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A B S T R A C T

Infrastructure projects undergo multiple changes throughout their lifecycle, adapting to new mobilities, tech-
nologies and environments. We build on the System of Systems (SoS) theoretical concept to understand the 
implications of such infrastructure transformations, specifically when projects move from a single purpose to 
hosting multiple functions. Using multiple case studies in Europe, we investigate which functions will likely be 
added to the original infrastructure and the rationale for adding these functions. Therefore, we expand upon the 
theoretical concepts of circularity, resilience, and social sustainability, wherein multifunctional infrastructure 
adapts, renews, and complements existing infrastructure.

1. Introduction

Infrastructure is primarily conceived to generate societal value and 
support communication, mobility, and other services. Critical infra-
structure such as power and energy, transportation, and communication 
are crucial components of a functioning society [56]. These projects 
exist in a dynamic environment with multiple transitions across the 
lifecycle, such as climate change and the evolving demands of society 
[36]. The scope of this research is the operations phase of infrastructure 
projects, which includes the time between the beginning of the opera-
tions and the decommissioning of the asset.

Infrastructure projects are often designed and built with the specific 
aim of fulfilling a single function aligned with a well-defined objective. 
However, they undergo multiple changes throughout their lifecycle, 
adapting to new technologies and environments. By extending the 
construction boundary of a traditional project, the conceived lifespan of 
the infrastructure can be open-ended, flexibly incorporating opportu-
nities in adjacent sectors and exploring potential synergies throughout a 
more extended operational period [28]. In the planning process of 
infrastructure projects, multiple functions are brought together, 
including housing, energy, nature, and transportation [18]. The project 
can be more flexible, adaptive, and sustainable by opening up the 

planning and design process beyond infrastructure. It could facilitate a 
shift from single-function infrastructure to multifunctional infrastruc-
ture, potentially fostering more inclusive development. Multifunctional 
projects can provide multiple benefits concurrently and maximize the 
value to society [21]. Thus, infrastructure projects undergo evolution by 
incorporating new functions over their extended lifecycles thereby 
interacting with society across different phases.

Multifunctionality research seeks to understand additional semiotic 
functions that interact with other functions or add another type of 
meaning in the public space. Current research explains how different 
functions may hinder or strengthen other functions and how a system of 
purpose speaks with another system of purposes [24]. We use concepts 
emerging in systems engineering and complex systems literature, of-
fering a fresh perspective that views multifunctionality through a system 
of systems (SoS) lens. This viewpoint encompasses autonomy, 
belonging, connectivity, diversity, and emergence as defining attributes 
[44]. By adopting this perspective, it becomes more adept at addressing 
wicked, complex problems that demand an integrated and multifaceted 
response [26]. It can explain how different functions can strengthen 
each other in how one system of purpose speaks with another [24]. 
Considering the multifunctionality of infrastructure, we argue that such 
a SoS perspective provides an opportunity for efficient infrastructure 
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arrangement when they operate in a dynamic system during its long 
lifecycle.

In our exploration, we leverage theoretical concepts related to value 
and resilience to comprehend the ramifications of infrastructure projects 
transitioning from single to multiple functions. As seen in the current 
European energy crisis, there’s a drive to replace, renew, and expand 
existing energy grids [49]. This scenario leads to the proposal of a new 
hydrogen pipeline that could run parallelly, facilitating both full elec-
trification and digitalization of transportation. We propose a need to 
fully theorize and conceptually explain how multifunctional infra-
structure contributes to resilience and value for European society 
through a system of systems (SoS) perspective. Our research aims to 
delve into the understanding of asset renewal, expansion, and replace-
ment through the lens of multifunctional infrastructures. This study 
endeavors to uncover additional value that contributes to societal needs 
and offsets potential adverse effects. Specifically, the research seeks to 
address two pivotal questions: 1) What are the prospective additional 
functions that can be integrated into infrastructures? and 2) What are 
the reasons behind incorporating these functions? Through this inves-
tigation, the objective is to develop theories that elucidate the intricate 
relationship between context, infrastructure, its functions, and the 
derived additional value and resilience.

The remainder of this paper is organized as follows. First, we conduct 
a detailed literature review on value and resilience in the context of the 
lifecycle of infrastructure projects, following which gaps in the literature 
are highlighted (Section 2). We then describe the research methodology 
of choosing multiple case-study-based approaches focusing on the Eu-
ropean context (Section 3). We highlight the findings (Section 4) and 
discuss the additional functions and rationales for adding these func-
tions (Section 5). The implications of moving from single to multifunc-
tional infrastructure are then discussed from a value and resilience 
perspective (Section 6). Finally, we summarize the findings, theoretical 
and practical contributions, limitations, and future scope of work in the 
conclusion section (Section 7).

