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MANY PROBLEMS FACING CITIES TODAY

Health and substance abuse

Changing demographics

Lack of affordable housing and homelessness
Crime

Infrastructure management

Environmental degradation (soil, water, air)
Energy use and carbon footprint

Resilience to climate change

Source: Survey of American mayors, 2017



SOME CAN BE SOLVED BY “SMARTNESS’

Health and substance abuse

Changing demographics

Lack of affordable housing and homelessness
Crime

Infrastructure management

Environmental degradation (soil, water, air)
Energy use and carbon footprint

Resilience to climate change



DIGGING DOWN...

Crime

Infrastructure management /environmental degradation
transportation networks

water supply

stormwater and sewage

waste management and recycling
leaf and snow clearance

tree cover and parks

parking

Energy use and carbon footprint

Resilience to climate change



AT A HIGH LEVEL...

Moving
Energy
People
Water
Waste (including leaves and snow)

Spending
Money
Energy
Carbon

With susceptibility to shocks

due to climate change



CAN WE TREAT THE CITY AS AN ORGANISM?

Study the movement of energy, materials, people, waste
to help understand and solve problems

Examples
studying flow of vehicles can identify congestion points and parking needs
studying flow of water can identify water losses and reservoir capacity

study of snow fall and movement can identify snow clearance routes



The Metabolism of Cities

by \bel Wolman

cdty can be defined as all the

materials and commodities need-
ed to sustain the city’s inhabitants at
home, at work and at play. Over a peri-
od of time these requirements include
even the construction materials needed
to build and rebuild the city itself. The
metabolic cycle is not completed until
the wastes and residues of daily life
have been removed and disposed of
with a minimum of nuisance and haz-

flﬁhe metabolic requirements of a

Wolman, A. (1965). The metabolism of cities. Scientific American, 213, 179-190.
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Estimated U.S. Energy Consumption in 2017: 97.7 Quads
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2 « TRANSFORMATIO 3 « CONSOMMATION 4 « EFFICACITE DU SYSTEME
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Figure 1: Sankey diagram of Quebec’s energy system in 2012

Quebec's Energy Flows in 2012 from blog post 'The State of Energy in Quebec 2015' by Benjamin Israel and David B. Layzellat http://www.cesarnet.ca gy-quebec-2015
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Planning and Development, 134, 21.



sustainable urban futures will require a
fundamental transformation of existing production and consumption patterns in cities, and
that looking into how these patterns are organized into flows—of materials, energy, people,
meanings, and power—is a fruitful avenue to investigate such transformation.

Castan Broto, V., Allen, A., Rapoport, E., 2012. Interdisciplinary perspectives on
urban metabolism. |. Ind. Ecol. 16, 851-861, http://dx.doi.org/10.1111/j.1530-
9290.2012.00556.x.



BUT....

Data Acquisition

The biggest challenge of this study was to find reliable data.
Some of the current information on consumption of water, food,
and energy at the neighborhood level is scarce and therefore the
metabolism of neighborhoods is established with the data avail-
able. For the system defined above, data are collected from vari-

available data. For MFA to develop, however—
and it should conceivably be conducted every
year or at the very least every five years for effec-
tive environmental policies to be implemented—
it will be necessary for government to improve
data production, collection, and availability.

(1) Lack of data: Despite the acknowledged importance
of cities for the overall volume of socio-economic

comes. Data gaps, omitted/hidden upstream flows, uncertainty
regarding the appropriate scale of analysis, and segregated infor-
mation sources continue to constrain fine accounting of the urban
metabolism of cities. No studies have yet been able to describe flows
into a city and the waste sinks in a way that correlates those flows
with the specific residents and their activities, let alone a cradle to
grave accounting of the inputs. For example, few cities have data
about trash generation by fine-grained geographic scale or by land

use type.

material and encrgy use, periodically available and that the current resolution of UM investigation, on city level and

harmonized datasets are provided by statistical offices
almost exclusively for the nadional level. Therefore
any attempt to generalize patterns and trends of urban

per year, is of insufficient detail to provide the information that

is needed to inform resource-conscious urban planning and design

specific resources use from the literature struggles decision-making. Moreover, the spatiotemporal resolution of exist-

with incomplete or incommensurable data.



THIS IS CHANGING ...

Open data initiatives from all levels of government

Data Licence Developers Contact Feedback Twitter City Website

E City of Waterloo Open Data

All Data Documents Apps & Maps

Filter By

|:|9‘I - 94 of 94 results Relevance j

Data

Capabilities

[((

permits downloads (94)

has an api (90)
Bikeway Network

Source Cambridge, Ontario | cambridge.ca

KitchenerGIS (64)

Type: Feature Layer Rows: 1,498
City of Waterloo (25) Last Updated: March 8, 2019 Tags: Traffic, Transportation, Infrastructure, Services, Sports, ...
Cambridge, Ontario (5)
Content Type -
€ Dpata
Feature Layer (90) d Ik
Document Link (4) Sidewalks
KitchenerGIS
Tags
Type: Feature Layer Rows: 12,948
Last Updated: March 10, 2019 Tags: Transportation, Infrastructure, Services, Planning, Bas...

I Infrastructure (94)

Onan Nata (24Y



BUT THERE IS MORE...

Internet of things

Allows pervasive measurement, communication, monitoring, and control



MICRO SENSORS

| tmm




PERVASIVE COMMUNICATION




PERVASIVE CONTROL
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Source: European Technology Platform Vision Document



BUT ALSO...

2
https://www.globalsmartcitysolu?ions.ca/products



BUT THERE IS MORE...

Internet of things

Data science



Scientific
Methods

Real-world

Applications

Data
Consulting

Image Source: http://www.kiwidatascience.com/

Visualization

Data
Science

Data
Research

Statistical
Computing

Data
Technology

Data -> models



BUT THERE IS MORE...

Internet of things
Data science

Blockchains



WHAT IS A BLOCKCHAIN?

A globally visible ledger that is owned by no one but can be trusted by everyone
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BLOCKCHAINS FOR SMART CITY DATA

Blockchains can hold consent for data use
Proves that data access is valid

Fills the privacy gap
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PII

= Cleaning = Curation L Consent? Ll CiHleiiens - By a ‘role’

Collection

No Pl
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CONSENT

| {grant/withdraw} my consent
to {my} Pl data subset
to {consumer /role}

{from time x to time y}

Can be delegated
| {grant/withdraw} my consent
to {my/my delegator’s} Pll data subset
to {consumer /role}
{from time x to time y}
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Residents
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10 SUM UP

Cities can be viewed in metabolic terms

and to manage them, we need to understand the flow of energy, materials,
and people

So far, a lack of data and analytical capabilities
This will change with loT and Data Science
But there is a danger with unrestricted sensing

So we will also need blockchain to protect privacy by storing consent
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