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1 ABSTRACT

Since 2012 the PBL Netherlands Environmental Assess Agency has been working on a series of
infographics on mobility, energy, food, water, veaand cargo flows in the Netherlands. The aim ef¢h
graphic visualisations is to create smarter andensoistainable urban environments by informing dsper
policy makers and the general public about relewaban flows and possible perspectives for actidre
infographics show the scale, proportion and systeeiationship of flows on various scales, frombglbto
local, and are based on recent scientific reselsclthe PBL Netherlands Environmental Assessment
Agency. Inspired by the work of the Austrian soogist Otto Neurath and the German graphic designer
Gerd Arntz, a first booklet on infographics on foashergy and mobility in the Netherlands has been
published by PBL in 2012. Currently, the PBL Netheds Environmental Assessment Agency is working
on graphic visualisations of ten urban flows, sashmobility, energy, waste, cargo and water, thhtbe
published and exhibited at the International Amtiire Biennale Rotterdam 2014. This paper shows an
describes a selection of infographics that arevagiefor smart people in smart cities.

2 INTRODUCTION

In the context of rapid urbanisation and growingiemmental challenges (UNEP 2013), the discoufse o
the smart city promises an era of innovative urpkmning driven by smart urban technologies thdk wi
make cities safer, cleaner and, above all, moreiefit. The promise of smart sustainable citigzredicated

on the dynamics of social media alloyed to the Baga generated by an urban infrastructure strevin wi
sensors. Feedback loops are supposed to engagensitan enable behaviour change, just as real-time
control systems tune infrastructure to become reaezgy efficient. Social media dynamics enable betf
organisation and efficient ecosystems, and redneented for traditional governance, and its astagtia
costs. Behind it all is the application of ICT teclogies.

However, a growing group of planners en researatrtisizes that generic technology-driven conceptt
are imposed on cities will not work (see, amongothHill 2012 and Hajer and Dassen 2014). Experiate
green new towns like Songdo in South Korea, Magddhe United Arab Emirates or Dongtan in China
stand witness to what happens if we opt for suahality but continue following the planning conceptf the
20th Century. These are, in the end, smart cities anodernist footing, the 21st Century equivaleyits
Brasilia and Chandigarh. And, even though they veeeated in a politically ‘easy’ ‘tabula rasa’ sition,
they have not lived up to their promises (Ferrad Bernandez 2013).

2.1 Smart people make sustainable and livable cities

Considering the failure of generic ‘cities from exbconcepts, we need to think about the techne®gn
context. Next to smart technologies, we need sgigzens, smart planners and smart governmentsat@em
the smart, sustainable and livable city become aitye Smart urbanism is about constant learning,
inspiration, measurements, analysis and readjustmenhis requires a rethinking of how public
administrations operate. They will need to changgerestingly, we see how the new civil society fufl
well-educated citizens raise so many astute questimd produce so many new demands that a classical
bureaucracy becomes a defence industry. The désdeacide, announce, defend’ model is vulnerabla i
world of constant learning. It could work much ketin an era in which the government held the mohop
on good knowledge. But that is over. ICT technol@gings information and knowledge within reach of
many. Governments now face an ‘energetic sociétgjgr 2011) of citizens that you either relate takm
them part of the solution or find opposite you.t2Isentury cities have increasingly have an opiniet@and
often well informed citizenry that will resist, quel, raise questions, call for amendments, oppAsel
often for good reason. The art of planning is tsmbme the intelligence of policy makers, plannensd a
companies with the intelligence of citizens.
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2.2 Visualizing the urban metabolism

