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The urban metabolism — the
flows facilitating urban living:

 People in vehicles c%D
e Access to public transport
* Active travel

u:ﬂm.’Tliﬂl‘-;Hum-rmwm:
-~ SHIOM
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* Goods delivery

* Frontages to residences ©
. O
* Dwell spaces, place-making &
o)
e Access to nature, flora ...
.. and fauna — biodiversity ig g
gihd o
* \Ventilation, pollination S
ots e g . T
Roots ? : * Buried utility services * 3
: _ we
. ... water, gas, electricity, z
Image credit: Dr Mike Farrimond, UKWIR wastewater, data, ideas %
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The urban metabolism — the
flows facilitating urban living:

* People in vehicles
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» Buried infrastructure — supports civilised life, facilitates ‘urban systems’
» Buried infrastructure — provides resources, enables things to move unrestricted
» Buried infrastructure ... is there for people and society — the ultimate clients?

What do people want?

... health & wellbeing, comfort, quality of life, a thriving planet, ... Qﬁ
Hence — efficient and effective functioning of the (buried) infrastructure systems ¢
» That are — resilient (to contextual change), unnoticed, never ending or disrupted 8

» And which — augment ecological ecosystem services (hence the ‘thriving planet’)

SISULID YoIDasay

... S0 how should we decide on how to carry out streetworks ?

BE A HERO FOR NET ZERO www.roadtonetzero.org.uk



ASSESSING THE . o 0
15, R ONDERWORLD Assessing the Underworld’s Core Proposition

A, v [ What is buried in, and on, the ground is controlled by the ground ]

... if the ground properties change, or the ground moves, the
adjacent / overlying infrastructure responds accordingly

UNIVERSITYOF
BIRMINGHAM

When creating, maintaining, upgrading or repurposing buried infrastructure

... we need to be informed by the ground conditions and how the
ground might react to any new activity or intervention

UNIVERSITY OF LEEDS

newenene| | BEfore we engineer in the underworld, we need to

University f

... assess the condition of buried infrastructure
... assess the condition of the ground in which it is buried
... assess the condition of the road that overlies it

N\

This treats the ground as an infrastructure in its own right

... With performance criteria and deterioration models

J\_
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Interconnected systems result in:
e travel delays for vehicles

e travel delays for pedestrians

e travel delays for cyclists
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.. and for every individual thus
affected there are economic and
social repercussions
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Street works also potentially cause
 Additional GHGs and particulates
* tree and environmental damage
e dust, noise and vibration

* Visual intrusion

e economic impacts on local
businesses (sales)

. QJ éj How can this harm be minimised ?

www.roadtonetzero.org.uk

.eoqd@

-
o
o
E
=
E
o
&
=4

09

=

A
[0}
%)
[0}
Q
=
0
=
5
QO
=
-
()
%

=
-
g

-
=
]

BEA-HERO, EOR NET ZERO



Example of a
system map to
identify system
interdependencies

.and all
stakeholders who
influence or are
influenced by an
intervention in the
system of interest

Active Travel Modes
Non-Active Travel Modes

Surrounding Residential Area

Surrounding Commercial Area

Enhancing biodiversity é
Improved water quality é \

Preserve and enhance landscape <$
Improved green infrastructure network é \',
Species protection é \
Habitat restoration b \,
Improved air quality é \
Improved cooling é A
Pocket parks é )

Gardens b A

Environmental

\
Streettrees <z \

Greenwalls <&/
Noise reduction b /I

Carbon savings < /|
Improved visual amenity é /i

Improved microclimate é /

Ecological buffer & /
Managing flood risk é

Adaptation to climate change <z oo

Resilience to extreme weather events é }M

Reduced pressure on city infrastructure é j

Improving access for recreation é
Facilitate social cohesion <§ \\,
Promote public health <z \I
Promote wellbeing <z \‘
Facilitate education é \
Liveability <& \
Equitable distribution of benefits é \
Allotment provision é \\,
Communication <z A
Improved accessibility é
Improved connectivity é @
Diversity é
Aesthetics < i
Recreation b /
Encourage physical activity é /l
Improve childhood development é )I
Improve mental health $ |
Voluntary sectoré /
Palitical champion é /'
Stakeholder consensus b ,/'
Opportunity to play é j

