simply be charged more, with no indication that something may be wrong
with their building. Users who don't take the time to research recycling and
pay to landfill thousands of dollars worth of valuable scrap are not routinely
questioned nor informed of their other options.
This can be addressed by formulating regulatory, economic, and physical
situations which draw citizen's attention to the possibilities for conserving
resources. The system should also monitor usage and make it easy for users
to compare their system's intake to a decidedly efficient setup in a similar
need situation.

Design Strategies

Solution Elements

Provide Incentives

M Citizen ComEd

Monitor usage and suggest improvements

M Smart Meter
M Trash to Treasure
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Centralized Utilities are Vulnerable
Sources

Associated Functions

Personal Observation

7. Secure Utilities
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45. Identifying Risks

Mode
Installation
Activity
Educating
Originator
Daniel Erwin
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Large processing and generation plants exist
to produce efficiencies of scale, but are too
big and expensive to allow a backup system
to be kept in place.

Extension
While centralized energy, water, and information plants are designed to be
especially resilient and consistent, in those rare cases in which they fail they
leave their service area entirely disabled. Disasters, accidents, and sometimes sabotage can force a plant to shut down or - perhaps worse - efficiently distribute infected materials to the populace.
While this problem has been largely effectively controlled by extremely vigilant monitoring and control of all centralized systems, the Internet leads the
way as an example of the power of distributed systems to create resilient
and self-policing supplies. When any part of the system is decommissioned,
all the other parts take up the slack, re-routing messages and dividing processing among many partners. The system should combine the best of both
centralized and distributed models by connecting many distributed nodes to
a large-scale central supply.

Design Strategies

Solution Elements

Distributed Generation

M Utility Parks

Protect Utilities

M Utility Main
S Swarm Robotics
M Tunnel Robots
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Renewables produce intermittent energy
Sources

Associated Functions

Personal Observation

23. Generate Energy

19

40. Store Energy

Mode
Installation

98. Consume Materials

Activity
Educating
Originator
Amanda Wirth
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Solar, wind, and other environmental energy
generation methods only produce energy
when the environment cooperates.

Extension
So-called "renewable" energy solutions currently produce a small percentage of the grid's power, and even the most ambitious plans only call for
them to power less than half of the power needs of any geographic area.
This means that the majority of power comes from more traditional sources,
which give utility companies control over the amount of power produced.
This allows them to balance the fluctuations of renewable power by raising
or lowering the production rate of other sources.
If the system is to rely on an increasing percentage of renewable energy,
it must find more reliable methods of sustainable energy generation - like
infrared solar which produces energy even at night - and it must invest in
flattening out the spikes in the production curve. This can be achieved by
storing some of the energy produced whenever the wind blows so that it will
be available for use when users need it.

Design Strategies

Solution Elements

Reliable sustainable generation methods

M Infrared Solar

Energy storage

M Flow Batteries

Use many generation systems

M SuperGrid
M Distributed Nodes
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No signal to public about water quality
Sources

Associated Functions

Personal Observation

30. Filter Water

20

61. Communicate Information

Mode
Installation

70. Examine Deliverables

Activity

82. Identify Problem

Educating

83. Report Problem

Originator
Ruth Nechas
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
When water becomes contaminated, it still
appears clear and requires testing to ensure
that it is safe.

Extension
Detecting impurities and bacteria in the city's water supply requires sophisticated equipment and highly trained scientists who work at the central
water processing plant. If the water supply becomes contaminated by heavy
metals, the populace may never know. This lowers public confidence in the
public water supply, even though it may be consistently and exceedingly
safe and clean.
Using ubiquitous computing technology combined with nanotechnology
sensing capabilities would allow the system to give users first-hand control
over understanding and alerting themselves to water quality issues, improving both their health and public trust and acceptance of the city's water.

Design Strategies
Ubiquitous Computing
Nanotechnology sensors

Solution Elements

E Bionanosensors
S Smart Faucet
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Moving waste takes energy
Sources

Associated Functions

Personal Observation

24. Reduce Waste
31. Recycle waste

Mode
Installation

39. Move Waste

Activity
Educating
Originator
Cecilia Ambros
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Garbage trucks are large, heavy machines,
and the alleys where they work represent a
large amount of space devoted primarily to
trash.

Extension
Moving waste to landfills tens or sometimes hundreds of kilometers away is
almost as expensive and wasteful as ignoring the value of the waste in the
first place. Armies of large trucks and waste management personnel work
day in and day out to move spent materials out of the city. Once the cost of
maintaining dumpsters, alleys, and waste processing plants is added in, it
becomes clear that the city has a large amount of capital tied up in this process.
Dealing with waste in an automated manner, integrated with the rest of
the utilities under the streets, would free up all of these resources to be
employed in other ways.

Design Strategies

Solution Elements

Move waste automatically

M Trash Vac

Use waste for energy

M Anaerobic Digestion

Reuse waste

M Trash to Treasure
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Stormwater overloads city system
Sources

Associated Functions

Personal Observation

26. Conserve Water
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30. Filter Water

Mode
Installation

42. Manage Storm water

Activity
Educating
Originator
Daniel Erwin
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Heavy storms, which are predicted to become
more severe and more frequent, cause flooding.

Extension
Though Chicago's Tunnel and Reservoir Plan is striving to mitigate this problem, the problem will get worse as Illinois's climate becomes more like that
of Alabama. Whenever a large storm fill's the city's storm sewers to capacity,
they begin to flood into the sewage system, contaminating the entire system
with bacteria, and flow directly into the river and the lake carrying with them
salts, petroleum residue, and grime from the city's streets.
The system must aim to clean all of that water before it is discharged into
the lake, but it is a vast amount of water. The TARP system will hold tens of
billions of gallons, but even this will not be enough for future needs. The
city's water management plans already plan to increase water sequestration
techniques like green roofs and cisterns which will slow down runoff and
give the system more time to process it. The city's plan should also include
bio-filtering solutions like greenways.
More importantly, the system should prevent storm water contamination by
processing sewage in distributed, on-site water cycling nodes so that it does
not make it into sewers where it can mix with stormwater.

Design Strategies
Water sequestration

Solution Elements

M Green walls, cisterns, green
roofs, etc.

Bio-filtering

M Greenways
S Closed-loop water cycling
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Electricity transmission is inefficient
Sources

Associated Functions

Personal Observation

25. Select Energy Source
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29. Generate Energy

Mode
Installation

35. Route Energy

Activity

38. Transmit Energy

Educating
Originator
Amanda Wirth
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Transmitting electricity over hundreds of
kilometers, along with the various transformations which take it from the generation point
to the home user, dissipates a large percentage of the energy in heat and stray electromagnetic fields.

Design Strategies

Extension
Moving electricity long distances is the only way to accommodate the large,
loud, dirty processes which are currently used to generate power. However
this incurs large costs in the form of energy loss, and causes more fuel to be
burned per unit of energy served.
Several strategies should be pursued to avoid this situation:
1. move usage closer to the generation point
2. move the generation point closer to where energy will be used
3. use superconductors to avoid Ohm's law

Solution Elements

Superconducting grid

M Distributed nodes

Use power-hungry devices near power plants

M Compute-at-source

Distributed generation

M SuperGrid
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Mode
Operations
Activity
Storing
Originator
Ruth Nechas
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Digital information transfer and storage
makes it almost as easy to steal valuable
information as it is for rightful owners to copy
and distribute it all over the world.

24

Lack of Security
Sources

Associated Functions

Markoff, John. " With Security
at Risk, a Push to Patch
the Web ." The New York
Times, Technology Section,
July 30, 2008 , http://www.
nytimes.com/2008/07/30/
technology/30flaw.html?em

41. Store data

Singel, Ryan. "U.S. Has
Launched a Cyber Security
'Manhattan Project,'
Homeland Security
Chief Claims." Wired
Blog Network, April, 8,
2008, http://blog.wired.
com/27bstroke6/2008/04/
feds-cyber-cent.html

97. Accept Service

90. Connect with Others
92. Acquire Knowledge
96. Engage the system

Extension
As the web becomes more important for global commerce and - through this
- security, its inherent vulnerabilities become more important. The US has
developed plans to host a cybersecurity center (Singel 2008) and already
trains military personnel to respond to network infiltrations and DDOS
attacks which can disable particular network nodes.
This approach creates many problems, the most fundamental of which is its
basic contradiction of the open flow of information on the web. The central
principle of easily accessible information continues to yield significant - perhaps even revolutionary - advances in the creation of value, and this aspect
of the web should be maintained.
The internet was designed to allow the free flow of information, and was not
intended for secure or traceable transmissions such as those dealing with
banking. (Markoff ) A secure network designed from the physical infrastructure down to the electronic protocols to transfer information between strictly
verified sources is a more robust solution than any re-configuration of the
internet.
While the internet is extremely resistant to disruption (as proven by various
power outages and line breakages) it is weak in other areas. It should be
used for its strengths and supplemented by auxiliary networks.

Design Strategies
Store public data and private in separate
places

Version: 3

Solution Elements

S Dual Internet
S Opt In
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Utilities Unavailable During Renovation

25

Sources

Associated Functions

Personal Observation

10. Merge new systems and existing structures

Mode
Installation
Activity
Renovating
Originator
Cecilia Ambros
Contributors
8 Oct., 2008
8 Oct., 2008
8 Oct., 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Services will be disrupted while significant
upgrades are undertaken.

