
Purpose and 
structure

Process, protocol
2/15

Other
6/15

Flexibility
6/15

Needs to be a 
combination

3/15

Aspects of rail 
infrastructure

Matrix or checklist
2/15

Process, flow chart
5/15

Assets
4/15

Components
1/15

Materials
3/15

Other
7/15

Assets and materials
3/15

Seen as interlinked, 
interchangeable

4/15

Target materials, as 
most impact

3/15

Greatest potential

Items with biggest 
impact
6/15

Track system
5/15

Civils and structural
5/15

Concrete and steel
4/15

Overhead line 
equipment

3/15

Steel
2/15

Signalling
1/15

Short-term, regularly 
repaired, replaced

2/15

Ballast already 
cleaned and reused

2/15

Organisational level

Industry-wide
10/15

Individual firm
3/15

Other
2/15

Client and their 
supply chain

7/15

Widely applicable
3/15

High level, not too 
prescriptive

2/15

Bottom-up approach
3/15

Stakeholders

All
5/15

Client, designer, 
contractor, supplier

5/15

Supply chain
4/15

Designer
1/15

Contractor
1/15

Client
2/15

Material supplier
2/15

Operation and 
maintenance

1/15

Project brief and 
design

Brief key to 
understanding whole 

life
2/15

Early engagement an 
enabler

2/15

Brief mandates, 
brings designers on 

side
2/15

Brief sets tone, 
expectation, 
precedent

6/15

Opportunities 
earlier, disappear 

later
12/15

Specifying reuse of 
the existing asset

Designer just 
follows scope, not 

empowered
5/15

Reuse just some 
elements, upgrade

5/15

Reuse near top of the 
waste hierarchy

3/15

Reuse elements on a 
different project

2/15

Contractor follows 
scope, standards

3/15

Opportunities 
earlier, disappear 

later
3/15

Carbon saving 
through reuse 

existing
4/15

Demolition for non-
technical reasons

Yes
4/15

No
5/15

Don’t know
3/15

Other
3/15

More an issue in 
central city locations

3/15

Station oversite 
development

2/15

Rail provides a 
service, less 
commercial

2/15
Rail does not 

demolish without a 
reason
2/15

Less an issue, mostly 
buildings, stations

3/15

Rail infrastructure 
more permanent

3/15

Whole life costing

Confusion re what it 
entails, e.g. carbon

4/15

Focus on CAPEX, 
separate OPEX 

budget
3/15

Need to invest more 
for longer term 

savings
3/15

Early engagement an 
enabler

2/15

Design in short-term 
thinking

2/15

Not many clients 
consider it

2/15

OPEX reduced 
through circular 

economy
2/15

Justifies circular 
approaches

2/15

Whole life costing 
for business case or 
comparing options

Business case
4/15

Optioneering
6/15

Both
5/15

Early engagement an 
enabler

5/15

Optioneering 
supports CE 
business case

2/15

Focus on CAPEX, 
separate OPEX 

budget
3/15

Design out waste

Part of same process 
as durability

3/15

Industry already 
doing it, workshops

3/15

Design to right size, 
avoid offcuts

2/15

High value, avoid 
landfill, 

downcycling
2/15

Link end of life to 
new cycle

1/15

Design out waste for 
rail infrastructure

Offsite, modular for 
efficiency, safety

8/15

Cut and fill, avoid 
material removal and 

import
5/15

Balancing cut and 
fill should be 

standard practice
4/15

Ballast already 
cleaned and reused

4/15
Consider end of 
project, unused 

materials
3/15 Not all excavated 

material can be 
reused
2/15

High value, avoid 
landfill, 

downcycling
2/15

Design to right size, 
avoid offcuts

1/15

Design for durability
OPEX reduced 
