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Highlights:
What are the main findings?

• Framework for SDG-related target settings in transport infrastructure projects.
• Application of the framework promotes sustainability awareness and discussions.
• This and the performance follow-up ability contribute to a learning process.
• Drivers and barriers found at national, municipal and actor levels.
• Drivers and barriers change with new or harder regulations and requirements.

What is the implication of the main finding?

• Improved sustainability awareness in infrastructure planning, design, construction, and
maintenance.

• This contributes to improved sustainable infrastructure development.
• The Swedish Transport Administration’s request for using the framework and its applicability

will contribute to the sustainable development of the road and railway infrastructure.
• Overcoming the barriers to applying the framework will improve sustainable infrastructure

development in urban contexts.

Abstract: To fulfil the global sustainable development goals (SDGs), achieving sustainable develop-
ment is becoming urgent, not least in the transportation sector. In response to this, the sustainability
framework Sustainability National Road Administrations (SUNRA) was developed to contribute
to improving the sustainability performance of national road administrations across Europe. In the
present study, the framework has been tested, applied and further developed to be applicable for
target setting and follow-up at the project level at both the Swedish Transport Administration (STA)
and at municipal levels. The aim was a framework relevant for investment, re-investments, mainte-
nance and operation projects and also to make it more user applicable. The study also investigated
how the framework can contribute to sustainability, identified drivers and barriers for applying
the framework and examined whether the framework can be applied and adapted to projects of
different complexities. The adaptations and developments were done in collaboration between
researchers and practitioners. The results show that the framework could easily be used and adapted
for investment, re-investment, maintenance and operation projects in the planning stage, as well as
for small municipal establishments, construction or reconstruction of residential areas and frequent
maintenance. The framework contributes to increased awareness on sustainability, and it provides a
common structure and transparency on how infrastructure project goals/targets are set and fulfilled.
The framework can also be applied to follow the fulfilment of the goals/targets and thereby adapt
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the project to better fulfil the goals. Identified barriers include the lack of obligations and lack of
experience in using sustainability frameworks.

Keywords: sustainability framework; setting targets; project level; sustainable transport infrastructure
management; user adaptation; sustainability follow-up tool

1. Introduction

The transportation system plays a very important role in our everyday life and is cru-
cial for achieving several of the global sustainable development goals (SDGs). For example,
transportation is crucial to reach goals eight and nine: “Promote sustained, inclusive and
sustainable economic growth, full and productive employment and decent work for all”
and “Build resilient infrastructure, promote inclusive and sustainable industrialization
and foster innovation”. Accordingly, there are numerous direct and indirect effects on
society and the environment, both positive and negative, which imply that the impact
on sustainable development from the transport sector over time is highly complex [1].
Currently, the design and utilization of the transport sector counteract the goal of achieving
the SDGs, including negative impacts on health due to noise [2], emissions to air [3] and
storm water [4,5] and reductions in biodiversity [6,7], as well as contributing more than 20%
to global greenhouse gas emissions [8]. At the same time, population growth, especially in
cities, will set new demands and cause higher pressure on both resources and the use of
space [9–11]. Furthermore, there is a common understanding of some aspects of sustain-
ability but not in their entirety, and thus it is difficult to improve overall performance [12].
Therefore, to contribute to the achievement of the SDGs, there is a need to make changes in
the planning and management of transportation infrastructures.

Transport infrastructure projects involve planning, design, construction, operation
and end-of-life phases, and each phase requires interaction among certain stakeholders for
the implementation of best practices [13]. Each of those steps will impact social, economic
and environmental systems, such as resource use, CO2 emissions and access limitations. To
assess the sustainability impacts of projects related to transportation infrastructure, various
methodologies and tools for rating sustainability have been developed and become popular
during the last decade. These tools are accompanied by clear action steps relating to the
sustainability objectives, thereby making it possible to track and rate sustainability for
transportation systems [14]. Potentially varying in scope and complexity, they are aimed at
being compatible with current regulations and being above and beyond existing minimum
regulatory requirements [15].

Bueno et al. [16] identified and reviewed several tools and classified them into three
different approaches: project appraisal methods for decision-making, techniques for impact
assessment and sustainability assessment methodologies. The sustainability assessment
methodologies approach is an ex-post project evaluation aimed at assessing full accounts
of project impacts based on best practices [17] that, according to Bueno et al. [16], can
be divided into (i) rating systems and certification, and (ii) frameworks, models and
guidelines. According to Cencorij et al. [18], the strength of rating systems is that they are
quantitative, comprehensive and often holistic, and they offer guidance for incorporating
the best sustainability practices. Furthermore, Singh et al. [19] mention that the methods
are based on scientific rules and statistical models.

Bueno et al. [16] found one weakness of rating tools to be that the weights (points or
credits) of similar categories (e.g., environmental impact and technological aspects, such
as function and complexity) show high variation across different rating systems. This is
related to the conclusion by Cencorij et al. [18] that the selection of indicators, criteria and
weights may need to be case specific, and once defined it is necessary to decide whether the
assessed categories are relevant for the specific case [19]. Moreover, a major disadvantage
with available tools is a frequent lack of transparency [16]. Accordingly, there is a need to
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integrate sustainability principles in transportation infrastructure projects transparently
and to translate the SDGs into concrete and specific project objectives and targets [12].
Moreover, monitoring and follow-up promote exchanges of best practices and learning [20],
as well as identifying new and emerging issues [21]. The follow-up is also important to
show the movement towards the goals, hence contributing to the implementation of the
SDGs [12]. As a response to this, the framework SUNRA (Sustainability National Road
Administrations) was developed with the aim to be used in road projects to set the level
of ambition regarding several aspects intended to represent the social, environmental
and economic pillars of sustainable development [22]. It included three interconnected
frameworks: Framework 1 helps national road administrations to define sustainability
considerations at a strategic level, considering the level of influence they have, defining
a commitment and an implementation approach; Framework 2 was developed for being
used to identify strategic sustainability metrics and performance levels applicable to the
organizational program and project level; and Framework 3 was developed as a project
level tool for scoping project level sustainability topics, setting appropriate targets, selecting
indicators and recording results [23]. Framework 3 is a spreadsheet-based tool that provides
both the ability to set the ambition and to monitor a project’s performance regarding various
sustainability aspects.