Extension
Significant changes in infrastructure will require some pieces to be removed
while they are upgraded or replaced. During this time the materials that
normally pass through will be unavailable to users on the other side.
Depending on the type and level of upgrades, service may be interrupted
from several minutes to several days.
The typical method to deal with this is to create a temporary, secondary
passageway parallel to the line under repair, however this is expensive and
time-consuming. Even this method usually requires the service to be shut
off for several minutes while the flow is switched from one line to the other.
Two broad strategies that would avoid this problem would be equally effective at preventing outages in case a line was destroyed by an accident. First,
internet-like multiply-interconnected networks allows multiple connections
to any node to provide uninterrupted service if some nodes or connections
are lost. Second, independent generation and storage can maintain partial
and/or short-term service until the connection is repaired.

Design Strategies

Solution Elements

Provide alternate source

M Local-Generation

Provide alternate delivery

M Multi-Nodal Network
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The Internet is not Secure
Sources

Associated Functions

Personal observations

41. Store Data

Mode
Operations
Activity
Storing
Originator
Daniel Erwin
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Sensitive information is vulnerable on the
internet.

Extension
Information is a valuable tool, and the internet is an excellent resource for
distribution. But people do not feel safe putting sensitive personal information online. And they have ample reason to feel this way. Sensitive information is too vulnerable on the worldwide web. There have been many cases of
identity theft, information migration, and spyware is ubiquitous.
It is a complex problem to solve because the world wide web is a public
venue and it thrives largely on its lack of regulation. While strict government
control might solve security issues, the free nature of the internet would be
compromised. People should not have to choose between openly sharing
with the global masses and having the convenience of voting or checking
their personal medical records online. Currently there is no system in place
that supports both.

Design Strategies
Store public data and private data in separate
places.

Version: 3

Solution Elements

M Dual Internets
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Mode
Operations

Plastic Bottles are too ubiquitous
Sources

Associated Functions

MySigg. "Is using a reusable
water bottle good for the
environment?" MySIGG, 2006,
http://www.mysigg.com
(accessed Dec 1, 2008)

43. Store drinking water
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Activity
Storing
Originator
Amanda Wirth
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Billions of beverage bottles are produced
every year and, at best, are recycled into a
less useful material.

Extension
" Most disposable water bottles (e.g. – Evian, Dasani, Aquafina, etc.) are
made of PET plastic. According to the American Recycling Institute, only 14%
of these bottles are recycled. Most of the PET bottles end up in litter or trash
where they can take up to 1,000 years to biodegrade, filling our landfills and
injuring wildlife. Americans are currently adding 30 million PET water bottles
to our nation's landfills – everyday! Even if PET bottles are sent to the recycling center, they are really being "down-cycled", converted to a lower form
of plastic, much of which goes unused. PET is a petroleum-based plastic.
Manufacturing and transporting bottled water (especially from distant countries such as France and Fiji) unnecessarily burns fossil fuels – approximately 1.5 million barrels per year according to the NRDC." (MySIGG 2006)
People use bottled water because it's so convenient. The system should
make it even more convenient to use public drinking water. Citizens should
have mobile access to water, meaning the city should provide drinking fountains throughout the city so people can refill their reusable bottles conveniently.

Bottled Water
http://en.wikipedia.org/wiki/Image:Lots_of_
bottled_water.JPG
Design Strategies
Provide easy access to public drinking water

Version: 3

Solution Elements

E Drink Free
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Landfills Take Up Space and Under-utilize Trash
Sources

Associated Functions

Bronstein, Scott. "Garbage
Landfills in Half of the States
Approaching Capacity." New
York Times, U.S, Section,
February 12, 1987.

44. Store waste

28

Activity
Storing
Originator
Ruth Nechas
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Landfills in the United states are reaching
capacity and politicians face public resistance
when trying designate land for new or expanded landfills. Landfills are not being harvested
for materials and energy.

Extension
"In the next decade more than half the states in the country will use up
most of their landfills in major metropolitan areas, and few replacement
sites are being developed. Such shortages are rapidly creating what many
officials consider a crisis. The cost of waste disposal is rising as many communities are compelled to haul their garbage to sites far away." (Bronstein
1987)
Attempts at reducing waste have been inadequate, and recycling programs
have been costly and inefficient. Furthermore, if these programs were to
gain credence in the future, there is still the issue of the thousands of landfills already in existence. Many old landfills were poorly constructed, causing leaks that contaminate land and water. This land will be worthless and
dangerous unless corrective measures are taken.
Besides being a waste of space, landfills are also wasting valuable resources. These spaces are packed with valuable materials which might be profitably harvested.
The gasses that landfills produce while decomposing could be harnessed for
energy production. Instead, they are left to dissipate and cause landfills to
be significant sources of greenhouses gas emissions.

Design Strategies

Solution Elements

Find more uses for landfills

M Energy Farms

Connect trash producers with trash wanters

M Trash to Treasure

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations

Insufficient Monitoring of Utilities
Sources

Associated Functions

Joint Task Force on Electrical
Safety "Report of the Joint
Task Force on Electrical
Safety." City of Boston, July
2005.

46. Monitor conditions

Activity

29

50. Collect Information
70. Examine Deliverables
73. Monitor System Integrity

Mitigating
Originator
Cecilia Ambros
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Tools provide insufficient coverage for monitoring utility infrastructure.

Extension
When utility infrastructure is damaged it is disruptive to daily life. But there
are currently no methods for continuous monitoring of structural integrity
and material quality. Physical inspections are periodic and inadequate.
Compromised structures and materials cause extensive damage when they
are allowed to remain in place until they fail. Early detection and intervention can prevent costly and time consuming repairs.
In addition to obvious conditions like the failure of structural components, a
pertinent example of this is stray voltage.
"Undetected stray voltage can occur in any location where there is a physical break in the protective covering or insulation of an electrical cable,
which exposes the conductor wire and allows electrical current to leave the
cable. When electrical current is released from the cable, it will seek the
path of least resistance to ground thereby creating the potential for stray
voltage. Physical breaks in the protective covering of electrical wiring result
from contractor or third-party damage, vandalism, deterioration or
improper installation or removal of electrical equipment. Stray voltage
can also occur where illegal service hook-ups or other improper installation or removal of electric-service points have occurred and the electric
utility or responsible City department are not notified or aware of this
improper activity. "(Joint Task Force on Electrical Safety 2005)

Design Strategies
Continuously monitor system

Solution Elements

M Ubiquitous Sensors
M Tunnel Robots
M Bionanosensors Sensors

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations

Response Teams are not Flexible
Sources

Associated Functions

MissionMode. "Hurricane
Katrina -Case Study."
MissionMode.com, August
22, 2007.

53. Establish teams or systems

30

54. Develop plan of response
63. Coordinate relief

Activity

64. Mobilize emergency services

Preparing

65. Administer relief

Originator
Amanda Wirth
Contributors
8 Oct. 2008
8 Oct. 2008
8 Oct. 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Inflexible emergency response systems can
only handle limited emergencies.

Extension
Emergency response must be scalable to the crisis at hand. If response systems are not flexible, they risk being inadequate, which can cost lives. This
was the case in the aftermath of Hurricane Katrina in 2005.
"Like many parishes in Louisiana, the City of Mandeville had an alert notification system and detailed crisis communications plans in place. However,
with limited staff, they quickly found many of their existing systems were
cumbersome and inflexible and couldn’t be tailored to meet their needs
without continuous technical support. EOC [ Emergency Operations Center]
staff and dispatchers resorted to keeping track of residents and recovery
efforts on paper with little or no information from the field. The only details
they knew about the situation on the street were from what they could see
on CNN." (MissionMode 2007)
This team clearly was not prepared for disaster the size of Katrina, and their
rigid protocols could not adapt to the situation. Disasters, by nature, are difficult and unstable. Response teams must be flexible, scalable, and responsive.

Design Strategies
Create flexible teams

Version: 3

Solution Elements

M Ad Hoc Response

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations
Activity
Preparing
Originator

Rescue and Relief Work Causes Stress
Sources

Associated Functions

SAMHSA. "Stress Prevention
and Management Approaches
for Rescue Workers in the
Aftermath of Terrorist Acts."
SAMHSA's National Mental
Health Information Center,
April 2004, http://mentalhealth.samhsa.gov/publications/allpubs/KEN01-0112/
default.asp

53. Establish teams or systems
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65. Administer relief

Ruth Nechas
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
It is difficult to take proper care of the emotional health of relief and rescue workers during time sensitive disaster conditions.

Extension
Rescue and relief workers often experience stress and fatigue. This phenomenon is amplified when responding to non-natural disasters such as terrorist attacks.
" Engaging in rescue and recovery efforts in the wake of terrorist acts is
inevitably stressful for rescue workers. The long hours, breadth of needs
and demands, ambiguous roles, and exposure to human suffering can
adversely affect even the most experienced professional. While the work is
personally rewarding and challenging, it also has the potential for affecting
workers in harmful ways. Too often, the stress experienced by rescue workers is addressed as an afterthought. With a little effort, however, steps can
be taken to minimize the effects of stress." (SAMHSA 2004)
Often every minute counts on rescue and relief missions, but ignoring the
condition of relief workers is unacceptable. Ultimately, emotionally unstable
workers will do more harm than good.
The system should address these issues by giving citizens the resources to
aid themselves.

Design Strategies
Automate relief and rescue teams

Solution Elements

S Instant Instructions

Keep workers relaxed

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations
Activity
Preparing

Emergency Alarms are Not Universal
Sources

Associated Functions

Harrison, Albert. "Composure
and Panic in Time of Catastrophe: An Empowerment
Approach to Disaster
Management." 2007 Planetary Defense Conference,
2007.