2. Literature review

Projects are vehicles for defining, creating, and delivering values 
[32], which benefits their stakeholders [57]. Value in projects is a 
multidimensional concept related to project implementation, sustain-
ability, social value, and systemic value [33]. Project management 
discipline has primarily focused on delivering project outputs rather 
than on organizations’ broader strategic and operational issues [11]. In 
that sense, the value in project is determined by the objective asset 
characteristics, whether the asset provides its intended value to the so-
ciety such as roads transporting people and goods [5]. However, 
stakeholders such as sponsors, users, service providers, commercial 
firms and public organizations consider project outcomes in the opera-
tions phase as a measure of value rather than project completion metrics 
such as performance on time, cost, quality, and safety [38]. Addition-
ally, infrastructure projects not only serve practical functions but also 
embody significant conceptual value tied to broader global goals, such 
as sustainability, social equity, and urban resilience [43]. Whyte and 
Mottee [53] advocate for a shift in mindset regarding projects, moving 
away from viewing them solely as social or technological endeavors, 
where success is primarily measured in terms of cost, quality, and 
schedule. Instead, they propose adopting a more comprehensive 
outcome-focused approach. This approach considers not only the effi-
cient use of natural resources but also the broader impacts, both positive 
and negative, on various places and people over time. This means the 
value in projects is seen with the overall goals of supra system (e.g., 
sustainability, climate change adaptation, etc.). Thus, from a value 
perspective, there is an increasing focus on the expanded value of 
infrastructure projects.

In many infrastructure projects, the planning phase typically spans 
four to five years, followed by a similar duration dedicated to 

construction. Subsequently, the remaining period constitutes the oper-
ation phase, which often occupies the most substantial portion of the 
project’s lifecycle [30]. When an infrastructure project reaches a life-
cycle of 60 – 80 years, the projects become increasingly expensive in 
terms of maintenance, although the project was initially designed to last 
more than 100 years. Focusing on a single function of such infrastructure 
is costly and dismisses an opportunity to exploit the infrastructure’s 
value to its whole lifecycle. In that sense, a system lifecycle view 
considering the expanded value of an infrastructure project enables a 
broader view of the project’s temporary dimension to a 
multi-organizational system with integration between multiple organi-
zations [2]. Projects must expand from their existing function to include 
other functions in the surroundings, moving from single to multifunc-
tional infrastructure to increase value across the lifecycle [28].

Multifunctionality describes the capacity of an infrastructure to 
provide multiple functions in society [29]. It entails a meticulous 
balancing act among various functions and their spatial arrangement to 
enhance overall value [51]. It is related to practical functionality such as 
a road connecting region A and B or a solar panel generating electricity 
[27]. For example, a recreational park can incorporate supplementary 
functions like a football pitch, a cherry grove, and a parking lot designed 
to act as spaces for water retention during severe rainstorms (Hansen, 
2019). In the process, multifunctional infrastructure addresses multiple 
issues in society simultaneously and has the potential to provide mul-
tiple benefits concurrently [54]. Multifunctionality can be also under-
stood as creating multiple values without altering its original function. 
For example, according to Tadaki et al., [48], infrastructure can offer 
historical relation value that is tied to local environment. In this case, the 
function adapts to new demand while keeping infrastructure’s concep-
tual value. However, multifunctionality is an elusive concept, with little 
information on how and why it is employed in infrastructure projects. 
There is a need to encourage multifunctionality in infrastructure pro-
jects, expanding their lifespan, to encourage flexibility, adaptability and, 
therefore, more sustainable projects (Hansen, 2019). To understand 
multifunctionality in the operations phase, a Systems of Systems (SOS) 
approach is well suited since it considers learning, adaptation, and 
navigation instead of control and prediction, which are critical capa-
bilities for operating in high-uncertainty contexts such as in the case of 
the long lifecycle of infrastructure projects.

The literature on complex systems recognizes various system types, 
including monolithic, complex adaptive, and Systems of Systems (SoS) 
with each type possessing distinct characteristics [37]. In a monolithic 
system, all components are interconnected. While they can be straight-
forward to develop and initially maintain, they can become challenging 
to scale and modify as they grow in size and complexity. A complex 
adaptive system is comprised of multiple interacting elements that adapt 
and self-organize in response to changes and stimuli in their environ-
ment [4]. In contrast to these, SoS are typically larger, more complex 
entities that require coordination and interoperability among their 
constituent systems as these systems evolve [14]. A Systems of Systems 
(SoS) is delineated as a metasystem consisting of numerous interlinked 
and embedded autonomous complex subsystems. These subsystems may 
vary in technology, context, operation, geographical location, and 
conceptual framework. However, their integration is pivotal within the 
metasystem, collectively striving to yield desirable performance out-
comes and achieve higher-level missions while adhering to constraints 
[26]. The goal of SoS is not prediction but rather understanding the 
essence of the problem because of which it has been used in many 
research studies that examine domains with ambiguity, complexity and 
change [17], such as multifunctionality in this study.

