POLITECNICO DI TORINO
Repository ISTITUZIONALE

Visualizing Complex System

Original
Visualizing Complex System / Remondino, Chiara L.; Stabellini, Barbara; Tamborrini, PAOLO MARCO. ELETTRONICO. - (2019).

Availability:
This version is available at: 11583/2733433 since: 2019-05-15T21:08:03Z
Publisher:
Politecnico di Torino
Published
DOI:
Terms of use:
openAccess
This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright

(Article begins on next page)

09 January 2023

Chiara L. Remondino
Barbara Stabellini
Paolo Tamborrini

RELATING
SYSTEMS
THINKING
AND
DESIGN
7th
SYMPOSIUM

EXHIBITION
VISUALIZING
COMPLEX SYSTEMS

CHALLENGING
COMPLEXITY BY
SYSTEMIC DESIGN
TOWARDS
SUSTAINABILITY

TURIN
23-28.10.2018
1

Organised by:

Scientific partnership:

Sponsor by:

In collaboration with:

Visualizing Complex System. Catalogue of the RSD7 exhibition
Published by Politecnico di Torino in April 2019
Editors: Chiara L. Remondino, Barbara Stabellini, Paolo Tamborrini
ISBN: 978-88-85745-22-3
Please, cite as:
Author (2018). Work title. In: C.L. Remondino, B. Stabellini & P. Tamborrini (Eds), Visualizing Complex Systems.
Catalogue of the RSD7 exhibition (pp. xx-xx). Turin, Italy: Politecnico di Torino.

CONTENTS
5

INTRODUCTION

6

P. Tamborrini - Space and time of information design

17

C. L. Remondino, B. Stabellini - Visualizing complex systems
CONTRIBUTIONS
Experimentations & Methods

33

J. Boehnert - The Visual Representation of Complexity. Definitions,
examples & learning points.

35

S. Imbesi, G. A. Giacobone - Visual explanation of Quality Function
Deployment. Strategies to improve the QFD decision-making tool’s
usability.

37

K. Peter - Comparative Stakeholder Relationships Mapping. Using radial
convergence to map relationships + prototype change.

39

A. Nogueira, C. Teixeira, W. Ashton - Anatomy of Systems. A tool for
ethnography of infrastructures.
Education

43

A. Oliveira, I. Cortes, L. Shand, N. Matharu - Interstellar. “To Boldly go where
no one has gone before”.

45

T. L. de Aguiar Freitas - Clear. Air Quality Data as a tool for enabling
learning and community action.

47

N. Abuseif, N. Norris, J. Wilson-Lee - Flourishing Cybernetics. A Biomimetics
Post-Secondary Futures Narratives.
3

49

T. Campbell, A. Lutterman - Designing Designers. A critical look at design
education.
City

52

A. Stamatopoulou - Open Interactive Mapping. Exploring, abstracting,
deciding in the relational city.

55

Y. Passia, P. Roupas, D. Skomvoulis - HECATE: The Affective City. Mapping
the city’s spaces of possibilities.
Healthcare

59

Q. Yang - eHealth: Better Health Care Through Technology. Chronic Disease
Management.

62

M. Laroia, S. Gupta - Designing for Comprehensive Healthcare. A ground
zero study and system synthesis from India.

64

L. Capobianco, M. McGovern - A Systems views of Organ Donation.
Exploring complexity within the Canadian organ donation system.
Territory

67

M. Laroia, P. Arun Kumar, M. Minz, B. Khateeb, P. Nahar - A case study on
Access to Electricity. Decentralized People-Centric Energy Model for India.

70

A. Kumar, P. Wagle, P. Bandakar - Design for the Taste-Makers. System
oriented innovation for improving life of salt pan labourers.

73

P. Cardorani, D. Mercenati, M. Tetrao, M. Molari, A. Roscio, S. Panichi, M. A.
Leal Restrepo - Waste system in Piedmont Region. Disposed of urban and
special waste.

75

A. Aulisio, E. V. Bruno, L. Tong - Rice sector. System and new opportunities.

4

INTRODUCTION
The multi-faceted nature of information
brought the society towards a radical
change, especially in this era where data
production and collection are reaching
levels that could not even be imagined
until a few years ago. From relations to
components, from process to systems,
the importance to make these elements
more visual became essential to enable
new scenarios, innovative systems, and
creative mindset in an educative and
formative way.

Chiara L. Remondino
Barbara Stabellini
Paolo Tamborrini

that took place from 23 to 28 October
2018 in Turin, in the frame of the RSD7
- Relating System Thinking and Design
symposium.

The ability to collect, cross-check,
visualize and study quantitative
and qualitative information about
phenomena and their patterns is itself
at the core of the project, becoming
strategic for enabling new systems
thinking and their design application.
Identifying the relationship between
components,
thus
guaranteeing
personal
expression,
horizontal
communication and visual thinking,
is the first step to enhance a more
conscious and transparent decisionmaking process with a perspective of
sustainability.
This book aims to offer an overview of
the discipline of data visualisation and
its application in the investigation and
communication of complex systems,
also thanks to the analysis of the posters
exhibited during the visual exhibition
5

Space and time
of information
design

Paolo Tamborrini

Information has always been good for
human survival because choices based
on correct knowledge are more likely
to generate positive results for the
individual, contributing to his survival
(Buiatti, 2014). Norbert Wiener, father of
cybernetics, defines the term information
as “the content of what is exchanged
with the outside world as we adapt to it
and adjust our corrections to it”. He goes
on to say that “the process of receiving
and using information is the process by
which we adapt to the contingencies
of the external environment and live
concretely in it. To live concretely is to
live with adequate information”. (Floridi
& Bynum, 2009).
Whether
they
are
spontaneous
associative processes of forms and
meanings, or more dictated by scientific
rigor, there are many places, causes,
stages, characters that have led over time
to the etymological/historical definition
of terms such as information design and
data visualisation (Stiff, 2017).
In 1952 H. Spencer used for the first
time the term “commercial printing”
to describe what is now defined as
information design; in its most general
sense it also included the so-called “utility
printing [...] whose main purpose is to
inform”. In the same year, Typographica
5 - Purpose and Pleasure, a special issue
entirely dedicated to the art of printing
in the post-war period, told through the
practices of fourteen different countries,
was published, an edition that included
contributions on design and typography
from the pens of authors such as Paul
Rand and Max Bill. Only a few years

later, and more precisely in 1958 at the
Hochschule für Gestaltung in Ulm, took
shape what can probably be defined as
the first Department of Information that,
despite being different in methods and
purposes from what we now understand
as Information Design, set itself the
goal of educating writers for the press,
broadcasting, television and cinema. It
was Ladislav Sutnar who in 1961 freely
used the term “designing information”
for the first time in his book Visual
design in action, and again in the same
year, we owe to Anthony Froshaug his
reflections on the concept of network as
a representation of metropolitan systems,
which he says: “this sort of presentation
[communication] raises a big problem for
design, that a drawing that shows only
the necessary information, a drawing
that respects parsimony, is actually
easier to understand than the one that
contains a certain amount of redundant
information” (Froshaug, 1961). London
1965, Alastair McIntosh, at that time
director of Unwin Brothers, one of the
most successful printers in the United
Kingdom, coined the term “printing of
information” during a radical debate on
the redesign of editorial and typographic
conventions in the scientific field and
in the press; and again in the same year
Robert Horn, starting from the theories
of learning and cognitive psychology,
defined the standard approach for the
organization and communication of
information, an approach that we still
know today as “mapping of information”.
Exactly one year later, in 1966, Herbert
Spencer founded the Readability of Print
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Research Unit within the Royal College of
Art in London, a unit directly supported
by
the
International
Publishing
Corporation, which had the aim of
investigating 360 degrees everything
related to the publication of information.
Then came the early 1970s, and it was
Maurice Goldring who was attributed the
first use of the concept of “Information
Design Consultants” to describe his work
on the writing paper used for the affairs
of Maurice Goldring Associates. It was in
1971 that the head of design at Stafford’s
College of Art and Design Peter Burnhill
decided to use the term “information
design” to define the subject of the
works on display at Monotype House,
an exhibition of the work of the College’s
students; the same head who only a year
earlier had unsuccessfully proposed
including in his curriculum a course
of “Professional studies in information
design”. Arriving at the London Business
School in the mid-1970s, in 1975, Peter
Gorb was perhaps the first to classify the
themes inherent to the disciplinary sector
of Management, Production and Design,
proposing: product design, environmental
design and information design, the latter
defined as “the use of those things with
which the company communicates its
aims to all its audiences: customers,
employees, shareholders and so on”.
And it was in 1978 that the first NATO
Conference on the visual presentation of
information was held in Het Vennenbos,
the Netherlands; and only a year later the
first international magazine dedicated to
it was officially founded: the Information
Design Journal.

In this varied scenario, many are the
labels that over the years have been used
to define the visualisation of information,
different definitions that have tried to
connote and give a specific meaning to
the different facets and declinations of
the discipline; and, although very often
their names are used in a more or less
interchangeable way, it is important to
try to define the characteristics that led
to a possible classification, even if, in fact,
there are no clear boundaries between
the areas in question:
— Data Visualisation: refers to the
practice of using graphic representation
to abstract information in schematic
form (Friendly & Denis, 2004), arriving at
static or dynamic representations; visual
representations that as Alberto Cairo
states are able to enable greater analysis
and exploration (Cairo, 2012);
— Information Visualisation: while the
term data visualisation is usually used
as a generic term describing any form of
visual representation of data, the term
information visualisation is limited to
visualisations supported by the computer;
— Scientific Visualisation: visualisation
that deals mainly with data of physical,
geographical, genomic type;
— Information Aesthetics: a discipline
that acts as a link between information
visualisation and information art,
integrating functional aspects into the
art to convey content more effectively
(Friedman, 2003);
— Infographics: term usually used
in relation to data representations
for
newspapers,
extending
the
communication to a wider target and less
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experienced;
— Knowledge Visualisation: unlike
information visualisation, it uses visual
representation to transfer knowledge
between at least one person or group or
persons, rather than for data analysis,
using dimensions such as experiential
dimensions.
Many attempts to define the discipline
then embarked on the path of
classification, trying to outline and define
all the elements that can be traced back
and belong to the same system. For
example, many works have found the
key to interpretation in the intersection
and organization of graphic forms, whose
main taxonomy sees the distinction
between functional and structural.
Functional taxonomies focus on the
intended use and purpose of the graphic
material; on the contrary, structural
taxonomies derive from exemplary
learning and focus on the shape of the
image with more emphasis on emotions
than on its content. In general, this trend
derives from the distinction between
the different backgrounds of the experts
involved: the former generally focused
on statistics, computer science and
engineering, while the latter usually
more akin to disciplines such as graphics
and the arts.
One of the most common and well-known
examples of functional classification
is found in the work of Edward Tufte.
He identifies four extremely specific
categories of graphic classification: a
geographical representation through
maps, time series, a visual representation

of events and phenomena that develop
in space-time, ending with all those
methods useful for depicting networks
and relationships (Tufte, 1983).
Heer, Bostock and Ogievetesky have also
placed the emphasis on functionality,
proposing in 2012 an articulated
graphic classification more focused on
contemporary experience and therefore
considering the increasing difficulties
caused by the exponential growth in terms
of volume of information; specifically,
four categories are identified by them:
time series, statistical distributions, maps,
hierarchies and networks (Heer et al.,
2013).
The work of Lohse et al. (Lohse et al.,
1990; Lohse et al. 1994) is different in
approach. They establish the boundaries
of the discipline using characteristics
such as meaning and similarity to clarify
the main differences between the
different graphic forms, thus defining
six fundamental structural categories:
graphs, time tables and graphs, maps and
charts, diagrams, networks and icons.
Or, still different are all those works that
define the classification according to
the type of dataset; Santiago Ortiz and
his 45 ways to express two quantities
(Ortiz, 2012) or Ben Shneiderman
and the proposal TTT (Type by Task
Taxonomy) which sees the attribution
of seven different types: 1-dimensional
data, 2-dimensional and 3-dimensional,
time data, multi-dimensional, trees and
networks (Shneiderman, 1996).
The taxonomies are many, and those
shown do not exhaust probably the
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panorama present in literature, offering
however a varied scenario.
However, we can identify in the
systematization proposed by Isabel
Meirelles in the text Design for
Information,
an
interesting
and
exhaustive key to reading:
— hierarchical patterns: trees. The
visualisation of hierarchical structures is
today one of the most mature and active
branches of information visualisation
(Chen, 2006) and often also complexity
takes this form (Simon, 1991). In general,
hierarchical systems are ordered systems
in which the elements are organized
according to a precise and specific
relationship that varies according to the
domain, but defining a typical tree shape.
Vertical, horizontal, multidirectional,
radial, hyperbolic, figurative (Lima,
2014) thanks to its expressive qualities
given by the natural branching at
levels, this type of visualisation has
become one of the main tools of formal
communication, illustrating topics such
as family ties, biological species, moral
values, organizational systems, computer
schemes and much more;
— relational schemes: networks. As the
name indicates, relational structures
organize data on the basis of fundamental
relationships for the system itself, so the
importance does not fall on the node
but on the link between two of them.
Networks decode the interactions
between genomes and proteins, capture
neuronal connections at the basis of
human understanding, tell professional
relationships, describe how different
communication devices interact with

each other through internet or wireless
connections, are the heart of many of
the most revolutionary technologies of
the 21st century, enhancing services
such as Google, Facebook, Twitter, etc..
In short, today networks permeate
science, technology, nature and human
relationships as well as the most original
hybridizations between them. In this
regard, interesting is the work of Ben
Shneiderman and colleagues who,
applied in the context of social studies
and social networks in particular, shows
precisely how “The focus of social
network analysis is three people, not
within people. While traditional socioscientific research methods such as
surveys focus on individuals and their
attributes (e.g. sex, age, income), network
scientists focus on the connections that
bind individuals, not exclusively on their
personal qualities or abilities. This shift
in focus from attribute data to relational
data has a major impact on the way in
which data is collected, represented and
analysed. The analysis of social networks
integrates methods that focus more
closely on individuals, adding a critical
dimension that captures the connective
tissue of societies and other complex
interdependencies. (Shneiderman et al.,
2010);
— time patterns: time lines and flows. Time
is an abstract concept and for this reason
not intrinsically visual, however, these
tools have always been used to interpret
dynamic and evolutionary phenomena,
using a set of causal variables ordered
with respect to the same evolution in
time;
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Fig. 1 Periodic Table of Visualization
Methods