The Swedish Transport and Road Administration (STA) has developed its own version
of the SUNRA Framework 3 (Sustainability National Road Administrations) [22], i.e., a
“Swedish SUNRA”. The Swedish version of the framework is aimed at planners, project
managers, consultants and entrepreneurs who can then set relevant and concrete project-
specific objectives and targets in STA projects in a transparent way. It includes three steps:
(1) scoping, in which a selection of which aspects to consider within the specific project is
done through scoping questions; (2) for each of the considered aspects, measurable targets
and indicators are set; (3) performance is then monitored in relation to the set targets.
The framework was previously tested on pilot projects applied within the STA [1]. The
strength of the framework was to enable the performers to bring sustainable development
aspects into the specific project planning and performing process. However, the use of
the framework was perceived as another onerous administrative task and not always
perceived as commensurate with the benefits. There was also a request for a description of
the purpose of the framework and in what part of the project process it should be applied.
Further, there was a lack of clarity of the definitions and terminology, which is confusing
the users, as well as being unnecessarily time-consuming. Moreover, guidance on potential
indicators and targets was requested by practitioners within, and consultants working for,
the STA.

A major problem with all sustainability tools available for road and rail projects is that
they are often not used in practice [16]. One of the reasons for this is that the tools have
often been developed by researchers and not practitioners. The importance of interaction
between researchers and practitioners for enhancing the use of research in practice has been
highlighted across a range of disciplines [24]. To improve this, mutualistic partnerships
between researchers and practitioners, so-called research-practice partnerships, have been
found promising [25,26]. Often, this can result in guidelines, training, textbooks or digital
media tailored for practice or organizational readiness [25,27].

Here, we present how the Swedish SUNRA framework has been developed, applied
and received since the previous evaluation by Lindgren and Friberg [1] for the STA and
for municipal transport infrastructure purposes. The aim was to make the framework
more user-friendly, with clearer definitions and terminology, to describe its purpose and
to provide better guidance on how to use the framework. The modified framework also
provides a checklist on what to consider, as well as examples of indicators and measurable
targets. The aim was to investigate the barriers and drivers for applying the framework and
in what way the framework can be applied and adapted to different project complexities
and contexts. To ensure the framework’s applicability, it was adapted and developed by
researchers in collaboration with practitioners.
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2. The Framework

The original SUNRA framework was aimed to be used in road projects to set the level
of ambition regarding several aspects intended to represent the social, environmental and
economic pillars of sustainable development [22]. The spreadsheet-based Framework 3
is a project-level tool. It includes three steps: (1) scoping, in which a selection of which
aspects to consider within the specific project is done through so-called scoping questions;
(2) for each of the considered aspects, measurable targets and indicators are set; (3) the
performance is then monitored in relation to the set targets. Those steps are also applied in
the Swedish SUNRA framework. The Swedish Transport Administration (STA) is the entity
that has been responsible for the SUNRA framework and has developed the framework
to better match the Swedish context—now it also includes rail—and has since been tested
in pilot projects by the STA [1]. The overall themes considered in the version evaluated
by Lindgren and Friberg [1] are similar to those in the original Framework 3 (with only
minor changes, such as referring to process-oriented themes instead of procedural topics)
as presented in Table 1. The themes cover the three pillars of sustainable development
(environment, social/people, economy). However, they are not separated into the three
pillars, as the themes often impact more than one of the pillars.

Table 1. The themes in the Swedish SUNRA were previously evaluated by Lindgren and Friberg [1]
and which of the three sustainability pillars the theme impact. As all themes are initially of equal
importance, the order in which they appear is in (Swedish) alphabetical order.

