formatics
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Urban Infrastructure
as
Complex system




Historical development of urban infrastructure

Cumulative Socio-Political Drivers ———

Water supply Public health Flood Social amenity Limits on Intergenerational
access & protection protection environmental natural equity, resilience
security protection resources to climate change

Water Supply

\ City

Supply Separate Drainage, Point & Diverse, fit-for- Adaptive, multi-

hydraulics sewerage channelisation dittuse source PUrpose sources funclional
schemes pollution conservation, infrastructure &

managemoeont promoting urhan des<ign
waterway reinforcing
protection water sensitive
values &
behaviours

e Service Delivery Functions e ——
Brown et al., 2009,  Deltares , 2013



Changing Environment in Urban Infrastructure

Water Climate
scarcity changes
Restricted
N
Popuiation
growth

New
technologies

financial ‘
sources

Conhfort

Of drainage

Cost of
energy



"A complex system can be defined as a set of-nelated components forming a &

body with the defined function. This function cannot be realised by any of #z%

individual components on its own, but only through the contribution of aff
components,' Bertalanffy,1965).

Complex System of Urban Infrastructure

A

Water Purification
Station

y

A 4

A 4 A 4

Water supply drainage

A 4

WWTP

A

Recipient
|

A\ 4

A




Limitsof Complexsystems

Large cities inhabit more than 50% of world population
And consume 80% of energy and produ ce 75% of CO2emisions.

1. Growing complexity of systems tends to growing
complexity in management and planning

2. Domino effect of failures in operation
3. Price of maintenance growing
4. Robustness of complex systems problematic

5. Question of centralized and decentraliz ed urban
water systems
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Sewerage system failures




Water supply system failures




WWTP failures




Water qually fallures
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Changes In Urban Infrastructure Management

Basic management Functional management Contextual management
Contextual
_B\ watermanagement
1= |
Q
g Functional
8 watermanagement + Strom water management
. + Leakage reduction
-% Basic + WQ inrecepients + Water age :
2 watermanagement + Long term reconstruction
LB
&) . -
' Collection of ww + provision of pw

Time



Urban infrastructure decisions complexity

A Growingquantity of information / data
A Growingspectrum of information / data
A Growth inInformation technolog ies (RDBMS GIS,KB DSSB b

A Growing complexity of services
A Pressure formCompetitors, Clients
A Financial pressure

A Pressure onimmediate decision

_ Risk of wrong decisions _



Changes In Living Environment
(context)
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The world global megatrends

Demographic
changes

Urbanisation

4 Overpopulation, N New infrastructure, A
ageing population, increase in
state of health, redevelopment,
increasing waste, water,
education, growing pollution
middle class
o AN J

Climate change &

Environmental
problems

-

Degradation of
ecosystem,
global warming
conditions

~

Resource scarcity

-

Increasing global A
demand, economic
austerity

Globalisation

Digitisation

Global division of
labour, goods,
services,
communication,
mobility,
transportation

Processes and

society in general

are increasingly
digitalised




, Ny A k ' , a B~
N A 180,000 additional people move to cities every day = 2 people every
: second
3 M A9ORqRIt WHYUY e UW=oO0OWYnWs YI aGT gkt WIJ
| .'-. A Beijing tourism has dropped 14 pct. due to air pollution
-3 A In top 10 most congested cities commuters waste 65 hours in traffic

A Demand for sustainable solutions within buildings, transport,
energy, environment, planning, governance

!




Scarce water sources

Cost of water is growing
Storm water is gradually gettingimportant source

Water recycling and water savingsn households

To collection tank
~— | To Bio tank
To sewage mains

Disconnection of storm water from sewerage
New requirements onwastewater treatment
Wastewater as source, not vaste

reircular economy wb

Toilet Valve Jets Vacuumarator®

Zdroj; JETSGROUP (2005)
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Technology impact

Smart sensors and monitoring systems
Big data, data analyses

Real time simulation , forecasts

Smart cities

Water as comodity in Internet of things

f B
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Change of life style

URBAN RECREATION

NECESSARY ACTIVITIES

1 1 1 1 1 1 1 1 1 1 | >
1 1 1 1 1 1 1 1 1 1 1
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
HAPPENS

HAPPENS ONLY IN

IN ANY CITY HIGH QUALITY URBAN SPACE

THE CAR INVASION

AWARENESS , RESEARCH AND
PLANNING OF

URBAN SPACE
SOURCE: Jan Gehl et al. 2006
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Bucharest riverDumbovitza today
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UrbanWater Master planning

BUILDING LIVEABLE CITIES

FROM SILO THINKING TO HOLISTIC D s
SOLUTIONS e 4
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UrbanWater MasterPlan
goals, objectives, purpose

1. Conceptual document focusing on future sustainablelong term

development of city water infrastructure

2. Defines future developmentframework, boundaries, limits for

defined time horizons
3. MP is thesource of information for City development plan

4., MP is founded in local and Elkgislation (UWWD,WFD, DWD, etc.)



Changing Environment in Urban Infrastructure

-

New
technologies

Restricted
financial
sources




OLD Master plan&0-80res)

20th century T need for systematic planning process in urban water infrastructure _
in relation with industrial revolution consequences kanafisacn;

Bubenec” A [ i

Y-192571f U N IOpepaded1blurban water MPfor Praguein relation with
industrial development of the city

The only single elementary requirement for this conceptiom fast and hygienically
secure transport of sewerage waters to the WWTP / recipient. I

e > 2
L _\I‘_ﬂ::::‘“:ﬁ 1.7 7 Karim j’li-:,
B i R
| | - - ' N
Methodology of the MP was based orational design method incorporating both : it T
. . 1Thop .\
sewage and runoff water into one combined system. J ~ -
' ';-""’""'rf’ .
AN ‘*:.T__I::_...
. . P o)
Master plans were elaborated in paper form without broader focus /‘.\ \ W inohradty
T y AN .
- \ ol

on real system performance.

Thanks to capacity reserves implemented in the rational method the
sewerage systems are operating well till present time.

Lindlayowva kanalisacni sit
ve stavu k rolku 1911,

W o stok =i

stoky doineic psma
—mmemmm = stady homitio dsme

——— dedtova odiehéem




Complex master pland 990-today) 9

Long term -

water N\ _J ™

balance O |

Legislative requests EU/ local (91/271/EEC ) protection of recipients
Integr ated approach (network , catchment ,recipient, WWTP) = "
Use of informa tion technolog y = simula tion model, GIS, DB,...
Large dat a needs

Complex view on performance of water infrastructure

.
Extremearainfalls
s w DORSH &)

It

“ . .
1 year rainfall series

o~ Wb E

A C S O a n d re Ci p i e nt lmrj;icj Time Series DISCHARGE BRANCHES (Var2_h94.prf) ;5_ém] Flags
Flood protection '
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Planning of network reconstruction
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Master plan brings changes

A Direct connection to city development plan

A Connection to flood protection plan

A Data sharing with other systems , , o
_ _ _ POSOUZENI STOKOVYCH SYSTEMU

A Monitoring in the network and catchments URBANIZOVANYCH POV)D]

A New methodologies '

A Model calibra tion /verification

A Water quality issues

A Risik analysis \N O?\)

ASOCIACE CISTIRENSKYCH
EXPERTU CESKE REPUBLIKY
Odborna skupina

METODICKA PRIRUCKA




Master Plan approach

1. Use ofintegral approach (water sources, catchment, network,

treatment plant, receiving water)

2. Use ofsimulation modelling technology

3. Use ofdigital data (GIS, DB)

4.  Principle ofcontinuity