61. Communicate information

32

56. Develop emergency warning methods

Originator
Cecilia Ambros
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Municipal alerts leave out many citizens and
provide very little, sometimes confusing, information.

Extension
Currently most mass alert systems are single sensory alarms, such as a tornado siren or a fire alarm. An obvious shortcoming of these systems is that
they are ineffective for people with auditory impairment. Also emergency
information is broadcast in only one language. This offers nothing to the
many non-english speakers in a diverse city.
"[An effective warning system] must include ways for the rapid delivery of
reliable information to people from different cultures and who have different
first languages. Information must be expressed in ways that are understandable and meaningful to the targeted individuals (not just governmental
agencies and scientists) and recommendations must be presented in such a
way that they will follow the recommendations given to them. Additionally,
the warning system must be able to handle fast-breaking developments
and prevail over conflicting information that people will receive from other
sources. People are particularly likely to turn to questionable sources of
advice when the official message is ambiguous or presented in a language
that is foreign to them." (Harrison 2007)

Design Strategies
Add another function to ubiquitous computers

Version: 3

Solution Elements

S Instant Instructions

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor

Catastrophic Damage May Make Areas Difficult
to Access
Sources

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations
Activity

ENN. "Changing climate will
lead to more extreme weather: Report." Environmental
News Network, Ecosystems,
June 20, 2008, http://www.
enn.com/ecosystems/article/37454
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Associated Functions
58. Maintain supplies and equipment

Preparing
Originator
Daniel Erwin
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Areas with damaged infrastructure and communications are difficult to access.

Extension
Climate change will cause an increase in violent weather. "[This] is based on
scientific evidence that a warming world will be accompanied by changes
in the intensity, duration, frequency, and geographic extent of weather and
climate extremes." (ENN 2008).
Historically, extreme weather events cause significant damage to infrastructure and communications. This makes affected areas difficult to access for
relief workers. Facing the coming storms, city's cannot rely on FEMA, the
National Guard, or the Red Cross to bring immediate relief. Relief access
was a problem in the Gulf Coast during Hurricanes Katrina and Rita in 2005.
It was also difficult after the earthquakes in Sichuan, China in 2008 and in
Kashmir in 2005.
Although it seems that densely populated areas must have local provisions
for catastrophic situations, this is inefficient. Emergency relief requires large
stores of materials that have little when there is no emergency. And relief
workers are needed in large numbers only when there has been extensive
damage in an area. Keeping a staff for these hopefully rare situations is not
feasible.

Design Strategies
Provide just-in-time emergency supplies and
equipment
Automate rescue and relief workers

Version: 3

Solution Elements

M Relief Mart
S FEMA Bot
S Rat Bots

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Emergency Operations
Activity
Responding
Originator
Amanda Wirth
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Communication Network May Fail
Sources

Associated Functions

Wohlstetter, John. "Katrina: The
Sounds of Communications
Silence." Technology
and Democracy Project,
September 22, 2005, http://
www.discovery.org/a/2881

61. Communicate Information
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63. Coordinate Relief

Dwyer, Jim and Kevin Flynn. 102
Minutes: The Untold Story
of the Fight to Survive Inside
the Twin Towers. New York:
Henry Holt and Company,
LLC, 2005.

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
While the capabilities of sophisticated digital
communications are impressive, they are vulnerable to failure when they are needed most.

Extension
Hurricane Katrina demonstrated how communications systems can fail in
emergency circumstances and the catastrophic results of an entire region left
in silence. People were terrified and lives were lost.
" Darkness ruled not just night but day, as the electric grid crash darkened
shelters and the lights of fiber-optic cable went off in an instant. Cell towers
fell, broadcast stations were yanked off the air, and the voices of a great city
fell silent. The city, and parts of the Gulf Coast as well, simply dropped off the
globally networked web of voice, data and video communications that define
societal participation in the Information Age." (Wohlstetter 2005)
Lives were also lost during the 9/11 attacks when radios became saturated
and cellular signals failed.
"On the 19th floor of the north tower, scores of doomed firefighters were
seen...taking a rest break in the final minutes, coats off, axes against the wall,
soaked in sweat. As an explanation for why [they] did not escape, a lack of
awareness seems far more likely than the mayor’s position that firefighters
were tied up helping civilians. The lack of a 'situational awareness,’ to use
the military term, was not simply a consequence of being overwhelmed by the
new epoch in terror that had arrived." (Dwyer and Flynn , p 252)

Design Strategies
Provide analog alternatives to digital
emergency communications
Create ad-hoc sensor networks

Version: 3

Solution Elements

M Neighborhood PA
M Emergency Network

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Emergency Alarms are Not Customized
Sources

Associated Functions

Personal observations

61. Communicate Information
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62. Customize Response

Mode
Emergency Operations
Activity
Responding
Originator
Ruth Nechas
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Emergency alarms are not customized or informative.

Extension
On the first Tuesday of every month at 10:00am, Chicago tests its 100 tornado sirens. The alarm howls around the city effectively indicating that there
is an emergency. If citizens are wondering whether or not there is a tornado,
than the City of Chicago has met their emergency communications needs.
But some people might not find this one note blast of information very useful. Some might be wondering where the tornado is, for example.
And if that tornado is actually close, people need to know what to do and
where to go. This would be different for every household. Special circumstances such as owning pets or being a designated helper for an elderly
neighbor would add further complication to emergency procedure. It might
be presumed that the responsibility for an individualized emergency plan
falls on individuals. This is reasonable, but after that useful plan is constructed, why don't the city alarms trigger these specific citizen-created
alerts in individual homes and buildings?
The wail of tornado siren is alarming, but it is not informative. And it is the
only citywide alarm system. If there were a terrorist attack or an alien invasion, Chicago would have absolutely no means to communicate this to its
citizens.

Design Strategies
Customize emergency communications and
response via citizen created profiles.

Version: 3

Solution Elements

M MyEmergency

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Quality Control
Activity
Repairing

Infrastructure can Fail Without Warning
Sources

Associated Functions

Water & Waste Digest. "Water
Main Breaks on Chicago's
North Side." Water & Waste
Digest, January 22, 2008,
http://www.wwdmag.com/
Water-Main-Breaks-onChicago%E2%80%99s-NorthSide-NewsPiece15192

7. Secure Utilities

36

46. Monitor Conditions
73. Monitor System Integrity
86. Correct Problem

Originator
Cecilia Ambros
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Current tools and processes for monitoring
infrastructure are insufficient.

Extension
The unanticipated failure of underground infrastructure can have catastrophic effects as was the case when a water main burst on Chicago's
North side early in 2008.
"The water destabilized the foundation of Montrose Avenue, causing a
25-ft-long rupture, and ripping several parking meters and a city light pole
from the sidewalk. Why the main ruptured wasn't immediately known,
according to the paper. 'It wouldn't be surprising to see that the weather
played a role,' [Tom LaPorte, a spokesman for the city's Department of
Water Management] said. 'It went from very cold over the weekend to warmer temperatures that can cause weakness in the pipe.' " (Water & Waste
Digest, 2008)
The city wasn't expecting it, they weren't prepared for it, and it caused
extensive damage to the neighborhood. There are several reasons for this.
One problem is that it is difficult to monitor the miles and miles of pipes
that exist beneath the city. But it isn't just a matter of scale, the city doesn't
have the right tools to constantly monitor the pipes at all. Furthermore, the
suddenness of this kind of failure makes standard emergency response procedures inadequate.

Design Strategies

Solution Elements

Embed monitoring tunnel robots

M Tunnel Robots

Use self-healing materials

S Self-Healing Pipes

Replace and upgrade damaged infrastructure

M Regenerative Maintenance

Enable better sensing

M Ubiquitous Sensors

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Quality Control
Activity

Manholes Weaken Street Integrity
Sources

Associated Functions

Kuhn, Beverly. "Utility Corridor
Structures and Other Utility
Accommodation Alternatives
in TXDOT Right of Way."
Texas Department of
Transportation, September,
2002.

85. Develop Repair Process
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Repairing
Originator
Daniel Erwin
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Uncoordinated utilities and constant construction compromise street integrity.

Extension
"As deregulation of the utility industry has taken effect, the influx of newly
formed utility companies has resulted in a high demand for access to right
of way. New growth and expansion of underground utilities in urban areas
also result in increased demand and increased competition for the space
available on highway right of way for public utilities. Concerns and problems caused by this increased demand require examination of a number of
issues. These issues include congestion, compatibility, associated liability,
and the costs attributable to engineering, construction, maintenance, and
relocation of these facilities." (Kuhn 2002)
Increased congestion without careful coordination has caused municipal
intersections to be littered with manholes. This along with constant construction is compromising street integrity. Not only is the street weakened
and susceptible to sinkholes and collapse, this also is waste of materials.
Every time a different utility digs up the street it raises the risk of disrupting
one of the other utilities in the area and the street must be repaved.

Manholes
http://www.flickr.com/photos/stevieraveon/2862013006/
Design Strategies
Reduce environmental disruption of construction

Solution Elements

S Modular Street Surface
M Utility Mains

Coordinate utilities

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Reporting Maintenance Issues is Difficult
Sources

Associated Functions

Personal observations

59. Identify emergency Source
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83. Report Problem

Mode
Quality Control
Activity
Repairing
Originator
Amanda Wirth
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
It is difficult to report damaged infrastructure.