Theme
The Theme Will Mainly Affect

People/Social Aspects Environment Economy

Adaptation to climate change X X X

Waste X

Limited climate impact X X

Housing and public environment X

Noise and vibration X X

Economy: Local/regional development X

Energy efficiency X X

Promoting environmentally friendly transport X X

Gender equality and social balance X

Cultural heritage X X

Landscape and ecosystem function X

Light pollution X X

Air quality X X

Land as a resource X

Natural resource management X

Staff engagement X X

Consultation/ user participation X X

Safety and Security X

Accessibility to daily activities X

Water resources and water quality X X X

Process-oriented themes (6 themes) X X

As can be seen in Table 1, there are several themes that overlap each other, or have
similar solutions. These include “Limited Climate Impact”, “Energy Efficiency” and “Pro-
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moting Environmentally Friendly Transport”, along with “Promoting Environmentally
Friendly Transport” and “Air Quality”. In addition, “Waste, “Land as a Resource” and
“Natural Resource Management” overlapped to some extent, as did “Noise and Vibration”
with “Housing and Public Environment”, and “Air Quality” with “Housing and Public
Environment”, as mentioned in the evaluation by Lindgren and Friberg [1]. For each theme,
there are a set of scoping questions on aspects that can be considered and a description on
what to consider for setting objectives and proposed indicators at different phases of an
infrastructure project, as illustrated in Table 2 for the theme “Adaption to climate change”
and the aspect “Flooding and high flow”. All of the themes, i.e., 20 out of 26, follow the
same structure, apart from the six process-oriented themes where no objectives or met-
rics/indicators should be specified. Suggestions for the process-oriented themes include
infrastructure capital (where a CBA/MCA is suggested to evaluate the financial and eco-
nomic pros and cons of the project), environmental assessment and sustainability follow-up
(i.e., follow-up of the indicators and targets to be done throughout the project, for example
in public procurements). Furthermore, establishing a connection with national transport
goals and existing management systems is suggested. Finally, sustainability (LCC/LCA)
in procurements could be assessed. In the evaluation by Lindgren and Friberg [1], lack of
clarity of definitions and terminology was found to be confusing for the users and was also
perceived as being unnecessarily time-consuming. Further, clearer guidance on potential
indicators and targets was requested. Moreover, there was a request to better link the
themes and aspects considered in SUNRA to the SDGs and to existing processes, relevant
documents and regulations [1]. There was also a request for a description of the purpose of
the framework and in what part of the project process it should be applied. The strength of
the framework was its increased capacity to bring sustainable development aspects into
a specific project-planning and performing the process. Accordingly, the framework has
been developed into a framework more in line with the requests of those who participated
in the evaluation by Lindgren and Friberg [1].

Table 2. Examples of how each theme is handled by scoping questions and a description of the
grounds for identifying indicators and objectives/targets. The scoping question can be answered
positively or negatively, in terms of whether or not they are considered within the specific project.
The examples given are for the climate change adaptation theme and the aspect flooding and high
flow risk.

Scoping Question Considerations for the Objective. Proposed Indicators.

FLOODING AND HIGH FLOWS:
Is there a risk of flooding, high
flows and increased erosion or

landslide risk? (e.g., through heavy
or increased rainfall, surface runoff,
risk of negative effects emanating
from a rise in sea level, or a rise in

sea level due to strong winds)

Selection of potential project alternatives: Basis for discussion of objective “the action
options may involve varying risks of flooding, high flows, erosion and landslide risk”.

Examples of indicators: Risk assessment for different action options.

1. Project planning: Basis for discussion of objective:

• Stormwater management (assessment/current condition of ditches, culverts,
dams, etc.

• Erosion and slope stability, undermining of foundations.
• Subsidence in soils, buildings and structures.
• Traffic disturbances due to flooding.
• Traffic accidents due to aquaplaning or elevated water levels; and flood

consequences for pedestrian and cycle paths users and adjacent properties.
• Site location/selection of roads and railways concerning flood risk or too

high flows
• Consideration of the safety of hydraulic structures
• Consideration should also be given to the safety of nearby structures that can

lead to greatly increased flows, such as dam failures.
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Table 2. Cont.

Scoping Question Considerations for the Objective. Proposed Indicators.

FLOODING AND HIGH FLOWS:
Is there a risk of flooding, high
flows and increased erosion or

landslide risk? (e.g., through heavy
or increased rainfall, surface runoff,
risk of negative effects emanating
from a rise in sea level, or a rise in

sea level due to strong winds)

Examples of indicators:

• Making of flood risk maps (GIS).
• Potential roads and rail sections at flood risk.

2. Construction phase: Basis for discussion of objective:

• High flows risk assessment and potential impacts on erosion.
• Landslide risk assessment concerning expected temporary load increase

(temporary mass storage, heavy machinery).

Examples of indicators: Assessment of temporary load resistance (geotechnical assessment
to indicate more/less suitable areas for heavy loads during the construction phase).

3. Operation and maintenance: Basis for discussion of objective:

• Regular maintenance of drainage and drainage systems to reduce the risk of
flooding.

• Control and maintenance of infrastructures to avoid risks associated with high
flows, erosion and subsidence.

Examples of indicators:

• Documentation of regular maintenance of all drainage and drainage facilities.
• Plans to follow up on maximum water levels and high flows, as well as erosion and

landslide risk near the facilities.

4. Decommissioning: Not relevant.

3. Method

In the present study, the Swedish SUNRA framework has been developed in accor-
dance with the requests found in the evaluation presented in Lindgren and Friberg [1]. The
framework has also been updated to ensure coherence with the SDGs. Further, through-
out the project, the updated framework has been tested and applied to ensure that it is
applicable at all steps, from project planning throughout the life cycle, including operation
and maintenance management within the Swedish Transport Administration. Another aim
of the updates was to adapt the framework to urban contexts, including frequent main-
tenance, as well as re-investments in existing settings and new settlement planning. The
users are employees within the STA, urban planners, urban project managers, consultants
and contractors. The framework can be applied very early in the decision-making process,
e.g., to set targets to be achieved through the selection of planning alternatives or to be
applied as criteria in public procurements, as well as to select materials for a project and to
monitor the performance of a project.

Co-operation between the researchers and the practitioners was done using a variety
of methods, including group interviews and a collaborative research approach involving
practitioners active in the planning process and, at the STA, also including both practitioners
active in management system developments within the STA and infrastructure project
managers (both at the STA and Skellefteå municipality). The development process is
illustrated in Figure 1.
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Figure 1. The development process was driven through continuous co-operation between the
research team and the practitioners. Thereafter, the resulting framework was tested on desk studies in
Skellefteå, Luleå and Uppsala and on real STA projects (this was led by the participating STA experts
on real project teams) [1,28,29].