— space patterns: maps. “A map is not
limited to mapping, but free meaning; it
forms bridges between here and there
between different ideas that did not
know they were previously connected”
(Larsen, 2010). The term map, as well
as the action of mapping, are concepts
shared in different fields of knowledge,
but in which they share the characteristic
of indicating diagrams or datasets that
show a spatial collection. The oldest
and most frequent use of maps can
be associated with representations of
geographical,
meteorological,
naval
and land surface data, however, it was
only in the seventeenth century that
the combination of cartographic and
statistical skills merged into a single
representation, about 5000 years after
the first cartographic maps engraved on
clay plates;
— spatio-temporal patterns. Everything
we consider useful for forecasting
purposes, be it economic, meteorological,
scientific or other, defines a change, a
change that very often involves two main
variables: a temporal variable and a spatial
one. The hybridization between spatiotemporal representations thus amplifies
the explanatory power of a multiplevariable visualisation; in this regard,
interactive tools become fundamental in
the representation of the complexity of
dynamic and evolutionary phenomena;
— textual schemes. Advances in
information collection and in the
computing power of computer tools have
facilitated textual analysis; today, large
amounts of historical and contemporary
documents are available in digital format,

opening the door to new and powerful
ways of examining and investigating
literary data, but at the same time social
interactions and online conversations
are providing new data sources that are
leading to the understanding of social
phenomena in ways that until recently
were unimaginable.
In addition to taxonomies, today’s
panorama sees further attempts towards
a precise cataloguing and description
of visualisation methods, of which
Harris, with Information Graphics: A
comprehensive Illustrated Reference
(Harris, 1996), has certainly given an allencompassing and specific overview.
A further example can be found in the
work Periodic Table of Visualization
Methods (Lengler & Eppler, 2007), a
deliberately less academic approach
that through the review of the known
periodic table of chemical elements,
classifies and relates the different types of
graphic visualisation [Fig. 1]. Specifically,
all the types of visualisation identified
and taken into account for this work are
categorized in:
— visualisation of information;
— visualisation through metaphors;
— useful visualisation to outline a
strategy;
— hybrid visualisation.
All the elements are then further specified
according to the function or type of
interaction enabled (overview, detail), to
the cognitive processes involved in the
analysis (convergent thinking, divergent
thinking) or even according to the type
of information represented (structure,
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Fig. 2 Data Visualization Collection (C.L.
Remondino, B. Stabellini, P. Tamborrini,
2014)

process).
The interest in data visualisation has
reached such a level that even outside
the academic world has created a
very prolific community, often made
up of designers, graphic designers,
computer scientists and figures with
complementary backgrounds, sometimes
placed in research centers and other
times belonging to independent studies.
These realities have been inserted in
the scene and in the discipline not only
with works of visualisation, but also with
proposals for cataloguing the graphic
forms, not proposing new ways or keys
of reading, but rather trying to offer tools
to facilitate the choice of the correct or
best form for the communication of the
message. Among these we can cite for
example The Data Visualisation Catalogue
or the most recent Data Viz Project.
For a more complete and exhaustive
study, as a research team on data and
visualisation of these, within the
Innovation Design Lab of the Department
of Architecture and Design of the
Politecnico di Torino, we have worked
on the collection and cataloguing of
existing graphic forms identifying 96
of them, among the most common and
those less known as typical of specific
sectors. However, although many forms
are already specific for some datasets,
others are more versatile; it is therefore
essential to choose the form correctly
according to the message and the data
to be represented. For this reason, in
addition to the classification of graphic
forms, the research work has seen the
interweaving with the identification

of the functions that these forms can
perform, and specifically have been
identified 12 such as: text analysis,
comparison, distribution, flow, hierarchy,
probability/choice, process, proportion,
range, relationship, space, time [Fig. 2].
Each graphic representation can generally
perform several functions, either in
different projects, or simultaneously in
the same visualisation through the use
of elements such as color, size, or others.
An example can be the classic word
cloud, a representation in which the size
of the words defines the importance of
the same, a representation generally
used for textual analysis, but which can
at the same time perform the function of
relation through the spatial arrangement
of the present terms (Stabellini et al.,
2017).
Historical notes
The use of graphs, maps, diagrams
and tables is not new; this type of
representation accompanies us in the
course of human evolution facing
historical changes in different sociocultural contexts, spaces and the
organization of knowledge on the basis
of models increasingly suited to the way
in which we “feed” on information. From
cave paintings to cuneiform writing,
from food administration to Ptolemy’s
representation of the earth in spherical
form, albeit with different instruments
and often discontinuous times, ancient
history shows examples of the presence
of graphic signs from the primordial
instincts of man. Between 1000 and
1300 we witness the massive use of
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tree structures as a visual metaphor to
represent, map and classify knowledge:
family trees, trees of life and even sacred
trees and trees of knowledge to name
a few, a classic figurative expression of
growth, fertility, immortality, rebirth
(Lima, 2014). In 1600 Descartes perfected
the first graphs of analytical geometry
based on the axes of the same name,
the Cartesian planes. This was followed
by the development and improvement
of a multitude of works on animal
and vegetable taxonomies and, still
between 1700 and 1800, there was a real
explosion in graphic representation as a
result of the expansion of techniques of
mathematical, statistical and probability
analysis. Finally, chaos. Randomness and
complexity are the characteristics that
define the new vision that since 1900,
still today, distinguishes contemporary
thought, a non-linear thought, which
feeds on relationships, a systemic thought.
W. Playfair, C. J. Minard, J. Snow,
F. Nightingale, D. I. Mendeleev, O.
Neurath, H. Beck, are some of the names
among the milestones in the history of
visualisation. These figures, scientists,
philosophers, sociologists, highlight a
transversality of the instrument, starting
from heterogeneous fields, almost never
belonging to the domain in question.
Most of the graphs used today in data
visualisation derive from the project of
William Playfair, a political economist
and son of the Scottish Enlightenment,
and the mathematician Johann Heinrich
Lambert. Together they popularised the
idea that the data could be presented to
a mass audience. In particular, Playfair’s

Commercial and Political Atlas included
the first table to show the differences
between imports and exports from Great
Britain and various other countries.
He was only the first who, considered
in fact the father of data visualisation,
understood and grasped the potential
of data visualisation. In his 1801 text
The statistical breviary, he writes:
“[To stimulate insight from statistical
information] it occurred to me that
appealing to the eye when it comes to
proportions and dimensions is the best
and easiest way to convey a distinct idea”
(Playfair, 1801).
Organizational structures are not
exempt from this process; they are
also involved in the visualisation
of information and, specifically, in
1855 Daniel McCallum created the
first experiment of representation of
structures of this type, with New York
and Erie Railroad - Diagram representing
a plan of organization. Here, the railway
structure is represented as a central
and pivotal element, offering itself as a
reading element for the management and
coordination of the different activities
involved in the transport system.
The bottom-up reading emphasizes a
branched and hierarchical organization,
from the highest and most powerful
sphere, to the most extreme branches.
English chemist and philosopher, Joseph
Priestley was the first to introduce
the concept of time within a graph by
representing some bars whose length
served to represent the life span of a
person, from 1762 when he began to
take a keen interest in scientific issues,
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arriving in 1765 with his A Specimen of
a Chart of Biography to contribute to the
evolution of methods of representation
based on the concept of timeline. But
it is only later, with the French civil
engineer Charles Joseph Minard, that
we find perhaps one of the most famous,
iconic and visionary spatio-temporal
analyses based on our primordial ability
to perceive directions, shapes, colours
and proportions, beginning to glimpse
interesting scientific contaminations
in the field of information graphics; he
is considered a pioneer in the use of
graphics in engineering and statistics. His
Carte figurative des pertes successives
en hommes de l’Armée Francaise dans la
campagne de Russie 1812-1813 [Fig. 3], a
flow map published in 1869 that shows
with astonishing simplicity Napoleon’s
disastrous Russian campaign of 1812,
while at the same time highlighting
different elements such as army size,
geographical references, time flow and
meteorological variables, is very famous.

Fig. 3 Carte figurative des pertes successives en hommes de l’Armée Francaise
dans la campagne de Russie 1812-1813 (C.
Minard, 1869)

The health sector is also involved
in the collection and especially the
representation of data. Here, two main
figures will influence the future work
and discipline of information design: the
doctor John Snow and the nurse Florence
Nightingale, both British. The former,
considered one of the pioneers in the
fields of anaesthesia, hygiene in medicine
and epidemology, owes his fame to the
study on the spread of the 1854 cholera
epidemic in Soho. Nightingale is instead
considered the founder of modern
nursing care, as she was the first to apply

the scientific method through the use of
statistics and proposed an organization
of field hospitals, and is described as
one of the pioneers in the graphical
representation of statistics following the
publication of his diagram on the causes
of death of patients in military hospitals
where he had served, a graphical form of
representation still commonly used and
known precisely as rose diagram.
The collection of data has always
interested scholars of biology and
genetics; Ernst Haeckel and his genetic
trees, from those that concern all living
organisms such as Monophyletic Family
Tree of Organisms of 1866, to the diagram
that represents the evolution of man
Family Tree of Man of 1879., until the
Paleontological Tree of Vertebrates of the
same year 1879 in which the evolution
of different species is collected, can be
considered a pioneer in this field.
Still innovative today, but dated 1885,
Etienne-Jules Marey’s La mèthode
graphique offers a completely new visual
way of communicating the timetabling of
Paris-Lyon tram routes from the 1880s.
Arrivals and departures are placed on the
horizontal line, while the stations occupy
the vertical axis, spaced out in proportion
to their actual geographical distance. The
lines that are thus created reflect the
speed of the vehicle, greater speed defined
by a greater gradient, and help in reading
the points of interchange, moments of
rest, identification of coincidences.
Another diagram still known today
and that owes its name to a character,
is the Sankey diagram, named after
Captain Matthew Henry Phineas Riall
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Sankey, an Irish engineer who first used
them, in 1898, to represent the energy
efficiency of a steam engine compared to
a hypothetical same engine that had no
energy loss.
With Otto Neurath, Austrian sociologist,
economist
and
philosopher,
the
representation of information takes
on a different character, moving from
a system of lines and points to one
based on pictograms. He is remembered
for having created, together with the
illustrator Gerd Arntz, the Isotype system
(acronym of International System of
Typographic Picture Education), in order
to communicate information in a simple
and visual way, without the use, or with
a limited use, of written and spoken
language, revolutionizing public signage
and modern infographics [Fig. 4]. In the
same way, but with a specific application
to multivariate data and sociological
characters, it is the contribution of
Herman Chernoff, who is known for the
system of faces of Chernoff, precisely.

Fig. 4 Mächte der Erde (O. Neurath, 1835)

Finally, what is still considered a pivotal
project for the discipline, is due to Harry
Beck who in 1933 created and defined
the map of underground transport in
London inspired by the construction
of electrical circuits, eliminating the
precision of the spatial location for the
benefit of the communication of flows
and interchanges of transport lines [Fig.
5]. The project was so successful that it
became the official representation of the
London underground, a representation
still used today not only in the city itself,
but replicated throughout the world.

Pioneers of data visualisation such as
William Playfair, John Snow, Florence
Nightingale and Charles Joseph Minard
were the first to exploit and encode
information in the 18th and 19th centuries,
beginning to see its potential; but modern
supporters such as Edward Tufte, Ben
Shneiderman, Jeffrey Heer Alberto Cairo
and many others are responsible for the
birth of a real discipline. Thanks to this
renewed interest, in the last 30 years, a
first wave of visualisation projects has
taken control of the web and reached
a wider audience, moving outside the
academic environment and transforming
the way in which novelties are shared.
Giorgia Lupi, Stefanie Posavec, Stefaner
Moritz, Valentina D’Efilippo, Jan Willem
Tulp, Dominikus Baur, Nadieh Bremer,
Lisa Charlotte Rost, Santiago Ortiz,
Fernanda Viègas, Martin Wattenberg,
Paul Mijksenaar, Francesco Franchi,
as well as Accurat, The Visual Agency,
Density Design Lab, Stamen Design,
Clever°Franke, Tulp Interactive, are just
some of the names and studies that today
are easy to associate to the world of data
visualisation. New figures from different
backgrounds, sometimes from the world
of graphic design, sometimes from the
world of interaction design, sometimes
from the world of statistics or information
technology, have transformed the
way of seeing and perceiving the
research and design of visualisations,
shifting the debate to social networking
platforms such as Twitter, transforming
conferences into places of sharing and
exchange, bringing newspaper readers
closer to consulting infographics and
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to a different way of using newspaper
articles. Today, we are witnessing
more and more the emergence of new,
innovative and interactive data-based
platforms. The contributions submitted
during the Visual Exhibition of the RSD7
conference provided an overview of the
current ways of using data visualization
applied to the investigation of complex
systems, showing the great potential
of the tool both in terms of analysis
and communication phases. From the
reconfiguration of places and urban
spaces through new readings and
interpretations, to the reorganization
of companies through the management
of complexity, to the systemic design
of products and services, visualisation
becomes a tool capable of conveying
meanings, transforming data from
simple elements to be visualised, to real
components to design.

Fig. 5 London Tube Map (H. Beck, 1933)
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Visualizing
complex systems

Chiara L. Remondino
Barbara Stabellini

Visualise: see tr. [visual der.]. - Make it
visible. Build a visual image in the mind.
However, today, a broader representation
is given, including the graphical
representation of data and concepts, from
internal mental constructs to external
artifacts to support decision making.
Visualisations
represent
powerful
cognitive tools that surround our daily
lives (Bonsiepe, 2000) connecting two
worlds, physical and digital, bringing
the gap between them closer and closer,
playing a crucial role in the exploration
and communication of information. “A
picture is worth a thousand words”.
Today we live in a world full of data and
our daily lives depend to a large extent
on our ability to process the information
contained in them efficiently. However,
technological advances have led to a
situation where we collect far more data
than we can understand, a phenomenon
otherwise referred to as “information
overload”. We therefore need to change
our perspective so that visualisations are
not simply defined by the technology they
involve, but rather by the relationship
with the purpose and context for which
they are designed.
From a design point of view, visualisations
represent the process that goes from data
to knowledge (DIK continuum). In fact,
they are able to collect data, information
and knowledge (materials) and visualize
them to create new knowledge (objective)
(Masud et al., 2010). Furthermore,
Wurman suggests that one of the main
purposes of information representation
is to help readers avoid the “black hole

between data and knowledge” (Wurman,
1989); thanks to the relationship with
context,
unstructured
information
(reality and complexity) can be encoded
into structured information and thus
knowledge and insights for a more
conscious decision making process based
on data, a process based on a new model
such as: DYKW (Data, Information,
Knowledge, Wisdom) [Fig. 1].
Visualisation
thus
becomes
a
fundamental tool and medium for
clarifying and simplifying information,
favouring the exploration of complex
phenomena, enabling the observer to
have a profound understanding of the
causes and effects of specific choices,
comparing the effects in the most diverse
situations, showing relational changes
and distributing chaotic information in
ordered and organised structures. From
this scenario it is possible to deduce the
importance and urgency of showing data,
but above all of making them coherent
and comprehensible, encouraging the
eye to comparison and detail, avoiding
distortions or gaps. Behind these abstract
maps, there is the knowledge that it is not
enough to choose a format, rather than a
color, but instead you need to think about
the message to be conveyed and the
organization of variables and categories
based on the goal you have set. Behind
these abstract maps, one recognizes that
the greatest value of an image is forcing
us to notice something that we would
not expect to see. Behind these abstract
maps is the awareness that their intrinsic
goal is to guide the observer in exploring
and understanding the potential and
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Fig. 1 DYKW model (Data, Information,
Knowledge, Wisdom).

characteristics of a territory (Corraini,
2017). Awareness acquired, moreover,
by the possibility offered to the reader,
also thanks to the application of the
basic principles of interaction design, to
undertake and intervene on the very
construction of one’s own interpretative
path: a freedom of choice of reading
paths, a possibility to build comparisons,
historical causes, intuit subsequent
evolutions (Colin & Troiano, 2014).
Aware of the possibilities offered
by the tool, the implications and the
possible and desirable effects on the
actions and decisions of everyday life,
there is now an urgent need for the
participation of companies, organizations,
administrations, the individual, as
well as the community, a fundamental
participation that becomes a lever for
change in order to create original and
innovative tools that can be integrated
with traditional systems of mapping
and analysis, less invasive tools and, at
the same time, with faster turnaround
times. There is a need for a new graphic
alphabet, in a framework of functional
rigor (Colin, 2014), to find the right
code to give a visual order and visually
synthesize the complexity, synthesizing
this complexity to convey messages and
qualitative narratives (Ciuccarelli, 2014).
We need a language with the ultimate
goal of sharing knowledge, opening up
the boundaries of communication in ways
that until now have been unexplored.
Multidisciplinarity: this is one of the
most strategic and successful approaches
for all this to happen, an approach that
actively involves different disciplines,

from technical-scientific to statistical
sectors, from the world of social sciences
to urban planning, up to the inclusion
of artistic sectors and more oriented
to design, arriving at the expansion
of the traditional definition of digital
humanities.
Inspirations
and
principles
of
information design
“Information is the good that produces
knowledge, the vehicle of a signal that
can trigger a process. Knowledge is belief
produced by information” (Dretske,
1981) states the philosopher F. Dretske
in his book Knowledge and the Flow of
Information. The last face of information
design is represented by the phenomenon
of big data. For this reason, the practice
of visualizing information, data and socalled big data is becoming essential
for their comprehension. This activity
is fuelled by continuous technical,
creative, procedural and taxonomic
experimentations towards a constant
re-elaboration and definition. In this
regard, in 1987 McCormick, DeFanti and
Brown defined visualization in the digital
context as a computational method, a
tool that “transforms the symbolic into
the geometric, allowing researchers to
observe their simulations and calculations.
Visualization offers a method for seeing
the invisible. It enriches the process of
scientific discovery and promotes deep
and unexpected visions. (McCormick et
al., 1987)
Card in 1999 defines this practice as the use
of computer-supported, interactive visual
representations to amplify cognition;