Extension
Many emergencies could be avoided if small problems were promptly
reported. However, when residents walk through their neighborhoods and
notice a stop sign has fallen over or a fire hydrant has been opened, they
often fail to report the issue. Perhaps they mean to do it later, maybe when
they get home after a more pressing errand. And even if people do remember later that they saw a problem, they may not remember where exactly or
at what time. It is also often unclear who exactly should be called. It's easiest to alert the 311 call center, and let them decide where the information
really needs to go. But this extra step might be the difference between a
small problem and an emergency.
Further more, a piece of infrastructure could fail when there was no one
around to witness it. Right now many parts of urban infrastructure are not
monitored and repairs depend on eye witness reports. This leaves the city
vulnerable to extensive damage. Broken street signs, street lights, open fire
hydrants, potholes, fallen electrical wires, backed up sewers can all present real danger to urban populations if not quickly remedied.

Design Strategies
Infrastructure is able to identify and communicate damage
Citizens can report damaged infrastructure on
site

Version: 3

Solution Elements

S Site Speak
M Gaper's button
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Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Repairs are Temporary Solutions
Sources

Associated Functions

Personal observations

86. Correct problem
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Mode
Quality Control
Activity
Repairing
Originator
Ruth Nechas
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Repairs spend material and financial resources inefficiently on temporary solutions.

Extension
Temporary repairs may appear to be quick and inexpensive solution to
crumbling infrastructure, but they just delay the inevitable. They also use
up financial and material resources while they do this. Infrastructure is a big
picture issue and needs big solutions.
Part of the problem is that the life cycle of built infrastructure has not
been fully considered in the past. Engineers were not thinking about the
inevitable replacement of water mains when they were laying them down a
hundred years ago. Historically well-built pipes often last up to a hundred
years, which makes the high cost of their installation more than worth it.
But despite their long term value, when it comes time to replace pipes, it is
an enormous burden on a city.
This needs to be better planned from the beginning. The way pipes are
installed and maintained should look forward to their eventual replacement.
When pipes are continuously patched, their quality and efficiency degrades.
Eventually they will burst and cause large amounts of damage. Regenerative
maintenance that actually replaces small segments of damaged pipes
instead of patching them would mitigate these disasters.

Design Strategies
Replace and upgrade damaged infrastructure

Version: 3

Solution Elements

M Regenerative Maintenance

Date: 29 November 2008

Date of Original: 30 September 2008

Disease is a Threat to Urban Populations

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Adaptation
Activity
Using

Sources

Associated Functions

Pimentel, David, M. Tort, L.
D’Anna, A. Krawic, J. Berger, J.
Rossman, F. Mugo, N. Doon,
M. Shriberg, E. Howard, S.
Lee, and J. Talbot. "Ecology
of Increasing Disease."
Bioscience 48, No. 10
(October, 1998).

89. Maintain Health
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Originator
Cecilia Ambros
Contributors
8 Oct. 2008
8 Oct. 2008
8 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation

Extension

As urban populations grow, so does the threat
of widespread disease and contamination.

"Disease dynamics are ... complicated by the increased density of humans
because high densities facilitate the increase and spread of infectious
organisms among people. Rapidly expanding human populations and widespread environmental degradation contribute to expanded world disease
problems. Human plagues such as the Black Death, cholera, tuberculosis
(TB), and HIV are essentially problems of dense urban populations. Crowded
conditions in urban areas provide the ideal environment for the culture and
spread of old diseases, such as cholera and TB, as well as for many newly
emerging diseases, such as HIV." (Pimentel et al, 1998)
As cities become more densely populated the current mitigative responses
to epidemic disease such as vaccine dissemination and quarantines
becomes increasingly difficult and expensive. This is particularly true when
the population is faced with a new strain of disease for which no or little
vaccine has been prepared. This type of situation is a real threat as world
travel becomes more common. Diseases travel quickly across oceans as
tourists and travellers carry germs between populations. The ability to
detect airborne and waterborne diseases must improve. There must be clear
and instant indicators that alert people to dangerous germs.

People wearing masks in China during the
SARS epidemic.
http://www.nature.com

Design Strategies
Monitor air and water for contagions

Version: 3

Solution Elements

S

Bio-Nano Security

Date: 29 November 2008

Date of Original: 30 September 2008

Utilities do not Promote Neighborhoods and
Communities

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Sources

Associated Functions

Personal Observations

15. Demonstrate value
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17. Engage community

Mode
Adaptation

90. Connect with others

Activity
Using
Originator
Daniel Erwin
Contributors
8 Oct. 2008
8 Oct. 2008
8 Oct. 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
Though utilities are essential to urban life,
and affect every single resident of the city,
they are not leveraged as a uniting factor in
neighborhoods and communities.

Extension
City populations consist of many ages, races, and ethnicities. There are also
differences in finances, politics, education, personal interests and values. A
good city celebrates diversity, but must also find ways to unite its citizens.
Chicago does many things to promote neighborhoods and communities,
such as holding festivals and displaying neighborhood themed street banners, but not everyone cares about these things. Water, energy, waste management, and information are essential factors in every resident's life. There
is a shared value for these utilities in even the most diverse communities,
but they are not being leveraged to this end.
The city is not using utilities as a uniting issue for neighborhoods because
as it stands, neighborhoods have little to no involvement in their utility management. If residents had a voice on how their utilities were managed and
given incentive to manage them well, this would become a unifying goal in
every neighborhood.

Design Strategies
Create communities around neighborhood
energy generation

Version: 3

Solution Elements

S Energy Gardens

Date: 29 November 2008
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Citizens are Unable to Stay Connected While
Travelling

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Sources

Associated Functions

Personal observations

93. Travelling within the city
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Mode
Adaptation
Activity
Using
Originator
Amanda Wirth
Contributors
8 Oct. 2008
8 Oct. 2008
8 Oct. 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
Wireless connections are limited to distributed hotspots. There is no city-wide wireless
connection. Mobile devices also require charging which can be inconvenient.

Extension
The functionality of mobile devices is limited to specific hotspot locations.
People are unable to find connections in many parts of the city. This is particularly limiting for people who may otherwise use commutes on public
transportation to get work done. Right now people can not go from home to
work and stay connected the entire time. There have been some municipal
wireless projects around the country where wireless signals overlap to create a blanket connection for a city. Most of them have failed as they have
proven to be financially unfeasible, poor quality, and ultimately undesirable.
However, investing in the right wireless technology would be valuable for
citizens.
Another factor that makes travelling with mobile devices difficult is having
to recharge. Batteries are getting better, but they still do not last very long.
When people are mobile, they may not be near a convenient place to charge
their devices. Carrying multiple extra batteries around is cumbersome, especially if one must do this for more than one mobile device.

Design Strategies

Solution Elements

Provide citywide wireless coverage

E MuniWi

Support wireless charging

M Wiitricity

Version: 3
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Design Factor

Utilities are Ugly and Sequestered

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Sources

Associated Functions

Personal observations

2. Appropriate space
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17. Engage community

Mode
Adaptation

91. Play within the built environment

Activity
Using
Originator
Ruth Nechas
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation

Extension

Though utilities are an essential part of everyday life, utility structures are ugly and sequestered.

Residents want wireless towers that send a clear signal and substations that
transmit electricity reliably, but every time they pass one of the fenced off
and strangely humming utility compounds they also wish it didn't have to
be such an unattractive and dangerous looking part of their city.
It doesn't.
Structures that are essential to city life should reflect human values.
Engineers work hard to make sure that every new generation of utility structures offer more functionality and efficiency while completely ignoring their
form. People care what things look like, particularly things they see and use
every day.
Computers and mobile phones are good examples of products that have
undergone transformations from something entirely functional to something
well designed and attractive. There is financial incentive to make these products beautiful because people buy them. There are incentives for making
utility structures beautiful as well. Cities wouldn't have to reserve valuable
real estate for these atrocities if they were presentable and able to be integrated into community parks.

Substation.
http://www.powereng.com

Design Strategies
Create beautiful utility structures in public
spaces

Solution Elements

E Utility Playgrounds
S

Version: 3

Utility Art
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Design Factor

Visitors Are Unaware of Local Attractions

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Sources

Associated Functions

Personal observations

91. Play within the built environment
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93. Travelling within the city

Mode
Adaptation
Activity
Using
Originator
Cecilia Ambros
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Visitors from out of town may walk right past
interesting local attractions without recognizing them.

Extension
Nearly every block of Chicago is seeped in rich history. But it is nearly
impossible to convey even half that information to visiting tourists. They can
read books, but this information is most interesting when visitors are actually walking through. Tours offer information, but they can not encompass
everything. There is something special about being able to wander around a
city and learn what it is all about. Unfortunately, there is no process in place
that conveys location or interest aware information. A tourist can cross over
the Chicago River many times without ever hearing about the locks and the
amazing engineering feat of reversing the water's flow away from the lake.
This technology would add extra value for tourists, but it also addresses
problems of local traveling. Commuters often need information at stops and
transfer stations. Currently the system for this is insufficient. The information is limited and not customizable. Commuters may be able to find some
relevant information among a lot of information that is of no interest to
them. This can be frustrating, particularly if time is an issue, which is often
the case even when touring.

Design Strategies
Offer site specific information through context
aware computing

Version: 3

Solution Elements

M Info Barkers
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Design Factor

45

Automation Takes Away Jobs

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Adaptation
Activity
Using

Sources

Associated Functions

Lamb, Gregory M. "Automation
streamlines services, but
at what cost?" USAToday,
August 23, 2004, Tech
section, http://www.usatoday.com/tech/news/
techinnovations/2004-08-29automation_x.htm

94. Support Employment

Originator
Cecilia Ambros
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
As automation increases, jobs are taken away
from people who need them.