The aim was to further investigate the barriers and drivers for applying the updated
framework and to find out in what way the framework can be applied and adapted to
different project complexities and contexts. Its usability was tested in case studies (See
Sections 3.1 and 3.2). The barriers and drivers were found by interviewing municipal
experts via email at the same time as they were asked to take part in the framework testing
and development. The responses to the email questions were lack of time and resources
(only one municipality, Luleå, completed the email questions). Moreover, group interviews
were carried out with those who tested the framework on real STA projects. According
to Swedish national law, no formal ethical approval was required. Prior to contributions
within or to the project, all participants were provided with information about the project
and what was expected from the participants. This information was provided both via
email and PowerPoint presentations, either at the participants’ workplaces or via Teams).
All participants agreed to take part (i.e., freely and actively given consent) and agreed that
the project could apply their contributions or responses. However, some participants asked
to remain anonymous. The participants also had the opportunity to read, correct and take
part in the results of the work.

3.1. Swedish Transport Administration and Skellefteå—Partners in the Development Process
3.1.1. Swedish Transport Administration

Like all European countries, Sweden is supporting the SDGs. According to the SDG
Index and Dashboard Report [30], Sweden—together with Denmark, Finland, Germany,
and France—scores highest on the SDG Index. However, although the score is high, there
are areas for improvement [1]. According to a questionnaire done in 2018, sustainable
transport is not perceived as a high priority [31]. In 2019, the Swedish Government
published a strategy for capacity development, partnership and methods that supports
the SDGs [32]. This includes, for example, monitoring and follow-up, evaluation and
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review, as well as strengthening the conditions and incentives for Swedish authorities and
other actors in society to contribute to the SDGs [33]. In Sweden, the STA is responsible
for long-term infrastructure planning for transport, including road and rail. The current
practice adopted by the STA is illustrated in Supplementary Material, Figure S1. It starts
in the planning department where strategic planning is performed, including public and
stakeholder consultation, cost–benefit analysis and a thorough investigation to decide on
the type of action. If the action involves any kind of construction and gets funded, then a
project specification is established and the investment department is engaged to execute the
project. Consultants and contractors then carry out most of the remaining planning, design
and construction, closely monitored by the STA [12]. Frameworks for concretizing SDGs
into project objectives and targets and for following the performance through a project’s
different phases are requested to help provide a structured and comprehensive analysis
and illuminate conflicting aspects and goals [12].

The framework development was done in cooperation among researchers and experts
within the STA in an iterative process, including an early stage testing of the framework in
a re-investment project of a bridge inland in the south of Sweden. The final version was
applied in four real pilot projects. One project was related to the planning stage while two
projects had already been procured. However, in one of those two projects, a workshop
using the updated framework was included in the procurement. The fourth project was just
going to be a consultant procurement. All four projects applied the framework voluntarily.

3.1.2. Skellefteå Municipality—Frequent Pavement Work

The Skellefteå municipality is located in the northern part of Sweden (Figure 2) and
has an area of about 7000 km2 and almost 73,000 inhabitants [34]. The municipality owns
and maintains a pavement network of streets and cycle paths that is about 510 km long.
The whole network is divided into different classes of streets according to function and
is incorporated into a pavement management system. The municipality spent about SEK
13.5 million (~EUR 1.35 million) on the maintenance of the pavement network in 2019 and
2020. The municipality carries out an assessment of pavement condition every four to five
years and categorizes each pavement into four condition classes: Good, Fair, Poor and Very
Poor. Very Poor category pavements need immediate reconstruction and are, therefore,
not part of the maintenance budget. The expenditure on operations of roads/winter
maintenance, reconstruction of existing roads, or construction of new streets/roads is
covered in a separate budget. The most frequently used maintenance measures are: (i) thin
overlay of 1–2.5 cm thick asphalt without milling, (ii) milling of the top 2–3 cm of the
deteriorated asphalt surface, which is then replaced with a new asphalt concrete (AC)
layer, and (iii) patching. Hot mix asphalt is usually preferred over cold mix asphalt in the
municipality pavement maintenance treatments due to performance concerns. Usually,
20% reclaimed asphalt pavement (RAP) is added to the hot mixed asphalt concrete as a
new asphalt layer. Cold mix recycled asphalt has been mostly used on low-volume roads
or cycle paths.

Also, a desk study was done on two different asphalt renovation strategies: (i) thin
overlay of 1–2.5 cm thick asphalt without milling, and (ii) milling of the top 2–3 cm of
the deteriorated asphalt surface, replacing this with new asphalt concrete (AC). These are
referred to as new asphalt paving (thin asphalt overlay) and milling and resurfacing asphalt.
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3.2. Desk Studies—Luleå and Uppsala

To identify if the framework was applicable to more complex urban projects, desk
studies were done in Luleå and Uppsala.

3.2.1. Luleå–Sommargatan (the Summer Street)

Luleå is located in the northeast of Sweden (Figure 2). During the period 25 May
to 18 August 2019, a project called Sommargatan, the Summer Street, was deployed by
re-signposting a stretch of the street to become a pedestrian area [35]. The purpose was
to provide people with an active meeting space in the city centre and to illustrate how to
challenge the common city standard of cars, most importantly [35] by inspiring travel by
public transport, bicycle or on foot. The design of Sommargatan was based on dialogues
with those active in the area [35]. In the project presented here, the final version of the
STA framework was tested for Sommargatan against the alternative of not rebuilding
the standard street during the same period. The application was based on a residential
evaluation and drawings and illustrations were presented in a report from the Luleå
Municipality [35]. A planner who had also been involved in the planning and design of the
Sommargatan project was asked to apply or at least review the framework (which turned
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out to be the case) and to provide information on barriers and potentials regarding its
applicability and relevance.