\ social /

é Boost economy
-5 =008 BooTo.
I < Increased land value

é Increased property values

é Increased investment

é Long term economic savings

f é Community interest companies
f é Brownfield redevelopment

( <& Urban farming

/ & Urban forestry

[ & Improved productivity

/ é Improved employment opportunities
é Insurance
. < Healthcare savings
Economic [~ "
\_ é Energy savings
h b Reduced costs of crime
/ < Reduction in unused land

\_ b Reduced cost of pollutants and contaminants

é Increased footfall to local facilities
\
'\ é Improved workplace productivity

\. b Improved tourism and recreation
\ <& Gl accounting

| é Social enterprise
\ b Selffunding
\ <& Retain high-value workers

\ é Optimise value for money

\ <& Cost effective maintenance
: <§ Gl-led design

SRR, sl ks | AR

\ \ Technical / <5 Smart solutions

\ <& Masterplan
\ Culture

é Preserve and enhance heritage
P \ \ Reputation
| |

s é Preserve and enhance culture

< Improved reputation

é City brand
<& Ecosystem senices
Market
—< é Saleability

é Supporting metrics
[ <& Place making
| _cspobldce manng

Strategy ‘
<§ Resource use reduction

The Little Book of
THEORY OF
CHANGE

for Infrastructure
and Cities

Chris Rogers, Lewis Makana, Joanne Leach and the UKCRIC Community

é Networked green corridors
\\\ \ Competition
\\ Intellectual curiosity
Governance

Map created by Chris Bouch
University of Birmingham
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We are creating a comprehensive impact calculator that accounts for: ‘
» Carbon emissions due to the works 5
» Waste resulting from the works S
> Noise, dust and vibration caused by the works e
» Accidents on or beyond the site due to the works
» Impacts on the natural environment ?
» Compromised air quality ¢
» Traffic delays and diversions due to the works 8 m
e This causes additional emissions, and

e exacerbates many of the other consequences listed above

... and integrates them into an optioneering tool to aid decision-making

BE A HERO FOR NET ZERO www.roadtonetzero.org.uk
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560 B384

Birmingham, England

' Google Street View

Jun 2024

See more dates
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Consequences
(approximately) total

~$£67,613

excluding
accident cost (5),
traffic delay (8), and
transportation
vulnerability (9)

~£XXX million
per accident

1
Pl
i)

in dBs
~$£2,577
(illegal?)
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There are four essential design options: ‘
» Trenching (or open-cut excavations) f%)
O Routinely used - socially intrusive , occupies much road space
» Minimum Dig Technologies §
o Involves ‘keyhole surgery’, with downhole tools and vacuum excavation
. ©
» Trenchless Technologies 2
e Pipe repair, relining, refurbishment / upgrading / upsizing, new installations .
e These are mature technologies catering for all pipeline needs 8 i
> Robotics and Al 2
:

® The next generation: autonomous inspection and repair

BE A HERO FOR NET ZERO www.roadtonetzero.org.uk
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A screenshot from the

International Society for
Trenchless Technology
website:

Home About ISTT ~ Corporate Members Trenchless Technology Events Awards Resources ¥

SHaLLVW AININOT
NOANOT 304
1Y0dSNYYL

I-= |=] Trenchless Installations |-» [=] Replacement |- [Z] Site Investigation

° . .
Lo [2) Horizontal Directional Drilling (HDD) lo [2) Within Existing Pipe |—e [2) Asset Location 1 1 ge n e r:IC O pt I O.n S
—e Pipe Jacking / Microtunne lling L Fully-independent Rehabilitation —e Asset Tracing fo r n eW I n Sta I | at I O n