Bourne et al. [58] record five paradigms of an SoS framework – 
learning and adaptation, localization and orchestration, loose coupling, 
heterogeneity, and navigation and improvement. The first paradigm can 
be considered as autonomy [41] and focuses on learning and adaptation 
because SoS considers parts of the system to have independent purposes, 
and configuring them would require greater devolvement, delegation of 
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authority, and autonomy. In the second paradigm, the emphasis lies on 
localization and orchestration within Systems of Systems (SoS). Leaders 
might pivot towards orchestrating the SoS’s operations by coordinating 
interactions among its subsystems, rather than attempting to enforce a 
predetermined solution through centralized control and alignment. In 
the third paradigm, there’s an emphasis on loose coupling within Sys-
tems of Systems (SoS). Here, the structure evolves as individual auton-
omous systems opt to join or depart from it. Consequently, the 
relationships among these systems cannot be pre-designed or pre-
determined [45]. The fourth paradigm focuses on heterogeneity, as units 
may contribute to the objectives differently, even in the presence of 
common goals and objectives. The fifth paradigm centers on navigation 
and improvement within Systems of Systems (SoS). It recognizes that the 
properties and functions of the SoS are qualitatively new, arising from a 
continually evolving complex configuration of its individual compo-
nents [6]. The SoS paradigm theory [58], comprehensively integrates 
both technical and social aspects of the system. Its core objective is to aid 
decision-makers in navigating through uncertainties and effectively 
responding to the varied needs of multiple stakeholders.

The gaps in the management of infrastructure research, both in terms 
of how value creation and resilience can be achieved across the lifecycle 
of infrastructure projects and how multifunctionality may be integrated 
into the lifecycle, call for an examination of current practice from an SoS 
perspective. Through this research, we take the first step in this direction 
by investigating the type of additional functions included in multi-
functionality and why these functions are added.

3. Research setting and method

To address our research inquiries, we adopted a multiple qualitative 
case study approach, which allows us to examine various cases pivotal 
for theory formulation [55]. This qualitative case study design permits 
in-depth exploration of real-world participation and the dynamics and 
processes inherent within each case [13]. This methodology is 
well-suited for examining complex phenomena such as multi-
functionality, as it allows for in-depth understanding and interpretation 
of nuances and patterns inherent in various cases for exploration of the 
concept. The choice of multiple cases allows the identification of com-
mon themes across distinct contexts, enhancing the generalizability of 
the findings [12]. The methodological approach followed in this 
research is depicted in Fig. 1.

The European context was selected for this study due to several 
compelling reasons. Firstly, much of the infrastructure in the region, 
predominantly constructed after the Second World War, is approaching 
the end of its operational life. Secondly, within the European context, 
there’s a pronounced emphasis on upgrading existing infrastructure to 
optimize its societal value, rather than exclusively focusing on building 
new structures [23]. Additionally, Europe is undergoing various tran-
sitions, such as in energy and sustainability, which entail both renewing 
existing infrastructure and implementing new projects. Hence, this 
research delved into several critical case studies of infrastructure pro-
jects in Europe that transitioned from single to multifunctional systems 
[16].

We compiled multiple mini-cases in Europe that offer rich, detailed 
information and varying perspectives on the phenomenon being studied. 
The case selection criteria involve purposive sampling based on rele-
vance to the research focus and diversity in organizations, countries, and 
sectors such as airports, ports, dikes, railway stations, etc. Data was 
collected through news articles, reports, documented case studies, aca-
demic papers, etc., based on the local knowledge of the involved re-
searchers. Our careful collection of data sources based on the experience 
of locally involved researchers allowed us to build a rich case study that 
describes the dynamics of the multifunctionality of the particular 
infrastructure. We found these data sources adequate for our exploratory 
research. We did not require too much information on the entire infra-
structure project, such as the processes or micro-practices; instead, we 

were focusing on the additional functions and why those functions were 
essential to be added. Thus, we opted for a broad scan, covering multiple 
critical European cases rather than an in-depth analysis of a single case. 
We created short cases of 500 words on each project and its 
multifunctionality.

The data collection and analysis steps were conducted together to 
develop theoretical explanations inductively. We conducted a cross-case 
analysis, scrutinizing each case to identify the additional functions 
incorporated and the rationale behind their inclusion. Open coding and 
categorization were conducted to capture critical themes, patterns, and 
unique aspects across the cases [7]. Here, the focus was on finding 
consistency in issues, relationships, and other themes. Cross-case anal-
ysis was conducted to synthesize findings and develop a comprehensive 
understanding of the phenomenon. Constant comparison techniques are 
utilized to ensure rigor and reliability in identifying patterns and trends. 
Triangulation of data sources, investigator triangulation, and member 
checking are used to enhance the credibility and confirmability of the 
findings [35]. We, thus, discuss multiple cases in different countries, 
tabulate the key findings, theorize the type of additional functions and 
the rationale for adding these functions and suggest implications for 
future research in the following sections.