Extension
"Over the past 10 years, companies have spent some $100 billion installing [industrial robots]. Nearly 1 million are now on the job. The investment
has proven spectacularly effective. The productivity of these machines has
risen about 7% a year for the past decade. But the human cost has been
immense. Automation has eliminated some 10 million jobs, mostly in manufacturing, over the same time period." (Lamb 2004)
Though robots are good replacements for tedious, dangerous, and labor
intensive tasks, they are not god at abstract thought or empathy. The system needs to direct people who previously held manual labor jobs towards
the service or knowledge sector. Instead of laying off people whose jobs
have become redundant because of automation, companies should consider
how these people could bring new value to their business in the form of customer service.
There is no denying that automation increases productivity in certain sectors. But humans are equally valuable in others. Employers need to think
before letting these assets go. This will require new training programs and
possibly new business models entirely.

Design Strategies
Create new jobs

Solution Elements

M Tell it to Mama
S Robot Builder
S Dept. of Robotics

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor

System Does Not Support Local Energy
Generation
Sources

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode

Gangemi, Jeffery. "Selling
Power Back to the Grid."
Business Week , July 6, 2006.

46

Associated Functions
98. Consume Materials

Adaptation
Activity
Interacting
Originator
Daniel Erwin
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Observation
The city does not allow citizens to connect
solar cells and other generation devices to put
energy back into the grid.

Extension
"...Most states only allow customers to generate enough energy to cover
their own needs. Through a process called net metering, an individual or
business produces energy during the day, feeds it back into the grid, then
gets credited for the amount of energy produced." (Gangemi 2006)
If a citizen produces excess energy, he or she should be permitted to sell
that energy. Receiving credit is good, but limited. A citizen could conceivable
turn all his land into turbines and solar panels and produce considerably
more energy than his household needs. Why shouldn't he be able to receive
money for that energy? There is no reasonable alternative to cash, nor
should there have to be.
New technology has made it possible to have a grid made up of millions of
distributed nodes. Energy should get be worth the same amount if it is coming from ComEd or if it is coming from the house down the street. Finally,
producers need to be reimbursed accordingly.

Design Strategies
Create systems that allow distributed nodes
to sell excess energy back to grid

Version: 3

Solution Elements

M Citizen ComEd

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

Users are Unaware of Needs and Possibilities
Sources

Associated Functions

Personal observation

100. Define objectives

47

Mode
Adaptation
Activity
Customization
Originator
Amanda Wirth
Contributors
13 Oct. 2008
13 Oct. 2008
13 Oct. 2008

Cecilia Ambros
Daniel Erwin
Ruth Nechas

Observation
People often are limited in their problem solving by the answers they are already familiar
with.

Extension
Many people have mobile devices and have to charge their batteries frequently. They usual complaint is that they wish charging was more convenient or that batteries were more efficient, but actually what people really
want is to not have batteries at all. This is an example of framing their problems and looking for solutions within familiar contexts.
As more and more open source platforms become available and device functionality is dependent on user decisions, it is important that people have
access to each others ideas. Sharing solutions will open up more possibilities to broader populations. Seeing new solutions other people have discovered will help people frame their own problems correctly. And correctly
understanding a problem makes a good solution more likely. And people
can build on the good solutions of others. Even if one doesn't have the ability to create a solution, having a forum for ideas will direct a good idea to
someone capable of engineering the solution.

Design Strategies
Establish venues for sharing ideas and

Version: 3

Solution Elements

E Ideagora

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor

City Doesn't Recognize Citizen Concerns
Sources

Project
Chicago: Vision of the Future
Hyperconnected Infrastructure
Mode
Adaptation
Activity
Customizing
Originator
Ruth Nechas

Riley, Thomas B. "E Platform
for Citizen's Engagement:
A Three-Tier Approach."
Paper presented at the
United Nations Department
of Economic and Social
Affairs Program International
Conference on Engaging
Communities, Brisbane,
Queensland, August 14-17,
2005.
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Associated Functions
101. Participate in planning

Contributors
8 Oct. 2008
8 Oct. 2008
8 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Observation
Citizen participation in government is limited.
It is neither convenient, accessible, or sufficient. It is limited to monthly meeting or term
elections. There is no digital offering.

Extension
The public demands information integrity and transparency. Real estate and
tax law have grown increasingly more transparent in the past years because
of the internet. The same should be expected for local government. City
ordinance is often very complex. This is off-putting to citizens who equate
complexity and opacity with corruption. Municipal information should be
easily available and easily understood
Despite increased connectivity, the public has received no invitations for
ongoing two-way communications with their government. There need to be
mechanisms for focused participation and effective promotion of participatory opportunities. There need to be online spaces for citizen-citizen and
citizen-expert dialogue. The city must provide interactive web sites that promote discussion and idea generation and legislate to protect the privacy and
confidentiality of these online engagements. (Riley 2005)

Design Strategies
Create a platform for citizen input

Solution Elements

M Virtual Town Hall
M Citizen Jury

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Design Factor
Project
Chicago: Vision of the Future
Hyperconnected Infrastructure

49

Infrastructure is Inflexible
Sources

Associated Functions

Personal Observations

6. Install new infrastructure
11. Upgrade with new additions

Mode
Adaptation		

103. Customize system

Activity
Customizing
Originator
Cecilia Ambros
Contributors
20 Oct. 2008
20 Oct. 2008
20 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Observation
Once infrastructure is in place, it does not
respond to cultural, economic, and other
changing circumstances.

Design Strategies
Flexible, adaptive systems

Extension
Because of the cumbersome nature of the current infrastructure it is
extremely difficult to replace or even repair its component parts. Water
mains 6 meters wide and made of heavy, rigid materials cannot be easily moved, changed, or adapted. Currently, infrastructure teeters on the
edge of massive failure, and only gets repaired when a major problem
arises because of the large costs associated with stopping traffic, digging
up roads, locating and avoiding other utilities, and sending workers into
trenches to access aging hardware. Part of the reason why the current infrastructure has reached the level of near-crisis that it currently teeters upon
is that the effort and cost to update it is prohibitive. For a new system to be
truly successful, it must not repeat this mistake - it must be designed for
malleability.

Solution Elements

M Adaptive Infrastructure
S Smart Pipes

Version: 3

Date: 29 November 2008

Date of Original: 30 September 2008

Information Structure
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Information Structure

501
Exception
Handling

401
Response
Delivery

302
Stabalization

301
Communications

201
Awareness
Coordination

101
Transmitting
Information
59. Identify
emergency source

202
Information
Analysis

102
Collecting
Data
59. Identify
emergency source

60. Identify affected
parties

60. Identify affected
parties

61. Communicate
information

71. Track status of
usage

62. Customize
response

103
Assessing
Data

104
Documenting
Incident

68. Track performance

83. Report problem

82. Identify problem

88. Record incident

83. Report problem

203
Design for
Resilience

204
Logistics

303
Foundation
for Recovery

205
Community
Safety

206
Empowered
Culture

105
Recovering

106
Preparing
the System

107
Responding

53. Establish teams or
systems

53. Establish teams or
systems

53. Establish teams or
systems

55. Build emergency
awareness

53. Establish teams or
systems

69. Follow up after
recovery

66. Restore area to
previous state

56. Develop
emergency warning
methods

54. Develop plan of
response

57. Practice
emergency plans

54. Develop plan of
response

74. Define objectives

67. Build improvements

58. Maintain supplies
and equipment
62. Customize
response

57. Practice
emergency plans

108
Preparing
the Community

109
Establishing
Support

74. Define objectives
75. Enforce standards

58. Maintain supplies
and equipment

63. Coordinate relief

63. Coordinate relief

64. Mobilize
emergency services

64. Mobilize
emergency services

68. Track performance

65. Administer relief

76. Prioritize
objectives
77. Assign tasks

76

110
Creating a
Dialogue

76. Prioritize
objectives
78. Implement
process

a

fter

ctives
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Information Structure