A fundamental starting point to make citizens, pkns and policy makers smarter is to create arbette
understanding and awareness of the way our cit@& at the moment. The problem is, however, that ou
urban metabolism is complex and often hidden. Thetdtle general awareness where our energy, rwate
and food comes from and where our waste goes tdBdfmore, what effects does our way of living have
on the urban surrounding and countries in othetspaf the world? And finally, how can each citizen

contribute to create a smarter and more sustaicélle

To create a broader awareness and to inform c#tjzplanners and policy makers, the PBL Netherlands
Environmental Assessment Agency has recently bemking on several projects using infographics that
visualize the urban metabolism and related enviental issues. In this context infographics are \aquéul

tool to communicate information. They can presamhglex information in a compact, comprehensible and
attractive form. Thereby infographics make dat&rimation and knowledge easily accessible to variou
target groups, such as general public, planneakekblders and policy makers. The PBL work with
infographics has been inspired by the work of thestAan sociologist and philosopher Otto Neurath.
Already in the 1920s Neurath worked on graphicgtesind visual education to make the informationuabo
society and economy understandable for everybodith e illustrator Gerd Arntz and with Marie
Reidemeister, Neurath created Isotype, a symbadig @f representing quantitative information viailgas
interpretable icons (Vossoughian 2008). At inteoratl conventions of city planners, Neurath presérind
promoted his communication tools.

In this paper two recent PBL publications with igifaphics are presented. The first publication, ‘&&hd
Verbeeld' (PBL 2012), contains infographics on fpedergy and mobility issues in the Netherlands Th
second publication presented in this paper is @aBenart about Cities: Visualizing the Challenges 21st
Century Urbanism’ (Hajer and Dassen 2014). ‘Smaxtua Cities’ contains visualizations of the urban
metabolism in the Netherlands in relation to in&ional environmental issues.

3 THE NETHERLANDS IN INFOGRAPHICS

The publication ‘Nederland Verbeeld' contains 2%ographics combining short texts and graphic
visualizations that illustrate various issues conicg the topics of food, energy and mobility ineth
Netherlands. Next to visualizing current trends desielopments, the publication also shows perspecti
for action per topic.

3.1 Food

Figures 1 to 6 show a selection of infographicsceoning food and mobility issues. Figure 1 shoved the
quality of our food has improved but that an averdigt contains too much meat and fat, and ovelwéig

an increasing problem. Moreover, food worth 3250Egets wasted per household per year. We live in an
age of overconsumption and could be much moreiefiabout our food. Figure 2 illustrates the foiotp

of the Dutch consumption, including food, cottordamood. Per person 0.6 hectare is needed which is
almost a soccer field. For the whole populatioré¢htimes the size of the Netherlands is neededg Avdrt

of the footprint can be found in South-America wha@n be attributed to land-use by cattle. Findigyre 3
shows the effects of different personal diets. @erage the footprint of an vegeterian is 30 percemller

in land-use. The related production of greenhoasegabout 20 percent less compared to an avdietge

3.2 Mobility

Figures 4-6 illustrate mobility issues. Figure 4wh that about a quarter of the Dutch JGfnissions is
caused by transport and the European Union haantbition to reduce the amount of greenhouse gdigses
60 percent until 2050. Figure 5 illustrates ouw@famotives related to different modes of transpliost of
the kilometres travelled are related to commutimgvbrk, and most of those kilometres are made by ca
Figure 6 shows the GCemissions caused by vacation trips. It shows dhat return trip by plane to New
York is as much as a quarter of the average €@flssions of a Dutch person per year. It can lbgpeoed to
the yearly amount of CQ3emissions caused by travelling 35 kilometres gt d
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Fig. 3: Infographic on food 3: impacts of varioosd diets
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Fig. 4: Infographic on mobility 1: overview of retedevelopments and issues

ProceedingREAL CORP 2014 Tagungsband

ISBN: 978-3-9503110-6-8 (CD-ROM);
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef#EILE, Pietro ELISEI

ISBN: 978-3-950817-5 (Print)




Infographics for Smart People in Smart Cities

Diensten /

persoonijke
verzorging
Winkelen /
mhoods(happen doen
-.