L Replacement Slip Lining it SdeTECHques 25 generic Options
o [2) Impressed Signal Techniques fo rre h ad b i | itatio n

—e Internal Survey Techniques

49 generic options
for pipeline
investigation and
assessment

—e Smoke and Dye Testing

eerable Pipe Thrusting (DSPT) 2] Exist ng Pipe Remove Surface-based Technique:

(L) e s g Radar (GPR)

£Bojouyost

am-assist Technologies ] Pipe Eatin e Seismic / Sonar Techniques

e [2) keyhole Driliing e [2) Pipe Bxtraction —e [Z) other Methods EaCh ||nkS tO detalled /‘
L descriptions and
practical guidance

.. all tried and tested
BE A HERO FOR NET ZERO www.roadtonetzero.org.uk
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Pipebots for Live Condition Assessment
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Proudly Supported by Research Partners
Street w

e - = oy ey, oy
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Skatebot Mk1 Moving

Pipebots timeline

towards
. commercial
Sprintbot .
robotics
Launch :
event
Grant
d 5
starte NE S
2|3 : L
ol 2 ® 21.02.20 N3 o) M
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== Trademark | @ Q| |3
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underpinning science — 96 research papers
: Navigation and .. .
Sensing Control : Communication Data analytics
mapping
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Pipebots — Prototype Tr
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National Buried Infrastructure Facility D UKCRIC

A facility
for testing
buried
pipes and
tunnels
at or near
full scale

NATIONAL BURIED
INFRASTRUCTURE FACILITY

A WORLD-CLASS FACILITY FOR SUB-SURFACE
INFRASTRUCTURE RESEARCH

O A unique, 25m x 10m x 5m deep soil-
structure interaction “test pit” with
integral hydraulic moving floor

O Strong floor and structure testing rigs

O Mini geotechnical centrifuge,
environmental chambers and external
pipeline loop

O Material characterisation, remote sensing
and geophysical monitoring

o High-performance computing, modelling
and data visualisation

o Study space, research offices and
industrial knowledge transfer rooms

www.birmingham.ac.uk/research/activity/ukcric/index.asp




National Buried Infrastructure Facility UKCRIC

Infrastructure
Facilit
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We must seek to deliver greatest value when carrying out street works:

» to society and people (the ‘one customer’ of utility services & urban systems)

— st anor s R —
vr NOGNOT 304 T
LYOdSNYYL "

» to the planet, by protecting and enhancing the ecosystem services it provides

> with sustainability and resilience in mind (hence the move to Net Zero) kil
We can achieve this by: ©
~ef
» treating the ground as an ecosystem service provider and ‘an infrastructure’ 8

» creating an ‘all consequences’ street works optioneering tool (Road to Net Zero)

SISULID YoIDasay

We must protect (and enhance) the value of our streets

We must protect our planet and the ecosystem services it provides

BE A HERO FOR NET ZERO www.roadtonetzero.org.uk



ROAD DISCOVER

ﬁlElT AN besien Conclusions

ZERQ DELIVER

AQ papoddns Ajpnolid

— st anor s R —
vr NOGNOT 304 T
LYOdSNYYL '9

941

t:)E
2]
=
w

i 19

» applying a theory and practice of change
» researching robotics and automated systems (Pipebots, maybe Fixbots)
» trialling innovations in the UKCRIC National Buried Infrastructure Facility

SISULID YoIDasay
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Online Optioneering Tool
« Scenario based questions

S

—— 7%

AN

P

Online Consequences Calculator . ] \ 2
* Development /
e

Online Carbon Calculator
+ Refinement
Embed

NEW ROAD ~
LAYOUT
AHEAD

V4
/’
Mar 2026
Case Studies
» For decision support system
Embedment

» Tracking Progress to BAU

BE A HERO FOR NET ZERO www.roadtonetzero.org.uk
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