601
Interaction

502
User
Experience

402
Community
Development

304
Intelligent
Growth

207
Customization

111
Maintaining
Health and
Wellness

112
Framing
Possibilities

80. Clean system

100. Define objectives

89. Maintain health

103. Customize the
system

113
Synthesizing

103. Customize the
system
105. Update the
system

208
Recreation

114
Enjoying
the City
91. Play within the
built environment
93. Travel within the
city

209
Co-creation

115
Planning

76. Prioritize
objectives
101. Participate in
planning
102. Communicate
concepts

305
Community
Involvement

210
Strategy
Allignment

116
Engaging

17. Engage community
91. Play within the
built environment
102. Communicate
concepts

212
Outreach

211
Educational
Guidance

117
Learning

13. Communicate
learning needs
14. Publicize
capabilities
15. Demonstrate value
16. Teach functionality

118
Advising

14. Publicize
capabilities

119
Campaigning

17. Engage community

16. Teach functionality

18. Incentivize
adoption

51. Prevent misuse of
systems

90. Connect with
others

120
Networking

121
Assembling
Information

90. Connect with
others

28. Optimize
information

94. Support
employment

32. Filter informa

49. Solicit public
92. Acquire
knowledge

17. Engage community
102. Communicate
concepts

77

Hyperconnected Infrastructure | Chicago Vision for the Future

Information Structure
Hyperconnected
Infrastructure

502
User
Experience

402
Community
Development

304
Intelligent
Growth

403
Responsive
Implementation

306
Risk
Management

305
Community
Involvement

212
210
Strategy Outreach
Allignment

119
mpaigning

403
Responsive
Implementation

211
Educational
Guidance

117
120
LearningNetworking

213
Information
Sharing

118
121
AdvisingAssembling
Information

212
Outreach

119
122
Campaigning
Delivering
Information

214
Beta
Evaluation

120
123
Networking Pilot
Testing

213
Information
Sharing

121
124
Assembling
Partnering
Information

215 214
Prevention
Beta
Evaluation

122
Delivering
Information

125123
Anticipating
Pilot
Testing

90. Connect with14. Publicize
28. Optimize
Route information
19.with
Initialize systems
21. Encourage 34. Route information 45. 19.
Identify
riskssystems
age
unity
community
13. Communicate
17. Engage34.
community
90. Connect
28. Optimize
Initialize
others
information
partnerships
learning needs
capabilities
others
information
36. Distribute
22. Test new
47. 22.
Predict
entivize
18. Incentivize
36. Distribute
Testand
new
94. Support
Filter information
equipment
84. Identify solution
forecast
disaster
tn
14. Publicize
16. Teach32.
functionality
adoption computing
94. Support
32. Filter information
computing
equipment
employment
capabilities
employment
49.misuse
Solicitof
public90.
input
104. Test adaptation
48. 104.
Analyze
nect
e
with
51. Prevent
Connect with
49. Solicit public input
Testprevious
adaptation
disasters
15. Demonstrate value
systems
others
92. Acquire
92. Acquire
knowledge
16. Teach functionality
knowledge
17. Engage community
102. Communicate
concepts
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306
Risk
Management

216
Diagnostics

126124
Partnering
Monitoring

45. 21.
Identify
risks
Encourage
partnerships
46. Monitor
conditions
84. Identify solution
50. Collect
information

215
Prevention

127
Examining

46. Monitor
conditions

125
Anticipating

128126
Protecting
Monitoring
the System

45. Identify risks

7. Secure
utilities
45. Identify
risks

70. 46.
Examine
47. Predict and
Monitor
73. Monitor system
deliverables
forecast disaster
conditions
integrity
48. Analyze previous
50. Collect
79. Inspect system
disasters
information

216
Diagnostics

E
Man

129
127
Distributing
Examining
Energy
23. Balance power
46. Monitor
conditionsload
25.system
Select energy
73. Monitor
integrity source
27.
Conserve energy
79. Inspect
system
35. Route energy
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Information Structure

ted
re

m

s

404
Energy Systems
Management

308
Interaction

307
Operations

217
Energy
Management

129
Distributing
Energy
23. Balance power
load

219
Interface

218
Service

130
Producing
Energy
23. Balance power
load

25. Select energy
source

25. Select energy
source

27. Conserve energy

29. Generate energy

35. Route energy

309
Resource
Management

131
Measuring
Use

132
Using

72. Meter usage

97. Accept service

99. Collect feedback

98. Consume
materials

133
Choosing

95. Disconnect from
the system
97. Accept service

220
Distributed
Water
Management

134
Initializing

96. Engage the
system

135
Managing
Water

222
Material
Optimization

221
Storage
Management

136
Distributing
Storage

M

138
Managing
Waste

137
Centralizing
Storage

139
Managing
Materials

26. Conserve water

40. Store energy

41. Store data

24. Reduce waste

1. Acquire materia

30. Filter water

43. Store drinking
water

43. Store drinking
water

31. Recycle waste

8. Remove
unnecessary mate

97. Accept service
37. Move water
42. Manage storm
water

33. Separate waste
52. Implement
mitigative measures

24. Reduce waste
39. Move waste

31. Recycle waste
44. Store waste

Conclusion
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309
Resource
Management
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Information Structure

503
Material Systems
Management

405
Responsive
Infrastructure

222
Material
Optimization

221
Storage
Management

136
Distributing
Storage

311
Infrastructure
Adaptation

310
Infrastructure
Optimization

137
Centralizing
Storage

138
Managing
Waste

223
Sustainable
Construction

139
Managing
Materials

224
Construction
for Use

140
Building

ore energy

41. Store data

24. Reduce waste

1. Acquire materials

1. Acquire materials

ore drinking

43. Store drinking
water

31. Recycle waste

8. Remove
unnecessary materials

2. Appropriate space

33. Separate waste
39. Move waste
31. Recycle waste

12. Install access
points
38. Transmit energy

4. Stage materials
near site

44. Store waste
6. Install new
infrastructure
24. Reduce waste
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141
Connecting
Systems

142
Maintaining
Resources
5. Manage resources
6. Install new
infrastructure

3. Prepare site
24. Reduce waste

mplement
ative measures

225
Growth
Management

9. Update existing
structure
81. Perform routine
maintenance

226
Proactive
Operations

143
Updating

144
Unifying
Systems

145
Repairing

6. Install new
infrastructure

10. Merge new and
existing structures

85. Develop repair
process

9. Update existing
structure

20. Integrate with
existing utility
systems

86. Correct problem

10. Merge new and
existing structures
11. Upgrade with new
additions

87. Validate repair

Activity Analysis
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Activity Analysis
Project

Chicago: Vision for the Future
Hyperconnected Infrastructure

Mode

Activity

1

Constructing
Scenario
Utilities are built into new areas or new utilities are installed within the right of way.

Installation
Originator
Daniel Erwin
Contributors
21 Sept. 2008
21 Sept, 2008
21 Sept, 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Users
Department of Underground Coordination
Land surveyors
Construction contractors
Utility companies
City inspectors
Suppliers
Project managers

System Functions
1. Acquire materials
2. Appropriate space
3. Prepare site
4. Stage materials near site
5. Manage resources
6. Install new infrastructure
7. Secure utilities

Version: 2

System Components

Environmental Components

Tunneling equipment
Construction materials
Construction vehicles
Land surveillance equipment
Project contracts
Planning software

Chicago
Right of way
Weather conditions

Associated Design Factors
10. Value is only apparent after long-term commitment
11. Some people are conservative about technology acquisition
12. User groups do not have alignment
41. Utilities do not promote neighborhoods and communities
43. Utilities are ugly and sequestered

Date: 30 September, 2008

Date of Original: 19 September, 2008

Activity Analysis
Project

Chicago: Vision for the Future
Hyperconnected Infrastructure

Mode

Activity

4

Introducing
Scenario
New utility systems are installed or renovated and need to be
introduced for public use.

Installation
Originator
Daniel Erwin
Contributors
21 Sept. 2008
21 Sept, 2008
21 Sept, 2008

Cecilia Ambros
Ruth Nechas
Amanda Wirth

Users
Utility Companies
Chicago residents
Appliance manufacturers

System Functions
18. Incentivize adoption
19. Initialize systems
20. Integrate with existing utility systems
21. Encourage partnerships
22. Test new equipment

Version: 2

System Components

Environmental Components

Utility system
Appliances

Residences

Associated Design Factors
1. Materials degrade too quickly
2. Surrounding site may be harmed
3. Construction is repetitious, labor intensive and dangerous
4. Coordinating disparate utilities
5. Congestion of Right of Way
6. High barriers to entry
7. Utilities are subject to sabotage and disaster
36. Infrastructure can fail without warning
49. Infrastructure is inflexible

Date: 30 September, 2008

Date of Original: 19 September, 2008

Solution Elements
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Solution Element

E M S

Utilidors

12

Description

Project
Chicago: Vision for the Future
Hyperconnected Infrastructure

A combined housing for all utilities

Mode
Installation
Activity
Constructing
Originator
Ruth Nechas
Source

Contributors
11 Oct. 2008
11 Oct. 2008
11 Oct. 2008

Cecilia Ambros
Daniel Erwin
Amanda Wirth

Texas Department of Transportation

Properties
•
•
•
•
•
•

Modular Roadsurface
Large (3 to 6 meter) square tube
Room for expansion and additions
Accommodation for maintenance teams and equipment
Drainage in case of breakage
Compartments for physical isolation and electromagnetic
shielding
• Swarm Robotics
• Self-healing pipes

Features
• Provides a location for independent utilities to house their
distribution network within the city
• Eliminates need for expensive and destructive excavations
• Minimizes congestion of the right of way
• Facilitates co-location, maintenance, and access to utilities
• Eases barriers of entry and exit for all infrastructure
providers, facilitating
• Establishes a healthy market competition between
technologies and organizations
• Allows for easy addition of new distribution technologies
• Provides fast, easy access for maintenance and repair
• Protects distribution hardware from natural elements
• Enables adaptation
• Reduces construction and installation time for new utilities

Associated Function/s
6. Install new infrastructure
7. Secure utilities

Version: 1

Source Design Factor/s
5. Congestion of Right of Way
6. High Barriers to Entry
7. Utilities Subject to Sabotage & Disasters
18. Centralized Utilities are Vulnerable
37. Manholes Weaken Street Integrity
Date: 11 October, 2008

Date of Original: 5 October, 2008

Solution Element

E M S

E Pluribus Unum

44

Description

Project
Chicago: Vision for the Future
Hyperconnected Infrastructure

An integration of all utility companies; all utilities are contacted through
one organization.