3.2.2. Uppsala—Flood Protection and Multifunctional Surfaces

The city of Uppsala is located in east central Sweden (Figure 2). Within Uppsala,
Rosendal is a growing district, with 3570 inhabitants in 2020. The district is rather new, and
the plan is to create a modern district with environmental and social aspects in focus [36].
This includes preserving existing vegetation and wildlife, as well as creating blue-green
water management solutions and greenery to contribute to other ecosystem services, such
as temperature regulation, improving the air quality and reducing noise. For example, the
majority of the houses in Rosendal have some kind of greenery on the façade and trees
are planted along the streets. This design allows the stormwater to pass into a system
consisting of trees and plant beds and contains a pond that both purifies the water from
pollutants and reduces the flood risk. Furthermore, the green spaces provide areas where
the streets, parks and squares contribute to social meeting points and well-being in the
area. The desk study was done by three of the researchers, one of whom lives in the area.
The study was done by comparing the current area with a traditional planned area where
cars are still the dominant transport infrastructure and there is less greenery and fewer
multifunctional surfaces and where the potential needs of climate change adaptation are
not taken into account.

4. Results and Discussion

In summary, the research–practitioner cooperation worked very well, and resulted in a
framework that can be used as guidance on what to consider when defining project-specific
goals and targets related to one or more SDGs. The resulting framework also provides
examples of project-specific indicators related to the goals and targets, along with a checklist
on which aspects in the planning process would maximize performance. The introduction
of the ability to compare different alternatives and solutions enables the framework to be
used for ex-ante assessments and as a rating tool. At the same time, the framework can also
be used to follow up project-specific goals and targets throughout a project, which was one
of the original goals. In addition, the current version of the framework has a description of
its purpose and how it relates to current management and project processes within the STA.
It also includes a list with links to relevant documents and regulations and refers to relevant
SDGs. The research–practitioners’ cooperation has been fruitful to ensure its applicability
and its relevance in the STA and to make it applicable in the Skellefteå municipality.

One of the major difficulties, and thereby barriers, identified at the municipal level for
testing the framework was the ability to involve relevant planners, experts and other civil
servants. This was not least seen in that it was hard to get municipal practitioners on board.
The reasons given, if any, were lack of time; no relevant projects to test; high staff turnover
and work overload; an administrative burden; and not being able to provide the personnel.
Based on the findings from the previous tests within the STA [1] and STA responses in this
study on the importance of the current, more concrete sustainability obligations on the STA,
we also assume that the current lack of concrete national or municipal council obligations
is a strong barrier, coupled with the lack of a common procedure in different municipalities
to perform systematic and transparent documentation on how the municipalities are
working on implementing sustainability and the SDGs. The Swedish municipalities are
autonomous [37]. We, therefore, also assume that if such requirements appeared, the
will to test and apply sustainability frameworks, including the framework provided here,
would increase.

One of the mentioned advantages of the framework is that it is ambitious and cov-
ers many sustainability aspects related to the SDGs. The aspects to be considered in a
specific project can be selected initially but also adapted through different phases of a
project. Another point mentioned was to provide a thorough review of the social and
environmental effects of a particular project, along with other effects. Due to the complexity,
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however, the municipal civil servants find the framework to be more beneficial in larger
investments where there is a need to thoroughly examine the impacts of the investment in
ex-ante assessments.

4.1. Development and Perception of the Framework—Swedish Transport Administration
and Skellefteå
4.1.1. Swedish Transport Administration

One of the barriers identified in the previous STA evaluation was that the framework
was time-consuming and just another administrative addition to ordinary work [1]. This
was, however, not mentioned during the STA tests and reviews performed in the present
study. Time as a barrier, as mentioned in the previous tests, was only mentioned once, i.e.,
by one person at the first, but not mentioned in the forthcoming meetings; the framework
was used in one of the test pilots. In this study, the STA pilot applications were based on
interest and the willingness to work with sustainability in a structured way. In the pilot
projects, the framework was found to be supportive—this was mentioned as positive and
beneficial, both in regard to increasing sustainability awareness and to help the participants
to focus and understand sustainability at the project level. The scoping part in particular
was perceived as interesting and could spur discussions on what aspects are really perceived
as relevant to a project.

One of the participants pointed out that the framework application should be un-
electable, i.e., used in all projects within the STA. Since the evaluation by Lindgren and
Friberg [1], the pressure to work more systematically with aspects related to sustainable
development has increased [32,33], and there is ongoing internal work on how the pro-
cesses could become systematic, effective and transparent. Before and during the time of
this study, a supportive systematic framework was frequently requested to contribute to
such a process [12]. The increased pressure and related developments within the STA have,
therefore, turned the previous barrier into a driver. The framework is accordingly regarded
as useful in the STA project management processes. Another identified driver was that
the framework was perceived as relevant and involving. In particular, the scoping step
was regarded as useful for identifying project-relevant aspects of sustainability. Another
positive aspect was that the framework made the users aware of some aspects that had
not otherwise been recognized and which even contributed to changes in the project. The
conclusion among the users was that it is good to have a framework/tool/template to both
support and ensure the management of all aspects.

An important finding among the users was that the aspects selected depend on who
participates in the project management. Accordingly, one of the barriers identified in
this study was the difficulty in identifying who should be involved in the discussions. To
overcome this, it was suggested that a structure should be developed regarding who should
be involved in the work within the STA.

