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“Smart infrastructure is the result of combining 
physical infrastructure with digital 
infrastructure, providing improved information 
to enable better decision making”1 

1. Introduction 

In today’s data driven world, it is important to think 
about how the collection and use of data from our 
infrastructure assets can lead to better design, 
engineering and economic decision-making. 

Despite the increasing uptake of smart 
infrastructure technologies, the value of investing 
in smart infrastructure is yet to be made to 
politicians, funding authorities, asset owners and 
operators. This is often a barrier to a wider roll out 
of this type of investment. 

The Centre for Smart Infrastructure and 
Construction (CSIC) at the University of 
Cambridge in 2024 carried out a roundtable 
discussion between infrastructure clients, 
consultants, contractors, policy makers and 
government. This led to the writing of "Making 
Smart Infrastructure Business as Usual" which 
highlighted some of these blockers.  

CSIC's Early Careers Academics and 
Professionals Panel (ECAPP) has interviewed 
infrastructure asset owners and associated 
consultants who do make use of smart 
infrastructure to understand what they identify as 
being the value gained from their investments in 
this technology. This note summarises the 

 
1 Smart Infrastructure: getting more from strategic assets (2016) 
(https://www-smartinfrastructure.eng.cam.ac.uk/ 
system/files/documents/the-smart-infrastructure-paper.pdf) 

preliminary analysis of these interviews looking to 
provide a high-level overview of what was found. 
This will form the first of a set of publications 
looking to demonstrate that smart infrastructure 
can and is providing good value to asset owners as 
well as highlight possible short comings in how 
this value is measured.  

2. Our survey of asset owners 

We interviewed the owners and consultancies 
connected to five infrastructure assets, to discuss 
their use of smart infrastructure. These pieces of 
infrastructure were selected based on member's 
links to organisations and/or through professional 
contacts. Efforts were also made to gain a spread 
of infrastructure types.  

In brief these interviews were in relation to the 
following assets: 

• Clifton Suspension Bridge in Bristol, UK; 

• Brighton mainline (Southern region) in 
Network Rail, UK; 

• Disney Parks in Shanghai and Hong Kong, 
China; 

• Lower Thames Crossing in Kent and Essex, 
UK; 

• Pont de Normandie and Pont de Tancarville 
in Le Havre, France. 

Except for Lower Thames Crossing where 
construction has not yet started, all other case 
studies are of assets in operation. 

https://www-smartinfrastructure.eng.cam.ac.uk/system/files/documents/the-smart-infrastructure-paper.pdf
https://www-smartinfrastructure.eng.cam.ac.uk/system/files/documents/the-smart-infrastructure-paper.pdf
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3. The values we identified 

From the interviews, we identified six main 
streams of value from the investment in smart 
infrastructure. These have been explored in the 
following sections. 

Cost savings 

Smart Infrastructure can be used to optimise 
operations allowing for cost savings. This may 
come from the automation of systems e.g. the 
simple case of a thermostat or from the more 
intelligent running of systems through using smart 
algorithms. 

Disney Parks explored optimising their energy 
usage through the integration of sensors through 
their buildings. This allows for the automation and 
optimisation of the heating/cooling by 
understanding the needs of different zones. This 
avoids the wastage of energy and therefore the 
resultant excessive cost. 

Furthermore, clean energy sources are often more 
complex to manage than the traditional 
alternatives. Being only available in the day for 
example solar energy would encourage the 
heating of buildings in daylight hours to build 
residual heat and maximize the use of this cleaner 
and cheaper energy source. This optimisation of 
the energy mix between traditional power and 
clean energy sources can save money however 
requires a smart energy control system. 

These savings are possible due to automation but 
also from the wider collection of data. This data 
can then be fed into the decision-making process, 
optimising operations.  

Asset operation and reliability 

Smart infrastructure can help with the more 
efficient operation of assets. 