4. Findings

In the Netherlands, the Port of Rotterdam, located in the province of 
South Holland, is the largest seaport in Europe. Its primary function was 
as a port facilitating the transport of goods by water. However, the port 
has the vision to facilitate multiple regional transitions and be well- 
integrated with society. During the recent energy crisis in Europe, the 
project provided residual heat from the port to households in Hague. 
This pilot case was expanded to WarmtelinQ project which will supply 
residual heat from the Port of Rotterdam to nearby municipalities 
including Vlaardingen, Schiedam, Midden-Delfland, Delft, Rijswijk and 
the Hague1: “WarmtelinQ ensures that residual heat can be put to good use. 
This residual heat comes from industry in the Port of Rotterdam and - because 
it is a waste product - it is CO 2 -free heat.”

Another project in the Netherlands, the Gouda Dike, protects the city 
and surrounding areas from floods while functioning as a Westen Ring 
Road. In 2012, the Water Board of Schieland concluded that the dike no 
longer meets their safety standards and has to be renewed. At the same 
time, there was a proposal for a new ring road beside the dike. Instead of 
developing a separate dike and road, South Holland Province and the 
Water Board decided to work together to create an integrated one. 
Combining two functions – road and dyke – yields saving costs and extra 
returns. An article summarized the multifunctionality in the Gouda dike, 
“In Gouda, […] costs are saved by building a road that also serves as a dyke; 
a saving of 84%. At the same time, the road, which is also a dyke, yields extra 
returns: access to the area is better than without the road cum dyke, so 
existing and new homes are more easily accessible ([22]; p.29).” The Rot-
terdam the Hague Airport is a minor international airport serving two 
adjacent cities, Rotterdam, the second largest city in the Netherlands, 
and the Hague, the administrative and royal capital of the country. 
Rotterdam the Hague Airport claims to ensure “a balance between public 
interests such as economy, welfare, health, and climate. Various surveys show 
that a large majority of the population in the region supports the airport. We 
are all aware of the fact that an airport has an impact on our environment. 
Not only in terms of employment, connectivity, and incoming passenger flows 
but also because of the effects on noise pollution and air quality2.” Large 
numbers of noise-related complaints were registered by the people 
living close to the airport, as the noise from aircraft breached their 
private lives. Along with taking steps to reduce the noise level, the 

1 https://www.warmtelinq.nl/over-warmtelinq
2 https://www.rotterdamthehagueairport.nl/en/airport-and-me/airport-a 

s-neighbour/a-new-balance/

J. Ninan et al.                                                                                                                                                                                                                                   Sustainable Futures 8 (2024) 100308 

3 

https://www.warmtelinq.nl/over-warmtelinq
https://www.rotterdamthehagueairport.nl/en/airport-and-me/airport-as-neighbour/a-new-balance/
https://www.rotterdamthehagueairport.nl/en/airport-and-me/airport-as-neighbour/a-new-balance/


airport authorities started a business park in the airport premises to 
support entrepreneurs and bring economic activity and benefits to the 
people living close to the airport.

In Austria, the redesign of the public square in front of U6 station 
Josefstädter Straße and Yppenheim is another example of creating 
additional value from obsolete infrastructure. Josefstädter Straße, a 
station on the U6 line of the Vienna Gürtel and part of Vienna’s rapid 
transit network, was opened in 1898 as part of the Stadtbahn. In 2015, 
all the square areas around the station were redesigned, removing a 
neighboring gas station. “The aim of this wholescale renovation project is 
also to ensure that the costs of maintenance work in the coming years are kept 
as low as possible3.” Attractive passages and recreation areas transformed 
the square into a more open and accessible public space. Similarly, in the 
case of the High Line in New York, the abandoned railway was trans-
formed into a green space through a collaboration between architects, 
landscape designers, city planners, and local communities, revitalizing 
the area and fostering community engagement [15]. In the instance of 
the Katschberg Tunnel in Salzburg, the Austrian road authority ASFi-
NAG has implemented solar panels across various areas: on road em-
bankments, atop the tunnels, and integrated into noise barriers along the 
highway. The new system in the state capital will generate an annual 
yield of up to 305,000-kilowatt hours, which will be used directly 
on-site, primarily for the energy-intensive entrance lighting of the tunnel 
[3]. Adding solar panels to existing infrastructure is one of the easy ways 
to add functions to enhance the value of infrastructure. Thus, the project 
and the tunnels within are made completely self-sufficient by utilizing 
solar panels.