. %' Visite /logeren
Onderwijs /
cursus volgen

Fig. 5: Infographic on mobility 2: travel motiveslated to different modes of transport
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Fig. 6: Infographic on mobility 3: CO2 emissionsvafious vacation trips in relation to average COZssions per person per year

4 SMART ABOUT CITIES

Since summer 2013 the PBL Netherlands Environméygs¢ssment Agency has been working on preparing
the exhibition and publication ‘Smart about Citis8sualizing the Challenges for 21st Century Urlsamii

This exhibition and publication is part of the Imtational Architecture Biennale Rotterdam 2014 (3B
The upcoming edition of the IABR argues that thiy @ an integral part of one huge urban landscape,
complex system that has become our natural envieanrithis point of departure has many implicatifors

the way we plan and design this urban environmeatceiving it as an organism opens up possibiltties
develop spatial interventions that make use ahigabolism.

The contribution of the PBL contains fifty infogtaps on urban flows in the Netherlands, Europe thed
world. The infographics have been produced by aigrof PBL researchers in close collaboration with
graphic designers and cover ten substantial udoas f

People (demographic flows)
Mobility (traffic flows)

Cargo

Food

Fresh water

Air

Energy

Construction material
Biodiversity and nature
Waste

Per theme five infographics have been elaborathkd.fifst infographic always shows the scale offtbe
related to a person (e.g. How much energy doessopeaise per year? How much food does an average
person eat? How much waste does a person produde®)second infographic presents a flow chart. For

Jaod
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example, how much waste is produced by what kingbafce and how does the waste get treated? Trde thi
infographic shows the physical infrastructure omap of the Netherlands related to the specific fldhe
fourth and fifth infographics vary per theme andgamt issues on a global scale and possible pé&xszeof
action.

As an example of one the tens urban flows, thevioig five pages show the infographics on waste (se
Figures 7-11). In the ideal world of recycling, weasloes not exist. What we would call waste or islbb
simply serves as raw material for the next cyclee Tuestion is whether this perfect world of 100%
recycling has ever existed, or can ever exist. Amplants, and particularly human civilisatioese
traces that are not erased in subsequent cyclethdiutemain long after they were left -— from diaor
bones, to ashes and potsherds. Humans have alwagscpd waste. However, the volume and nature of
waste flows have changed over time; there is mastavtoday than ever before, and the amount keeps
growing.

For Europe, recycling is becoming increasingly mateactive, also from an economic and geopolitical
point of view. Europe depends on other countriesniany raw materials, and these materials areylitel
become scarcer and more expensive in the futueetalglobal economic and population growth. Thersfo
Europe should carefully manage its current resauyioeluding the materials present in products\aaste.

A growing number of companies and regions aim faireular economy, in which production cycles are
closed as much as possible. This means that pdwmetincreasingly being designed in such a waty tha
materials can easily be recovered at the end optbduct life cycle. Waste prevention and reusetlaee
guiding principles of this approach. A circular romy would also allow a shift from owning to leagin
goods, where producers retain ownership of the niaige
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GESCHEIDEN INGEZAMELD. RESTAFVAL

000000000000000
0000000000000 00

00
o0
00
00
00
00
00
00
o0
00
00
00
00
00
00
00

BRONNEN

Fig. 7: Waste per person in the Netherlands

4.1 Seven times body weight

Each year, every Dutch citizen discards 530 kilograf waste. This is seven times the average addly
weight, and four times as much as in 1950.The ntaimponents of household waste are organic items
(vegetable, fruit and garden waste), paper ancboard. Sixty per cent of all discarded paper ardgis
collected separately; for plastic this is only 13%.
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Contemporary households own more things than esfard, and throw more things away. In other words,
the turnover rate is higher. Goods such as clothimg) furniture are much less often mended, repaired
reused than in the past. Many products now comdismsables, such as diapers and plastic packaging
material. However, some waste flows have decreasedmpletely disappeared; the production of cell a

for example, ceased when the Netherlands switaloea hurning coal over to natural gas in the 1960s.

Waste production appears to be correlated with@oanprosperity. Waste growth tends to stagnatengur
economic downturns. This was particularly the cdsgng the oil crisis of the 1970s and the economic
recession of the 1980s, and has also been observecknt years as a result of the present econcrisis.