through circular 

economy
8/15

Infrastructure long 
life, will be 
exceeded

4/15

Link with safety 
factors
3/15

Link with carbon
2/15

Modular benefits
2/15

Individual 
components with 

shorter life
2/15

Building in layers, 
lack of awareness

1/15

Balance between 
flexibility and 

durability

Durability preferred 
in rail industry

7/15

Railway is always 
going to be a railway

4/15

Flexibility for station 
commercial units

4/15

Modular easy to 
dismantle and adapt

3/15

Standards, more 
flexible to 
innovation

2/15

Flexibility for 
temporary facilities

2/15

Specialist 
components, not 

adaptable
2/15

Building in layers, 
lack of awareness

1/15

Mechanical and 
electrical quickly 

outdated
2/15

Flexibility for 
buildings, different 

uses
2/15

Product-as-a-service

Not well tested or 
familiar in the 

industry
5/15

Examples often 
short-term building 

products
3/15

Industry reluctance 
to introduce outside 

parties
3/15

Structural issue, 
projects and 

operations siloed
2/15

Applicable only to 
certain components

2/15

Manufacturer 
warranty not for 

lifespan
2/15

Public-private 
partnerships, bad 

experience
1/15

Short-term vision

Focus on CAPEX, 
separate OPEX 

budget
9/15

Structural issue, 
projects and 

operations siloed
5/15

Short-term nature of 
contracts, projects

4/15

Short-term thinking 
of client, scope

2/15

Risk averse mindset, 
safety critical, 

standards
1/15

Not holistic, whole 
life cycle of assets

2/15

Short-term vision a 
barrier for clients, 
consultants and 

contractors

Clients
11/15

Everybody is 
responsible, has an 

impact
8/15

Other
4/15

Collaborative 
working 

arrangements
3/15

Contractual setup, 
how things procured

3/15

Early engagement an 
enablers

3/15

Government, short-
term, too politicised

2/15

Focus on CAPEX, 
separate OPEX 

budget
3/15

Lack of ownership 
between client and 

operator

Structural issue, 
projects and 

operations siloed
5/15

Should not be an 
issue if client is 

operator
3/15

Operator resistance, 
other priorities

2/15

Challenges in 
handover from 

project to operations
2/15

Confusion re client 
or operator, e.g. 

TOCs
4/15

Focus on CAPEX, 
separate OPEX 

budget
1/15

Client and operator 
one organisation

Big client, 
ineffective 

communication
3/15

Structural issue, 
projects and 

operations siloed
5/15

Public sector 
projects, government 

influence
2/15

TOCs operate some 
stations

2/15

Client does not 
operate the trains

1/15

Focus on CAPEX, 
separate OPEX 

budget
2/15

Confusion re client 
or operator, e.g. 

TOCs
3/15

Resistance to change 
(business as usual)

Fear of the 
unknown, time 

pressure, lack of 
incentive

8/15

Risk-averse mindset, 
safety critical, 

standards
6/15

Leadership needs to 
be top-down or 

hybrid
3/15

Organisations not set 
up for non-linear

3/15

Infrastructure less 
commercial than 

other sectors
1/15

Resistance to change 
more significant for 
rail infrastructure

More
8/15

Less
1/15

Other
4/15

Don’t know
2/15

Risk-averse mindset, 
safety critical, 

standards
8/15

Scale of 
infrastructure, more 

impact
4/15

Building sector more 
open, dynamic, 

competition, pilots
5/15

Public-private 
partnerships, bad 

experience
1/15

Construction sector 
generally bad at 

innovation
2/15

Building sector 
various impetus, e.g. 