The brief for the construction of Lower Thames 
Crossing (LTC) specifies a very high level of 
availability requirement of the asset at both peak 
and off-peak times (with the requirement for peak 

Case study: Energy systems at Disney Parks 
The Shanghai Disneyland project involved implementing 
a smart infrastructure system to manage energy 
efficiently. An example of this was the temperature 
control in different types of facilities: the high-end 
machine room constantly requires much colder 
temperatures but guest areas need to provide human 
comfortable range of temperatures. The MEP system 
though a combination of heating and cooling systems is 
able to balance the demand in a more energy efficient 
way, with the support of a sensor system to monitor the 
full facilities temperature in real time. Other 
applications include the optimisation of lighting system, 
energy and water usage according to operational events, 
such as showtimes in a theatre. In Hong Kong 
Disneyland, a smaller scale substation uses sensors 
and AI to recommend energy use, adjusting lighting and 
temperature, and has shown energy savings. The system 
also enables the integration and efficient use of multiple 
energy sources including clean energy.  

 

Case study: Lower Thames Crossing 
Lower Thames Crossing (LTC) is a planned motorway 
under the river Thames to connect Kent to Essex, east of 
London, and provide an alternative to the currently 
congested Dartford crossing on the M25. It will have 23 
kilometres of highway with 4.2 km being tunnel. 
Reliability is a key metric for this new asset with the need 
for very low downtime. Therefore, a systems thinking 
approach is being taken to the operation of the many 
critical sensors and control systems needed to operate 
the proposed tunnel. These include fire suppression 
systems, incident detection systems, ventilation 
systems and traffic control systems, all of which will 
interplay to allow the continued operation of the future 
tunnel. The required number and redundancy of these 
digital systems is being carefully planned to minimise 
unplanned closures due to maintenance or outage. 
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times being higher than at off-peak times). 
Therefore, to meet that objective, the 
opportunities for closures are limited and it is 
crucial for the design to minimise unplanned 
closures which could affect the availability of the 
asset. By leveraging the information provided by 
sensors placed throughout the tunnel, 
unexpected events e.g. a vehicle breakdown, may 
be managed effectively to allow the tunnel to 
remain available. On a wider scale, the managing 
of the traffic system may incorporate the condition 
of the wider UK traffic system making the most 
optimum decision on where/if to divert traffic. 

Sensors may also allow early detection of asset 
degradation allowing for maintenance to be 
planned. This allows closures to be planned for an 
optimum time, e.g. Christmas day to lessen the 
impact on users.  

This monitoring of deterioration has been used on 
the Clifton Suspension Bridge (CSB) in Bristol, 

 
2 Network Rail (https://www.networkrail.co.uk/stories/region-profile-
southern/) 

providing the team with information on the state of 
the asset and its components. With an 
appropriately designed and calibrated structural 
health monitoring system, engineers can track the 
evolution of degradation of specific components 
over time. In the case of CSB, a compact 
monitoring system was put in place to specifically 
address the uncertainty around the freedom of 
articulation of the tower saddles.  

The improved level of information gained, allowed 
for a better understanding of the risks and better 
informed of what mitigating actions were 
appropriate. Without this better information, 
increased expenditure is likely as engineers are 
forced to recommend conservative solutions. In 
this case, this could be to apply lubrication and 
cleaning at more frequent periods than would be 
truly required. 

By tailoring monitoring systems to specifically 
investigate a certain issue or concern the extent, 
and so cost, of such systems can be limited. The 
system should look to answer a question which 
will meaningfully answer a need of the asset 
owner/operator, and not just gain information for 
information's sake.  

Case study: Clifton Suspension Bridge 
Clifton Suspension Bridge (CSB) spans over 400 m 
crossing the river Avon. It connects Bristol with Leigh 
Woods opening in 1864. This Grade I listed monument 
is supported by two masonry towers which carry the 
main suspension chains. In the 2010s, sensors were 
installed at the top of the towers to measure the 
articulation of a set of roller bearings vital to allow the 
bridge to contract and expand in differing temperature 
conditions. 
Without this articulation it is possible that the towers 
and bearings would be overloaded. The sensors 
allowed engineers to be confident of continual smooth 
operation of the bearings and inform the need for future 
lubrication or maintenance works. 