A positive aspect of applying the framework is that the process promotes creativity,
but this is also a barrier. To find the balance and gain an improved structure with coherence
and equivalence in use, some points need to be adjusted in the framework, including
adding some advice and good examples on how to achieve the right level of ambition.
Some of the applicants indicated one barrier to be the sense of having to be correct and
that the work was too important or valuable to allow “good enough” or “to be able to
perceive the framework as being manageable and useful, it is important to dare to be
good enough”. However, by not using any systematic tools or processes to promote more
sustainable decisions through a project from the initial planning and procurements to the
execution, the aspects that need to be considered might not actually be considered at all.
Routine application of the framework will probably help with overcoming many of the
barriers, as they relate to perceived rather than real difficulties that will disappear with
use and confidence. At the same time, it is important that the process includes relevant
expertise—either in the application of the framework or as occasional experts. By applying a
sustainability framework, the complex positive and negative direct—and indirect—impacts
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of a project [1] can be illuminated and possibly adapted to optimize the outcome regarding
the sustainability aspects considered.

The majority of barriers provided were improvement proposals within the framework.
Improvements that were requested were related to the framework initially seeming to be
more like a checklist: instead of providing concrete scoping questions and objectives and
targets there was a request for links/references to the Swedish Transport Administration’s
regulations and guidelines, there was confusion about vocabularies and lack of guidance,
several aspects appeared in various themes and some relevant aspects were found to be
missing. All of these concerns have been taken care of in the current project, resulting in
16 themes (Table 3) instead of the original 26, and a structure that is illustrated in Figure 3.
Both in the previous version (Table 1) and current versions, there is no division into the
three sustainability pillars, as most of the themes, as well as the potential measures, will
mostly impact more than one of those (Table 3).

Table 3. Sixteen themes in the resulting STA sustainability framework and which of the three
sustainability pillars they will mainly affect. As all themes initially are of equal importance, the
order in which they appear is not related to any preference but rather according to (Swedish)
alphabetical order.

Theme
The Theme Will Mainly Affect

People/Social Aspects Environment Economy

Climate Change Adaptation X X X

Noise and Vibrations X X

Energy Efficiency and Climate Change Mitigation X X

Equality and Social Balance X

Cultural Heritage X X

Landscape, Biodiversity and Ecosystem Services X

Light Pollution X X

Local and Regional Development X X

Air Quality X X

Land Use, Mass Management and Soil Quality X X

Natural Resource Management X

Public Environment and Well-being X

Safety and Security X

Availability X X

Water Resources and Quality X X

Project Management-Related Aspects X X

Reference Documents and Links
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4.1.2. Skellefteå

In Skellefteå, the framework was applied on a project that occurs quite frequently, i.e.,
asphalt relining. Its application for other purposes was also explored, but after discussions
on how and where to use the framework within the organization, it was thought to be best
suited for frequent maintenance treatments. The reasons for this were that the application
would otherwise demand too much time and resources and would possibly be an adminis-
trative burden. The use of the framework initiated discussions and illuminated potential
conflicts of interest, such as short- and long-term costs and benefits of investments—this
was initially perceived as a barrier. However, from a sustainability perspective, this illumi-
nation of conflicts of interest is a strength, as it will open the door to solutions that minimize
the conflicts and enable transparent and structured decisions to be made on which aspects
are more important than others [38]. Furthermore, a need for complementing economic
aspects and methods with methods for assessing consequences, such as multi-criteria
analysis [39,40], was identified. A review by Forsstedt [41] recently pointed out that the
current practice of impact assessments should take a more holistic perspective and improve
the handling of system boundaries with respect to types of impacts.

It was further decided that for each type of maintenance project, such as placing a
new overlay, a template should be formulated and re-applied later for similar projects.
However, these templates might need to be optimized depending on the specific nature of
each project, thus making them more user-friendly and effective over time. Initially, prior
to the application in Skellefteå on new laying asphalt, the STA version of the framework
had to undergo considerable simplification and be customized for frequent maintenance
treatments. Adaptations had to be made and specified for the application and themes
and questions were removed or shortened. The focus was on creating a tool that could
be used by practitioners without demanding too much time and effort in understanding
the specific questions, and, at the same time, adding value by increasing the awareness of
environmental, social and management aspects applicable to each decision and planning
part of the specific treatment activities. The idea was that the use of the framework as a
decision tool could strengthen the sustainability performance of, for example, pavement-
related works by adding the durability aspect into the process of selecting the maintenance
treatment, since the choice of treatment affects the performance and durability of the
pavement and, ultimately, the sustainability [42]. Themes, such as equality and social
balance, land use, and local development, were removed due to their irrelevancy in the
improvement of frequent maintenance, such as pavements at the municipality level. The
resulting themes were reduced to 10 themes (Table 4). The main reasons are time and
budget restrictions, i.e., currently, sustainability assessment is not part of the administrative
instructions or in the maintenance budget. The maintenance budget is mainly targeting
improvements of the pavement surfaces and, in rare cases, the adjustment of side drains if
the particular pavement segment is in poor condition. The themes of culture, light pollution,
and water resources have been kept, as these are sometimes important to consider due to the
specific requirements of the particular area where the treatment is planned to be realized.

Applying the framework on the two potential new asphalt solutions, i.e., new asphalt
paving (thin asphalt overlay) and milling and resurfacing asphalt, resulted in a compiled
illustration of the pros and cons of the two solutions that also can be applied for communi-
cation in the project management process, as a transparent decision base and to illustrate a
lifetime perspective of the two alternatives (Table 5). As can be seen in the comparison in
Table 5, the economy of the project is included as a specific theme instead of only being
included as one of more aspects in the project performance theme. In the city, the impacts
were also given semi-quantitative values, i.e., +2 = very positive impact (dark green),
+1 = positive impact (light green), zero = no impact (no colour), −1 = negative impact (or-
ange), −2 = very negative impact (red).
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Table 4. The 10 themes, and which of the three sustainability pillars they will mainly affect, in the
resulting framework to be applied for frequent maintenance. As all themes initially are of equal
importance, the order in which they appear is not related to any preference but rather according to
(Swedish) alphabetical order.