Household waste is only the tip of the iceberg. magority of waste (85%) is produced by factorigffices
and businesses. This share amounts to an addi8o0alkilograms of waste per Dutch citizen per year

WASTE 02 Everything clean and tidy

BRONNEN

Fig. 8: Flow chart of waste sources and treatmettié Netherlands

4.2 Everything clean and tidy

Waste management in the Netherlands appears to fr®kdem solved; partly thanks to sophisticated
logistics. Back in 1980 most household waste engedn landfills, but now it is efficiently recycledr
incinerated. Large-scale industrial waste scandedsalso a thing of the past. For only a few dipes
person per day, we dispose of our waste in a @edrproper manner.

Better still, our waste is put to good use, as ntben 75% is recycled, and a part of the 20% that i
incinerated thus contributes to heat and electrigéneration. No more than 3% ends up as landfiiso
disposed of as waste water.

Waste management in the Netherlands has beconféicient that Dutch incineration plants currentlguve
overcapacity. As a result, they are importing wdiien other countries. Waste from London and sauthe
Italy, for example, is being incinerated at thetRdRotterdam. Thus, waste incineration generatesgy as
well as profit.
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WASTE 03 Cities are wasting waste
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Fig. 9: Map of waste infrastructure in the Netheds

4.3 Cities are wasting waste

Waste separation and recycling are effective waysetiuce the amount of residual waste. Many Dutch
municipalities collect sorted waste door-to-dood &lave household waste recycling centres. Reusalsas
gained popularity, mainly thanks to the rise ofimlplatforms such as eBay for buying and sellisgdu
goods. These platforms also facilitate sharinglaading.

Generally, more waste is recycled and reused ial aneas and small towns than in cities, wheregeta
share of plastic and organic waste ends up in énators. Thus, in terms of recycling there is giiéinty of
room for improvement in cities.

4.4 From landfills and incineration to recycling

European countries differ considerably in their t@ggoduction and waste management. Rich courduels

as the Netherlands produce more municipal wastehgad of population than less prosperous countries.
However, waste management also significantly imesowith increasing prosperity; progressing fromtevas
dumping to well-managed landfills, from simply bimp waste to waste-to-energy incineration, andllfma
from incineration to recycling. The richer Europeasuntries aim to further reduce the amount of evast
going into landfills and incinerators; the Nethada aims for a 50% reduction in incinerated waster the
following decade.

For Europe, recycling is becoming increasingly mateactive, also from an economic and geopolitical
point of view. Europe depends on other countriesniany raw materials, and these materials areylitel
become scarcer and more expensive in the futueetalglobal economic and population growth. Themsfo
Europe should carefully manage its current resajineluding the materials present in products\aaste.

A growing number of companies and regions aim faireular economy, in which production cycles are
closed as much as possible. This means that ps@uetincreasingly being designed in such a waly tha
materials can easily be recovered at the end optbduct life cycle. Waste prevention and reusethee
guiding principles of this approach. A circular romy would also allow a shift from owning to leagin
goods, where producers retain ownership of the naige
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A circular economy goes beyond waste-to-energynaraition and recycling. In this system, waste is no
longer viewed as waste, but as a resource for medupts.

e From landfills and incineration to recycling
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Fig. 10: European comparison of waste productiahveaste treatment

WASTE 05 Waste travels the world
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Fig. 11: Global issues related to waste Waste
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4.5 Waste travels the world

Across the globe, population growth and increapiragperity lead to growing waste flows. This isyatrily

an urban issue — not only because urban populationgrowing so rapidly, but also because urbamites
average produce two to four times more waste pesopethan do rural inhabitants. The latter gengraié
poorer, consume less, and reuse and recycle modQd0, the global urban population produced 3(D,00
tonnes of waste per day. A hundred years later plegluced ten times this amount: 3 million tonnes p
day. By 2025, this figure is expected to have dedltdb 6 million tonnes per day.