Mode
Installation
Activity
Introducing
Originator
Cecilia Ambros
Source

Contributors
11 Oct. 2008
11 Oct. 2008
11 Oct. 2008

Daniel Erwin
Ruth Nechas
Amanda Wirth

Properties
• Utilidor combined housing for all utilities
• Neighborhood upcycling centers
• Vacuum tubes running through utilidors carry trash to
centralized recycling
• Plasma Decomposition: Super heated plasma reduces
garbage to its molecular components
• Closed Loop Water: Gray water and black water systems
• Anaerobic Digestion: Micro-organisms break down waste
and produces syn-gas suitable for energy production
• Water Cycling: Roadside swalls, filter strips, permeable

ground, green walls, green alleys
• Information systems that give citizens options and
incentives
• Energy Farms: robotic landfill mining for reusable resources
and collection of methane
• Trash to treasure: everything recycled, neighborhoods build
credits based on the trash they contributed
• Standard Access

Features
•
•
•
•
•

Unifies point of contact for all users
Shares information between producers and consumers
Enable efficient production and consumption
Ensure interoperability standards for vendors
Provides materials that leave the system ready to be
reused

Associated Function/s
20. Integrate with existing utility systems
21. Encourage partnerships

Version: 1

Source Design Factor/s
13. Users Have to Deal With Multiple Entities

Date: 11 October, 2008

Date of Original: 7 October, 2008

Means/Ends Analysis
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Acquire materials
Remove unnecessary
materials
Reduce waste
Recycle waste

Acquire materials
Appropriate space
Prepare site
Stage materials near site
Install new infrastructure
Reduce waste

Install access points
Transmit energy

1
8

24
31

1
2
3
4
6
24

12
38

141

140

139

138

Reduce waste
Recycle waste
Separate waste
Move waste
Store waste

24
31
33
39
44

Connecting systems

Building Infrastructure

Managing materials

Managing waste

EndsEnds
Means
Means

224

223

222

Construction for use

Sustainable construction

Material optimization

EndsEnds
Means
Means

Chicago Vision for the Future: Hyperconnected Infrastructure

Functions
Means
Functions
Means

Means/Ends Synthesis

310

Infrastructure Optimization

End End

Cluster 310

85
86
87

20

Develop repair process
Correct problem
Validate repair

Merge new systems and
existing structures
Integrate with existing
utility system

10

11

Install new infrastructure
Update existing structure
Merge new systems and
existing structures
Upgrade with new
additions

6
9
10

145

144

143

142

Manage resources
Install new infrastructure
Update existing structure
Perform routine
maintenance

5
6
9
81

Repairing

Unifying Systems

Updating Systems

Maintaining Resources

EndsEnds
Means
Means

226

225

Proactive operations

Growth management

EndsEnds
Means
Means

Chicago Vision for the Future: Hyperconnected Infrastructure

Functions
Means
Functions
Means

Means/Ends Synthesis

311

Infrastructure Adaptation

End End

Cluster 311

Ends/Means Synthesis
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310

End for What Means?

Infrastructure Optimization

End Functions Means

End for What Means?

Minimize environmental
impact

Optimize materials

Streamline building
processes

Consolidate utilities

End for What Means?

Eliminate the concept of
waste

Use multi-purpose
materials

Automate construction

Create a non-invasive
system

Means
End Ends
Means

Chicago Vision for the Future: Hyperconnected Infrastructure

Means
End Ends
Means

Ends/Means Synthesis

Waste Cycling

Lifecycle Construction

Utility Main

E Pluribus Unum

EndSystem Element
Means

Cluster 310

311

End for What Means?

Infrastructure Adaptation

End Functions Means

End for What Means?

Integrate systems

Update the system

Repair the infrastructure

Maintain the system

End for What Means?

Build infrastructure that
minimizes barriers to entry

Facilitate change and
growth

Maximize system selfhealing

Provide access for repairs
and maintenace

Means
End Ends
Means

Chicago Vision for the Future: Hyperconnected Infrastructure

Means
End Ends
Means

Ends/Means Synthesis

Utility Main

Lifecycle Construction

EndSystem Element
Means

Cluster 311

Matrix Check Forms

97

Hyperconnected Infrastructure | Chicago Vision for the Future

Functions

Prepare site

Stage materials

Manage resources

Install new infrastructure

Remove materials

Update existing structure

3.

4.

5.

6.

8.

9.

87. Validate repair

86. Correct problem

85. Develop repair process

81. Perform routine maintenance

44. Store waste

39. Move waste

38. Transmit energy

33. Separate waste

31. Recycle waste

24. Reduce waste

20. Integrate existing systems

12. Install access points

11. Upgrade with additions

10. Merge new and existing structures

Appropriate space

Acquire materials

2.

1.

Features

System Elements

Strongly supports fulfillment of the Function

311

1
Waste
Cycling

Page

11 01 02 03 04 05 06 07 08 01 02 03

Lifecycle Construction

Cluster

Supports fulfillment of the Function

01 02 03 04 01 02 03 04 05 06 07 08 09 10

Utility Main

Chicago Vision for the Future: Hyperconnected Infrastructure

E Pluribus Unum

Project

Functions

Prepare site

Stage materials

Manage resources

Install new infrastructure

Remove materials

Update existing structure

3.

4.

5.

6.

8.

9.

87. Validate repair

86. Correct problem

85. Develop repair process

81. Perform routine maintenance

44. Store waste

39. Move waste

38. Transmit energy

33. Separate waste

31. Recycle waste

24. Reduce waste

20. Integrate existing systems

12. Install access points

11. Upgrade with additions

10. Merge new and existing structures

Appropriate space

Acquire materials

2.

1.

Features

System Elements

Cluster

Strongly supports fulfillment of the Function

Supports fulfillment of the Function

01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08 09 10 11

Utility Main
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Lifecycle Construction

Project
310

Page

1

System Element Interaction
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Water Cycling

Clean Energy

Waste Cycling

2

3

4

Scoring
3 Critical Relationship
2 Strong Relationship
1 Slight Relationship
0 No Relationship

E Pluribus Unum

1

1

E Pluribus Unum

E Pluribus Unum
considers Waste Cycling
with all other utilities

E Pluribus Unum
considers Clean Energy
with all other utilities

E Pluribus Unum
considers Water Cycling
with all other utilities

System Element Relationships

Water Cycling

2

3

2

0

3

Correlation during gray
and black water cycling

3

3

3

3

Clean Energy

Organic waste is
converted into bio solids
and used as fertilizer

2

3

4

Chicago Vision for the Future: Hyperconnected Infrastructure
System Elements Pairing 1 - 4 with 1 - 4

Waste Cycling

1,1

3

Water Cycling

Clean Energy

Waste Cycling

2

3

4

Scoring
3 Critical Relationship
2 Strong Relationship
1 Slight Relationship
0 No Relationship

E Pluribus Unum

1

5

Intelligent
Infrastructure

Sensors sort organic and
inorganic waste to send to
separate locations

Sensors detect usage
and flow patterns of
consumption

Sensors detect quality
information within the
water cycle with bio-nano
sensors

Information collected
from the Intelligent
Infrastructure is shared
with all utility companies

System Element Relationships

0

2

Utility Main

0

2

6

0

2

2

7

Lifecycle Construction

1
Smart materials used for
the TrashVacuum within
the Utility Main ensure safe
passage of waste

0

8

Chicago Vision for the Future: Hyperconnected Infrastructure
System Elements Pairing 1 - 4 with 5 - 8

Research Consortium

0

1,2

System Elements
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System Element

E M S

E Pluribus Unum

SuperSet Element(s)

Originator

1
Related Elements
Utility Main

Daniel Erwin
Contributors
30 Nov. 2008
30 Nov. 2008
30 Nov. 2008
Sources

Cecilia Ambros
Daniel Erwin
Amanda Wirth
SubSet Element(s)
Water Cycling
Clean Energy
Waste Cycling

Description
The Hyperconnected Infrastructure system is based on a
holistic approach to utility management that will simplify the
provision of the basic elements of life for both users and providers. This unification allows the city to better take advantage of the convergence of the production of vital resources
and enables the ongoing integration of information technologies.
Latin for "From Many, One", this element brings together

all of the city's utilities to enable the system to take advantage of efficiencies of scope. Using integrated management,
real estate, and information enables the utilities to provide
higher-quality services with more stability and efficiency. The
system makes it easy for utility providers, regulators, and
construction and maintenance personnel to take advantage
of synergies by monitoring all the utilities together. It also
allows users to interact with just one point of contact for all
energy, waste, water, and information services.