The Oresund Bridge is a combined railway and motorway bridge 
across the Oresund strait connecting Sweden to Denmark. The bridge 
was commissioned in July 2000; however, it fell short of the revenue 
forecast during the initial years of operation. The authorities started the 
Oresund Science Collaboration, facilitating close collaboration between 
universities on either side of the bridge to drive economic activity. One 
study revealed that “the removal of physical barriers in a cross-border re-
gion can have a substantial positive effect on knowledge flows if a targeted 
policy effort is made ([20]; p. 35)”. These collaborations are also a means 
to build skills to identify new opportunities in the project. Another 

example from Sweden is the Swedish rail, which has a network of over 
15,000 km of tracks across the country. The railways used this network 
to deliver high-speed communication systems to support the Swedish 
government’s initiative to develop ‘Fiber to the X’ (FTTX) networks 
throughout the country. “And as the rail market in Sweden is in the throes 
of a huge FTTX expansion, we are joining forces with Emtelle to help the 
Swedish operators cover huge swathes of their national networks rapidly and 
cost-effectively with our cutting-edge solutions4” expressed the Head of 
Telecom Sales for Nordic countries at Nexans.

In Belgium, there were several attempts to convert less-used under-
ground public car parks into something more useful. One example is in 
Antwerp, where a water company, Water-link converted part of the 
underground car park in Groenplaats into rainwater storage. This proj-
ect is part of Water-link’s efforts to improve the city’s water manage-
ment and reduce the reliance on drinking water for non-drinking 
purposes. The rainwater is used for various purposes, including irri-
gating public spaces, flushing toilets in public buildings, and cleaning 
streets. The car park also had a purifying facility to supply drinking 
water to the local community [25]. Also, the first floor of the under-
ground car park is converted into a bicycle park, providing more green 
transport options5.

The multiple European infrastructure projects considered in this 
research, along with their primary function, additional functions, and 
rationale for additional functions, are summarized in Table 1.

5. Discussion

In this section, we theorize the additional functions and the rationale 
for adding these functions from the empirical data on multiple critical 
cases in Europe.

5.1 Additional functions

From the empirical data, we noted that different additional func-
tions, such as energy generation, regional and economic development, 

Fig. 1. Methodological approach in this research.

3 https://www.intelligenttransport.com/transport-articles/17370/vienna-ju 
ggling-much-needed-renovation-with-no-service-interruption/

4 https://www.railwaypro.com/wp/nexans-to-upgrade-communication-sys 
tems-of-swedens-rail-network/

5 https://tripbytrip.org/2022/05/20/antwerp-groenplaats-to-become-green- 
again/
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network effect, and revitalizing space, were added to an infrastructure’s 
primary function. These are discussed below.

1. Functions for energy generation and supply: The port of Rotterdam in 
the Netherlands provided residual heat to the city of the Hague, and 
the Katschberg Tunnel in Austria installed solar panels to become 
energy self-sufficient. Energy generation by installing solar panels is 
an easy function for all infrastructure as it can serve the energy needs 
of the infrastructure and has the potential to supply energy to the 
grid. Additionally, energy supply with residual energy from the 
infrastructure can transfer to nearby areas, optimizing energy gen-
eration and use.

2. Functions for economic development: The Oresund Bridge in Sweden 
facilitated the Oresund science collaboration to increase the bridge’s 
demand and revenue. The collaboration led to the region’s economic 
development and increased revenue for the bridge’s construction. 
The Rotterdam the Hague Airport in the Netherlands also started a 
business park for the area’s economic development. The economic 
development aimed to generate benefits for the community (e.g., 
jobs and amenities) who are inconvenienced due to the noise from 
aircraft.

3. Functions for network effect: An infrastructure can expand its func-
tions to integrate with other infrastructure and create a network ef-
fect, creating more value from increased users. The infrastructure 
bed of one technology is used to embed others. This way, multi-
functional infrastructure corridors emerge, and minimal impact on 
the surrounding landscape is guaranteed. For example, the Gouda 
dike expanded its function to include a highway, maximizing value. 
Similarly, the Swedish rail used its 15,000 km track to deliver high- 
speed communication systems nationwide. This adds to the systems 
of systems alignment thinking [19].

4. Functions for revitalizing space: The redesign of the Josefstädter Straße 
station area demonstrates how the former industrial use of the traffic 
infrastructure became obsolete and was replaced by a social infra-
structure through the redesign and embellishment of its adjacent 
public spaces. Instead of obsolete infrastructure (gas station), the 
area became an open and accessible recreation area, attracting more 
people.

Thus, throughout the lifecycle of an infrastructure project, strategic 
consideration of multiple ecological, social, and economic functions can 
be integrated. This comprehensive approach ensures a more holistic and 
balanced outcome that accounts for various aspects across different 
stages of the project (Madureira & Andresen, 2013). The next section 
discusses the context and rationale for adding these functions.

5.2 Rationale for adding functions

From the empirical data, we note that additional functions were 
added for diverse rationales, such as changing demands of society and 
opportunity, community resistance, declining primary function, renewal 
of infrastructure, and need for new infrastructure.

1. Changing demands of society and opportunity: An infrastructure project 
has a long technical single-purpose lifecycle but is exposed to 
changing demands of society over the period. Infrastructure projects 
in Europe added functions to supply energy to people, such as in the 
case of the Port of Rotterdam, and functions to become energy 
neutral, such as in the case of the Katschberg Tunnel. Adding func-
tions allows infrastructure projects to be future-proof and maximize 
value for society throughout the lifecycle.