architects
2/15

Client leadership

Client asks for and 
pays, makes it 

happen
7/15

Need to display 
leadership on a daily 

basis
4/15

Leadership, 
ownership, sets 

ethos
3/15

Operator resistance, 
other priorities

1/15

Client leadership 
more significant for 
rail infrastructure

More
9/15

Less
1/15

Same
4/15

Don’t know
1/15

Infrastructure less 
commercial than 

other sectors
1/15

More, as one large 
client organisation

5/15

More, as client also 
operator, long life

2/15

Less, as government 
impact higher level

1/15

Same, as similar 
approach, process, 

goals
4/15

Building in layers, 
lack of awareness

1/15

Mechanical and 
electrical quickly 

outdated
1/15

Leadership needs to 
be top-down or 

hybrid
3/15

Client asks for and 
pays, makes it 

happen
5/15

Need to display 
leadership on a daily 

basis
1/15

Making decision 
based on total rather 

than capital 
expenditure

Link with whole life 
cost
3/15

Focus on CAPEX, 
separate OPEX 

budget
3/15

Different answers 
and decisions made

3/15
Making decision 

based on total 
expenditure rated 
highly by clients

Link with 
leadership, informed 

decision-making
10/15

Client responsible 
for and sees TOTEX

5/15

Public sector value 
for money, political

2/15

Link with whole life 
asset management

1/15

Circular economy 
public procurement 

requirements

Regulation forces 
supply chain to act

6/15

Leadership, 
ownership, sets 

ethos
3/15

Public procurement 
notices

2/15

Sustainability 
weighting low, 

increasing
2/15

Scale of public 
sector procurement

2/15

Circular economy 
public procurement 
requirements with 
greatest potential

Material 
optimisation, 
specification

6/15

Standards, more 
flexible to 
innovation

3/15

Secondary materials 
from other industries

2/15

Pre-demolition 
audits
2/15

Collaborative 
working 

arrangements
2/15

Standards, 
certification, 

assurance
1/15

Link end of life to 
new cycle

1/15

Sustainability 
weighting low, 

increasing
1/15

Risk averse mindset, 
safety critical, 

standards
1/15

Further thoughts or 
observations

Link end of life to 
new cycle

1/15

Flexibility
1/15

Not visionary, 
widely ignored

3/15

It depends how 
people learn

2/15

Consistent across 
projects, 

organisations
2/15

Visionary, route map
1/15

Assessment, matrix
1/15

Simple guidance, 
what needs to be 

done
1/15

Interpretation of the 
term framework

Holistic across 
project, asset 

lifecycle
5/15

Define principles
4/15

Simple guidance, 
what needs to be 

done
4/15

Tangible, practical
3/15

A clear process
2/15

Define roles and 
responsibilities

2/15

Examples, good 
practice, case studies

2/15

Not too high level
2/15

Consistent across 
project, 

organisations
2/15

Early engagement an 
enabler

1/15

Opportunities 
earlier, disappear 

later
5/15

Confusion re what it 
entails, e.g. carbon

2/15

Lack of awareness, 
not done well or at 

all
3/15

Risk averse mindset, 
safety critical, 

standards
3/15

Project brief and design stages were rated of 
major importance by most respondents (90 
and 94%). A key issue from the follow-up 

interviews (12/15) was that CE opportunities 
must be addressed at these early stages, as 

they become more difficult to address later.
In this respect, both the questionnaire (69%) 
and follow-up interviews (8/15) identified 

early engagement as a key enabler. For 
example, “the way you design with modular 

components is not the same [as] in situ” 
[I14] and requires early engagement.

When asked about aspects of designing out 
waste relevant for rail infrastructure, offsite, 
prefabrication and modular was mentioned 
most often (8/15). This is broadly similar to 

the number of questionnaire respondents 
who rated it a major enabler (59%). Reasons 

included the homogenous nature of linear 
projects, and safety benefits in less time 

spent on site.

Over a half of interviewees (8/15) thought that 
clients specifying reuse was important, as 
designers and contractors just follow the 

project brief or standards. Nearly a half of 
interviewees (7/15) also identified benefits in 
reusing or upgrading elements in-situ or on 

different projects, with some (4/15) 
highlighting the associated carbon saving. As 

one contractor noted, ‘the greatest thing in 
circular economy is not to [build new] in the 
first place … that’s the greatest saving’ [I15].

More than two-thirds of interviewees (11/
15) identified clients as responsible for 

short-term vision. However, over a half (8/
15) noted that everybody is responsible or 
can have an impact. Also, only one client 

identified clients as responsible, with others 
blaming short-term vision on the contractual 

setup and how things are procured.

Client leadership was rated particularly 
highly (88%) by questionnaire respondents. 

Nearly two-thirds of interviewees (9/15) 
highlighted that when clients ask for 

something and are willing to pay, this makes 
it happen, ‘if the client says jump, we do it. 
If he says jump, we say how high?’ [I10]. 

However, one-third (5/15) emphasised that 
clients need to display leadership, rather 

than taking a hands-off approach.

Making decisions based on total rather than 
capital expenditure was rated especially 
highly by clients, who all considered it a 
major enabler. When asked why this was, 

two-thirds of interviewees (10/15) identified 
a link with leadership and its importance to 
clients in terms of decision-making. One-

third (5/15) also highlighted that rail 
infrastructure clients are responsible for the 

total expenditure, whereas designers and 
contractors might not see this.

Three-fifths of interviewees (9/15) thought that resistance to 
change was a result of the industry’s safety critical nature, 

stringent standards and risk-averse mindset. As one client noted, 
‘the people working in the rail industry are generally quite risk-
averse, if something goes wrong, it goes wrong in a major way, 
so it creates a group of people who are probably quite similar in 

thought processes’ [I11]. This risk-aversity was commonly 
attributed (8/15) to a fear of the unknown, time pressure and 
insufficient motivation. One-fifth of interviewees (3/15) also 

highlighted that organisations in the industry were generally not 
set up for circular approaches. As one consultant noted, ‘this is 
where actually embedding the circular economy, particularly in 

the built environment and infrastructure, is really difficult 
because essentially you almost need like a paradigm shift’ [I7].