Theme
The Theme Will Mainly Affect

People/Social Aspects Environment Economy

Climate Change Adaptation X X X

Noise and vibrations X

Energy efficiency and Climate Change Mitigation X X

Cultural heritage X

Light pollution X

Environmental impact (soil, air, water) X

Use of materials X X

Safety and accessibility X

Perception quality X

Project performance and project management X X

Table 5. Themes for the two potential asphalt solutions in Skellefteå, along with suggested and
selected aspects, targets and a comparison of the fulfilment of targets.

Theme
Aspects that are
suggested to be

considered

Aspect considered and
related examples of

targets
(aspects denoted with “–“
are not considered by the

municipality in this
specific case)

Goal achievement for the two considered
management alternatives (dark green = goal

achieved, light green = goal almost achieved,
orange = goal more than 50% achieved, red = goal less

than 50% achieved)
New asphalt paving
(thin asphalt overlay)

Milling and resurfacing
asphalt *

Climate change
adaptation

Flooding, high flow
and fire risk - - -

Energy efficiency and
climate change

mitigation

Energy usage and GHG
emissions from work
machines and other

factors due to the
project

The asphalt
management strategy
contributing least to
energy consumption
and GHG emissions

during the project (long
term not considered)

Noise and vibration Noise and vibrations in
the short and long term

The asphalt
management strategy

contributing to low
exposure time during
the project (long term

not considered)

Cultural heritage Impacts on cultural
heritage - - -

Light pollution Glare risk - - -

Environmental impact
(soil, air, water)

Emissions of pollutants
to air, soil and water
from work machines

and other factors due to
the project

The asphalt
management strategy
contributing to least
number of machines
needed during the

shortest time



Sustainability 2022, 14, 11275 16 of 21

Table 5. Cont.

Use of materials

Use of materials during
project and from a life

cycle perspective
(including durability)

The asphalt
management strategy
contributing to least
amount of materials

use

Safety and accessibility
Accessibility during
project for residents

and staff

The asphalt
management strategy

that has least impact on
traffic flow and is

quickest to perform.

Perception of quality Quality/comfort of
ride

The asphalt
management strategy

that will create
long-lasting riding

comfort after treatment.

Project performance
and project

management

Complexity of
management process,

techniques and
machines, time for

execution and project
economy

The asphalt
management strategy

that is easiest to
manage.

* An alternative could be to replace the binder course (which would take a longer time, use more re-
sources and not provide any further benefits than this alternative; here, it is, therefore, neither considered

further nor in detail).
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As can be seen, the alternative—including just applying a new asphalt layer versus
the milling and resurfacing—results in a total of +11 versus −2, respectively. Milling and
replacement with a new AC layer is about 75% more expensive than just placing a thin
overlay without any milling. However, the lifespan is expected to be 10–12 years, compared
to about 7 years for a thin overlay (40–70% increase). Depending on the aim of the relining,
the new asphalt paving is preferable based on the results of the considered aspects. In a
real decision situation, the perceived importance (weights) of the various aspects against
each other should also be conducted. There are several tools and methods that could be
applied for such a weighting procedure [38].

4.2. Luleå and Uppsala Desk Studies

The framework developed for the STA was tested by the researchers on the Luleå
Sommargatan (Summer Street) and the Uppsala Rosendal. In those tests, the framework
could easily be used among the researchers and the inhabitants. The framework worked
well for setting goals, suggesting indicators and evaluating the outcome of the two projects
in relation to standard solutions. This kind of evaluation process could prove very useful
and could perhaps be a starting point for municipalities to get used to the framework, as
well as to visualize their environmental and sustainability efforts within a municipality
or community. However, it was also found that once the aspects to consider had been
decided and the goals and indicators had been set, an ex-ante expert judgement of the
performance of the assessed alternative demanded very little time. The results from the
comparisons of the two alternatives revealed that both Sommargatan and Uppsala Rosendal
performed very well in most aspects in relation to the current use of Sommargatan and
current planning standards (Figures S1 and S2). Nonetheless, weighting the importance
of various aspects was not done in these two studies or in the Skellefteå study. In the
literature, there are several tools and methods that could be applied for such a weighting
procedure [38], but simple procedures can also be useful to increase awareness and to make
more transparent and structured decisions.
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In the Uppsala Rosendal case study, it was found that the people actually involved in
the process will have an impact on which aspects to consider (this was also found in the
STA pilot studies); in addition, the results of the ex-ante versus ex-post assessments may
differ. Both the researchers (ex-ante, based on available information on the planning and
design) and the inhabitant (ex-post experience) agreed that the design and construction in
the Uppsala Rosendal area meet the goals and expectations regarding climate adaptation
with a focus on water management, as well as on biodiversity and landscape. However,
according to the inhabitant, the project was not performing well on indoor climate. Other
aspects that were not pronounced as the major goals of the specific project performed
rather well, such as noise, while local and regional development were not considered
by the researchers but performed well according to the inhabitant. Some aspects were
not considered by the inhabitant but were considered by the researchers who have been
involved in various projects and evaluations of such aspects through their professional
work. Examples of these are the use of energy and virgin resources in the construction
phase and land-use aspects other than landscape.