 

Case study: Embankment and cutting monitoring in 
the Brighton Main Line (Network Rail) 
Before the pandemic, 1,700 trains and 300,000 
passengers moved through the Brighton Main Line each 
day2. On the southern end of the route, between 
Haywards Heath and Brighton, there are several 
embankments which need to be monitored for earth 
movements. The new system identifies when significant 
movements have occurred, alerts the operation centre 
and provides the signaller with pictures before and after 
the movement so that they can assess whether it is safe 
to continue running trains. 

 

https://www.networkrail.co.uk/stories/region-profile-southern/
https://www.networkrail.co.uk/stories/region-profile-southern/
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Safety and response to disruption 

Safety is a key concern when operating 
infrastructure that is open to the public. Therefore, 
owners and operators aim to prevent and mitigate 
the impacts of safety-critical events. 

Network Rail installed a system on the 
embankments at the southern end of the Brighton 
Main Line to identify landslides, alert the signaller 
and prevent accidents by stopping trains in the 
area until it is safe to resume operations. 

The value of the system comes from multiple 
sources. First, in the event of a landslide, it stops 
trains before they potentially collide with the 
debris. Second, when the alarm is triggered, 
signallers are provided with the necessary 
information (a before and an after picture of the 
location) to determine whether operations can 
resume safely. This eliminates the need of having 
a team travel to the site to inspect it. It saves time 
and, in the event of false alarms or minor changes 
in the embankment, allows for a quicker 
reopening of the line. Third, when there is an 
expectation of failure but the time of it is unknown, 
the railway can continue to operate knowing that, 
when the failure happens, there will be an alert, 
and the trains will be safely stopped. This removes 
the need for alternative contingencies like 24-hour 
in-person monitoring of the embankments. 

Asset longevity and value 

Smart infrastructure investments provide asset 
owners and operators with added information on 
the state of their asset. 

 
3 Le Prestigieux Pont de Normandie, Roger Colbert (1996) 

This information can be used to better tailor 
maintenance regimes to the observed impacts of 
the operation instead of relying on more inefficient 
and costly substitutes (like testing in wind tunnels 
or theoretically assumed maximum loads). It can 
also identify areas where intervention is needed 
that could have been disregarded. 

Pont de Normandie in France is equipped with a 
comprehensive suite of sensors that provide 
engineers with real-time information on the state 
of the bridge. This is used to inform maintenance 
plans, validate that the bridge is responding as 
expected to the conditions of the site, and that the 
structure is overall in good condition. By 
maintaining the asset in a good condition, rather 
than allowing the structure to degrade, the 
structure will have a longer life. 

Moreover, a more tailored maintenance regime 
and the ability to identify the need for intervention 
before more critical failures are reached increase 
the longevity of the asset. This increases its value 
to its users and owners as they may continue to 

Case study: Pont de Normandie and Pont de 
Tancarville 
Pont de Normandie and Pont de Tancarville are a 2.1km 
long cable stayed bridge and a 1.4km suspension 
bridge respectively crossing the Seine in France3. 
Substantial structural health monitoring suites have 
been installed on both structures allowing informed 
long-term decision making around their maintenance. 
This includes, amongst others, the monitoring of cable 
creep, confirmation of aerodynamical properties and 
response change detection. 
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use it for a longer period without a significantly 
more costly replacement being required. 

Impact on users 

The roll out of smart infrastructure increases the 
asset availability and the efficiency of the asset 
operation, as well as mitigates the consequences 
of disruption when the asset needs to be closed. 
All of these have a direct impact on users who, in 
case of disruption, need to find alternatives 
which, by definition, will be worse for them. 

For example, the system installed in the Brighton 
Main Line can reduce the time it takes to clear the 
line after an alarm is triggered. Passengers on this 
route would have to wait for the service to resume, 
take longer journeys by train through Lewes or 
Horsham, drive or take a coach instead, with large 
time costs imposed on them. Given the volume of 
passengers affected, the benefit to rail users of 
reducing the disruption time is significant. 

The planned Smart infrastructure on LTC as well 
as that already in use on Pont de Normandie and 
Clifton Suspension Bridge also look to limit 
disruption to users either through limiting 
unplanned or planned closures.  