These quantities are an enormous burden on urbaroements; particularly in less developed coumstrie
where waste management is not well-organised. untcies with many people living below the poveityel
the enormous waste flows are leading to deplorabiglitions. In some cities, the slums are overflawi
with rubbish. Numerous people live and work on vhst rubbish dumps of big cities. Furthermore, darg
quantities of plastics end up in nature areas a&eadrts, where they increasingly endanger the ermigah
for both humans and animals.

Waste, however, also offers opportunities. If bettéeycled and reused, waste becomes a valualdaroces

for new products. As was common practice in thehBldands, decades ago, many poor countries have a
lively tradition of recycling and reuse. Over theays, people developed their own informal collectio
systems, which support a broad sub-economy basedaycling. These days, they process not only local
waste, but also discarded electronic parts andpewnt, known as e-waste, from Western countries.
Processing e-waste is profitable because electianices often contain valuable metals such aserppp
nickel, iron and even gold. However, great caretnestaken to avoid unsafe exposure, because ewast
may contain hazardous substances. According totited Nations Environment Programme (UNEP 2012),
the available data on e-waste is limited, and ioreocountries, particularly in Africa and Asia, st@ dumps

are known where e-waste is not being processetysaf

5 CONCLUSIONS

Cities stand in the front line of sustainable depeatent. They contribute most to CO2 emissions d@hdro
resource use; but they are also most capable of/ation and change. Smart technologies can hetpate
cities more resource efficient, but generic techggidriven concepts will not be enough. To creatgen
sustainable and livable cities in the future itlvallso be necessary to combine the intelligenceadtcy
makers, planners and companies with the intelligeoiccitizens. A fundamental starting point to make
citizens, planners and policy makers smarter g¢ate a better understanding and awareness ofapheur
cities work at the moment. The problem is, howetheat our urban metabolism is complex and oftenléd

In this context infographics on urban metabolisnd a@nvironmental issues are a powerful tool to
communicate information, and to create a generaé i awareness. Infographics can present complex
information in a compact, comprehensible and attradorm. Thereby they make data, information and
knowledge easily accessible to various target ggospch as general public, planners, stakeholdsts a
policy makers.

6 ACKNOWLEDGEMENTS

The infographics in ‘Nederland Verbeeld’ (PBL 20H2)d ‘Smart about Cities: Visualizing the Challenge
for 21st Century Urbanism’ (Hajer and Dassen 2(0i#ye been produced by a team of researchers and
designers of the PBL Netherlands Environmental sssent Agency in collaboration with graphic
designers. The infographics in ‘Nederland Verbeélave been elaborated in collaboration with Fréderi
Ruys (Vizualism). The infographics in ‘Smart abdlities: Visualizing the Challenges for 21st Century
Urbanism’ have been produced in collaboration @ttalogue Tree, a design company specialized in the
visualization of data.

7 REFERENCES

FERRAO, P. and J. FERNANDEZ: Sustainable Urban MetsimoIMIT Press. Boston 2013.

HAJER, M.: Energetic society. PBL. The Hague, 2012.

HAJER, M. and T. DASSEN: Smart about Cities: Visualizthe Challenges for 21st Century Urbanism. Najpddlishers.
Rotterdam, 2014.

HILL, D.: The City that Smart Citizens Built, in: Vale #34, pp 128-132. Amsterdam 2012.

PBL The Netherlands Assessment Agency: Nederlandéédnl/The Netherlands in Infographics. PBL. The i#a@012.

Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) E
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef#EILE, Pietro ELISEI



Infographics for Smart People in Smart Cities

UNEP United Nations Environment Programme: GlobaliEbnment Outlook 5; Environment for the Future Want. UNEP.

Nairobi, 2012.

UNEP United Nations Environment Programme: City-LUéYecoupling: Urban resource flows and the goveceaof infrastructure
transitions. A Report of the Working Group on Citidghe International Resource Panel. Swilling M.pRRson B.,

Marvin S. and Hodson M., UNEP. Nairobi, 2013.

VOSSOUGHIAN, N.: Otto Neurath: The Language of @lebal Polis. Nai Publishers. Rotterdam, 2008.

REAL CORP 2014:
PLAN IT SMART

2