18

cognition that takes on the meaning of
acquisition and knowledge. He takes up,
in his support, what Hamming wrote
in 1973 about computational systems,
adapting it to visualization, defining what
will be an axiom for many in this field,
that is, “the purpose of visualization is
insight and not image” (Card, 1999).
Edward Tufte in his book The
Visual
Display
of
Quantitative
information defines the three axioms
of visual representation, stating that “a
visualisation must be able to communicate
complex ideas with clarity, precision
and efficiency”, and coining the term
“chartjunk” or “junk tables” to identify
backwards, all those works that overlap
the objective of describing information,
artistic and aesthetic ambitions, a
thought clearly inherited from Bauhaus
functionalism and influenced by the
consideration of Adolf Loos “ornament
is a crime”, a thought destined to reemerge periodically in history, defining a
particular balance between the company
system and the role of the designer.
There are also different authors
who, based on their background,
methodological approach and field of
action, formulate and set new boundaries,
contributing to the enrichment and
specification of this domain. J. W. Tukey
says “the greatest value of a graph is
to force us to notice things we never
expected to see”, while Alberto Cairo
says “any visualization is a model”, a
model hopefully distinguishable for
truthfulness and clarity of information,
for functionality as a guide to a correct
interpretation of information, for depth

of content, must then be enlightening
ensuring an improvement in knowledge
and finally pleasant from an aesthetic
point of view (Cairo, 2016) because, as
D. says, “the most important value of a
graph is to force us to notice things that
we never expected to see”, while Alberto
Cairo says “any visualization is a model”,
a model hopefully distinguishable for
truthfulness and clarity of information,
for functionality as a guide to a correct
interpretation of information, for depth
of content, must then be enlightening
ensuring an improvement in knowledge
and finally pleasant from an aesthetic
point of view (Cairo, 2016) because, as
D. A. Norman “aesthetic pleasantness
is important because attractive and
pleasant things help us to invest a little
more effort in understanding how to use
them” (Norman, 2004).
The brain finds it much easier to process
information if it is presented visually
than in words or numbers. The right
hemisphere recognizes shapes and colors,
while the left hemisphere processes
information in the form of text or tables
in a more analytical and sequential way.
Reading the latter requires a considerable
mental effort, as opposed to the visual
ones that can be easily grasped in less time
and in a more effective way. The brain
thus identifies patterns, proportions,
relations that would otherwise be difficult
to manifest.
Accessible, intuitive, visual tools can
make a difference by enabling people
to understand complex systems and
phenomena and find creative solutions,
thus obviating what Robert N. Proctor
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calls agnotology (Proctor & Schiebinger,
2008), i.e. the study of ignorance and
doubt induced culturally by the absence
of knowledge or even by the more
contemporary problem of information
overload characterized by the presence of
more and more data, often inaccurate and
therefore misleading.
Information visualizstion is becoming
more than just a set of tools, technologies
and techniques for understanding the
meaning of data sets. It is emerging as a
stand-alone medium. A guaranteed visual
space, a clear and simple abstraction
process to guide the observer to the
discovery and exploration of physical
space.
In this regard, the work Design for
Information by Isabel Meirelles identifies
the cognitive principles underlying the
process of acquiring information, which
can be summarized as follows (Meirelles,
2013):
— to remember information;
— to convey meanings;
— increase working memory;
— facilitate research;
— facilitate discovery;
— support perceptual inference;
— improve detection and recognition;
— provide real and theoretical models;
— provide an aid to data manipulation.
To enable a visualization to achieve these
goals, there are several requirements and
constraints implicit in its development
that go beyond the mere creation of a
reasonable and operationally functioning
solution. As in most other fields
related to design (architecture, product

design, fashion,...), the visualization of
information seeks to achieve a functional
balance between aspects of utility,
solidity and attractiveness, or in their
original Latin form, utilitas, firmitas and
venustas (Moere & Purchase, 2011).
The concept of “utility”, in particular,
corresponds to the classical notions of
functionality, usability, utility and other
quantitative performance measures.
In visualisation evaluation studies,
these aspects are generally defined in
terms of effectiveness (the accuracy and
completeness with which users perform
specific tasks) and efficiency (the amount
of resources spent in relation to the
effectiveness criterion).
“Solidity” is about reliability and
robustness. In the context of information
visualization, and in accordance with the
focus on visual form, robustness refers
to the quality of the display presentation
algorithm. In detail, it describes the
characteristic that allows the correct
functioning of the visualization, its
connection to the dataset and the
possibility to reproduce it easily or to
improve it in case of need.
Finally, “attractiveness” refers to what
is related to “aesthetics”: the appeal
or beauty of a given solution. In this
context, it is important to underline that
aesthetics is not limited exclusively to
the visual form, but includes aspects
such as originality, innovation, novelty
or other more subjective factors that
can understand the quality of the user
experience.
It follows that the ability to visualize
complex information, today, no longer
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refers exclusively to the communication
of quantitative information, but mainly
concerns the world of visual narration
of values and qualitative data (Scagnetti
et al., 2007), no longer a purely strategic
action at the level of marketing but
a movement aimed at increasing the
collective knowledge of the society in its
complexity.
Quantity and quality
Starting from a system that sees data
properly selected, organized, correlated
and measured on a quantitative level as
a fundamental input, the importance of a
“naturally” qualitative output emerges; an
output that finds an answer in the visual
representation of the system itself. This
change of perspective further amplifies
the need and the urgency of redesigning
the economic and business, personal
and social, environmental and cultural
systems for their components, always
fuelling new design challenges capable of
identifying unprecedented correlations
between the variables at stake.
However, extracting the maximum
potential from the data, aggregating
them and correlating them to a specific
territorial context, is not so simple. Most
of the projects developed to date have the
tendency to be mainly representations
of a state of the art, not always useful
to activate subsequent decision-making
processes, thus limiting the discipline
of design to a simple decoration. But it is
thanks to design that, through processes
and methods, styles and languages,
it is able to create a real syntax, to be
understood in a broad sense and not

only linguistic, giving meaning to the
information, but especially to the system
chosen; a system made of visible elements,
as well as invisible components, where
even the absence of perceptible data,
takes on a tangible value, like a “silence
consent”. In this way, “if we build or
reconstruct that network of relationships,
then the information begins to offer us an
overall view of the world”.
It is not difficult to imagine for the near
future collaborative and completely
transparent companies, administrations
and companies able to provide their
employees,
customers,
stakeholders
and citizens with an all-round view of
the surrounding reality. A quantum/
qualitative vision that from a moral and
ethical point of view develops a triple
condition: availability, accessibility and
accuracy, as part of a holistic strategy to
support the management of the territory.
A strategy that focuses on information
as a product and service, a fundamental
strategy in order to enable a collective
knowledge of society. The system as
a whole thus achieves a new balance
capable of offering a frequent cross
between wide-ranging cultural dynamics
and pragmatic innovations.
However, it can be very difficult for
non-experts to understand or make
formal representations of analytical
data. Mapping data in the right form,
with the right tool requires technical,
design, graphic and communication
knowledge. Bad design can blur the
real meaning of data, distorting reality
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unequivocally and causing obvious
activities that are economically, socially
and environmentally unsustainable.
More visual tools, applications and
processes that can be contextualized
and contextualized can help to stimulate
insights that can be interpreted in such a
way as to trigger behavioral mechanisms
of reaction. In this scenario, in the
common sense, the data visualization
aims at:
— to enable users to share a common
language;
— to provide an overview of the state of
the art at a strategic level;
— to trigger a more transparent
mechanism between cities, research
centres and organisations in general with
a view to planning/participating.
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Fig. 2 Rochester Ship’s Diary (1709)

Whether they are analog or digital, the
best experimentations since ever are
those carried out within a specific context.
For this reason it is of fundamental
importance for organizations as well
as for citizens to keep track of all that
the environment offers in the form of
data and information. The environment
is the context. The environment
produces spatial, temporal, personal,
collective data, but above all it relates
them, contextualizes them, answering
definitively one of the key questions of
the visualisation “Compared to what?”
(Tufte, 1983). Data thus becomes raw
material, on the one hand enabling a
continuous transformation, and on the
other encouraging new projects, new
visions that can be shared only if made
visible.

Scientists, amateurs, national and
international institutes have always
been interested in understanding and
forecasting weather conditions. Weather
variations, mapped by professionals,
individuals, sensors or other technologies,
have become, have been, and are now,
key material in the foresight of global
climate change. In this process, sailors’
observations have been the lifeblood for
the development of the first oceanic and
wind maps, as well as the diaries of the
captains of the East India Companies’
ships. It is 1709 when the ship Rochester
sailed from Great Britain to China and
its captain noted in detail in his diary
drawings of ships, wildlife, native
plants and particular places, recording
their location, movements and climatic
conditions [Fig. 2]. Today, the availability
of real-time data allows scientists to
complete precisely that work that began
centuries ago, capturing the dynamic
nature in our global system in interactive
and dynamic maps; an example is the
NASA project, which shows, through
a clear and effective visualization, the
trend of ocean currents between 2005
and 2007 detected through the use of
satellites.
Another area that is strongly involved
and interested in everything related to
data visualization is that of healthcare,
as an integral part of the continuous
improvement of the well-being of
society in its broadest sense. In this case,
history shows us how sometimes visual
representation can help, for example, to
find causes and effects of diseases, or how
the geographical distribution of infections
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allows to monitor their spread if not the
identification of the local environmental
trigger. Perhaps the greatest contribution
in this scenario is that made by Dr. John
Snow who, in 1853, mapped all the deaths
caused by cholera, highlighting, in what
can be called a “ghost map”, the right
location on the territory of the water
pumps, officially demonstrating that the
epidemic had not been spread by the
Thames, but by the water contaminated
by human waste passing through the city
aqueducts and thanks to the mapping
he was able to identify the distribution
pump of contaminated water [Fig. 3].

Fig. 3 On the mode of communication of
cholera (J. Snow, 1853)

Still today, the mapping of the dynamics of
the health system is decidedly important,
even more so if it is connected to other
specific socio-demographic data to offer
a clear and objective scenario of the
different clinical situations in the world,
from a global level to a more detailed and
local one.
Maps and cartography in general have
always been closely linked to the world
of mobility research, and not only
with regard to the display of routes
or directional infographic signs. The
analysis and visualization of digital traces,
whether personal or collective, are an aid
to a continuous and renewed reading of
society. The pioneering ORION (On-Road
Integrated Optimization and Navigation)
initiative carried out by UPS dates back
to 1980 and, through appropriate sensors,
UPS began to monitor all its vehicles,
recording their speed, direction, braking
times and other performance [Fig. 4].
The fundamental part of this vision

was that from the very beginning,
all the information collected was not
only used to monitor daily internal
performance, but also to redesign routes,
optimise fuel consumption and reduce
carbon emissions into the environment.
Energy consumption, if we consider the
environment as the context, is in fact one
of the hottest topics today. The increasing
availability of energy data allows people
to determine how they use it by defining
their impact on the environment, also
linking this information with other data
sets such as public transport, technology,
production.
GPS, wi-fi observations, geo-referenced
content, social networks, smartphones
in general, the digital revolution, the
ubiquity of the tools for mapping daily
dynamics, define a concept of data that
goes far beyond the simple indication of
number. Today, data represents real life, a
snapshot of the world, at a precise moment
in a precise place, in effect a photograph.
The reading of this “shot” obviously
changes according to the visual form
assumed, but it is only the context that will
completely change the perspective. The
interpretation of the dynamics between
individuals, companies and territory in
a continuous and dynamic pro-active
and retroactive mechanism is the key
to enabling new development policies.
Identifying recurring patterns or altering
factors allows the understanding of two
distinct but complementary phenomena:
attractiveness and pulsation (Prophet,
2016). The first derives fundamentally
from the spatial distribution of users and
the density of their digital interactions
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Fig. 4 ORION System (UPS, 2013)

and social activities; the second refers
more specifically to the attractiveness
over time considering also the variations
due to reactions triggered by events and
disturbing or enabling events specific to
the context. Graphically representing the
dynamism of these phenomena becomes
strategic for all those activities related
to the urban system, tourism, economic,
but also activities related to the world
of mobility and the energy sector. To
graphically represent the dynamism of
these phenomena means to bring out
decompositions, groupings by similarities,
differences or possible comparisons
between all the elements at stake.
Companies should therefore embrace
complexity,
because
complexity
is the hallmark of our time. The
contemporaneity of the inevitable
change dictated by the digital revolution,
is causing the equally inevitable common
approach on the part of companies to
always and only use technology as a single
answer, without spending enough time in
the pragmatic definition of real problems,
real needs or possible opportunities of the
information assets in their possession.
Opportunities dictated by all the possible
hybridizations between technology and
the humanities, between science and
design, with the original aim of taking the
conversation to a higher level.
Research and exhibition
This work collects the contributions
exposed during the RSD7 conference
in the framework of the exhibition
“Visualizing complex systems” [Pics. at the
end of the chapter]. These contributions

come from the most diverse university
faculties and cover an international
panorama that goes from the United
States and Canada to India.
The criteria that guided the selection of
contributions were as follows:
— the role of visualisation in investigation,
communication or project development;
— the role of communication visualisation
in complex systems;
— functionality of the visualization with
respect to the exposed topic;
— clarity and efficiency.
Contributions, from data and process
visualisation to giga-mapping, from
visual representation of part-whole
relationships to visual tools for decision
making, can be categorised in the
following macro-areas:
— experimentation and methods;
— education;
— healthcare;
— city;
— territory.
Experimentation and methods
Many researches have already tried to
identify methods to better represent
complexity, researches that have involved
different disciplines and for different
purposes too.
Whether they are taxonomies or modes
of representation useful to complete
a process, they all find in the graphic
representation and visualization of the
collected data a strong point to enable a
higher understanding of the phenomenon
investigated.
There are four contributions collected in
this section. They range from research
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and definition of 16 visual models
to represent complexity, to visual
strategies to improve the usability of
existing decision-making tools, from
experiments through the use of chord
diagrams representing the relationships
between different stakeholders, to the
identification of a way to describe almost
anatomically a system.
Education
“We are a visual and symbolic species”
(Cairo, 2012), says Alberto Cairo.
Everything that our senses perceive
and capture is transformed in our minds
into simple and easily manageable
representations or symbols, verbal and
textual symbols, mental images and
visual schemes.
The affirmation of
Cairo therefore focuses on the need to
enable knowledge and understanding
through the use of visual forms, graphics,
diagrams, underlining how these are
much more effective than lists of data,
statistical formulas, algorithms and the
now almost obsolete reports.
In this context, education finds a wide
space for action, having the possibility
of visually translating information that
would be difficult to understand or
memorize.
The contributions presented and
categorized under this label show just
how it is possible to transfer complex
meanings using visual forms that very
often make use of languages and playful
tools to better support.
From lessons learned about the
effects of one’s choices through roleplaying, to unconventional platforms
for
communicating
environmental

data, to more in-depth investigations
into the future of education itself and
the discipline of design, visualization
becomes a versatile tool for all users.
Healthcare
As already pointed out, the health sector
has a large amount of data to the point
that visualisation tools can only become
fundamental for their understanding or
communication.
Three contributions have addressed this
issue, and in each of them the world of
representation takes on a different role. In
fact, we move from the use of maps and
diagrams to highlight the difference and
disparity between the management and
services offered by the traditional health
sector compared with the possibilities
of e-health, to maps with higher degrees
of detail to analysis of the entire Indian
health system, without forgetting the
possibility of communication to convey
important messages such as those of
complexity in the system of organ
donation.
City
The city has always fascinated research
from many points of view; the exploration
and narration of the dynamics that are
established and develop in it are certainly
one of the main sources of inspiration.
Knowing its movements, understanding
its flows, analyzing its metabolism,
becomes fundamental to design on it in a
coherent and effective way.
Two
contributions
specifically
investigate visualization for these
purposes, contributions that use forms of
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mapping and abstraction with the aim of
highlighting the relational potentials of
the city and the spaces available in it.
Territory
Sometimes synonymous with context,
environment. The detailed analysis of
a territory is able to highlight specific
phenomena and not, relate different
environments and compare sectors.
Conscious, exploratory, informative,
projectual, the visualizations that place
the territory at the center may have very
different purposes, but all reflect sections
that become easier to understand.
The contributions belonging to this
category are mainly conceptual and
infographic maps, graphs of specific
case studies for regions or sectors
of investigation that underline the
importance of knowledge of the context
in order to achieve sustainable design.
Today, we are faced with environmental,
social and economic challenges that can
be better understood and faced with
greater security only by starting to act
in a collaborative perspective, observing
what surrounds us in a broader and more
conscious way, starting, therefore, from
the territory itself.
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learning points