2. Community resistance: Infrastructure projects such as airports, high-
speed rails, and sewage treatment plants seldom benefit people living 
nearby who are constantly inconvenienced due to the primary 
function of the infrastructure [46]. In such cases, there is a need to 
get societal acceptance for the project. Social sustainability empha-
sizes the importance of considering the well-being and quality of life 
of the affected communities [52]. In the case of the Rotterdam the 
Hague Airport adding additional functions helped address the social 
impacts, engaging local stakeholders, and ensuring equitable access 
to resources and opportunities by making the project beneficial to 
the nearby people. The multifunctionality of infrastructure can 
ensure that the different needs of the population, particularly those 
living nearby, are met [21], thereby generating more value.

3. Need for new infrastructure: Existing infrastructure responds to the 
region’s need for new infrastructure by adding the function of the 
new infrastructure. For instance, the Gouda dike responded to the 
need for a new highway infrastructure by expanding its function to 
include a highway on top of the dike. In a similar vein, the Swedish 
rail network responded to the government’s ’Fiber to the X’ (FTTX) 
initiative by integrating a high-speed communication system into its 
network. Burton [9] suggests repurposing existing infrastructure and 
reutilizing brownfields to maximize urban space efficiency. Our 
study expands on this literature by elucidating which functions can 
be incorporated into existing infrastructure and the reasons driving 
these additions.

4. Renewal of infrastructure: An infrastructure adopts new functions 
during its renewal, such as with the Gouda dike adopting new 
functions on renewal. Thus, the project optimizes space and re-
sources during renewal, and the advantages for both parties on 
reduced costs and more benefits are clear from the beginning [31].

5. Declining primary function: The declining primary function was why 
the Vienna Ring Road planted vegetation and added an aesthetic 
function. Even during COVID-19, city administrations let restaurants 
set up tables in streets and parking lots, giving a new function to city 
roads with a declining primary function of fewer cars on the road 

Table 1 
Multifunctionality in European infrastructure projects.

Project Primary 
function

Additional functions Rationale for 
additional functions

Rotterdam port 
(Netherlands)

Water goods 
transport

Functions for energy 
supply (heat)

Changing demands 
of society, 
opportunity

Gouda dike 
(Netherlands)

Water 
management

Functions for 
optimizing space and 
resources (road with 
dike)

Renewal of 
infrastructure 
(renovation of dike)

Rotterdam- 
Hague airport 
(Netherlands)

Air transport Functions for 
economic 
development 
(business parks)

Community 
resistance

Josefstädter 
Straße 
(Austria)

Station area Functions for 
revitalizing space 
(Aesthetics)

Declining primary 
function; 
Redesigning for cost 
reduction

Katschberg 
tunnel project 
(Austria)

Road transport Functions for energy 
generation (solar 
energy)

Changing demands 
of society 
(operational 
sustainability), 
opportunity

Oresund bridge 
(Sweden- 
Denmark)

Road/rail 
transport

Functions for 
regional and 
economic 
development 
(university 
collaboration)

Changing demands 
of society (increase 
value from the 
project); adding 
new skills

Swedish rail 
network 
(Sweden)

Rail transport Functions for 
network effect 
(communication 
systems)

Need for new 
infrastructure

Underground 
car park in 
Groenplaats 
(Belgium)

Underground 
car parking

Water storage, 
bicycle parking

Changing demands 
of society, 
opportunity
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[47]. Here, additional functions are added to minimize damage due 
to declining primary function.

Fig. 2 shows how infrastructure projects respond to different events 
in their operation phase by adding functions.

The additional functions created more value for society due to the 
multifunctionality of infrastructure projects. Thus, infrastructure project 
adds value to society by being resilient throughout their lifecycle.

6. Implications

This research on the multifunctionality of infrastructure projects has 
several implications for research and practice for infrastructure projects 
anchored on the paradigms of an SoS system theory by Bourne et al. 
[58].

1. Relation between the added function and its rationale: We found that the 
functions added to an infrastructure project were not random instead 
it had a strong rationale. Functions depended on the changing de-
mands of society, as was in the case of the European energy transition 
and the need for projects to be self-sufficient and provide heat to 
nearby areas. We also saw that functions that benefit the people 
living nearby were preferred for projects that cause inconvenience to 
the stakeholders adjacent to the project. In some cases, the added 
function was complementary to the primary function, as in the road 
over the dike case. Van der Heijden and de Blok [50] highlight that 
one function depends on another for proper integration. The impli-
cation aligns with the Systems of Systems (SoS) paradigm of ’local-
ization and orchestration’. This perspective underscores the 
importance of orchestrating functions based on interactions between 
subsystems, rather than trying to enforce a predetermined solution 
through centralized control. It emphasizes a more adaptive and co-
ordinated approach within the system [58]. Thus, multifunctionality 
in infrastructure is much more than adding many functions in the 
same space; instead, these functions should reinforce and comple-
ment one another to maximize value for society.