An aspect considered by both the researchers and the inhabitant—but with a slightly
different focus—was air quality. Currently, air quality is directly correlated to traffic noise.
However, in the future, with a rapidly changing car fleet, it may differ. The exhaust is
expected to almost vanish, and noise will be reduced to near zero in built-up areas with low
traffic speed, but the emissions of PM10 and non-exhaust emissions caused by tyres and
road wear will remain or even increase because of the heavier cars on the market. Aspects
that many experts or researchers are not yet able to evaluate but are captured here by the
inhabitant are high prices for charging electric cars and too few bicycle-parking spots, i.e.,
the total number of bicycle parking spots is too few in relation to the number of bicycles
regularly used in the area. In particular, there is a major lack of indoor bicycle parking
spots that can accommodate winter bicycling by keeping bicycle gears from freezing, in
relation to the number of bikes used for winter cycling. This counteracts the ability to fulfil
the goal of more active transportation in the area. This also illuminates the importance
of involving relevant experts and stakeholders in a project to maximize its contribution
to sustainable development, as previously pointed out [43–46]. A systematic, transparent
and discussion-creating yet guiding framework, such as the one employed here, would
have included a more holistic perspective early in the planning and design of the area. For
example, it would also have considered the indoor climate to a greater extent than in the
current design.

4.3. General Discussion

In summary, the framework is helpful in the sustainability work and its applicabil-
ity has been ensured through the cooperation among researchers and—especially with
the STA—practitioners. In recent years, requests for such a systematic framework have
increased because of the SDGs and related national and organizational regulations and
requirements. This is especially seen within the STA, where systematic sustainability tools
recently were regarded as additional to the daily workload, while today they are currently
requested by the projects. However, both at the STA and not least in the municipalities,
there are barriers including time and resources, along with barriers related to the perceived
need of applying the framework. The latter was found to be due to lack of clear relations to
national organizations or to local policies and requirements. Furthermore, one identified
barrier is that there is no clear structure in relation to organizational processes. Another
barrier can be related to applicant comfortability in using the framework due to not being
accustomed to it and because it is not (yet) used frequently. Many of these barriers have also
been found in previous research in other areas, such as the diffusion of electric vehicles and
alternative fuels [47,48]. Barriers may be real, such as regulations and financial instruments,
or perceived, such as barriers that are more based on one’s own habits and perceived
expected costs rather than real costs. One real barrier is investment costs, even though
there is a long-term financial benefit [49]. This short-term barrier can also be seen in this
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study. The first time the framework is applied, the cost in time and energy is perceived
as high and often of little benefit relative to the investment. However, over time, if the
framework is used frequently, the real and perceived sustainability benefits may become
significant. Another previously identified barrier was lack of knowledge [47–49]. Here, lack
of knowledge is related both to not being a specialist and to lack of experience regarding
many of the aspects to be considered. Our belief is that to overcome this, various experts
and stakeholders should be involved in the process. Further, one of the advantages of
applying a sustainability framework is that the documentation and related outcomes and
experiences can be used for other projects and as a learning process in the various processes
involved in the project (planning, procurement, investments, etc.).

Additionally, many STA and municipal projects are of a similar type. There is a lot of
cooperation between the STA and municipal organizations around roads, and the same
contractors are used in similar types of projects. Thereby a similar framework structure can
be used in both STA and municipal projects. In this way, the experiences and lessons learned
can be transferred between them. In a longer time perspective, we propose that there will
be standardized framework structures that will be applied. Currently, however, there is
still a need to further adapt frameworks both with regard to project complexity and how to
increase the sustainability awareness of project members in the planning and performance
of a project. As shown here, it is possible to adapt, generalize and simplify the framework
to suit various organizations. The more the same type of framework is used, and the more
transparently this is done, the more the outcomes can be used to support a learning process
and sustainable development in the transport sector and infrastructure projects.

5. Conclusions

In this paper, we have described how the framework Swedish SUNRA has been devel-
oped, applied and received for the STA and further for municipal transport infrastructure
purposes. The developed version includes concrete guidance on defining project-specific
goals and targets related to one or more SDGs and examples of related project-specific
indicators, a checklist on which aspects to consider in the performance and planning and
the ability to compare different planning and project alternatives in ex-ante assessments.

The framework has been applied in real projects within the STA and municipal desk
studies. The STA version is also applicable for infrastructure planning on the munici-
pal level, while a simplified version was developed for less complicated and more fre-
quent projects.

In the test cases, the framework was regarded as useful and ambitious and covers
many sustainability aspects related to the SDGs. It is also perceived as improving project-
specific sustainability awareness, not least on social and environmental effects. Applied at
the STA it was perceived as requested, useful and relevant. Due to the complexity, however,
the municipal civil servants find the framework to be more beneficial in larger investments
where there is a need to thoroughly examine the impacts of the investment in ex-ante
assessments. Among the major difficulties at the municipal level was lack of time, high staff
turnover and work overload. We assume the differences in perception of the framework
between the STA and municipal civil servants depend on the more concrete sustainability
obligations of the STA and the lack of concrete national or municipal council obligations.

The research–practitioner cooperation worked very well and resulted in a framework
that can be used ex-ante and to follow up the project performance related to the specific
goals and targets in regional and municipal infrastructure projects.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su141811275/s1, Figure S1: Selected aspects (to the left) and the
goal fulfilment of original street and the Summer Street in Luleå, Sweden; Figure S2: Selected aspects
(to the left) and the goal fulfilment of current usual planning and the actual climate-adapted area in
Uppsala, Sweden.

https://www.mdpi.com/article/10.3390/su141811275/s1
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