Author: J. Boehnert
University / Organization:
EcoLabs, UK
Keywords: Complexity,
Key Characteristics, Visual
Language

Sustainability practitioners have long
relied on images to display relationships
in complex adaptive systems on various
scales and across different domains.
These images facilitate communication,
learning, collaboration and evaluation as
they contribute to shared understanding
of systemic processes. This research
addresses the need for images that are
widely understood across different
fields and sectors for researchers,
policy makers, design practitioners and
evaluators with varying degrees of
familiarity with the complexity sciences.
The research identifies, defines and
illustrates 16 key features of complex
systems and contributes to an evolving
visual language of complexity. Ultimately
the work supports learning as a basis for
informed decision-making at CECAN
(Centre for the Evaluation of Complexity
Across the Nexus) and other communities
engaged with the analysis of complex
problems.
A research process was designed to
identify sixteen key characteristics of
complexity and to inform the development
of new images and descriptions. In
order to gather ideas from academics,
sustainability practitioners and designers
with expertise in the complexity sciences,
systems mapping and design, I collected
50 surveys at The Environment, Economy,
Democracy: Flourishing Together RSD6
(Relating Systems Thinking and Design)
conference in Oslo (October 2017) and
ran two participatory workshop in
London (November and December 2017).
The images, definitions, examples and
learning points were developed with this
research process. The text below was

written with Alex Penn, Pete BarbrookJohnson, Martha Bicket and Dione Hills.
Many thanks to RSD6 organisers and all
who contributed images and ideas in the
surveys and workshops.

Fig. 1 Survey Sample
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Fig. 2 Feedback, collection of survey samples
Fig. 3 Emergence, collection of survey samples
Fig. 4 Boundary / threshold, collection of survey samples
Fig. 5 The visual representation of complexity, J. Boehnert, 2018
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The Quality Function Deployment,
also known as QFD, was born in Japan
around 1965 as a tool to obtain measurable
parameters related to design quality,
basing on needs and requirements
expressed by the users.
The inputs of this tool are the measurable
characteristics or attributes of the product
or service that is going to be designed,
and the needs expressed by the costumer
in his own language. These parameters
are inserted in a matrix called House of
Quality that, using a graphic approach,
allows the multidisciplinary team to

Visual explanation
of Quality Function
Deployment
Strategies to improve the
QFD decision-making tool’s
usability

assign a mark to the degree of correlation.
The QFD is usually used in business
contexts by multidisciplinary teams
that, after being subjected to significant
training, for a defined period meet and
work together to compile the tool.
The authors have been using the QFD
in several design research projects with
the aim of bringing innovation using a
user centered design approach, including
researchers of different fields and
professionals working in the markets
related to the products or services that
were going to be designed. It was noticed

Authors: S. Imbesi, G. A.
Giacobone
University / Organization:
University of Ferrara, Italy
Keywords: Quality Function
Deployment, Multidisciplinary
Team, Design Research, User
Centered Design, Graphic
Design

Fig. 1 QFD planning structure

Fig. 2 Aspect of the traditional QFD matrix
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that some problems occurred using QFD
in contexts where people had not been
subjected to adequate training, and where
they did not have the opportunity to meet
regularly in person, but most of the time
they met virtually online.
In this poster the authors suggest some
reflections on how graphic solutions
could be applied to the QFD, to make this
tool’s easier to be used and applied by a
multidisciplinary team that never met
before and have never used it, with no
time to be trained.
The possible graphic strategies will aim to
increase the tool’s usability to people with
different backgrounds that are using the
QFD for the first time, to make it accessible
and effective in its results. The support
of graphic design is very important to
make the process more intuitive and less
discouraging, to open the use of the tool to
persons that are not specific technicians
and to share obtained results to the team
in a most intuitive way.

Fig. 3 House of Quality’s sections: every
parts of the matrix corrisponds to a stage
of the QFD process. For every stage there
are some critical issues that could be
overcame using graphic design solutions
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Comparative
Stakeholder
Relationships Mapping
Using radial convergence
to map relationships +
prototype change

Author: K. Peter
University / Organization: OCAD
University and Royal Bank of
Canada
Keywords: Stakeholder
Relationships, Role Play,
Radial Convergence Mapping,
Policy Research, System-Level
Change, Narrative, Growth,
Economy

This visualization came out of a larger
research study that looked at alternative
narratives on the future of economic
growth. Motivated to understand why
the current economic system appears to
be failing us, and what a human-centered
approach might bring to the challenge,
the study investigated both current
and alternative narratives on economic
growth and how a participatory approach
to reframing might enable transition
to a more desirable alternative. Within
the context of the larger study, role play
was used to enlist diverse inputs of both
expert and non-expert stakeholders.
ACTIVITY: Using an alternative narrative
developed in the first phase of the study,
twelve stakeholders were engaged in the
second phase for a simulated discussion
addressing the question of “How might
we get to a more inclusive economy?”. The
activity was guided by prompts derived
from Roman Krznaric’s “Rough guide to
how change happens” (2007) covering
the desired change, who is involved, what
strategies might be taken, what contexts
they might play out within and pathways
or processes that might be needed to bring

about the change.
OUTCOME: A key outcome was that
narratives in combination with role
play can be used as both representatives
of the change desired as well as probes
for change, and that through simulated
enactment of an alternative narrative
stakeholders in the system might
themselves begin to enact the change in
the world. Further, strategies generated in
the role play were intended to encourage
policy influencers and policy makers
to adopt and evolve a richer and more
participatory set of policy research and
development tools. Among the strategies
was the recommendation to engender a
prototyping mindset across government,
including the introduction and use of
narrative probes.
ANALYSIS: Radial convergence maps
were created to first anticipate the
nature of relationships within the role
play—notably the alliances and tensions
that might form—then to analyze and
understand stakeholder interactions
within each of the two groups and
comparatively across the groups.

Fig. 1 Role play participant shown in “character” across two groups
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From the visual analysis emerged a
list of potential stakeholders to involve
in future engagements (simulated or
actual), an awareness of advantaged and
disadvantaged stakeholders, and potential
and non-obvious partnerships that could
be fostered within the larger system.
Stakeholders to involve in future
engagements (simulated and actual),
specifically: Youth, seniors, enterprise
board
members,
global
advisors,
libertarians and Indigenous Peoples.
Advantaged
and
disadvantaged
stakeholders,
notably: Government,
startups and effective storytellers are
seen as advantaged, and immigrants
and youth are among those considered
disadvantaged.
Potential and non-obvious partnerships,
for example: Media and wellbeing
advocates, enterprise and startups,
immigrants and startups.

Fig. 2 Analysis of stakeholder relationship
using radial convergence mapping before,
during and after a comparative role play
activity
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Anatomy of Systems
A tool for ethnography of
infrastructures

Authors: A. Nogueira, C.
Teixeira, W. Ashton
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Institute of Design, USA
Keywords: Anatomy Of
Infrastructures, Ethnography
Of Infrastructures, System’s
Visualization, Multi-Systems
Integration

BACKGROUND
Designers are known for their abilities to
create interventions (products, services
infrastructures and systems) with producttechnology features capable of promoting
new experiences among actors. While
these interventions are often oriented
towards impacting social systems, they
embed new affordances into the socioecological context, and generate new
interactions not only among humans, but
also between humans and non-humans’
actors. As the field increasingly engages in
complex socio-ecological challenges, new
methodologies are required to incorporate
considerations of the dynamic, nonlinear
interactions
among
actors
shaping these challenges. We explored
novel approaches to ethnography and
prototyping of infrastructures in order
to (1) uncover the logics shaping these
interactions, and (2) iterate interventions
to increase the fitness in socio-ecological
systems. We assumed design practices as
iterative processes in which participants
continuously gathered information about
context through prototyping.
THE TOOL
This tool supports actors in understanding
the interconnectivity between them. It
situates the goals of the system in the
center, representing the societal level,
and the features of the system in the
outlier circle, representing the producttechnology level. Features are followed
by affordances, representing productservice systems, and impacts within
socio-technical systems. This correlation
is helpful for designers to understand not
only multi-level integration but also how
features, the interactions among actors

afforded by them, the impacts these
interactions generate, and the overall
alignment between the features and the
intended goals can be integrated into new
systems interventions. Each zone (or level
of the system) should be read separately
given its own dimensions. While there is
no single path for utilizing this tool, here
is one suggestion, following the logic of:
Goals <-> Impacts <-> Affordances <->
Features
STEP 1: List the overall goals of the
system, and situate them in the center of
the diagram.
STEP 2: Identify few indicators of impacts
supporting the achievement of the goal.
These should be represented as variables
impacting the dynamics of the system.
Situate them in the next zone, and connect
these indicators with the goals.
STEP 3: Identify features of the system
supporting impacts, and position them in
the outside circle. These should be actors,
products, and services that interact in the
system of interest.
STEP 4: Connect the impacts with the
features through the actionable properties
each one of the features embeds into the
system.
You might use color coding for separating
the different levels and elements.
Ultimately, this activity should surface
multi-level interactions, and how
different types of resources are flowing
between the levels of the system. Validate
your representation with others.
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CONTEXT OF APPLICATION
We applied some tools of this new
methodology in ‘The Future of Farmers
Market’ project, a partnership between
IIT-Institute of Design, a graduate design
school in Chicago, and the Plant Chicago,
a non-profit organization located on the
south side of Chicago with a mission to
cultivate local circular economies through
education, research, and incubation. Plant
Chicago recently began working to develop
collective activities with co-located
businesses at The Plant, an industrial
facility on the south side of Chicago that
serves as a community building space
for local food and beverage businesses.
The project focused on multi-systems
integration as a strategy for developing
circular economies, and considered
farmers’ markets as critical paths for
advancing transitions in the local context.
By applying new tools, participants
uncovered four main challenges among
farmers’ markets: data application, access
to best practices, materials & nutrient
management, and rules & regulations.
Once these patterns were situated within
the system’s anatomy, participants were
able agree on four actionable properties
that market managers should intervene to
advance local circular economy practices
in Chicago: collaboration, education,
facilitation, coordination.

Fig. 1 Anatomy of System
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Fig. 2 Anatomy of Farmers Market in
Chicago, USA
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EDUCATION

Interstellar

A game of coopetition

“To boldly go where no one
has gone before”

The intrinsic human need to explore,
discover, and conquer new frontiers
saturates every domain, from sports to
science. By far the most daunting of these
domains, whether material, physiological,
or intellectual, is interstellar space.
Although still at least 100 years away
from viable commercial space travel
to Mars, the entities with the means
to drive this pursuit remain vigilant
despite popular wisdom. It is a pursuit
that requires a non-zero-sum game, a
Systems Thinking perspective of global
cooperation and mutual gain. Technology,
policy, and social advancements born out
of space travel may provide the answers
to some of Earth’s most pressing problems.
The challenge has been to inspire the

vast majority of people to look upwards
again after decades of fixation on the
current world condition. Media and
entertainment play significant roles in
influencing attitudes and world views,
and games in particular can offer ways to
explore complex multidimensional ideas
in simple and fun ways. By combining
gaming and systems concepts, Interstellar,
explores the social and ethical plateaus
that challenge our evolution toward a
unified space-going species through a
compelling multiplayer board game. By
balancing the causal, and contradictory,
relationships between military, civilian,
commercial and scientific interests, the
game lets players explore the dynamics
between cooperation vs competition, and
their effects on advancing civilization
into Space.

Authors: A. Oliveira, I. Cortes, L.
Shand, N. Matharu
University / Organization: OCAD
University, Canada
Keywords: Synthesis
Map, Space Travel, Mars,
Extraterrestrial Colonization,
Interstellar, Planetary

Fig. 1 Play-testing a prototype of the board game designed to interactively explore the
concepts in the sythesis map
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Fig. 2 Our 100 year journey to Mars
requires “coopetition” and trust—it
is a social challenge rather than a
technological one
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Clear
Air Quality Data as a tool
for enabling learning and
community action

Clear is an exploration of how Service
and Systems Oriented Design can be
used in the public sector to generate
awareness and trigger action regarding
environmental topics.
Miljødirektoratet,
the
environment
directorate of Norway, has the mandate to
spread knowledge about air quality data
with the general population with the aim
of reducing harm and changing habits.
At the moment, there is a consortium
of government bodies that gathers data
through several measuring stations
scattered around the country. This data is
mostly used for scientific purpose.
The problem is that this data has little
contextualization to people’s routines, or
even worse: it contradicts their whole life

choices – moving to the suburbs, having
kids, owning a car, etc. This generates
a cognitive bias against environmental
sound actions and measures (Oslo aims to
be car free in it’s city centre, for instance).
To make matters worse, air pollution has
many causes and sometimes individuals
power to act is diminished, asking for
stronger policy.
This contradiction asked for a different
approach. Instead of trying to change
deeply rooted habits, the project targeted
children from 8th to 10th grades. The
proposal is called ‘Up & Around’: an
educational platform composed of a series
of activities that are assigned by teachers
and performed by students using two
dedicated iPad apps. These activities aim
to teach children all there is to know

Authors: T. L de Aguiar Freitas
University / Organization: The
Oslo School of Architecture and
Design
Keywords: Service
Design, Systemic Design,
Environmental Data, Air
Quality, Education

Fig. 1 The service’s main touchpoints are pre-made activities for teachers and iPad apps
for designing study programs and following students
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about Air Quality and to engage them in
action in their communities, so they can
spread knowledge to parents and even
local authorities.
‘Up & Around’ is also great for teachers:
content is based on national curriculum
and they can evaluate their student’s
work continuously from the app, making
it a great tool for teaching.
The ultimate goal of the project is to
create the next generation of air quality
advocates and introduce the topic of local
politics in middle school environment, in
order to facilitate for radical changes that
will be demanded in the coming years.
In the development of the project, most of
the tools of the Systems Oriented Design
playbook were used: stablishing a Rich
Design Space, utilizing Gigamaps as a
means to generate common understanding
of a problématique, as well as several
methods for systemic impact evaluation
of proposed design solutions. User insight
and prototyping were an integral part of
the whole design processes.