2. Integration with the environment: Infrastructure projects must be dy-
namic and adopt multiple functions to integrate with the 

environment over the long operation phase. Projects respond to the 
environment through changing demands of society and opportunity, 
community resistance, declining primary function, renewal of 
infrastructure, and the need for new infrastructure by adding addi-
tional functions. Infrastructure projects should improve the inte-
gration with the environment, i.e., with civil society or actor 
dimension, with area or scope dimension, or with the operating 
network or time dimension to create more inclusive projects [28]. 
Value creation in infrastructure projects depends on the interaction 
between organizations within the networked system [2]. Multi-
functionality is a way for projects to think beyond the traditional 
view of a project as producing a physical facility to a project as 
delivering value for society. There is a need for a better under-
standing of a project and its relationship with the environment to 
bring into view alternative forms of future making [53]. Besides, 
adding functions can make the construction industry sustainable by 
reducing consumption and emissions in the sector. Thereby, multi-
functionality answers a call for the construction industry to work 
what is already there in the form of existing infrastructure. Adapting 
existing infrastructure to suit changes through multifunctionality is 
similar to the ‘loose coupling’ SoS paradigm, where autonomous 
systems can choose to belong to a system or leave it depending on the 
environment [58]. Thus, infrastructure projects must be flexible 
enough to add new scope and functionalities throughout their long 
cycle for better integration with the environment. With multi-
functionality, projects are planned to match systems of systems 
across a myriad of complex stakeholder relationships [19].

3. Seeking opportunities to increase value: Infrastructure projects actively 
seek opportunities to add functions and increase value during oper-
ation. This was seen in the case of the Oresund bridge, which enabled 
the Oresund science collaboration to increase its revenue. We high-
light the potential of multifunctionality to generate additional value 
for society through a multi-level conceptualization of value enabled 
by different functions such as energy generation, economic devel-
opment, network effect, and optimizing space and resources. The 
value created through multifunctional infrastructure is through an 
incremental transformation in contrast to megaprojects, which bring 
about radical transformations in the region. Adding new functions in 

Fig. 2. Relation between events and additional functions

J. Ninan et al.                                                                                                                                                                                                                                   Sustainable Futures 8 (2024) 100308 

6 



the decommissioning and conversion examples of Antwerp project 
was to increase the value and extend the lifespan. Through multi-
functionality, infrastructure projects seek organizational alignment 
and autonomy through increasingly frequent loops of learning and 
adaptation of functions as in the SoS framework [42]. The primary 
objectives would revolve around continuous performance enhance-
ment and refining the structure and operation of the system which 
would help navigate the complexities inherent in various environ-
ments, ensuring adaptability and improved functionality over time 
[58]. We thus extend the literature stating that the poorly managed 
operational phase of an infrastructure project undermines the project 
objectives and erodes value for money [40] to highlight how not 
tapping the value potential of multifunctionality during the opera-
tion phase also erodes value for money. Value is lost regarding an 
unoptimized infrastructure asset and the resource requirement to 
construct a new single infrastructure project for the particular 
function. Thus, we suggest a system lifecycle view to study existing 
infrastructure, considering the project’s ability to continue opera-
tions and add value, creating functions even decades after the project 
phase has ended [2]. Along with city-wide planning, standards, and 
guidelines to promote multifunctionality within the city during the 
early stages of a project [21], asset owners must constantly seek 
opportunities to add functions and increase value.

4. Role of infrastructure in resilience: Resilience entails adaptive capacity, 
anticipatory capacity, and absorptive capacity [8] and building these 
capacities are essential to improve resilience of a system. We saw in 
this research how society was able to cope with changing scenarios 
due to the multifunctional nature of infrastructure, as in the case of 
the Port of Rotterdam providing heat to be resilient to the energy 
transition. In addition, infrastructure also became resilient by adding 
additional functions, as in the case of the Oresund Bridge. There is a 
need for increased resilience in society with frequent economic and 
climate changes. multifunctional infrastructures play a significant 
role in enhancing resilience due to their inherent qualities such as 
flexibility, adaptability, diversity, and interconnectedness with the 
larger urban environment [34]. These attributes empower them to 
better withstand and respond to various challenges and changes 
within their surroundings. Multifunctional infrastructures can 
contribute to resilience as they are flexible, adaptive, diverse, and 
connected to the broader urban fabric [34]. The ability of infra-
structure to adapt to diverse functions is similar to the ‘heterogene-
ity’ SoS paradigm, where units may contribute to resilience 
differently even in the presence of common goals and objectives 
[58]. By drawing upon the theoretical concept of resilience, multi-
functional infrastructure serves as a bridge, linking geographical 
nodes through renewal, complementation, or the addition of new 
components to existing infrastructure. This approach allows infra-
structure projects to continually reinvent themselves, staying rele-
vant and responsive to evolving needs and changing times by 
integrating new functions.