Indirect effects 

As shown so far, smart infrastructure can play an 
important role in improving maintenance plans 
and minimising disruption to assets. This also 
means that it minimises disruption to their users 
who, when the asset is unavailable, need to find 
alternative solutions. These solutions come with 
consequences to other people which need to be 
considered. 

Beyond these direct impacts, the availability and 
quality of infrastructure also have indirect effects 
to a broader picture of our society. 

In the case of transport links, their closure means 
that people may choose to use their cars more 
often or to travel via alternative routes, both of 
which come with an associated environmental 

cost to society and added congestion imposed on 
other people. 

In the case of energy, the unavailability of power 
can mean that alternative sources, often non-
renewable, need to be deployed. They too have an 
associated environmental impact. 

Furthermore, our infrastructure has a limited 
lifespan which can be extended or degraded by 
well planned maintenance or neglect. By carrying 
out well timed interventions through better-
informed decisions, we can strive to get the most 
out of the lifespans of our assets. This reduces the 
disruption of needlessly replacing existing 
infrastructure as well as limit the environmental 
impact of the use of new resources. 

4. A single project can have multiple values 

In the previous section, we presented the most 
relevant example to support the type of value that 
was being described. Nonetheless, it is worth 
highlighting that smart infrastructure projects 
usually draw value from different sources. 

The matrix, displayed below, shows how the 
projects we presented generated different types of 
value to their stakeholders. 

 

 

VALUE  
TYPES 

 
 
 
PROJECTS C

os
t s

av
in

gs
 

O
pe

ra
ti

on
 a

nd
 

re
lia

bi
lit

y 

Sa
fe

ty
 a

nd
 

di
sr

up
ti

on
 

A
ss

et
 v

al
ue

 

Im
pa

ct
 to

 
us

er
s 

In
di

re
ct

 
eff

ec
ts

 

Energy system 
at Disney 

      

Lower Thames 
Crossing       

Clifton 
Suspension 
Bridge 

      

Normandie 
Bridges 

      

Brighton Main 
Line Slope 
Monitoring 

      
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5. The governance process around smart 
infrastructure 

The governance process to implement smart 
techniques in the assets we analysed was very 
similar. 

It was identified at an early stage that these tools 
were the only possible option to achieve the goals 
that had been specified (for example, improve the 
understanding of the behaviour of the asset or its 
availability). 

 In the case of the CSB, the decision to explore 
smart infrastructure options came in the 
aftermath of an unexpected break in one of the 
hangers in the central span in 2009 and the need 
to better understand the state of the asset. 

Surprisingly, thorough cost-benefit analyses and 
cost-effectiveness studies were missing in most 
of the explored cases. This was generally due to 
the benefit of the smart infrastructure solution 
being clearly much higher than the concern for 
costs. Furthermore, formal assessment was 
hampered by the lack of a simple value 
measurement method as well as lack of data for 
ease of comparison for smart infrastructure 
implementations. 

6. Conclusions 

As this paper has set out, there are clear benefits 
in investing in smart infrastructure. The case is 
often so obvious that, in most cases we analysed, 
no formal cost-benefit analysis supported the 
decision to progress with the investment was 
carried out. 

We have identified and categorised the benefits 
into five main groups.

 

1 Cost savings 
Reduction in the cost of operation by 
eliminating alternative procedures which 
tend to be human-centred and more costly. 

2 Asset operation and reliability 
Better tailor maintenance regimes to the 
condition of the asset and increase asset 
reliability. 

Safety and responses to disruption 
Prevent safety-critical events and better 
information when reacting to them. 

4 Asset value 
Increase the longevity of the asset by 
understanding better the state of the asset. 

5 Impact to users 
Having better information to support 
decisions and minimise disruption to users 
of said decisions. 

6 Indirect effects 
Avoid unnecessary closures of assets and 
the associated damage to other individuals 
(like through congestion) and to the 
environment of the disruption. 

The next step is to further quantify these benefits, 
where possible, and compare them to the cost of 
investing in smart infrastructure. This will provide 
better evidence to support a business case for 
implementing smart infrastructure measures 
more widely. 
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