Fig. 2 Close-up of the Gigamap developed
during the insight phase of the project.
The map layers environmental, social,
individual and geotechnical data
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Flourishing Cybernetics
A Biomimetics PostSecondary Futures
Narratives

“Education based solely on past models
will fail, whereas education that learns
from the past, based on navigating
through uncertainty, and built on
cooperation, can lead us to create a
world we want to live in and pass on to
generations to come. The future needs
people who are able to synthesize and
contextualize information, keep an
open mind to continuous change and
emergence and look for, and see, a bigger,
much bigger picture. Specialist expertise
is still essential, but should be linked with
other specialist expertise to generate a
more comprehensive understanding of
the expanding complexity of the emerging
world.” (Hodgson, Tony, 2014)
Imagine a world where purposedriven humans shift our economic
and bureaucratic systems using a life-

long empathy driven ‘changemaker’
pedagogy. The following systemic map
is an optimistic narrative based upon
a ‘3 horizon economies’ model where
we examine how might post-secondary
institutions transform to meet the needs
of future social innovators, communities
and industries. In the map, as we
reach the 3rd horizon of a Flourishing
Economy, we visualize through panarchy,
Changemakers informing the design of
systems inspired by Dr. John Ehrenfeld’s
Sustainable Satisfaction Delivery Systems
(SSDS) ideology. (Ehrenfeld, 2001). Our
narrative concludes with an imagined
heuristics model to uncover the way in
which we will co-evolve and flourish with
autonomous technologies conceptualized
as “Flourishing Cybernetics.”

Authors: N. Abuseif, N. Norris, J.
Wilson-Lee
University / Organization: OCAD
University, Canada
Keywords: Transdisciplinary
Learning, Changemaking,
Higher Education, Flourishing
Economies

Fig. 1 The Introduction of Panarchy’s catalyst/ THE CHANGEMAKER PEDAGOGY

47

Fig. 2 How the adaptive cycles socioeconomic systems nest into a panarchy,
creating a theory of how purpose-driven
individuals might shift us towards
flourishing
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Designing Designers
A Critical look at design
education
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Design has enormous influence on the
world at all scales; it mediates our daily
experiences and shapes our ways of life.
We all “design” to some degree, but
professional designers are in a unique
position to influence our social practices,
our environment, and our experiences of
the world. The ways in which professional
designers practice is commonly formed
through tertiary design education (i.e. at a
university or similar).
Living in a time of global ecological
and social crises when design could be
leveraged to transition to alternative
futures, we take a critical look at design
education, asking how we might navigate
toward sustainable and equitable design
practices through a preferred design
education landscape.
What is design?
Design goes far beyond its popular
understanding, ranging from physical
products to the natural environment. The
deeper layers of design encompass the
layers found above them.
What is the problem?
Critiques of the current design education
landscape have been mapped using
Causal-Layered Analysis (CLA). The four

layers of CLA get deeper to understand
a problem from its surface-level
manifestations to its deepest, unconscious
roots.
Who is involved?
Surface-level problems may be located
within design schools, while deeper
issues are located within increasingly
diffused spaces. We have identified key
actors within each problem space and
the interventions they have power to act
upon.
How do we take action?
Below are a list of possible points of
intervention for transforming design
education toward a preferred future from
surface to system, drawing directly from
the critiques mapped using CLA.
A final word...
It is important to discuss and address the
surface-level problems within design
education, but lasting change will require
an exploration of their deep, systemic
causes. A preferred future for design
education involves working to not only
better the education itself, but to build a
better world.
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CITY

Open Interactive
Mapping
Exploring, abstracting,
deciding in the relational
city
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Spatio-temporal
territories
are
constantly changing complex systems
composed of heterogeneous content:
material and immaterial elements, as
these interactions are being generated,
combined and experienced by diverse
subjects in a specific context. Open
Interactive Mapping is the visualisation
of an under-construction methodology of
mapping-and-designing the city, through
this point of view. The methodology
approaches the city as constituted by
signifying objects-subjects’ interactions,
which can reveal its component relations
among heterogeneous parameters. In
dialogue with questions on how city’s
multiplicity can be mapped and how such
a mapping might contribute to designingintervening processes, intention of the
methodology is to function as a tool
capable of revealing and at the same time
abstracting city’s complexity, contributing
to decision-making and management
processes in a territory. The methodology
the methodology is composed of three
levels of actions (fig.1 in blue colour): the
gathering of data (diverse mappings);
the search of translation parameters
among the mappings; applications and
experiments that test the methodology
in specific case-studies. The organisation
and the capacities of data management
are being performed through the Open
Interactive Map (OIM) that is being
presented in this poster. The general aim
of the OIM is to be capable of organising
and managing city’s com- plexity as this
emerges from multiple mappings and
their relations. The OIM is a system of a
data base of multiple mappings in their
original form, a table and a map (fig.1
in green colour). The horizontal axis

of the table integrates references to all
the different mappings and the vertical
the properties/ (translation) parameters
list as organised in categories. On the
map the different references to physical
locations are noted. The data-base, the
table and the map are interconnected
through many options of selections.
For instance, selections on the table can
activate networks of locations on the
map, enabling multiple decompositions
and recompositions of the city beyond the
physical ones. Selections on the map can
indicate properties attributed to locations.
Combinations - sequences of selections in
a logic of back-and-forth actions, based on
specific scenarios and intentions can guide
and support a decision-making process
while feeding the perspective of design
logics that take nothing fore-granted.
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Fig. 1 Scheme of the Open Interactive
Map as embeded in the methodology of
mapping-and-designing the relational city
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Fig. 2 Samples of activating (above frames)
and abstracting (below frames) complexity
of a location (Syntagma square) as this
emerges from the 26 mappings of an
experimental testing application
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HECATE: The Affective
City

Mapping the city’s spaces
of possibilities
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INTRO: space of possibilities
The project theorizes the city as a
multiplicity, a structure of spaces of
possibilities while at the same time trying
to establish a liaison between the city’s
properties, tendencies and capacities.
While space is generally perceived within complexity theory and dynamic
systems theory - as a changing field of
dense interactions that occur in a range
of spatial and temporal scales, we are
unable to perceive it or describe it in
these terms. In this framework, Hecate
is the city’s apparatus; an urban “mining”
system able to decipher, map, connect, or
navigate itself through the superimposed
layers of information within an urban
territory. It is an interactive city scape, a
complementary organizational system to
the actual city. It is visualized as a network
of richly interconnected nodes of varying
intensities, each representing information
flows between the system and the city.
MAPPING: an informative mining
system
In order to push the boundaries further
we have to surpass the appearance
of the existing form of the city as a
constructed landscape of forms, built
upon percepts that are fundamentally
immanent and insurmountable. The
complexity of information act as an
obstacle to the acquisition of personal
cognition and knowledge. By mapping
a landscape of points of interaction we
have developed a mining system which
extracts information from contemporary
urban landscapes without theorizing a
single viewpoint as a vantage point. Any
geolocated point within the urban sphere
becomes vantage point independently

from our a priori imposed symbolic values.
Using algorithmic procedures in order to
construct a simplified ontogenic model we
seek to represent the correlations through
an apparatus which has the capacity to
translate any information in a qualitative
tension. That is the main reason why any
information Hecate depicts is organized
based on the number of points per surface
and the proximity of these points. That
means that each semantic layer of the city
is translated in geo referenced intensities.
The main aim of this procedure is to
complement in a quasi-virtual apparatus
the site specific symbolic content
through the qualitative compression of
information. The concept of abstraction as
a site specific operation is crucial because
of its immanent capacity of compressing
different informational layers in a single
entity that preserves the invariant
traits while it preserves its capacity to
diversify the informational layers into
local instantiations. These characteristics
made the procedure a method for
the organization of information, the
simplification of the representation,
the diversification of thought processes
and the increasing possibilities of the
formation of new territories of space
interaction.
MATERIALITY:
manifestation
of
virtuality
Performing a recurring two-fold process
- collect information and distribute it in
the city - it creates a virtual network of
nodes that interact and finally form a
“living” organism attached to the public
areas of urban territory. This network
reinstates the areas of intensities within
the urban context through the local
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instantiations of the structure which
has previously interacted with the global
information system of the city in order to
form itself. Each node interacts with the
user, makes local decisions and forms an
autonomous architectural structure in
order to reveal the space of intensities
according to the user. This “informative
spatial object” consisting of a network of
nodes interconnected via an exoskeleton
in the exact coordinates that will reveal
the tendencies inherent in the urban
fabric, has its own spatial formation while
the ability to interconnect with other
nodes, reveals its immanent capacity for
mutation.

Fig. 1 Mapping intensities of urban
territories

56

Fig. 2 Informative spatial cityscape
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HEALTHCARE
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eHealth: Better
Health Care Through
Technology
Chronic Disease
Management

Our journey into the Canadian health
care system may be a top-down approach,
starting with macro policies and
regulations. However, for most of us, we
relate our personal experiences of our
interactions with the health care system
to our impressions of the overall system.
Starting from this personal perspective,
we begin our journey with James, a
retired 65-year old man with symptoms
suggestive of chronic obstructive
pulmonary disease (COPD). James needs
to consult with his family doctor to get
a diagnosis and treatment for his health
problems. James has limited mobility
and depends on his daughter, Hedy, to
help him get to medical appointments.
Starting from this personal situation, I
will proceed to describe a shift from a
problem-solving focus to a paradigm shift

of constructivism where the definition
of the problem is less clear and where
complexity precludes a linear search
for solutions and where there is no
optimal solution. I will use a systems
oriented design approach to explore the
complexity of the issues involved in this
seemingly straightforward matter. I will
be using a gigamap to visually display
the complexity. “Gigamapping is super
extensive mapping across multiple layers
and scales with the goal of investigating
relations between seemingly separate
categories, hence providing boundary
critiques on the conception and framing
of systems (Sevaldson, 2012).” Canadian
federalism pose unique challenge and
opportunities in health care delivery
that are more apparent what visually
displayed.
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Fig. 1 Relationship of Population
Health, Environment, Health Care and
Government Role
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Fig. 2 Comparison of eHealth and
Traditional Health Care
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Designing for
Comprehensive
Healthcare

A ground zero study and
system synthesis from
India

The Indian healthcare system is a
convoluted web of interplaying elements,
a rare occurrence, where the public
and private sector coexist, interact and
function simultaneously to deliver
healthcare services. Considering, the
public and private health systems as subsystems of the whole, it was observed that
solutions don’t easily penetrate into or
traverse through these sectors. Moreover,
the causality of the problems in the
system remains largely misunderstood,
leading to piled up unmet needs. These
are wicked problems as they bleed into
one another making designing for health
in India, challenging.
The adoption of System Thinking
methodologies like cluster mapping, userexperience graphs and feedback loops,
emerged as effective tools for information

handling and synthesis. The Giga map,
drawn thereafter, compares the state
proposed structure of the system with
its abysmal ground realities along with
outlining the patients’ experiences while
navigating this system.
The
public
and
private
system
were observed as a whole and their
comparative analysis was quintessential
in deciphering unforeseen relationships,
making the system study unique to our
context. Their disparateness led to the
emergence of a unique and inspiring
interplay for discovering unmet needs. It
is in this context that the study conducted
holds relevance and lays the ground for
dialogue and discovering the ‘sweet spot
of intervention.’
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Fig. 1 The private healthcare system of India with the various points of patient entry,
their interactions and methods of healthcare delivery
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INDIAN HEALTHCARE SYSTEM
PUBLIC HEALTHCARE SYSTEM

and are not excluded. Janani Shishu Suraksha Karyakaram
(JSSK) entitlements e.g. free transfer from home to
facility, inter facility transfer in case of referral and drop
back for mother and children are the key focus of 102
service. For 102 transports, both capital and operational
cost are fully supported.
7748 ambulances
6345 empanelled vehicles are also being used in some
States e.g. Janani express in MP, Odisha, Mamta Vahan in
Jharkhand, Nishchay Yan Prakalpa in West Bengal and
Khushiyo ki Sawari in Uttarakhand.

ERS(Emergency Response Services) /Patient Transport Service
National Ambulance Service (NAS)
National Health Mission (NHM)
108 is predominantly an emergency response system,
primarily designed to attend to patients of critical care,
trauma and accident victims etc. For 108 emergency
transports, capital expenditure of ambulances is
supported under NHM and operational cost is supported

108

SCHOOL CHECK-UP
UNDER THE YEARLY
HEALTH ASSESSMENT

Public Healthcare is free of cost in some cases or largely
subsidized. Healthcare is both State and Centre funded.
Maternal and child healthcare service, medication,
services for elderly, OPD consultations & child immunization are free of cost. Treatment for people below poverty

of its total GDP
on healthcare.

registration, surgeries, diagnostic tests, inpatient facilities
& vaccines the payments are made by insurance or
out-of-pocket by patient but at subsidized cost.

4.2%

102 services essentially consist of basic patient transport
aimed to cater the needs of pregnant women and

EMERGENCY

As per budget
2015, India is

1.2%

MINISTRY OF
HEALTH &
FAMILY WELFARE
(MHFW)

of GDP is public
health spending.

BUDGET

PRIVATE HEALTHCARE SYSTEM

MINISTRY OF DEFENSE

MINISTRY OF RAILWAYS

ARMY MEDICAL COLLEGE
& HOSPITALS

RAILWAY HOSPITALS

SPECIALITY HOSPITALS

DISPENSARIES

PRIVATE VENTURE
(FOR-PROFIT) &
CHARITABLE TRUSTS
(NON-PROFIT)

TERTIARY CARE HOSPITALS &
MEDICAL SCHOOLS
TRAUMA CENTRES

102

CONSULTANTS
(Super-specialists,
physicians, surgeons &
academicians)

CLINICIANS & PROFESSORS
(Super-specialists,
physicians, surgeons &
academicians)

Out-of -Pocket or Health Insurance

Rs 2/- for Registration & OPD

Referral

DISTRICT & SUB-DISTRICT
(TALUK) HOSPITALS
Referral

NURSING
(larger support
staﬀ for inpatient
care & services)

LABS

NURSING
STAFF

CLINICIAN
(DIAGNOSTICS)
LAB
TECHNICIANS

Referral

PATIENT PROFILE

CLINICIANS

U

R
Rural

PRIMARY HEALTH CENTRE
(PHC)
Referral

Aspirers

Middle class

HEALTH
WORKER

Rich

ESIC DISPENSARIES & HOSPITALS
(Employees State Insurance
Corporation)

CHIEF MEDICAL
OFFICER

NURSING
STAFF

Rs 2/- for Registration & OPD

Deprived

OCCUPATIONAL
THERAPIST

Heading the CHC,
PHCs & sub-centres
under it.

TYPE B

insurance scheme for Indian workers for employees
earning ₹15,000 (US$220) or less per month as wages.
Outpatient facilities: 1418 ESI dispensaries & 1,678
private medical practitioners
Inpatient care: 145 ESI hospitals & 42 hospital annexes
(19,387 beds)
830 ESI centres pan India

TYPE A
ANM

CGHS

SUB-CENTRE

TYPE A

ANGANWADI CENTRE
(AWC)

3000 - 5000 people

3000 - 5000 people

20,000 - 30,000 people
Referral unit for 6 Sub-Centres

80,000 - 120,000 people
Referral unit for 4 PHCs

32,000 - 3,000,000 people (avg 1 million)

FACILITY SIZE
(by hospital beds)

On-foot health worker

0-6 years children

Type A: 2 beds
Type B: 4 beds

4 - 6 bedded
Type A < 20 deliveries /month
Type B > 20 deliveries /month

30 bedded
Type A < 20 deliveries /month
Type B > 20 deliveries /month

Grade I: 500 beds; Grade II: 400 beds
Grade III: 300 beds; Grade IV: 200 beds
Grade V: 100 beds

HEALTH SERVICES

Antenatal Care tracking in the village i.e.
escort Pregant women
Child immunisation and post-natal advise
Information about Curative ailments
Reporting for referrals
Blood sample collection and records of the
medications provided
Each home and family record
Family Planning and contraceptive
education

Integrated Child Development Services
Regular quick surveys of all families
Organize pre-school activities
Provide health & nutrition education
Motivate families to adopt family planning
Educate parents about child growth &
development
Assist in the implementation & execution of
Kishori Shakti Yojana (KSY)
Identify disabilities in children

Type A:
1+1* ANM (Auxillary Nurse Midwife)
1 Health worker male
Type B:
2 ANMs
1 Health Worker Male

Personnel & Services are added
on to the one provided at the
lower level
* Desirable facilities

HEALTH PERSONNEL
Personnel & Services are added
on to the one provided at the
lower level
* Desirable facilities

ASHA worker (Accredited Social
Health Activists)
Information collected is handed over to
the ANM who sorts it and further adds
to the records seen by the Medical
Each Sub-centre has 3-5 ASHA workers
reporting with data.