5. Considering multiple perspectives in infrastructure: To operationalize 
multifunctionality in infrastructure, there is a need to consider new 
scales of intervention [1]. Synergies are created when multiple 
functions are added, considering the local natural resources, impact 
on people living nearby, efficient use of space, collaboration between 
different agencies, integration of goals, etc., all of which have im-
plications for the skills needed by infrastructure practitioners. 
Multifunctional infrastructure is more complex than single func-
tional infrastructure as they are a multi-organizational system with 
separate financial streams and disruptions in adding a new function. 
To navigate this, infrastructure professionals must be T-shaped 
professionals with the ability to consider and understand multiple 
disciplines along with in-depth knowledge of their discipline of 
expertise [39]. In the case of the Oresund bridge, it can be argued 
that the science collaboration are also a means to build skills to 
identify new opportunities in the project. Within the Systems of 

Systems (SoS) paradigm, there’s an emphasis on professions 
acquiring the requisite skills as and when needed. This enables them 
to effectively navigate through the multitude of changes they 
consistently encounter [10]. This adaptability and skill acquisition 
are crucial for managing the complexities inherent in dynamic sys-
tems. Thus, to operationalize multifunctionality, professions would 
require immense coordinating skills, multiple sets of capabilities and 
a greater involvement in the day-to-day operations of the infra-
structure project.

Fig. 3 highlights how infrastructure projects can embrace multi-
functionality through an improved understanding of multifunctionality 
and through improved practices of multifunctionality, both anchored on 
the paradigms of an SoS system theory by Bourne et al. [58].

7. Conclusion

This research underscores the significance of prioritizing the opera-
tions phase within infrastructure projects. This phase serves as a crucial 
period for adaptation, renewal, and the generation of increased value for 
society. It highlights the ongoing relevance and evolution of infra-
structure beyond its construction phase, emphasizing its continuous 
contribution to societal progress and development. We argue that novel 
and practically relevant implications on the multifunctionality of 
infrastructure can be developed by employing a ‘system of systems’ 
(SoS) perspective previously used to study complex systems. We use 
multiple case studies in Europe to explore how and why infrastructure 
projects move from single to multiple functions. The case studies 
strongly indicate the imperative for infrastructure projects to continu-
ally evolve and maintain relevance amid changing times by incorpo-
rating additional functions. This research underscores that transitioning 
from single to multifunctional infrastructure enables asset owners to 
explore potential new avenues, fostering flexibility through a more 
decentralized approach. This approach is better equipped to adapt and 
respond to environmental turbulence effectively.

We make multiple contributions. Firstly, we record how infrastruc-
ture projects continuously evolve beyond its initial construction to 
remain relevant and beneficial in a rapidly changing environment by 
embracing multifunctionality. We highlight why certain functions are 
added to infrastructure projects. Functions were sometimes dependent 
on the changing demands of society, sometimes were for the benefit of 
inconvenienced people living nearby, and sometimes were comple-
mentary to existing functions. Secondly, we emphasize the vital link 
between resilience and value creation. We saw that value was created 
through multi-functionalities in the process of projects being resilient to 
changes. Thirdly, we extend the literature stating that an infrastructure 
project’s poorly managed operational phase erodes value for money to 
highlight how not tapping the value potential of multifunctionality 
during the operation phase erodes value for money. We note that mul-
tifunctionality is required to create incremental transformation or 
constantly improve value in society in contrast to megaprojects, which 
bring about radical transformation. Fourthly, while highlighting the 
importance of enhancing multifunctionality in the planning stage, we 
also stress its importance as an operational goal for asset owners. Adding 
new functions to existing infrastructure according to the changing needs 
of the society can prevent the production of waste, while increasing 
efficiencies in the uses of energy, water, resources, and human capital. 
Finally, we show the significance of the operations phase of infrastruc-
ture projects and call for research on new project management ap-
proaches to add value and capacity beyond the construction phase, thus 
seeing constructed infrastructure assets managed by agencies optimized 
for value creation along with the current optimization for operations and 
maintenance.

The work has some limitations which offer some scope for future 
research. The case studies included in this research span across Europe. 
Future research can consider in-depth case studies across the world to 
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study the micro-practices of multifunctionality, such as how collabora-
tion between partners happens. While macro-level analysis allowed us to 
uncover relevant System of Systems (SoS) dynamics of cooperation, 
synergy, and decentralized control, a future longitudinal analysis can 
provide a detailed analysis of the role of different stakeholders such as 
municipalities, NGOs, and community groups. Future research can 
consider the role of infrastructure and the rationale in adding other 
functions such as user safety and environmental protection. Additional 
research is needed to promote multifunctional infrastructures, enhance 
synergies, and manage potential conflicts between different functions. 
We also call for more research to study the use of space, the comple-
mentarity of functions, and resilience from a multifunctional infra-
structure perspective.
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