Properties
• Utility Main: combined housing for all utilities
• Neighborhood upcycling centers
• TrashVacuum: vacuum tubes running through utilidors
carry trash to centralized recycling
• Plasma Decomposition: Super heated plasma reduces garbage to its molecular components
• Closed Loop Water: Gray water and black water systems
• Anaerobic Digestion: Micro-organisms break down waste
and produces syn-gas suitable for energy production
• Water Cycling: Roadside swalls, filterstrips, permeable
ground, green walls, green alleys

• Information systems that give citizens options and incentives
• Energy Farms: robotic landfill mining for reusable resources and collection of methane
• Trash to treasure: everything recycled, neighborhoods
build credits based on the trash they contributed
• Standard Access

Features
•
•
•
•
•

Unifies point of contact for all users
Shares information between producers and consumers
Enable efficient production and consumption
Ensure interoperability standards for vendors
Provides materials that leave the system ready to be
reused
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Associated Design Factors

1. Acquire materials
2. Appropriate space
3. Prepare site
4. Stage materials
6. Install new infrastructure
8. Remove materials
12. Install access points
24. Reduce waste
31. Recycle waste
33. Separate waste
38. Transmit energy
39. Move waste
44. Store waste

5. Congestion of Right of Way
6. High Barriers to Entry
7. Utilities Subject to Sabotage & Disasters
18. Centralized Utilities are Vulnerable
37. Manholes Weaken Street Integrity

Discussion
All of the city's utilities are interconnected, distributed alongside one another in a single buried corridor, and each is necessary for the proper, sustainable functioning of the others.
All these utilities - including ones added during later stages
of the system's roll-out, like hydrogen - are routed through
the same corridors, controlled and monitored through common control panels, and planned and maintained by cooperative teams of experts. This level of interconnection creates a
highly efficient process for building and repairing the city's
vital functions, and it also makes it possible to provide consumers with more stable, transparent, and responsive service.
Water Cycling - the most basic stuff of life - is never dumped
or discarded, but thoroughly cleaned and returned to the
feeder stream as close to the point of consumption as possible.
Waste Cycling - from consumer products to industrial inputs
to food - is collected from receptacles or from the water
stream, processed, and made into raw materials headed for
reuse before they exit the system.
Clean Energy - while it cannot be recycled, is produced close
to where it is used with low-impact and sustainable means,
shared with open-access distribution, and transmitted without loss with superconducting materials.
Information - is stored in multiple, redundant facilities to
ensure that it is always available. It also facilitates, optimizes, and records the interactions of the other three utilities,
keeping everyone up to date on current supplies and letting
them have a say in future developments.
Each of these four utilities is tested for high standards of
quality at centralized generation sites. At the same time,
citizens act as responsible stewards of their own resources
by generating and processing each of these in localized, dis-
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tributed nodes at the household or neighborhood level. This
distribution of functionality not only makes the system more
sustainable from a resource-consumption point of view, but
also from a network-stability point of view. If the main supply
lines are disrupted or taken out of service for repair, the system will route around them and continue to provide service
from backup resources stored in batteries, water tanks, and
computers throughout the city. Like the internet, this multinodal, distributed structure allows for superior robustness,
flexibility, capacity, and is self-healing.
Through this distributed generation model, the system
changes the nature of the citizen's relationship with the city's
infrastructure from that of a consumer to that of a producer.
All of the systems are two-way, open markets, meaning that
anything produced at a user node can be re-inserted into
the system and the user will be credited for the value of that
resource. While the maintenance of the system's equipment
isn't labor-intensive, it does require configuration and continual supervision, which encourages citizens to be aware of
the city's support systems and to ensure they are cared for.
When citizens have input into the energy production process,
and when they have a stake in the flow of water and materials throughout the city, they place a greater value on keeping
their infrastructure up to date and ready for the challenges
that await Chicago.
To get the multi-disciplinary view necessary to successfully design and engineer this unified system, the utilities
management education brings together the study of all the
elements necessary to supply a city, mirroring the convergence in many other fields of academia. University education
leading to certification in designing and managing any of the
utilities includes an in-depth introduction to each of the other
utilities to promote further integration and synergy between
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Description
The Utility Main is a combined underground housing for all
utilities which allows easy access for installation and maintenance of all utilities. While keeping cables and tubes in a
controlled environment where they will be protected from
temperature changes, groundwater, and soil movements, this
structure makes it easy to get to the infrastructure quickly
and efficiently, reducing cost barriers for adding new utilities
and removing obsolete hardware. With a long history of use

in many localities and on institutional campuses, this structure provides economy of scale advantages for the installation and for every instance of accessing all included utilities.

Properties
•
•
•
•
•
•

Modular Roadsurface
Large (3 to 6 meter) square tube
Room for expansion and additions
Accommodation for maintenance teams and equipment
Drainage in case of breakage
Compartments for physical isolation and electromagnetic
shielding
• Swarm Robotics
• Self-healing pipes

Features
• Provides a location for independent utilities to house their
distribution network within the city
• Eliminates need for expensive and destructive excavations
• Minimizes congestion of the right of way
• Facilitates co-location, maintenance, and access to utilities
• Eases barriers of entry and exit for all infrastructure providers
• Establishes a healthy market competition between technologies and organizations
• Allows for easy addition of new distribution technologies
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•
•
•
•

Provides fast, easy access for maintenance and repair
Protects distribution hardware from natural elements
Enables adaptation
Reduces construction and installation time for new utilities
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Utility Main
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Associated Design Factors

5. Manage resources
6. Install new infrastructure
9. Update existing structure
10. Merge new and existing structures
11. Upgrade with additions
20. Integrate existing systems
81. Perform routine maintenance
85. Develop repair process
86. Correct problem
87. Validate repair

13. Users Have to Deal With Multiple Entities
15 Non-recyclable Materials
16 No Sustainable Energy Choices
17 System Does Not Encourage Conservation
18 Renewables Produce Intermittent Energy
20 No Signal to Public About Water Quality
21 Moving Waste Takes Energy
22 Stormwater Overloads City System
23 Electricity Transmission is Inefficient
27 Plastic Bottles are Too Ubiquitous
28 Landfills Take Up Space and Under-utilize Trash
46 System Does not Support Local Energy Generation

Discussion
All of the city's utilities rely on cables, pipes, or tubes to get
them from one part of the city to another. These components
must be kept away from the elements and from vandalism
and sabotage, and during normal operation do not require
anyone to access them. However, the system recognizes that
over the long term, repairs, upgrades, and changes are the
norm. The system supports growth, flexibility, and accessibility through a unified network of spacious, underground tunnels built and owned by the city and leased by utility operators: the Utility Mains.
The utility corridor's lid will consist of panels of a strong,
light, cheap carbon-composite produced with nanotechnology processes, the Modular Roadsurface. In addition to
making street repairs fast and simple, these modules provide
good cover for the utility corridor. Each panel of this road
surface contains embedded sensors to monitor when it is
nearing the end of its useful life and to alert authorities if
the structure is accessed by unauthorized personnel. The
Modular Roadsurface is topped with a transparent layer to
allow light to pass through to power solar generation in the
body of the material. The roadsurface also preserves the
integrity of the streets by obviating the need for individual
manholes for every utility provider.
Having all utilities coordinated in a centralized, easy-toaccess location eliminates the large consumption of materials and energy involved in digging up roads. With this easyaccess model, new utilities or utility providers can be added
to the system in small, tentative steps, without the type
of financial and time commitment otherwise needed. This
makes it much easier for new utility providers to enter the cities infrastructure and create a more competitive market.
The ability to easily add and remove hardware ensures low
barriers to entry and a healthy competitive market for utility
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services, including the possibility for innovative services. The
ability to quickly and easily access pipes enables more effective, efficient utilities because of timely, inexpensive maintenance and replacement of broken hardware.
Utility providers operate under a joint strategy for dealing
with major breaches or failures, long- and short-term maintenance, and securing and accessing the corridor. Because of
this level of coordination, the main supports utility providers
through changing times and allows the city to offer the most
up-to-date services for its citizens.
The corridor provides space for all existing utilities (water,
wastewater, natural gas, electricity, cable, fiber optics,
telephone) in addition to ample space for new utilities (the
Super-Grid, TrashVacuum, etc). It also provides lighting, ventilation, climate-control, drainage, and identification markers
to make it easy for maintenance personnel to add new lines
or perform maintenance on existing hardware. Utility Mains
comes in three, modular sizes to accommodate the city's
different street widths and give maintenance workers have
access to the various parts of the infrastructure.
Utilities within the corridor are arranged so as not to interfere
with each other - water at the bottom so that if it leaks it has
less chance of affecting others; communications and electricity as far apart as possible and individually shielded so they
won't create electromagnetic interference. All these transmission lines are encased with self-healing materials which will
repair any minor cracks in such a way as to make them obvious so maintenance crews can easily find the source of the
problem. They are also outfitted with Ubiquitous Sensors to
track pressure, flow, and material stress sensors and notify
the utility company if there is any indication of an impending
rupture or other failure.
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Discussion Cont.
During the installation phase of the utility corridor, streets
scheduled for major overhauls (due to their own decay or due
to the need to access some other utility below) are replaced
by the modular road panels, allowing easy access for the next
phase. When a long, continuous section of road-surface has
been outfitted with the Modular Roadsurface, all the utilities underneath are dug up and removed at once, allowing
the rest of the corridor to be installed and new, upgraded
distribution lines installed inside. The corridor itself consists
of modular pieces, individually prefabricated for a particular
location with holes for utility lines to go into and out of based
on premapped GIS information. After it is installed, the easyaccess nature of the corridor makes it easy to install major
upgrades like the hydrogen Super-Grid progressively in small
sections, as consumption increases require its additional
capacity, while at the same time removing and recycling outdated copper wiring.
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Along with the great efficiency and adaptability of this open,
easily accessible infrastructure comes the safety hazards
of having the city's vital services contained in a single,
well-known, and accessible place. While the corridor's obvious and standardized location make it more susceptible to
intentional attacks, it is correspondingly less vulnerable to
accidental breaches and breakages that occur when pipelines
and cables are buried individually. Additionally, the corridor
is protected from intruders and anomalous activity (like broken pipes or shifting structural elements) by motion detectors, pressure monitors, and other sensors that automatically
dispatch repair crews and security personnel. Conduits
within the corridor feature self-healing materials which
can temporarily repair small cracks and ruptures. Sensors
keep track of these and other internal stresses in the walls
of pipes, alerting maintenance crews before any breakage
occurs. Finally, Swarm Robotics - armies of small repair and
monitoring robots - patrol the corridors, adding another layer
of more sophisticated sensors and control equipment which
can be dispatched where extra sensing is needed.
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