LOCATION

door-to-door

Anganwadi Worker (AWW)
Anganwadi Helper (AWH)
40 to 65 Anganwadi workers
are supervised by 1 Mukhya
Sevika,
Mukhya Sevika then reports to
the Child development Projects

0 - 5 kms from habitation

CHARITABLE TRUST
DISPENSARIES & PHARMACIES

Funded by Charitable Trusts. They
provided concessional charges or
free of cost services.

Patient visit the centre or labs
collect samples from Patient
homes and send reports
Out-of
-Pocket or
Health
Insurance

Referral for diagnostic tests

Skilled Birth Attendance (SBA)
Antenatal Care + Postnatal care
Timely Referrals
Managing labour
Minimum 24 hours of stay of mother &
baby after delivery at Sub-centre.
Growth assessment for 0-5yrs children
Immunization Services
Curative Service for minor ailments
School Health Services
0 - 5 kms from rural habitation

+

+

6 hours/day of OPD services (~ 40 patients)
24 hours emergency services| Minor OT
Referrals to CHC/ District hospitals
In-patient service (6 beds)
Haemoglobin| Urine albumin| sugar| RPR
test for syphilis| Blood Grouping| Rh typing
Nutrition and health counseling.
Pharmacy | Treatment of RTI/STI
Disaster Prevention Measures | Ayush*

Type A:
Type B:

+

+

Doctors on visit (GP + Specialists*)
Pharmacist | Laboratory Technician | Health
Educator
Vaccine Logistic Assistant | Accountant
Assistant workers | Cleaners

~ 10 kms from Sub-Centre

General Medicine | General Surgery + Post-op care
Obstetrics and Gynaecology, Paediatrics
Dental & AYUSH clinic
Anesthetist and Public Health Specialist
Visiting Specialists | Newborn Stabalization Unit
Non-communicable diseases clinic
Communicable Diseases Programmes
Opthalmology-vision testing
Diagnostic Services (Xray, ECG, Blood work)
Physical Medicine & Rehabilitation
Blood Storgae Facility

+

+

1 Public Health specialist | 1 Public Health Nurse
General Surgeon| Physician| Paediatrician
Dental Surgeon | Obstetrician & Gynaecologist
Multi Rehabilitation Worker | Radiographer| Dietician

~ 30 kms from Sub-Centre, Urban areas

PATIENT PROFILE

U

R

Urban

Rural

Referral

VOLUNTEERS
CLINICIANS
(~ 1 or 2
specialities, set
up together)

Out-of -Pocket or Health Insurance

Outreach clinics reach out to people
at homes, schools and workplaces.
Deprived

PRIVATE PRACTIONERS/
CLINICS

Referral for diagnostic tests

Aspirers

Middle class

Rich

Funded by Charitable Trusts. They
provided concessional charges or
free of cost services.
NGO RUN CLINICS &
OUTREACH CLINICS

Patient can visit these for
preventive test packages and
for yearly health check-up.

Out-of -Pocket or Health Insurance
For primary consultation
PHARMACIST

PHARMACISTS &
CHEMISTS

254 allopathic dispensaries, 19 polyclinics, 78 Ayush
dispensary units, 3 Yoga Centres, 65 Laboratories & 17
Dental Units.
The main components of the Scheme are:
1)The dispensary services including domiciliary
care F. W. & M.C.H. Services (2) Specialists
consultation facilities both at dispensary, polyclinic
and hospital level (3)X-Ray, ECG and Laboratory
Examinations (4) Hospitalization & Organization for
the purchase, storage, distribution and supply of

CHIEF NURSE

CONSULTANTS

No. of personnels for 100 to 500 bedded
Doctors: 30-68 for

HEAD NURSE

SENIOR RESIDENT
DOCTOR

MEDICAL OFFICER

NURSING STAFF

JUNIOR RESIDENT
DOCTOR

NURSING INTERNS

INTERNS

LOCATION

Urban areas

Urban & Semi-urban areas

Urban, Semi-urban
& Rural areas

FACILITY SIZE
(by hospital beds)

50+ bedded
2 or more Specialities

30+ bedded
Single or Multi-Speciality

<30 bedded
Single or Multi-Speciality

HEALTH SERVICES

HOSPITAL LEVEL 3
Super-speciality with distinct departments
Intensive care facilities + Inpatient services
Dentistry & Imaging facilites

HOSPITAL LEVEL 2
Surgery & Anasthesia
Pharmacy, Laboratory and Diagnostic
Basic Specialities: Orthopedics, ENT,
Opthalomology, Dental, Psychiatry,
Skin, Pulmonary, Rehabilitation
Emergency with or without ICU

HOSPITAL LEVEL 1A
General Medicine Services with inpatient
services. OPD and non-surgical services

Personnel & Services are added
on to the one provided at the
lower level

HOSPITAL LEVEL 4
Hospital +teaching with multiple
Super-Speciality, Provides MCI (Medical
Council of India) requirements.
*Added to facilities provided by LEVEL 1 & 2

RESEARCHERS

HEALTH PERSONNEL
Personnel & Services are added
on to the one provided at the
lower level

QUACKS

70%

AYUSH CLINICS
MEDICAL
PHARMA
DEVICE
COMPANIES
COMPANIES

SALES
REPREDENTATIVES

such as attendants, technicians, management and security.
Most of the teaching hospitals have clinicians in the roles of
dean, researchers and professors. Consultants (Attendings) are
independently responsible for their patients.
In teaching hospitals the hierarchy is Assistant Professor or
Lecturer, Associate Professor, Additional Professor, Professor
and Director Professor. In private hospitals there may be
Associate Consultants, Junior Consultants, Consultants and
Senior Consultants as well as Deaprtment and Unit Heads.

HOMEOPATHY
DOCTOR
(commonly)

AYUSH CLINICS

*Family members & care-takers play a
keen role in observing signs of
diseases, accompanying for doctor
visits, staying along with in-patient
cases; as well as timely notifying the
physician of problems and progress.

HIERARCHY

Provision of Speciality services
OPD| General Specialties| G. Medicine| G. Surgery
Obstetric & Gynaecology Services
Family Planing services| ENT Specialists
Paediatrics including Neonatology and Immunization
Emergency (Accident & other emergency)
Critical care (CCU)/Intensive Care (ICU)
Anaesthesia| Ophthalmology | Dermatology and
Venerology* | Ayush*| Radiotherapy & Microbiologist*
Physical Medicine and Rehabilitation services
Blood Bank | CT Scan & MRI

Administration: 12 to 29 + extras
1 OT for every 50 general in-patient beds
1 OT for every 25 surgical beds.
ICU beds = 5 to 10 % of total beds

The patients would visit a GP for consultation or would
directly go to a specialist for their 1st consultation.
In case of the referrals, the private doctor would refer the
patient to a acquaintant specialist in a hosiptal/clinic. Or
the private practitioner would him/herself treat the
patient in the hospital he/she consults with, thus utilizing
the resources of the hospital.

ATTENDANTS

Many doctor are consultants
in hosiptals & run private
clinics for OPD

SCHEMES

1 ASHA worker per
1000 people

POPULATION

SCHOOL CHECK-UP
UNDER THE YEARLY
HEALTH ASSESSMENT

Referral

THERAPY CENTRES

Central Government Health Scheme (CGHS) provides
comprehensive medical care facilities to Central
Government employees, pensioners and their
dependents residing in CGHS covered cities (17 cities).
It is accessed by All Central Govt. Employees sitting
and retired and their dependents, Pensioners drawing
pension from Civil Estimates and their family
members, Pensioner residing in non- CGHS areas also,
Freedom Fighters, Employees of Semi-Autonomous
bodies/Semi Government Organisations.

TYPE B

Referral
ANGANWADI
WORKER

ASHA WORKER

are available from state-owned non-life insurers like New
India Assurance and Oriental Insurance.

OUTREACH CLINICS

PRIVATE DIAGNOSTIC
LABS

ESIC
Under ESIC, Ministry of Labour and Employment, GoI

Health insurance
OFFERS: Cover for expenses incurred during hospitalisation
due to illness or surgery.
COSTS: Rs 700-800 a year for a cover of Rs 50,000 for
indivuduals aged between 18 and 40 years.
Everyone is eligible for it. Hospitalisation can wipe out the

participating public or private hospitals when
deciding where to receive health care.

Referral

SPECIALITY HOSPITALS
&
NURSING HOMES

PHYSIOTHERAPIST

RSBY

governments, through a bidding process, select a public
or private insurance company to provide health
insurance for the target group. Under the scheme, the

REFERRAL

CLINICIANS
(of 1 or more
specialities, set
up together)

COMMUNITY HEALTH CENTRE
(CHC)

Rashtriya Swasthya Bima Yojna: An estimated 300 million
people are believed to be covered by health insurance in

sponsored insurance schemes
~ 55 million rely on commercial insurers

Private empanalled ambulance
which are paid by Out-of -Pocket
or NGO provided

NURSING &
ATTENDANTS

MUNICIPAL CORPORATION
DISPENSARIES &
C.G.H.S. DISPENSARIES

is out of pocket
expenditure for
India. (OOP)

Funded by Charitable Trusts. They
provided concessional charges or
free of cost services.

CHARITABLE TRUST HOSPITALS
(religious / non-religious)

Referred by CHC, District Hospitals and most of the
Private bodies for Diagnostic Testings. These
facilities support CGHS card holders.
Also, they facilitate tests not available at CHCs and
help with faster results due to less waiting time as
compared with government setups.

CLINICIANS

Rs 2/- for Registration & OPD

80%

Referral
OUTREACH CLINICS

STATE HOSPITALS &
REFERRAL HOSPITALS

Although it is for everybody, this scheme especially suits
drivers, security guards, newspaper vendors, vegetable
vendors and others who are exposed to the risk of accidental
death or disability.

Out of total
healthcare
expenditure,

MULTI-SPECIALITY HOSPITALS
& TEACHING HOSPITALS

Referral
CLINICIANS
(Department
specialists)

Pradhan Mantri Suraksha Bima Yojana
OFFERS: Accidental death and disability cover of Rs 2 lakh.
COSTS: Premium is Rs 12 per year.
ELIGIBLITY: Anybody who has a savings account in the banks

There are several insurance schemes operated by the
Central and State governments, such as the Rashtriya
Swasthya Bima Yojana (RSBY) which targets Below Poverty
Line (BPL) families, the Employees’ State Insurance Scheme
(ESIS) and the Central Government Health Scheme
(CGHS). There are also public and private insurance
companies as well as several community based
organisations.

DISPENSARIES
Rs 10/- for Registration

Referral

second year and 20% thereafter.
7643 ambulances

Urban

INSURANCE

BASE HOSPITALS

*Added to facilities provided by LEVEL 1

Specialist Medical Practioners
Registered Medical Practioners

Supervision of Specialists
Registered medical practioner

Trained Manpower

Trained Manpower

PHARMACIST

HOSPITAL LEVEL 1B
Facilities of LEVEL 1A along with one or more
specialities for consultancy like Pediatrics,
G.Surgery, Obstetrics & Gynaecology,
Dentistry (minor surgery)

AYUSH
The Ministry of AYUSH was formed on 9th November
2014 to ensure the optimal development and
propagation of AYUSH systems of health care. Earlier it
was known as the Department of Indian System of
Medicine and Homeopathy (ISM&H) which was created
in March 1995 and renamed as Department of
Ayurveda, Yoga and Naturopathy, Unani, Siddha and
Homoeopathy (AYUSH) in November 2003, with
focused attention for development of Education and
Research in Ayurveda, Yoga and Naturopathy, Unani,
Siddha and Homoeopathy.

QUACKS

of medical
practitioners
catering to 80%
of the poor.

Quacks are most common in some rural areas, where
they account for at least 70% of medical practitioners
and where the poorest people turn to them for up to
79% of their needs. Some of these are total charlatans.
Some are practitioners of traditional medicine. Some
have partial or piecemeal allopathic training. But none
of them have the medical degrees which make one a
doctor under Indian conventions. And although some
quacks are all but harmless, many have been implicated
in cases of false diagnoses or overprescriptions leading to
patient deaths—not to mention organ harvesting and
darker phenomena.

*AYUSH clinics are a desirable service in the Public
Health set-ups and are under the State Government

Trained manpower can provide
services with atleast 1 Supervising
Registered Medical Practioner

~ 40 kms from Sub-Centre, Urban areas
ASSISTANT STAFF

The organisational structure of Health and Healthcare in India is
complex with various dimensions. However the 3 main links
comprise of; central, state and local or peripheral. Health and
healthcare is a state-run subject. The centre is responsible for
policy making, guiding, assisting, evaluating and coordinating

the work of state health ministries. It holds the union of
Ministry of Health and Family Welfare, the Directorate General of
Health Services and the Central Council of Health and Family
health services are run by supply push than demand driven.

Indian Economic Pyramid
National Council of Applied
Economic Research
NCAER-CMCR 2010

DEPRIVED
684 million people
< Rs 150,000/annum
135 million Households

ASPIRERS
359 million people
Rs 150,000 to 340,000/annum
71 million Households

MIDDLE CLASS
160 million people
Rs 340,000 to 1,700,000/annum
31 million Households

RICH
16 million people
> Rs1,700,000/annum
3 million Households

Public Patient path
Private Patient path
Emergency path
Monetary path

Healthcare Sector
(categorized by color of tile)

Public Secondary Healthcare

Physician/Medical
Professional

Public Tertiary Healthcare

Public Primary Healthcare

(Nursing, Technicians &
Pharmacy)

Patient

SOURCES:
• Indian Public Health Standards Guidelines for Primary Health Centres
• Indian Public Health Standards Guidelines for Community Health Centres
• Indian Public Health Standards Guidelines for Sub-Centres
• Indian Public Health Standards Guidelines for District Hospitals (100 to 500 bedded)

• Anganwadi- http://www.aanganwadi.org/
• Clinical Establishments (Registration and Regulation) Act, 2010
• Why India needs its Quack Doctors https://www.good.is/articles/why-india-needs-its-quack-doctor
• NHM ambulances- http://www.nrhmhp.gov.in/content/health-transport-108-and-102
• AYUSH- http://ayush.gov.in/
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Fig. 2 Hierarchical pyramid of the Indian
Healthcare System, showing the Public
(in green) and Private (in purple) systems.
The patient pathway is highlighted at
different levels along with flow of funds,
healthcare schemes, resource distribution
and the various stakeholders of the
system
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A Systems views of
Organ Donation

Exploring complexity
within the Canadian organ
donation system

Authors: L. Capobianco, M.
McGovern
University / Organization: OCAD
University, Canada
Keywords: Systems Thinking,
Organ Donation, System
Design