Three-fifths of interviewees (9/15) thought 
that client leadership was more significant for 

rail infrastructure projects than buildings. 
Two-thirds (5/15) attributed this to there 

being one large client organisation rather than 
numerous small building clients, ‘so whilst 
each of those building clients could make a 
difference in the sense of their portfolio and 
their asset, you would be dealing with them 
all in isolation’ [I4]. Others (2/15) associated 

it with rail infrastructure clients operating 
their own infrastructure.

Questionnaire respondents (63%) rated lack of 
ownership between client and operator as a major 
barrier, despite this being the same organisation. 
Over a half of interviewees (8/15) associated this 
with the siloed nature of projects and operations. 
One-fifth of interviewees (3/15) thought that the 

operator was risk-averse or had different priorities, 
which led to resistance (2/15), while some (2/15) 

mentioned challenges in handover between projects 
and operations. One-fifth of interviewees (3/15) 

noted that it should not be an issue if the client and 
operator are one organisation.

Nearly a half of interviewees (7/15) thought that the 
framework should be simple, clear and practical. 

One-third (5/15) also thought that it should cover the 
whole asset lifecycle, while others (3/15) highlighted 

the need for consistency across projects and 
organisations. There was little specificity in terms of 
the framework’s purpose or structure, with two-fifths 
(6/15) noting that it needed to be visionary, process 
and assessment-related. However, flow charts were 

identified most often (5/15) as the best structure for a 
framework.

Flexibility was a common theme identified 
by interviewees (7/15), in that the 

framework should be adaptable to different 
situations, and widely applicable (3/15). 
Some interviewees (2/15) thought that it 

should be high-level and not too 
prescriptive. However, others (2/15) argued 
the framework should not be so high-level 

that users ignored it.

When asked what rail infrastructure aspects 
had greatest potential, two-fifths of 

interviewees (6/15) recommended those 
with the biggest impact, while others (2/15) 
identified elements that are short-term and 

regularly repaired or replaced. More 
specifically, one-third (5/15) identified steel 
and concrete materials, commonly used in 

civils or structural assets (5/15). One-third of 
interviewees (5/15) suggested track system 
components or signalling and overhead line 

equipment.

Over a half of interviewees (8/15) identified 
assets and materials as rail infrastructure 

aspects to target, with only one interviewee 
(1/15) highlighting components. However, 
some interviewees (4/15) thought that all 

three of these aspects should be addressed, 
as they are interlinked or interchangeable.

Two-thirds of interviewees (10/15) thought 
that the framework should be industry-wide 
or target individual firms (3/15). However, 
nearly a half (7/15) elaborated that it should 

focus on clients and their supply chain. 
Similarly, three-fifths of interviewees (9/15) 

identified clients and their supply chain 
(designer, contractor, material supplier) as 

the key stakeholders to consult in its 
development.

Two-fifths of interviewees (6/15) thought that regulation 
forces the supply chain to act, with one-fifth (3/15) also 

identifying it as client leadership. As one client noted, ‘if 
[clients] have a requirement ... as a public body, then of 

course [we are] going to quote whatever those requirements 
are [and] ask our supply chain to meet them ... having the 

requirements means things get done’ [I13]. One-fifth (3/15) 
noted that sustainability weighting in procurement was low 

but increasing, with two interviewees (2/15) mentioning 
public procurement notices as an enabler. When asked 
about CE requirements with the greatest potential, two-
fifths (6/15) suggested material specification, such as 

targets for reused or recycled content. Other suggestions 
included collaborative working arrangements (2/15), using 
secondary materials from other industries (2/15) and pre-

demolition audits (2/15).

Product-as-a-service was generally not highly 
rated by questionnaire respondents, with only 

44% considering it of major importance. Of those 
interviewees asked (12/15), nearly a half (5/12) 
thought that it was not well tested or familiar, 

with one quarter (3/12) citing an industry 
reluctance to introduce outside parties. Nearly a 

half of those asked (5/12) thought that it was 
more applicable to short-term building products, 

such as carpet tiles and lighting, or other 
components that require common maintenance.

Over a half of interviewees (8/15) thought that 
resistance to change was more significant for rail 

infrastructure than buildings. Again, this was mainly 
attributed to the industry’s safety critical nature, 

stringent standards and risk averse mindset. It was also 
thought that the scale of rail infrastructure made 

change more difficult to implement and amplified 
potential mistakes. By contrast, one-third of 

interviewees thought that the building sector was more 
open, dynamic and competitive (5/15), while others 
(2/15) highlighted the impetus from various sources, 

such as architects. However, others (4/15) thought that 
both sectors were similar, and the construction sector 

was generally bad at innovation (2/15).

Interviewee responses were mixed as to 
whether demolition for non-technical 

reasons was an issue with rail infrastructure. 
Two-thirds of interviewees (5/15) thought it 

was not an issue, in that infrastructure 
provides a service ‘and as long as the society 

needs that service, then the infrastructure 
needs to operate’ [I7]. Those who disagreed 
(4/15) generally identified it as an issue for 

stations, particularly in central city locations 
with high land values.

Opinion was divided on the balance of flexibility 
versus durability. Nearly a half of interviewees (7/
15) thought that durability was preferable for rail 

infrastructure because of its long life, which is 
often exceeded. Almost as many interviewees (6/

15) talked about flexibility more in terms of 
buildings, particularly station commercial units, 
and temporary works, ‘where change of use is 
more likely and where demand surrounding the 

facilities is likely to change’ [I6]. Flexibility was 
also mentioned (2/15) in relation to mechanical 
and electrical equipment, since it could quickly 
become outdated. However, the specialist nature 

of railway components was identified as a 
potential issue in relation to alternative use (2/15). 
While the question was aimed at flexibility of use, 

some interviewees (2/15) did raise a valid point 
about rail standards needing to be more flexible.

Designing out waste was highly rated by 
questionnaire respondents (84%). Some 

interviewees highlighted the industry was 
already doing it, by for example balancing 
cut/fill (4/15) and ballast cleaning (4/15). 
However, nearly one-third of interviewees 
(4/15) identified a requirement for more 
higher value reuse to avoid downcycling.

Whole life costing was commonly identified (7/15) 
as an approach to address short-term thinking in 

design and a focus on CAPEX, through 
highlighting the longer term benefits of additional 
investment. However, interviewees also identified 
a general lack of awareness, that whole life costing 
was not done well or at all (3/15), and few clients 
were considering it (2/15). This lack of awareness 

was reflected in some confusion among 
interviewees, such as whether or not whole life 

costing included carbon. As one consultant noted, 
‘it seems to be a bit of a black art and it is sort of 

hidden. I have never really seen it’ [I8].

Interviewees were divided as to whether 
whole life costing was best used for 

optioneering or establishing the business 
case. Two-fifths of interviewees (6/15) 

thought that it was best used for comparing 
options, as different answers led to informed 
decision-making. Others (4/15) thought that 

it was best used to establish the business 
case and justify circular approaches. 

However, one-third of interviewees (5/15) 
argued it could be used for both, and that 

optioneering should support the CE business 
case (2/15).

Design for durability was thought to have various 
benefits, including reduced OPEX (8/15), less 

risk from on-site maintenance (3/15) and 
embodied carbon savings (2/15). While some 

assets were already designed with a long 
lifespan, the need to consider individual 

components with shorter design lives was also 
mentioned (2/15). As one contractor noted, ‘it is 
making the right decision about do you go with 
the more expensive light bulb that will last for 

20,000 hours and might cost 50% more, but only 
needs changing half as many times’ [I4].

When asked why lack of ownership was an issue, 
one-fifth (3/15) blamed ineffective 

communication due to the client’s size. However, 
interviewees more often exhibited some confusion 

regarding the client and operator roles. Nearly a 
half of interviewees (7/15) spoke about train 

operating companies (TOCs) rather than 
infrastructure operators, that TOCs operate the 

trains (1/15) and some stations (2/15). One 
interviewee was also confused by the term client, 

in that there were different clients, such as 
Department for Transport (DfT).

Short-term vision was commonly attributed 
to a focus on CAPEX (9/15) associated with 
project delivery being siloed from operations 

(5/15), and not considering the whole life 
cycle of assets (2/15). The short-term nature 
of contracts and projects was identified by 

some (4/15) as a factor. Others (2/15) 
highlighted short-term thinking by the client 

and scope.