The successful transplantation of organs
from one individual to another is one of
the largest medical advances in modern
medicine. The organ transplantation
of one deceased individuals organs and
tissues can improve the quality of life
of up to ten persons lives (Lee, Midodizi,
& Gourishankar al., 2010). However,
amongst this 96%, only 54% were on the
donor registry list (Lee, et al., 2010). This
statistic highlights the complexity of
the current Canadian organ transplant/
registry system, and suggests the
opportunity for systems thinking to
reimagine the current system structure.
Organ donation is further complicated by
the provincial and territorial differences
in how this process is managed. Each
province and territory in Canada has
their own system in place for how organ
registration and donation will take place.
The current model highlight the lack of
an overarching national database that
collects information on national donor
demographics. As well, those who do
not support organ donation often cite
common misunderstandings surrounding
organ procurement such as: lack of
respect of the body by medical team, and
inability to have desired funeral services,
as primary reasons for their choice not
to be donors (Morgan, et al., 2008). The
unique universal healthcare system in
Canada places the nation in a favorable
position to implement nationwide
change in terms of organ donation (Lee,
et al., 2016). The system map created
highlights the potential opportunities to
improve organ donation and registration
by examining global leaders like Spain,
the differences between provinces and
territories in procurement strategies,

policies and educational programs
curated to encourage and inform users on
donorship, and how this information may
be amalgamated to reimagine the future
of organ donation and registration within
Ontario.
References:
Lee, E., Midodizi, W., Gourishankar, S.
(2010). Attitudes and opinions on organ
donation: an opportunity to educate in a
Canadian city. Clin Transpantation, 24(1),
E223-E229
Morgan, S.E., Harrison, T.R., Walid, A.A.,
Long, S.E., & Stephenson, M. (2008). In
their own words: the reasons why people
will (not) sign on organ donor card. Health
Communication, 23(1), 23-33
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Fig. 1 A Systems views of Organ Donations
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A case study on Access
to Electricity
Decentralized PeopleCentric Energy Model for
India

Most of the developing world still lives
in darkness. In India alone, 400 million
people have irregular or no access to
electricity. The system is ever evolving
and dependent on numerous interplaying
factors varying from macro ones like
government policies to micro ones like
electricity theft and over-consumption
due to lifestyle practices.
The India-specific research incorporated
a megatrend study, outlining the
contributing factors, product-service lifecycles, analysing electricity usage and
interacting with stakeholders. Extensive
mapping revealed underlying patterns
like the complex network of flows,
threats, opportunities, feedback loops and
latent links that add to the delicacy of the
system. ‘Personas’ served as instrumental
nodes in understanding user-behaviour,
user-needs and the demand for context-

specific solutions that must work
coherently within the system.
The developed Giga-map was used
to analyse a case of a Decentralised
Electricity System, with a vision for
2040. Respecting the variability, multiple
solutions were designed for energy
equity. The Giga-map served as a tool to
provide a safe playing area to test new
ideas and debate opportunities, creating
grounds for deliberation. The reader can
choose an Avatar, trace the lifecycle of
electricity and fit ones-self into different
contexts to foresee solutions and plan for
effective execution. The proposed peoplecentric system could serve as a resource
for communities to plan better policies
with a holistic understanding of the
system, empowering people and making
electricity accessible.

Authors: M. Laroia, P. Arun
Kumar, M. Minz, B. Khateeb, P.
Nahar
University / Organization:
National Institute of Design,
Ahmedabad, India
Keywords: Giga-mapping,
Visual tools, Access to
Electricity, Decentralized
System, Data visualization

Fig. 1 Cluster mapping of the Indian’s electricity system showing the interdependency
amongst various factors based on their impact on each other

67

ENERGY FUTURE OF INDIA

ACCESS TO

International
Renewable
Energy Agency
IRENA

World
Energy
Council

ELECTRICITY

Most of the fuel based convectional forms
of energy use the same method of
extracting energy.

1. Burn fuel

Energy is the core necessity for all the basic
needs of people, and thus needs to be
sustained. The Energy System is ever-evolving,
a system dependent on global practices. The
threats to the system are global and so are the
impacts. Electricity is a refined form of energy
and also a basic need for the economic and
social development of a country and its people.

2. Use heat to
convert water to
steam

3.Use steam to
run turbine

THERMAL
ENERGY

Availabilty of resources, extraction and
refining proces ses, transportation,
infrastructure and technology
significantly affects the system.

NUCLEAR
ENERGY

Hydro

HYDRO
ENERGY

BIOMASS
ENERGY

20%

There are some more
renewable sources of
energy such as biomass,
bagasse, small hydro,
Geothermal, tidal
energy and etc.

50 years

Biomass

85%

Gas
Geothermal

Small hydro

12.7%
8%
6.7%
4.3%

66%

RLDCs in India are presently
owned, managed and operated
by the Central Transmission
Utility (CTU), POWERGRID

RLDC

CTU

EFFICIENCY
sub

RLDC coordinate both offline and online
for maintaining security and stability of
Integerated Pan-India Grid.
POWERGRID is operating a National Power
System Desk (NPSD) in New Delhi for
information exchange and facilitating
inter-regional transactions.

POWER
PLANT

GEO CONDITIONS

1.3 Billion

rtu

SLDC State Load Dispatch Center
Each state has one of these centers. This
organisation is controlled by the STU
(State Transmission Utility) also known
as SEB (State Electricity Board)

300 million

have no access
to electricity

TECHNOLOGY
1.2 Billion

Energy
Equity

Purchasing
Power

Corruption

The existing Electricity System of India consists of 6
Sub-systems interacting with each other, starting from the
policy makers that take the decisions to the investors that
provide the finance for setting up the power project
followed by the production, transmission, distribution and
consumption in turn returning money into the system in
the form of paid electricity bills.

State
Electricity
Regulatory
Commission
SERC

Central
Electricity
Regulatory
Comission
CERC

Infrastructure
for
Electricity

Nuclear
Power
Corporation
BHAVINI

I.T.
in Electricity
Sector

Construction
of
Power Plants

Land
Occupancy

Central
Electricity
Authority
of India
CEA

Power
Finance
Corporation

Invest India

Rural
Electrification
Corporation

The sub-systems are formed by grouping the stakeholders
at each stage in the power system with the factors affecting
and/or impacting the system. Each of these sub-system
have their stakeholders i.e. public, private or international
bodies. The role playing Factors in the system affect and/or
impact these sub-systems and thus can be categorized by
the sub-system they are involved in. Few factors involved
are from other larger systems thus their presence indicates
the larger inter-system interactions.

Investment
in Electricity

Corruption

Export/
Import
Bank of India
(EXIM)

25%
Private Parties

SOLAR

38

Investment
Firms

997

Biomass

>100,000

International
Finance
Corporation

have no or irregular
access to electricity

Fossil
Fuels

15,000

Availibility
of
Resources

Extraction
of
Resources

Water

HYDRO

Solar

Wind

Production
of
Electricity

Waste

Connectivity

Casualties in
Transmission

Oil and
Natural Gas
Corporation
ONGC

National
Thermal
Power
Corporation
NTPC

Storage
of
Electricity

Mobility

Transmission
of Electricity

Efficiency of
Machinery/
Equipment

Global
Trends

Employment

Concept

RE-DIY

It is a range of produc
they are modular, DIY
solar cells, tapped me
displays and have ver

The aim is to take a b
revolution and make
use these products to
lying untapped in RE

Market
Trends

Quality
of
Resources

Refining
of
Resources

3042
Green Energy
Development
Co Ltd.
GEDCOL

Welspun
Energy (solar)
INNOX Wind
SUZLON

Adani
Azure
TATA

BIOWASTE

2700
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Coal India

OIl India

NTPC (hydro)

North-East
Electric Power
Company
NEEPCO

National
Hydro-Electric
Corporation

Power Grid
Corporation
of India

State
Transmission
Utility
STU

State
Electricity
Boards

So

Gas Authority
of India Ltd.
GAIL

Mech

have unreliable
access to electricity

PEAK

LOAD

India has a very diverse topography and a
varying climate which is a crucial factor for
setting up transmission infrastructure

Employment

INTERMEDIATE

The load is distributed across three
stages depending upon the demand.

sub

ldc

The amount of electricity
consumed by each sector

Only 3% of the total water
available on this planet is in
the form of freshwater

BASE

TRANSPORTATION
1.81%

for

rtu

AGRICULTURE
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Torrent
Power

44%

Haryana
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Bihar

Commercial
Usage

Jharkhand
Andhra Pradesh

COMMERCIAL
8.33%

INDUSTRIAL
44.87%

MISCELLANEOUS
5.25%

This sector is the largest consumer of electricity
which is used for extraction of resources
construction purposes and manufacture,

Domestic Usage

Tamil Nadu

Kerala

25% of the
freshwater is used by
industries

Natural
Environment

Distribution of
Electricity

State
Electricity
Boards

Power Grid
Corporation
of India

Lifestyle of
Consumers

Global
Warming

Value of
Electricity
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Psychology

Consumer
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Manufacturing
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goods

Entertainment

Design
& Engg
of Consumer
Goods

City
Planning

Design of
Buildings/
Living spaces

Population
Density

Storage
of Electricity

Natural
Calamities

8.3%
21.8%

More than 90% of the households use
electricity for lighting purposes
Less than 10% of the households use
electricity for lighting purposes

10% of the
freshwater is used by
households and
municipalities

Access to
Electricity

Orissa

Telangana

Karnataka

This sector consumes electricity for workplaces,
hotels, hospitals, and retail spaces catering to
entertainment and public services

Industries

Uttar Pradesh

Bihar
Gujarat

Goa

65% of the
freshwater is used
for irrigation

Irregularity in
Power supply

Reliance
infrastructures

BSES

Load
Dispatch
Center
Regional
State
Sub

National
Thermal
Power
Corporation
NTPC

A sector-wise distribution of the consumption of
the electricity produced in India

for

Himachal Pradesh

Punjab

Electicity is mainly used here for
irrigation and lighting purposes

DOMESTIC
21.79%

Electricity in homes is mainly consumed
for lighting, heating, cooling, and running
various electrical appliances.

Load
Shedding

Storage
of Electricity

Electricity
Theft

TATA
Power

POLICY MAKING
INVESTMENTS
PRODUCTION & TRANSMISSION
DISTRIBUTION
CONSUMPTION
BILL & TAXES

Land/
Topography

Finance

IIFL
Holdings
ltd.

Electricity consmption is intrinsically linked
with the availability of freshwater

INFRASTRUCTURE

ldc

sldc
STU

Ministry of
New and
Renewable
Energy
MNRE

Ministry of
Petrolium
and
Natural Gas

Ministry
of Power

31%

Bagasse
Solar
Biomass

India has a population of 1.2 Billion people

Out of a world population of 7.06 Billion

Energy
Security

Policies

BIOMASS

RLDC Regional Load Dispatch Center
There are 5 RLDC center in India
East, West, North, South and Northeast

INTERCONECTIVITY

Circular
Economy

14,157

17,000

The Electricity System involves extracting and
tapping energy sources, generation processes,
transmission networks and varying
consumption patterns. There are numerous
connections and latent links that add to the
delicacy of the system. Products, services and
stakeholders along with the people-system
interaction and their inter-dependency, keep
intact the innate essence of the Electricity
System.
Taking the Indian context and observing trends,
product-service life-cycles and threats and
possibilities in the system an attempt has been
made to develop a future strategy for the
Electricity System with a vision for 2050.
Parallely, suitable interventions have been
conceptualized for providing everyone Access
to Electricity for a Sustained Energy Future
for India.

International
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Governance

WIND

45,000

Centre
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Electricity
Plans

International
Energy
Agency
IEA (UN)
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14%
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Oil
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Ministry
of Coal

Though India has a huge potential to use renewable energy
sources, the amount that has been tapped is marginal
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SOLAR
ENERGY

The energy producing bodies can be classified into 3 types
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Fossil Fuels

Coal

The current fuel
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finish within the next
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Renewable Sources
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Fossil Fuels

2.5%

Nuclear
Energy

Renewable Sources
4.9%

7%

Nuclear Energy

These three sources of
energy depend largely
on water resources

India generates 187GW of power every year.

The world generates 20.2 Trillion kWh
of electricity in a year.

WIND
ENERGY

Short-Term
Electricity
plans

Sustainability
of Energy

Technology

18%

Agriculture

1.8%

More than 50% of the households use
kerosene for lighting purposes
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88% of this water
is used by
thermal power plants

Transportation
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Agriculture
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Decentralised Need-based Energy Sy

Domestic

A system where the demand for energy is more than the supply,
energy source, its extraction, means of storage, and rate of prod

Distributers

Tax
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In 2040,

Cost of
Electricity

so,
Fossil fuels
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expensive
to extract
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PERSONA MAPPING

2014

2025

P
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P

C

Public Bodies

C

P
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Demand for
electricity will
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Energy
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Energ
provided
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Private Bodies

PEOPLE CENTRIC DECENTRALIZED ELECTRICITY MODEL

PROJECTIONS BASED ON CURRENT TRENDS

India is a diverse country with very diverse people and thus varying needs.
Designing solutions for satisfying these needs is where the wickedness of the
system lies. There is a huge socio-economic disparity which creates diversity in the
access and usage of electricity.
Respecting the variety and designing inclusive solutions for energy equity, we
framed Personas. The User Persona is an average representative of a user category
which has a defined profile based on the user-research conducted. Each persona
represents a group of people with very similar lifestyles, needs and contexts.

Stakeholders

Production
Unit

HAVE

WANT

DECISION

ACCESS

MAKING

TO ALL

POWER

ECONOMIC GROWTH

Decentralised
biowaste
production
plant

Electricity
stored
individually in
fuel cells

Fuel cells of
two types:
direct
consumption,
and back-up

All biowaste
produced is
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production
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Individual
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energy credits
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to waste sent
to production
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URBAN AREAS
GOVERNMENT

Kanchan, 48 yrs
Gurgaon

Rakesh, 39 yrs
Manjharia, Bihar

Dinesh, 57 yrs
Baroda
Bishnu, 50 yrs
Baroda

Ajay, 25 yrs
Narkahawa, Bihar

Ajay
25 years
Narkahawa, Bihar

Rakesh
39 years
Manjharia, Bihar

Personas

ACCESS TO ELECTRICITY

No supply of electricity

Irregular supply of electricity
(6-8 hours power cut)

PROFESSION

Farmer

farmer

Kanchan
48 years
Gurgaon

Dinesh
57 years
Baroda

Bishnu
50years
Baroda

Irregular supply of electricity because
of load shedding (2-4 hours)

Regular supply of electricity

Regular supply of electricity
willing to switch to RE

Private service

Central govt service

Industrialist

INCOME

80 thousand per anum

2 lakh per anum

10 lakhs per anum

Income 10 Lakhs per anum

FAMILY SIZE

10 people

8 people

4 people

3 people

DOMESTIC USAGE OF R.E.

Income > 10 lakhs per anum

BODIES
NATIONAL

SYSTEM

GRID

FAILURE

No solar water heating

No solar water heating

No solar water heating

No solar water heating

I.T. IN ELECTRICITY MANAGEMENT

No meter

Meter installed

Meter installed but no smart meter

Meter installed but no smart meter

Meter installed but no smart meter

1 bicycle

1 motorbike, 2 cycle

2 cars, 2 cycles

1 car, 1 scooty, 2 cycles

2 cars, 1 two wheeler

PRODUCTS OWNED

2 cfl lights,

3 fans, 1 cooler, 1 refrigirator, 1 .V, water
pump

3 A.C’s, C.D player, 1 refrigirator, 2 T.V, 1 washing machine,
1 oven , 1 microwave, 1 water heater, 6 fans, 1 invertor

2 A.C, 1 T.V, 1 washing machine, 1 refrigirator, 1 microwave, 1
induction cooker, 1 electric water, heater, 6 fans

2 A.C’s, 1 washing machine, 1 oven, 1 T.v,
1 refrigirator, 1 toaster, 1 P.C, No inverter, 8 fans

WATER SUPPLY

No regular supply of water

Regular water supply

Regular water supply

Regular water supply

Regular water supply

CONNECTIVITY

1 mobile phone

2 mobile phones

4 mobile phones, 1 landline

2 moblie phones, 1 landline

3 mobile phones, 1 landline

HOUSEHOLD SIZE

2 rooms

2 bedroom set

3 bhk apartment

Duplex house

Energy efficient Architecture

GOAL IN LIFE
ELCTRICITY CONSUMPTION

-/-

No awareness of R.E
Expand his buisness, wants his children to be well
educated & move to cities for better opportunities
2 months, Rs. 1000/-

AID
LICENSE

LOAD

Socially innovative crowdfunding
There are crowdfunding platforms such as kickstarter
which enables people to kickstart projects by the means
of crowdfunding. The concept was to bring a similar
model of crowdfunded socially innovative projects.

R.E.MICRO

So we thought of an online platform which supports this
to brings people together for socially relevant projects.

GRIDS

Solar water heating
Socially
concerned
people

DEPLETING RESOURCES
FOSSIL

PRIVATE

FUELS

COMPANIES

How do you start a project

PEOPLE

CROWDSOURCING

INFRASTRUCTURE

Describe about your project

Socially
innovative
projects

CONSULTANCY

SERVICE
Details about your project

GRID PENETRATION COMPLETE

RURAL AREAS

Never thought of installing R.E

Never thought of installing R.E

Awareness of R.E and how to install

Wants to get the best for herself and her
children

Wants his children to get good jobs and look
for opportunities for himself

Wants to expand his buisness and wants his
children to explore and become independent

2 months, Rs. 5000/-

2 months, Rs. 10,000/-

2 months, Rs. 15,000/-

NGO’s

Budget of your project

HAVE
P

No awareness of R.E
Provide for his family, Education of children,
opportunities for his children

POLICIES
TAX BENEFITS
GRID OVERLOAD

4 people

TRANSPORT

CONSUMER AWARENESS

Concept
POLICIES

SUBSIDY

C

P

C

P

C

P - R.E PRODUCTION

WANT

MONEY FOR INVESTMENTS

PROFIT

TECHNICAL KNOWHOW

EXPANSION

HAVE

WANT

LAND

OPPORTUNITIES

TIME

ECONOMIC STABILITY

Help for your project

Industries and
Corporate
Rewards for the supporters

WORKFORCE
Promotion of your project

C - CONSUMPTION

Fig. 2 The sub-systems of the Electricity
system i.e. Production, Distribution and
Consumption and associated factors,
stakeholders and data
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PROPOSED ELECTRICITY MODEL

Concept

DECENTRALISED ENERGY SYSTEM

Concept

Agriculture-Power Entrepreneurship

100 Mile Electricity System

The RE elctricity sector has scope for new social
entrepreneurs. The farmer at the time is largely
affected by electricity irregularity but at the same
time owns a lot of land.
The concept is make the farmer also an electricity
producer, thus satisfying his needs and suppling it.
Similarly, a Micro Biowaste digester can
be invested in to use up the farm waste
for producing electricity or Biogas.
The by-products serve as manure.

Challenges:
- Needs to Scale up with time
- Cater to changing consumption patterns of
consumers
-Merge electricity system with argiculture,
domestic & workplace systems

Concept

RE-DIY

With the problem of scarcity of natural environment
in our surrounding which results in other problems
such as bad air conditions, poor ground water
levels, less organic produce which eventually leads
to more consumption of energy and a very energy
dependent life style.

Wind sources in
vicinity

Community waste used for
electricity generation in a
near by waste digester

AWARENESS ABOUT
THE CURRENT ELECTRICITY
SCENARIO

Window farming

STAKEHOLDERS
Reduced cost of
infrastructure &
transmission

Backyard Forests

Ajay,25 years
Narkahawa, Bihar

Concept

Concept

PEOPLE

PRIVATE COMPANIES

MEDIA

High rise solar and wind farms

We realized that there was a lack of information,
unstructured, the information is not evenly
stepwise distributed across each grade for
progressive learning.
The idea of this concept is to introduce a discussion
and restructuring of information about energy
systems in school education at middle school level.
The programme would have a step by step
progressive learning structure, and the depth of the
content would increase with each grade.

NGO’S

GOVERNMENT

ENTREPRENEUR

NGO’S

ENABLING PEOPLE TO
SET UP
DECENTRALIZED
ELECTRICITY
SERVICES

AWARENESS ABOUT
RENEWABLE DECENTRALIZED
ELECTRICITY

The idea was to provide a service for making or
equipping people for growing forests in your
backyards, vertical garden, window farming or any
such kind of concept in your premises.

Any extra energy
is added to the
micro-grid

Tariff rates increases
with each 100 MILES
Low Tariff rates for
1st 100 MILES

Education in school system

DIY
Solar Cells
E-ink
Mechanical Energy

GOALS

For-Grove

Solar PV installed
in colonies and on
roof tops

It is a range of products, toys and DevKits such that
they are modular, DIY and open-source. They run on
solar cells, tapped mechanical energy, E-ink
displays and have very low battery demand.
The aim is to take a bottom-top approach for the RE
revolution and make consumers see, explore and
use these products to understand the possibilities
lying untapped in RE sources.

Concept

The concept is to source electricity locally thus,
decentralizing the production & distribution.
This will provide opportunities for local
companies & local entrepreneurs to get
involved in the system and help solve problems
of no access and irrefularity in electricity supply.
Using local assets and resources will ensure
self-suffiency.
This system ensure low tariff rates and reduces
losses in electricity system.

A Wind turbine set up in the farm as an
investment, using land but giving electricity
and controlling wind speed for the benefit
of the crops

VII

VIII

IX

X

Heat

Force and
law of
motion
Work and
energy

Coal and
petroleum

Electricity

Wind
storm
cyclones
Water

Wind turbines with movable
arms to adjust with wind

As the cities are growing vertically there are a lot of
high rise building coming up since there is a lot of
wind speed wind and sunlight.

WIND FARMS
VI

Electricity
and
current

Sources of
Energy
Management
of natural
resources

MEDIA
PRINT/RADIO/TV

WEBSITE
Interactive digital
platform

The idea was to put wind energy harvesting and
solar energy harvesting units on such high building
which can contribute to buildings

Awareness about different schemes
through mass media

CONTEXT

TEACHING AIDS
A step by step education
programme for students
to be aware of the
electricity scenario

ENERGY CAMPS
Awareness camps
organised by government and
private organisations

X

Conservation of energy

Rajkumar, 28years
Bangalore

IX

Sources of energy
VIII

Bishnu, 50years
Baroda

Different forms of energy

URBAN

VI

Concept of energy

RURAL

INFORMATION

CURIOUS CITIZEN

VI

SEMI-URBAN

GREEN CITIZEN

How energy is produced
VII

Solar installed at rooftops

Electricity policies
Tax benefits
Loans for equipment
Suppliers and installation
Service providers
Long term benefits

Concept

Repair and maintenance
Overview of successful setups
Steps to take in case of failure
Area specific solutions
Feedback and Help
Community Trends
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Zone 4
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Zone 1

Zone 1

Zone 1

Zone 1

Agriculture Sector

Zone 2
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Min Consumption

1.2 Billion

Transport Sector

Industrial Sector

Commercial Sector

2040

300 Million

Zone 3

Zone 5

2025

Max Consumption

Zone 4
Zone 5

Irregular supply

C

Irregular supply

RLD

No Electricity

CTU

PROJECTION BASED ON SUSTAINABLE MODEL

Incentives to keep up the performance
& schemes to switch to a green living.
Like discounts on solar heaters, free
installation, schemes for solar panels.

Incentives to consumes wisely & such
schemes are forwarded to this consumer.

Zone 5

e the demand for energy is more than the supply, hence dictating the
ts extraction, means of storage, and rate of production of energy.

0,

TheCase
Consumer
views 1his/her
performance
2 : Zone
Consumer
for the month in the electricity bill, as
compared to the neighbours.

Case 1 : Zone 5 Consumer
Each house falls in a zone and has a
colour based on its power consumption.
Community is rated by the zone colours
of the houses.

Regular supply

alised Need-based Energy System (DNES) (2)

Regular supply

The idea is to divide comsumption sectors into
Zones. Each sector has its own defined zones. The
zones are decided based on consumption patterns
and denoted by colours i.e. linked to the electricity
bill.
The aim is to make each consumer aware of their
consumption and use the categories for pushing
incentives for R.E and for smart consumption.

EDUCATIONAL
INSTITUTIONS

1.63 Billion

1.5 Billion

Domestic Sector
P

Kanchan, 48 years
Gurgaon

P

C

P

C

C

URBAN AREAS

FACING LOAD SHEDDING
Expanding
Infrastructutre

NATIONAL
Fuel cells of
two types:
direct
consumption,
and back-up

All biowaste
produced is
resent to the
production
unit.

Individual
homes get
energy credits
proportional
to waste sent
to production
unit

Switching to Renewables

Production = Consumption
Attaining Stability

SUSTAINABLE

GRID
Efficient Consumption for
Sustaining Electricity

Energy credits
used to
recharge fuel
cells when
required

ACCESS TO ALL

Large part of Electricity
Mix to be Renewables

Concept

Enclosed heat water power

ing

Decentralised Need-based Energy System (DNES)

r
ns

MANUFACTURING UNITS
Socially
concerned
people

Dinesh, 57 years
Baroda

INDUSTRIALIST

LOAD

REDUCTION IN ELECTRICITY MIX

The concept was to tap this lost energy and use it
efficiently to optimize energy usage and lessen
wastage. This system could be also incorporated in
any environment where any production or
consumption of energy happens

A system where the demand for energy is more than the supply, hence dictating the
energy source, its extraction, means of storage, and rate of production of energy.

his
s.

REDUCTION IN LOAD

Within a home there are a lot of appliances which
radiate heat as a by-product and appliances which
consume energy and water to produce heat.
Since there is a loss of energy in conversion from
heat to cold and vice versa with various appliance

Concept

FOSSIL
FUELS
EHWP

Socially
innovative
projects

Demand for
electricity will
be more than
the supply

Alternative
Energy
Sources will
be used

Energy
provided will
be limited

P

NO ELECTRICITY ACCESS

Industries and
Corporate

C

P

C

P

C
P

Rakesh, 39 years
Manjharia, Bihar

NGO’s

MAIN GRID

so,
Fossil fuels
will be rare,
expensive
to extract

URCING

ANCY

ADDING TO THE

RURAL AREAS

In 2040,

SOLAR FARMS
Primary
Production
Unit

C

Secondary
Production
Unit

- R.E PRODUCTION
- CONSUMPTION

H

2

Decentralised
Micro Grid

Domestic
Consumption
limited at x
units/month

Fuel Cells*
for
emergency
back up,
extra
requirement

Cost= (Initial
cost of fuel
cell) + (cost
of recharge)
when
required

* Fuel Cell System works on the busness model of the current Indian LPG Cylinder System

Need based
production,
fuel based

Urban Setting

Semi-urban Setting

Rural Setting

SYSTEMS DESIGN | Guide - Praveen Nahar, Tridha Gajjar
Burhan ud Din Khateeb | Manisha Laroia | Manish Minz | Pranay Arun Kumar
http://desiwickedproblems.wordpress.com/

Fig. 3 The proposed Decentralized Peoplecentric energy model proposed for India
with a vision of 2040 showing diverse
personas, varying solutions and different
deployments contexts.
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Design for the TasteMakers

System oriented
innovation for improving
life of salt pan labourers

Authors: A. Kumar, P. Wagle, P.
Bandakar
University / Organization:
National Institute of Design,
India
Keywords: Social Innovation,
Migration, Empowerment,
Community based Design,
Wicked problems, Co-Creation,
Unorganized Sector, Systemic
Design

The Indian social construct is a complex
structure comprising of various social,
cultural, societal, regional and political
elements that are interconnected to
each other. The social construct which
was primarily occupation based is still
effective in certain areas and occupations
of India. One of these occupations is
of salt pan labourer. Food being one of
the most important basic necessities
for survival, there needs no second
thought to understand the importance
of Salt. Just like other food industries,
salt manufacturing industry too is
moving towards complete automation
with minimal human intervention. But
considering the population involved
in manual salt manufacturing and the
sole dependency of them on this job
for livelihood, social innovation was
necessary to improve their inhuman
living condition. This paper gives and
understanding of the grassroot reality in
the salt manufacturing areas which was
build using systemic design thinking. The
approach enabled to look at the problem
faced by the Salt Pan labourers from a
micro and meta level using design tools
like Co-creation workshops, Participatory
activity, Shadowing, Day in life, and
primary research methods like laddering
method etc.
The Insights received after the researches
were mapped against their effect at micra
and meta level. Systemic design thinking
approach enabled in selecting the final
ideas that could contribute significantly
in the existing system. 5 different levels of
solutions were proposed after the exercise
to improve the living condition of the salt
pan labourer. The final outcomes at micro
level were new product interventions,

activities for NGO’s working in the
area for development of children and
designing Co-creation workshops for
NGO’s to bring about an inclusive design
solution for solving the future problems.
The solutions proposed at macro level
were a new self-sustainable or an
assistive social business model which
would involve all the stakeholders to
work together in uplifting the living
condition of everyone involved in the
business of manual salt manufacturing.
A policy level intervention was also part
of the final outcome, which was proposed
understanding the magnitude of effect a
small policy could make in the system.

70

Fig. 1 Unorganised sector overview and
Indian scenario with case studies
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Fig. 2 Giga Map representation for the
systemic level meta to micro view of
the Salt Pan Labours with solution
propositions
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Waste system in
Piedmont Region

Disposed of urban and
special waste

Positive data emerge from this holistic
survey.
As that almost all waste can be exploited
and only a small percentage of both RU
and RS ends up in landfills.
However, the production of waste is
growing. This datum can be read in two
different ways: if on the one hand it is a
symptom of production and consumption,
and therefore of economic value creation
for the territory, on the other it is in
disagreement with the intention of the
Piedmont region to decrease the quantity
of waste produced.
Data collection is decidedly complex due
to the sharp division between reports,
so the data we find are related to Urban
Waste, or to Special Waste. As for the
latter, it is not easy to identify the plants
that deal with their recovery and their

disposal, but we know the treatment that
is carried out for their recovery and their
disposal.
Moreover, there is the possibility that the
production activities, by filling out the
MUD, omit quantities of material or do
not insert the correct CER code, to reduce
the monetary quantity to be paid to the
entity that deals with the collection.

Authors: P. Cardorani, D.
Mercenati, M. Tetrao, M. Molari,
A. Roscio, S. Panichi, M. A. Leal
Restrepo, A. Pallaro, C. Giraldo
Nohra, C. Battistoni, S. Barbero
University / Organization:
Politecnico di Torino, Italy
Keywords: Waste system,
Piedmont Region, Urban
Waste, Special Waste, Import
export, Waste trend in
Piedmont Region

Fig. 1 Urban and special waste
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Fig. 2 Analysis waste disposal.
Waste analysis by province and import/
export management
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Rice sector

System and new
opportunities

This analysis, performed in Piedmont
region (Italy), shows in detail the
process of rice transformation and the
characteristics of every outputs. There are
many opportunities for the realization of a
project that involves several players in the
analyzed area (Vercelli - Italy), because the
“waste” produced during the processing
of rice reaches high percentages (about
40%) compared to the total raw material
entering the supply chain.
The analysis focuses on a company that
already implements some good practices,
for example a network contract that
involves farmers and entrepreneurs,
in order to carry on the Vercelli rice
tradition, but with a vision to the future.
This contract also allows for a wellorganized control of the rice supply chain,
from cultivation to final products.

Currently, the outputs deriving from this
transformation are resold and reused, but
not exploited, as they are outputs very
rich in nutrients and chemical-physical
characteristics exploitable for uses in
sectors where they would acquire greater
value (bioplastics, green building, food
etc...). These are therefore quality outputs
and as such they need a process designed
in order to continue to accumulate value.
The research underlines all the possible
uses and opportunities that the supply
chain can offer, giving rise to both
economic and environmental benefits
and increasing the connections in the
territory in what can be defined as a
systemic vision.

Authors: A. Aulisio, E. V. Bruno,
L. Tong, C. Battistoni, S.
Barbero
University / Organization:
Politecnico di Torino, Italy
Keywords: Systemic Design,
Systemic Thinking, Industrial
Process, Rice Tranformation

Fig. 1 Transformation of puddy rice and production of outputs

75

Fig. 2 Supply chain and properties of each
outputs.
Opportunities of each outputs
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